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Editorial

Greening the Globe: The increased use of clean and renewable energy technologies, especially 
solar, wind, and green hydrogen, is one of the most noticeable trends. India has committed to 
achieving 500 GW of non-fossil fuel capacity by 2030 under its Nationally Determined Contributions 
(NDCs). STEM (Science, Technology, Engineering, and Mathematics) innovation is driving this 
shift through advancements in solar photovoltaic technology, artificial intelligence (AI)-powered 
smart grids, and advanced battery storage systems. Notably, green hydrogen has emerged as a focal 
point. By using solar and wind energy to create clean hydrogen for industrial usage, the National 
Green Hydrogen Mission seeks to establish India as a global centre for hydrogen production. 
Researchers are working on cost-effective catalysts to increase production efficiency, while both 
energy companies and startups are investing in hydrogen electrolysers.

Artificial Intelligence (AI), Internet of Things (IoT), and data science are reshaping the sustainability 
landscape across sectors. AI-powered systems are being used for crop monitoring, weather prediction, 
energy demand forecasting, and even biodiversity conservation. In urban areas, AI is being employed 
to create detailed heat vulnerability maps, identifying hotspots where communities are most at risk 
from extreme temperatures. For example, in cities like Delhi, AI models are integrating satellite 
imagery and ground-level data to guide policymakers in implementing heat mitigation strategies, 
such as green roofing and reflective surfaces. Meanwhile, IoT-based solutions are helping to monitor 
air and water quality in real time, offering critical data for timely environmental interventions.

India’s Smart Cities Mission has sparked a STEM-led revolution in public infrastructure and 
governance in the field of urban sustainability. The mission encompasses about 8,000 projects that 
emphasize integrated command-and-control centers, energy-efficient structures, and sustainable 
mobility. To improve resource efficiency, cities are implementing sensor networks to track water 
leaks, waste collection, and traffic flow. Furthermore, to battle urban heat and pollution, new state-
level policies—like Uttar Pradesh’s Urban Green Policy—are requiring rooftop gardens, Miyawaki 
woods, and vertical greening. These efforts are backed by environmental engineering, landscape 
science, and geospatial technologies that enable better city planning.

Despite technological improvements, challenges still exist. Scalability may be hampered by 
implementation flaws, a lack of capital for early-stage STEM firms, and a shortage of employees 
with the necessary skills for frontier technologies. However, there is a hope due to India’s innovation 
momentum and policy orientation. To bridge these gaps, international knowledge connections, 
digital infrastructure development, and public-private partnerships are essential. STEM is the key 
to unlocking scalable, inclusive, and long-term solutions for sustainable development in India as it 
develops and integrates across disciplines.

New Delhi 										                	 Editor

30th June 2025
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ABSTRACT
The domain of Photonic integrated circuits based on silicon is a fairly new one, having the aim of designing and 
manufacturing myriad silicon based optical devices. . A number of factors which includes the availability of a well-
established fabrication infrastructure and the fairly high abundance and low cost of the Silicon substrate, this particular 
strategy seems to be extremely appealing [1]. Variable optical attenuators (VOA) have become an indispensable   device 
in the field of optical networking, which are used in simulation of optical links during verification of link power budgeting 
and tests such as white-box testing and black-box testing, reducing the output signal intensity from laser diodes in 
wavelength division multiplexing (WDM). Depends on specific wavelengths, optical amplifiers are used for adjusting 
the magnitude of incoming WDM signal. We present a variable optical attenuator having low power depending on 
the configuration of a silicon nitride - Barium Fluoride (Si3N4 -BaF2) S-bend waveguides. For the development of a 
VOA the characteristics of the thermo-optic coefficient of BaF2 and Si3N4 materials are discussed. Based on the VOA 
working principle, a mathematical model was designed. The results of simulation are validated with theoretical results. 
An optical signal attenuation factor of up to 20 dB with a minimum value of 5 dB insertion loss has been achieved for a 
10 µm length component which will be compatible with C band and L band range applications.

KEYWORDS : Variable optical attenuator (VOA), Electro-optic effect.

INTRODUCTION

In the control of features such as gain control, channel 
energy monitoring and controlling, stabilization of cross 

coupled WDM nodes along with transmission system 
VOAs are used. The features linked to a fast response, 
an excellent attenuation range together with a reduced 
insertion loss are essential for any performance of VOA. 
Variable optical attenuators (VOA) have wound up being 
a significant optical communication device in dense 
wavelength division multiplexing (DWDM) systems 
especially for managing power requirement [2, 3]. The 
application location could be rapidly expanded as the 
primary key element of an optical transmission system. 

Various additional advantages of waveguide items happen 
to be when their integration with other optical switches and 
wavelength multiplexers carried out. In the past few years, 
a number of ways for VOAs, like micro electromechanical 
Systems (MEMS) [4,5], micro fluidic [8,9], liquid crystals 
(LC) [10,11], as well as planar light wave circuits (PLC) 
[10], are advised. PLC - based VOAs are better when 
compared with others as an outcome of the compact size 
of theirs, large scale integration, along with prevention of 
moisture and vibration. It’s, in turn, quite conveniently 
incorporated with PLC components that are additionally 
used to create an advanced and sophisticated system [12,14]. 
Additionally, PLC technological development is especially 
ideal for the improvement of VOA as Thermo-Optic (TO) 
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−10^-6) [21], and  Si3N4 is having positive  TO (dn∕dT 
∼ 10^-5) [22], with this VOA setup applied external 
voltage will lead to even bigger change within the distant 
relative RI distinction as well as, consequently, additional 
signal strength reduction. An optical signal weakening 
also called as attenuation of minimum 5 and a maximum 
of 20 dB may be accomplished in software simulations. 
Mathematical model had been made based and simulation 
based outputs are compared and evaluated with theoretical 
results.

LITERATURE SURVEY
The polymer material used in optical communication 
devices have superior thermo-optic effect and based on 
this finding, an innovative and novel low-loss fluorinated 
polymer variable optical attenuator (VOA) with 1.0 dB 
insertion loss, less absorption loss at 1550nm and also 
operating power of less than 30 mW is demonstrated [21]. 
For the purpose of practical attenuation, the characteristics 
of a device with a control circuit offering a closed-loop 
feedback are evaluated. These characteristics include a 
low range wavelength and a bare minimal temperature 
dependence factor.

A polymer/silica based hybrid waveguide thermo–optic 
attenuator operating with a multimode interference 
(MMI) coupler that operates at 650 nm is designed and 
constructed in paper [24]. The optimal heater placement 
angle is determined by thermal analysis based on material 
properties. At 650 nm, the manufactured VOA has a 26.5 
dB attenuation with a 21 mW electrical input power. The 
average rise time was found to be 51.99 seconds, and the 
average fall time is 192 seconds. The results of the time–
stability measurement demonstrate that it works reliably.

The Long-range surface plasmon polariton (LRSPP) 
waveguide-based thermal VOAs with multimode 
interference architecture were constructed and 
characterized [25]. Atomic force microscopy was used to 
investigate the gold (Au) stripe’s surface morphology and 
waveguide configuration. The process of end-fire excitation 
at 1550nm using the LRSPP mode guiding along with the 
Au stripe indicates that approximately 12 dB extinction 
ratio of attenuator at a signal driving power of 69 mW 
was found. It was confirmed that the fluctuation of poly 
(methylmethacrylate-glycidyl-methacrylate) polymerised 
cladding was found to be not more than 3. These good 
properties guarantee possibilities of this device in the 
utilization of optically interlocked mechanism.

[4,5] and electro-optic (EO) [17,18] properties can be 
assimilated into it. These optical equipments are produced 
with organically available polymer- based materials [13, 
14, 19, 20, 21], together with inorganic elements as silica 
[12], silicon oxinitride (SiON), plus silicon-on-insulator 
(SOI) [ten, eighteen]. Generally, the inorganic materials 
platform provides excellent balance and also convenience, 
though the energy usage is on the higher side, and the 
naturally polymer material environments offer limited 
energy usage, though the performance may go down 
over a period of time as an outcome of the precious time 
connected rest of the supplies [13]. To be able to combine 
the benefits of the inorganic and organic material platforms 
with their relatable disadvantages, a combination of 
organic and inorganic hybrid material combination might 
be utilized. A VOA made from a pure polymer silicon- 
based energy flow region waveguide was fabricated 
and its performance evaluated [17]. Table 1.1 lists the 
characteristic performance of the VOAs mentioned above. 
A great deal of Applications, like telecommunications 
and data, additionally to in biological parameter sensing, 
Global Positioning system (GPS) Applications, and signal 
processing is provided using Photonic Integrated Circuits 
(PICs).

Various techniques have been eventually be recognized 
in implementing a VOA. However, many of them deliver 
excellent reading parameters and trustworthiness; VOA 
integrated on photonic silicon waveguides [two, three] is 
frequently believed being selected because the fabrication 
of such things calls for low and small only price changes to 
present fabrication processes. These silicon nitrate based 
technologies ensure low optical attenuation and lesser 
lossy waveguides that can be used with other platforms 
and are a replacement to existing SOI based PICs.

In this paper, we suggest a VOA according to the Si3N4 
BaF2 S-bend waveguide. Operating wavelength range for 
Si3N4 is from 0.3 µm to 4.6 µm and for BaF2 id from 0.14 
µm to 13 µm. Thermal conductivity for Si3N4 is 33 W/m 
K and for BaF2 is 12 W/m K. In this particular framework, 
Si3N4 layer is needed as the core and in addition BaF2 layer 
can be used as cladding over the waveguide. The various 
signal weakening outcomes is attained by getting the 
Thermo-Optic (TO) outcome that can be utilized leading 
to the distant relative RI distinction among the Si3N4 
facility and the BaF2 shell. The difference in Refractive 
Index (RI) of the inner core and outer cladding changes 
as temperature varies; consequently the attenuation is 
realized [23]. Since BaF2 having negative TO (dn∕dT ∼ 
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A VOA based on graphene that operates at an 855 nm 
wavelength and is integrated onto a photonic Si3N4 
waveguide is constructed and characterized in the paper 
[26]. For a device length of 700 m, a maximum attenuation 
of 17 dB is achieved at gate voltages of -3 V.

A variable optical attenuator (VOA) based on opto-
fluidics that uses a narrowing, uni- mode optical fiber 
attached with polished side to an electro wetting-on-
dielectric (EWOD) platform is described in a paper [27]. 
An opto-fluidic continuous-fiber VOA typically provides 
a dependent loss based on wavelength of less than 1.1 dB 
and a maximum range of 26 dB of broadband attenuation in 
the 1550 nm transmission window. Opto-fluidics enables 
the miniaturization and integration of optical devices, as 
well as the low-cost production of low-power devices by 
various methods. Using optofluidics, only a small number 
of fiber optic VOAs have been presented to date. The 
fluidic VOA has been actuated in a variety of different 
ways among the devices that have been reported.

On a Silicon-On-Insulator (SOI) wafer, a thermo-optical 
VOA comprising of three cascaded three-waveguide 
directional couplers was developed [28]. At the wavelength 
of 1550 nm, thermo-optical   analysis for static and 
dynamic conditions, and optical propagation characteristic 
simulation were presented. A RI variation of  was used to 
achieve the range of 0.14 dB to 50 DB (the corresponding 
temperature variation: 0 to 30 ℃) suitable for dynamic 
attenuation. The Si/Al2O3/Si structure was blamed for the 
5-second response time. As the fundamental component, 
the device could be easily integrated into silicon 
optoelectronic circuits to create multi-channel VOA.

This paper [29] proposes a low-power VOA with dual 
grooves on either sides of the S-bend waveguide core 
and a hybrid SiON-polymer waveguide configuration, 
which has S-bend structure. The contradictory properties 
of SiON and polymer materials, having thermo-optic 
charactersictics can be fully utilized in this configuration. 
As a result, the efficiency with which heat is used is 
improved. An Opto-fluidic chip of the uni-mode fiber VOA 
is projected [30] to realize an optical attenuation of 50 dB 
at a 3.6 mW applied electrical power. A fabricated device 
that is available in the market usually has the dimension of 
8 mm length and 46 dB maximum optical attenuation with 
an 16.2 mW of electrical power and 5.4 dB as insertion 
loss. A typical chip uses a combination of microfluid and 
air to perform optical attenuation, with air acting as a 
stopper, and has a straightforward structure. At 1310 and 
1550 nm, the uni-mode characteristics of the VOA chip 

are discussed. The results of the experiment show that the 
proposed chip can be used to control optical attenuation. 
This chip’s VOA has a wide operating waveband and a 
high optical attenuation range (82 dB), ranging from the 
visible to near-infrared wavelengths. 

In this paper [31], two strategies for acquiring a ultra-
smaller variable all-optical attenuator in light of multimode 
obstruction (MMI) utilizing silicon waveguides are 
proposed. Utilizing two connected silicon waveguides 
is the first approach. Utilizing a multimode interference 
coupler is the second approach. A variable attenuator can 
be achieved by creating a surface outline over the MMI 
region at specific points of linking waveguides.

Using an X-patterned photonic crystal ring resonator, a 
simulation model of the C-band VoA is proposed [32]. 
Variation of the refractive index is how tuning is done. For 
0.0022 changes in refractive index, a 30 dB attenuation is 
reached.

We propose and numerically investigate a novel graphene 
plasmonic gap waveguide structure that serves as both 
a variable optical attenuator and modulator [33]. By 
adjusting the gate supply voltage, the Propagation and 
attenuation mode of the structure can be achieved. The 
outcome demonstrates that it is capable of achieving an 
operational range of frequencies more than 8 THz for both 
the VOA and the modulator, as well as a high modulation 
depth per micrometer. A VOA based on Dynamic 
Scattering Mode (DSM) in ion-doped liquid crystals with 
negative dielectric anisotropy is demonstrated in Paper 
[34]. The instrument of weakening comes from optical 
dissipating, which is created by the electrically instigated 
precariousness of undulation of LC surfaces. The VOA 
can also selectively block a specific wavelength of mid-
IR light while allowing other wavelengths of light to pass 
through. The proposed VOA is expected to have spectral 
discrimination, insensitivity to polarization and high 
on/off difference are just a few of the superior optical 
switching properties of such a VOA; consequently, it has 
the potential to be incorporated into real-world optical 
systems.

SILICON PLATFORMS
Silicon photonics typically uses silicon on insulator that 
guarantees a high-index-contrast system. On the other 
hand, an alternative system with average-index-contrast 
can be produced in the same Complementary Metal 
oxide semiconductor (CMOS) environment using the 
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silicon nitride- based silicon photonic device. The relative 
advantages of the two platforms are discussed in this paper 
[35].

When the primary characteristics of a SiN-based PIC 
platform with those of a SOI-based PIC platform is 
compared based on the range of transparency, it has been 
found that the waveguides fabricated using SOI have 
low assimilation issues in the frequency range from 1.1 
μm to around 3.7 μm. When it is used in applications that 
require shorter wavelengths (such as sensors operating in 
the therapeutic window, data communication at 850 nm, 
and so on), it is not possible to be implemented using SOI. 
Therefore, SiN is a viable candidate for the implementation 
of “silicon photonics” at wavelengths below 1.1 m because 
it is capable to be operated in the majority of the visible 
spectrum [35]. This has apted showings of spectroscopic 
capabilities [36-37], spectroscopy-on-chip capabilities 
proposed by Dr. C.V.Raman [38-39] and reconciliation 
with colloidal quantum specks radiating in the noticeable 
list. In case of contrast the fact that the SiN system has a 
lower index contrast (2 versus 1.5) than the SOI system 
(3.5 versus 1.5) because. This fact suggests that it is more 
challenging to produce for out-of-plane optical input and 
output highly efficient grating couplers. This can be a 
very useful feature that enables alignment-tolerant fiber 
coupling and wafer-level testing [40]. However, there 
have been reports of grating coupler efficiencies below 3 
dB. In case of damage, typically for SOI-based photonic 
wires, silicon strip-based waveguide losses are of 1 to 2 
dB/cm, which are completely surrounded by a cladding 
made of silica material. This is largely due to scattering 
losses caused by rough sidewalls. These SiN waveguides 
have been shown to suffer losses as low as 1 dB/m [41].

Modularity in manufacturing: Because SiN can be 
deposited using either LPCVD or PECVD the SiN 
waveguide is more compatible with photonic structures 
other than SOI.

Nonlinearity of the third order: Despite silicon’s enormous 
Kerr nonlinearity, two-photon absorption (TPA) renders it 
useless in the 1300/1550 telecom band. Because at high 
power, it causes additional waveguide losses, TPA itself 
is a problem in and of itself. Despite the material’s large 
bandgap and weaker Kerr nonlinearity, silicon nitride has 
a virtually zero TPA. As we increase the SOI-based device 
dimensions to prolong the operational wavelength to the 
2-4 um also called the Mid-infrared (MIR) range has now 
become emerging field of scientific exploration [14–17] 
due to the numerous prospective application areas such 

as lab-on-chip sensors and open space communications. 
Numerous platforms and geometric structures such as 
were studied and demonstrated to achieve low propagation 
loss.

DESIGN AND SIMULATION
Utilizing OptiFDTD Software, we have developed a 
number of configurations of Ridge and Planar waveguides, 
using various materials as Silicon, Titanium oxide, 
Lithium nitrate, Silicon Nitride, Silica, etc. The modes 
were work out by using vector (full or semi) techniques. 
Using the technique proposed by Solver, the techniques or 
modes inside the waveguides are based on the Alternative 
Direction Implicit (ADI) technique. To resolve matrices 
proposed by Sylvester, ADI which is an iterative strategy 
used. To identify the fundamental mode, a vector modal 
analysis was carried out. We chose Si3N4 as the waveguide 
material since the planar waveguides dependent on Si3N4 
result in insertion loss as well as propagation loss.            

Fig 1 (a) Si3N4 core with BaF2 Cladding waveguide cross-
section

The constructed S-bend Si3N4 VOA provides a single 
method when a polarized light of 1550nm TE is triggered 
through the device structure through optimum waveguide-
based coupling. 

Fig. 1 (b) S-bend VOA
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As can be seen in the figure 1a and 1b, S - bend shaped 
waveguide with Si3N4-BaF2 configuration. A single mode 
is observed during the simulation. We have observed the 
effective modality index profile and the RI profile.      

ANALYSIS
The attenuation or signal weakening of our VOA is 
determined and denoted as [42]

	 (1)

In which C1 and C2 can be expressed as

					     (2)

			   (3)

	 (4)

	 (5)

	 (6)

			   (7)

Where K0 is free space propagation constant, Neff may 
be the real RI of the S-bend N1 and waveguide may be 
the effective RI of the comparable waveguide. The table 
1. Below gives the RI of various components at 1550nm.

Table 1: Refractive Index (RI) values

S.  No Component Refractive index 
1. Core Si3N4(n1) 1.9904
2. SiO2 1.444
3. Si 3.4757
4. BaF2(n2) 1.4757
5. TiO2 2.584
6. Benzocyclobutene (BCB) 1.5254
7. Air 1

Keeping the width of center region is 4µm and the 
thickness of center is 2 µm so that single mode can be 
observed for different Δ12. We have taken the thickness of 
BCB as 2µm and the denseness of electrode heater is 1µm. 
Electricity is provided to the electrode. Due to the voltage 
given from the electric energy source, the RI of n1 and 
n2 undergo changes due to electro-optic effect and also 
temperature of material changes. Therefore, the end result 
of the modification is the signal attenuation.

Table 2. Summary of simulation results

Fig. 2 Mathematical model of VOA

By putting to use the electrical energy in opto-couplers, 
we can control the strength of the signal towards the end. 
We were able to develop a VOA in this way using the 
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Si3N4-BaF2 configuration. Furthermore, using Opti-BPM 
software, analysis and performance of VOA is done [43]. 
It was observed that a very less amount of propagation loss 
is attained without using applied voltage. A radiation loss 
in the range of 10-20dB has been observed, while the light 
travels through the waveguide whenever external voltage 
is provided. Based on equations 1 to 6, as described in 
fig.2 a mathematical model was created Based on the TO 
coefficients of the material, a modification in the RI with 
respect to temperature variations has been observed, as 
shown in fig. 3.

Fig. 3 Change in RI and hence Attenuation w.r.t 
temperature

RESULTS AND DISCUSSION
From the previous section, it can be seen that various 
configurations of waveguides were designed with materials 
ranging from Silica and  Silicon Nitrate to Titanium oxide 
were selected using OptiFDTD Software By means of full 
or semi-vectorial techniques, the operative modes have 
been computed. It has been observed that as attenuation 
increases with value of vertical offset length for device 
lengths 50µm and 100µm, as shown in fig.4. Utilizing 
Effective index and FDTD method, the simulations of 
several VOAs were conducted. The amplitude of signal for 
the lengths of 50µm and 100 µm with vertical offset from 
a minimum of 1µm, up to 2µm for S- bend shaped Si3N4 

core containing VOA was simulated. Results will be used 
for waveguide coupling is presented in Table.1. Based on 
the comparative analysis of the signal weakening levels in 
various configurations, we can select the preferred VOA 
for Free space Optics.

From fig. 4, it has been discovered that the amplitude on 
the papers moves on boosting as vertical offset is increased 
case of 50µm length but there is an output occurs in a 
reverse way with respect to 100 µm length shown in fig.4. 
From this we are competent to assess amount of signal 
weakening in various configurations additionally we are 
in a position to choose the preferred VOA for free space 
Optics.

Fig. 4 Results of S-bend waveguide Si3N4 Core,  
Perpendicular offset bend (µm) vs. loss (dB) for 50µm and 
100 µm length of device 

We assume that Δ12 is the distant relative RI distinction 
between the Si3N4 -BaF2 cladding respectively. Whenever 
the temperature of electrode increases in place by utilizing 
the electric power source, as the temperature steadily 
rises, the RI of BaF2 reduces as a result of its negative TO 
coefficient, and also the RI of Si3N4 increases on account 
of its useful TO coefficient, as a result there is a reduction 
in the modal analysis which causes a significant increase 
in the bending loss. In mathematical model, keeping a, h, 
l parameters of VOA constant, we can change the value 
of lambda and we can observe attenuation in VOA for C- 
band and L band ranges. For temperature range 300K to 
320 K, we get the attenuation of 1dB for desired operating 
wavelength as per the mathematical model.
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Fig. 5 Device length (µm) vs. Attenuation Loss (dB) for              
S-bend Si3N4 Core with BaF2 side grooves

For C band range, proposed VOA gives attenuation of 14dB 
to 15 dB variation with respect to changes in temperature 
of material from 300K to 320K as shown in table2. And 
for L band range, proposed VOA gives attenuation of 16 
dB to 17 dB for same temperature variation. The device 
that we propose to implement, with a length of 10 µm, 
reveals a characteristic attenuation of 14 to 17 dB.

Table 2. Observations for wavelength lambda=1550 nm.

S. No Change in 
Temperature

n1 n2 Attenuation  
dB

1. 300 1.9904 1.4757 15.37
2. 305 1.9905 1.4756 15.23
3. 310 1.9906 1.4755 15.09
4. 320 1.9908 1.4753 14.81

Table 3. Observations for wavelength lambda=1625 nm.

S. No Change in 
Temperature

n1 n2 Attenuation  
dB

1. 300 1.9904 1.4757 17.02
2. 305 1.9905 1.4756 16.87
3. 310 1.9906 1.4755 16.71
4. 320 1.9908 1.4753 16.41

APPLICATIONS AND FUTURE ASPECTS
Silicon photonics being new technology satisfies the 
requirements for low power consumption, speed and 
efficiency at affordable prices. In the silicon–based 
technology, a number of opto-electronic devices are 
integrated onto a single substrate and linked to one another 
via very fine waveguides. These opto-electronic circuits 
may be used to set up transmission at a high speed, increase 
bandwidth, use less power, and solve problems with 
latency. It might possibly expand the transfer speed limit 

by giving small size, super low power gadgets. Optical data 
transmission reduces electromagnetic interference and 
speeds up data transfer. Based on these information rates, it 
can be envisioned that videoconferencing with a high goal 
that the entertainers or relatives have all the earmarks of 
being in the room with you. Data can be transferred more 
quickly and over longer distances using optical links than 
copper technology does today; 50 Gbps is possible. Intel 
Corporation recently introduced its 100Gbps optical link 
connection [27]. For optical trans-receivers, well known 
company named Fujitsu Laboratories recently pioneered 
a 4 wavelength integrated silicon laser. The innovative 
optic-interconnection of external devices to PCs is 
currently on the anvil. In 2009, Intel introduced Light 
Peak, a replacement for USB that transmits data at speeds 
of up to 10Gbps. Researchers’ advancements in silicon 
nano-photonic technology lead to novel concepts for the 
architectures of future computing systems. Waveguide 
diodes, Optical Isolator and Circulator based on mirroring 
techniques and Silicon Photonics-based Optical Trans-
receiver are just a few silicon optical devices that have 
been developed with great success by researchers.

CONCLUSION
We have developed and examined different waveguides 
based upon silicon nitride which are required for 
fabrication of VOA. Based on our findings, S-bend Si3N4 
- BaF2 is selected among almost all configurations. Latter 
is grooved and attenuation can be handled. In Si3N4-
BaF2 configuration, un-related and different thermos-
optic characteristics of resources are entirely implemented 
and various attenuation readings are performed by electro 
optic effect. . For temperature range 300K to 320 K, we get 
the attenuation of 1dB for desired operating wavelength 
as per the mathematical model. For C band and L band 
range, proposed VOA gives attenuation 14 dB to 17 dB 
with respect to change in  temperature variation. The 
device that we propose to implement, with a length of 10 
µm, reveals a characteristic attenuation of 14 to 17 dB. 
Si3N4 and BaF2 both materials are compatible for C 
band and L band wavelength ranges. While undertaking 
the fabrication of this specific VOA design, we can use 
this unit in many VOA applications with wide range of 
wavelengths of C band and L band.
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ABSTRACT
Emotions have a strong influence on our daily life. Video and image processing can be used to detect emotions but light 
and camera alignment restrict its performance. Electromyogram (EMG) based emotion recognition can overcome this 
problem. EMG signals are acquired either in ceasing or in unceasing expression form. This paper provides detailed 
research on both these methods’ strengths and challenges. This paper gives a critical investigation of EMG based 
emotion recognition concerning the number of participants, number of EMG channels, and emotions.

KEYWORDS : EMG, Emotion recognition, EMG acquisition unit, Neural network, Classifier.

INTRODUCTION

Emotion is a strong feeling deriving from one 
circumstance and temper [1]. In emotion recognition 

systems, researchers detect emotions mainly from visual, 
audio, body pose, physiological signals, and text. Many 
authors used audio mode for emotion recognition [2-
10]. Li et al. [2] recognized seven emotions with 74.28% 
classification accuracy. Xu et al. [3] recognized four 
emotions with 76.18% classification accuracy. Fahad et al. 
[7] recognized four emotions with 65.93% classification 
accuracy. Wani et al. [8] recognized four emotions with 
87.8% classification accuracy. Mustaqeem et al. [9] 
recognized four emotions with 77% classification accuracy. 
Kerkeni et al. [10] recognized six basic emotions with 
94% classification accuracy. This audio mode of emotion 
recognition is only applicable to verbal communication. 
All these authors used speech processing to detect 
emotions with 65% to 94% classification accuracy [7, 
10]. This emotion classification is affected by the noisy 
condition. 

In nonverbal communication, researchers detect emotions 
using body pose and physiological signals. For visual and 
body-pose conditions, researchers used video and image 
processing techniques to identify the emotion. Authors 
recognized emotions with 79.8% to 95% accuracy [11, 
12]. In this research work, a camera must be held in front 
of the face. Proper lighting conditions and background are 
required to detect facial expressions. As shown in Fig. 1, 
a person may cover their face while showing emotions. In 

this case, it is difficult to identify emotions using image 
processing or video processing.

Researchers also recognized emotion or state of mind 
using physiological signals such as Electrocardiogram 
(ECG), Blood pressure, Electroencephalogram (EEG), 
Electrodermal Activity (EDA), EMG, and Respiration 
signal [16].

Fig. 1 Pictures of persons covering their faces while 
showing their emotions [13-15]

Many authors used EEG signals to find emotional status, 
namely arousal and valence or positive and negative. Li et 
al. [17] recognized positive and negative emotions using 
EEG signals at 73.10%, and the same author recognized 
valence at 72.06% and arousal emotions at 74.12% using 
EEG signals [18]. Liu et al. [19] recognized valence with 
69.9% and arousal emotions with 71.2% using EEG 
signals. However, in these researches, emotion recognition 
like disgust, sadness, fear, and surprise has not been done. 

Song et al. [20] recognized joy, anger, fun, fear, sadness, 
neutrality, and disgust using EEG and Galvanic Skin 
Response (GSR) signals with 40.64% classification 
accuracy. The same author achieved 38.74% classification 
accuracy using EEG signals. Song et al. [20] recognized 
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expressed sad, angry, and happy emotions and held those 
emotions for 2 seconds. The author achieved 94.44% 
classification accuracy by using the Minimum Distance 
Classifier (MDC) and power density spectrum. Gibert et 
al. [31] acquired EMG signals from eight muscles namely, 
levator labii, venter frontalis, corrugators’ supercilii, 
orbicularis oculi, depressor anguli oris, massete, mentalis, 
and zygomaticus-major of a single subject. The author 
recognized six emotions: surprise, disgust, happiness, 
anger, sadness, and neutral with 91% accuracy. The author 
used Gaussian models for six emotions.

Fig. 3 Facial muscles [29]

Gruebler et al. [32, 33] recognized glowering, smiling, 
biting, neutral face, concurrent biting, and smiling 
expressions, in ceased expressions from ten subjects. The 
author achieved 87.52% for the test set and 91.04% for 
the training set by using Mean Absolute Value (MAV) and 
Artificial Neural Network (ANN). Chen et al. [34] used a 
specially designed headband for recording the EMG signals 
from the frontalis and corrugators supercilii muscles of 
six subjects. The author recognized sadness, anger, fear, 
surprise, and disgust. The author extracted the variance, 
mean, and maximum values of Root Mean Square (RMS) 
features from EMG signals. The author achieved 95.24% 
recognition accuracy using a Back propagation neural 
network and 96.12% recognition accuracy Elman neural 
network (ENN). 

Xu et al. [35] recognized three emotions, namely, neutral, 
sadness, and fear from twenty-seven subjects using three-
channel EMG signals. The author developed a novel 
spatiotemporal deep forest (STDF) model that processed 
2D images of EMG and classified them. The author 
achieved 97.41% classification accuracy. 

positive, negative, and neutral with 75% classification 
accuracy using EEG and GSR signals and 72% classification 
accuracy using EEG signals. In this research, the author 
recognized seven emotions with low classification 
accuracy and basic emotions like positive, negative, and 
neural with comparatively high classification accuracy.

Many researchers used only ECG signals for emotion 
recognition and recognized valence and arousal emotions 
with 83.55% [21, 22]. Many researchers used more 
physiological signals like EEG, GSR, BVP, and EMG 
for emotion recognition [23-27]. In this research, the 
placement of multiple sensors on the human body makes 
the subject inconvenient.

Out of the physiological signals discussed above, EMG 
signals only relate to muscle movement [28]. As shown 
in Fig 2, EMG signals are collected while expressing 
emotions. EMG signal is then filtered, rectified, and 
segmented in the signal processing stage. Different time 
or frequency domain features are selected in the feature 
selection stage. Different neural networks or machine 
learning algorithms are used to classify emotions. Further 
sections highlighted some important methods and concepts 
of EMG based emotion recognition. 

EMG signals are acquired either in ceasing or in unceasing 
expression form. This section gives detailed research work 
on both these methods’ strengths and challenges.

Fig. 2 Process of Electromyogram based emotion 
recognition

Section 2 describes EMG-based emotion recognition 
when a person expresses emotion in ceasing expression 
form. Section 3 provides EMG-based emotion recognition 
when a person expresses emotion in unceasing expression 
form. Section 4 covers a critical investigation of EMG 
based emotion recognition.  

EMG BASED EMOTION RECOGNITION: 
WHEN A PERSON EXPRESSES 
EMOTION IN CEASING EXPRESSION 
FORM
Fig. 3 shows different facial muscles. Ang et al. [30] 
acquired EMG signals from the masseter, levator, and 
corrugators’ supercilii from six subjects. All subjects 
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EMG based emotion recognition in ceased expression 
achieved classification accuracy in the 91% to 97% range 
[31, 34, 35]. In the ceased way, a muscle is in a constant 
state. The features extracted during the constant state can 
be classified more correctly than features extracted during 
the continuous state. In the case of a dancer or athlete’s 
emotional recognition, the person shows expression 
continuously. Hereafter, it is needed to consider EMG-
based emotion recognition unceasingly.

III. EMG BASED EMOTION 
RECOGNITION: WHEN A PERSON 
EXPRESSES EMOTION IN UNCEASING 
EXPRESSION FORM
Picard et al. [36] used the MIT dataset which included 20 
EMG signals of hate, anger, reverence, romantic love, no 
emotion, platonic love, joy, and grief emotion. The author 
extracted the Mean Absolute Value (MAV) features and 
trained the K Nearest Neighbor (KNN) classifier. The 
author classified three emotions with 83% classification 
accuracy and eight emotions with 46% classification 
accuracy.

Cheng et al. [37] used the Augsburg Bio-signal Toolbox 
(AUBT) dataset. It included 25 EMG signals of a single 
subject for sadness, joy, pleasure, and anger. EMG 
signals are collected from zygomaticus-major under a 
2-minute musical condition. The author used wavelet-
transform with db5 base function on the EMG signal 
and found maximum and minimum wavelet coefficients. 
The author achieved 75% classification accuracy using a 
Back Propagation Neural Network (BPNN). Yang et al. 
[38] used the same AUBT dataset. The author used the 
same on BPNN and recognized emotion with 83.3%. The 
author introduced the emotional recognition method using 
a Least Squares Support Vector Machine (LSSVM). The 
author recognized only four emotions using the LSSVM 
classifier with 91.67% classification accuracy [38].

Takano et al. [39] proposed a unique wearable device for 
recognizing smiling and neutral facial expressions. The 
intensity of EMG signals applied to SVM and classified 
smile emotion with 90% accuracy. Here, the author 
detected only two emotions. Jerritta et al. [40] detected 
sad, neutral, disgusted, surprised, afraid, and happy 
emotions. The author used Principal Component Analysis 
(PCA) and KNN classifier for classification. The author 
achieved 69.5% classification accuracy. 

Kehri et al. [41] acquired EMG signals from corrugators’ 

supercilii and zygomaticus-major for 10s. The author 
acquired EMG signals from 12 subjects while expressing 
disgust, anger, and fear emotions. The author achieved 
91.66% classification accuracy by using wavelet packet 
transform and SVM. Here, the author recognized only 
three emotions. Kehri et al. [42] acquired EMG signals 
from different facial muscles for different emotions. The 
author collected EMG signals from ten subjects. The 
author extracted the Kurtogram feature, and compared 
Convolutional Neural Network (CNN), KNN, Artificial 
Neural Network (ANN), and SVM classifier. The author 
achieved 93%, 90%, 91.66%, and 81% classification 
accuracies, respectively. 

Mithbavkar et al. [43] collected 2160 EMG signals from 
three Kathak dance-trained subjects using four-channel 
acquisition units. The author acquired EMG signals 
from SCM muscles, zygomaticus-major, frontalis, and 
corrugators’ supercilii muscles. They extracted the 
variance, mean, and maximum of RMS features from the 
EMG signal and applied them to the LSSVM classifier. 
Classifier classified Shringar (affectionate smile), Raudra 
(ferocious), Karuna (sad), Hasya (humorous), Bhayanaka 
(fearful), Veer (courageous), Shant (peaceful), Bibhatsa 
(repulsion), and Adbhut (amazed) Kathak emotions with 
80.3% classification accuracy [44]. Mithbavkar et al. 
[45] collected 7920 EMG signals from eleven Kathak-
trained subjects. The author used the variance, mean, and 
maximum of the ‘Difference in IEMG feature’ to train 
LSSVM, Long and Short Term Memory (LSTM), and 
a Nonlinear Autoregressive Network with Exogenous 
Inputs (NARX) classifiers. LSSVM, LSTM, and NARX 
classifiers achieved 64.29%, 93.63%, and 81.27% 
classification accuracy, respectively. The LSTM classifier 
has a forgetting layer, which remembers necessary data 
and deletes unnecessary datasets. This behavior makes 
LSTM better than the other classifiers.

CRITICAL INVESTIGATION OF EMG 
BASED EMOTION RECOGNITION
When a person expresses emotions in ceased form, Ang et 
al. and Xu et al. [30, 35] recognized three emotions for 6 
participants with 94.44% and 27 participants with 97.41% 
classification accuracy, respectively, and Gibert et al. 
[31] recognized six emotions with 92% accuracy but for 
single subjects. Here, if the number of emotions is high, 
accuracy is less. In all the above research work, one thing 
is common: that person expressed emotion in a ceased 
form. Due to this, steady EMG magnitude is captured 
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during that cease condition, and the range of accuracy lies 
between 87% to 97%.

When a person expresses emotions in unceasing expression 
form, Picard et al. [36] and Chen et al. [34] recognized 
eight emotions for single subjects and six emotions for 
eleven subjects, respectively. For eight and six emotions, 
both researchers achieved 46% and 37.09% classification 
accuracy, respectively [36, 46]. Jerritta et al. [40] recognized 
six emotions for fifteen subjects with 69.5% classification 
accuracy using PCA and KNN classifier. Here, we found 
comparatively less classification accuracy in unceasing 
expression form. Kehri et al. [41] used a CNN classifier 
for the classification of three emotions of 12 subjects and 
achieved 93% classification accuracy. Mithbavkar et al. 
recognized [43-44] nine emotions for eleven subjects with 
93.63% classification accuracy using an LSTM classifier 
with differences in IEMG features. In this research work, 
the author used facial muscles with SCM neck muscles. 
This research work incorporated facial expression and 
head movement for emotion recognition, along with LSTM 
classifier and difference in IEMG feature [44].  Kehri et 
al. [41] and Mithbavkar et al. [45] improved classification 
accuracy using CNN and LSTM classifiers.

CONCLUSION
From the investigation reported in the above sections, it 
is concluded that many researchers effectively recognized 
emotions in either ceasing or unceasing expression form. 
EMG-based emotion recognition in ceased expression 
achieved classification accuracy in the 91% to 97% range 
[23, 31, 34, 35], and in unceasing expression, achieved 
classification accuracy in the 46% to 93% range [36, 43-
45]. In the ceased way, a muscle is in a constant state. 
Muscle movement is static. The features extracted during 
the ceased state achieved higher classification accuracy 
than features extracted during the unceasing state. From 
this survey, we found that deep neural networks like CNN 
and LSTM are used to improve classification accuracy for 
multiple subjects in an unceasing state.
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ABSTRACT
The demand for high-quality and fresh fruits has increased significantly in recent years, driven by consumer preferences 
for nutritious and visually appealing produce. However, ensuring the freshness and quality of fruits remains a challenge 
for producers, distributors, and retailers due to the subjective nature of visual inspection and the rapid deterioration of 
perishable goods. In response to this challenge, the project suggests a novel approach for detection of fruit freshness 
using image processing techniques. The essential goal of this intended system is to create a computer vision system 
capable of accurately assessing the freshness of fruits based on visual cues captured in images. The proposed system 
leverages innovative image processing technique including feature extraction, segmentation, and classification, to 
analyse key attributes such as colour, texture, and surface defects indicative of freshness or spoilage, thereby enabling 
accurate and efficient assessment of product quality.

KEYWORDS : Fruit freshness, Image acquisition, Image analysis, Image classification.

INTRODUCTION

During the last couple of years, utilization of fruit 
product items has decisively expanded in numerous 

nations. It is assessed that around 20% of all fruit products 
created are lost every year because of value decay. [1] 
In today’s fast-paced world, ensuring the quality and 
freshness of agricultural produce, particularly fruits, is 
paramount for agricultural and food processing industries. 
The ability to accurately assess the freshness of fruits not 
only guarantees consumer satisfaction but also plays a 
crucial role in minimizing waste and optimizing resource 
utilization throughout the supply chain.

This  project attempts to build a seamlessly integrated 
system that is reliable and easy to use that easily 
integrates with existing workflows for processing  fruit 
quality monitoring systems. By automating freshness-
assessed  tasks that were previously completed by human 
inspectors, the  system is meant to streamline efficiency, 
reduce labor expenses, and work at overall proficiency 
in  fruit operations, distribution,  and production.

Additionally, the fruit freshness detection system possesses 
the potential to contribute to good environmental and 

economic outcomes by decreasing food waste and 
optimizing  resources to promote better crop utilization 
and guarantee that consumers receive high-quality 
products. With its ability to continuously monitor 
capabilities intended for high-performance, low-latency, 
high throughput, accuracy, and scalability, this sticks to be 
a very useful tool  for stakeholders across the whole supply 
chain, including farmers, food processors, distributors, 
retailers,  and consumers.

Inspired by the effectiveness of image processing 
techniques in various fields such as medical diagnostics 
[2], artificial intelligence [3], and remote sensing [4], 
the fruit freshness detection project could automate the 
assessment of fruit freshness and also categorize fruit into 
fresh and rotten fruit using  advanced image processing 
techniques as discorded in Fig. 1.  The system leverages 
digital imaging technology that can quickly and accurately 
assess fruit quality, providing stakeholders with crucial 
information to  make judicious choices on harvest, sorting, 
grading, packing, and distribution. It also  assists clients to 
verify the quality of the fruit.         
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utilized to classify the image and achieve an accuracy of 
98.2%. This proposed model produced a result in 8 ms.

In paper [7], identify the quality of the fruit using an image 
processing technique. They try to find spoiled fruit from the 
group of fruit. This technique also requires several steps to 
find fruit and vegetable quality. This proposed system used 
different properties of fruit, such as variety, surface, size 
and shape to differentiate them into different categories. 
With the help of the K-nearest neighbour algorithm, the 
author categorizes fruit into good and bad quality. Here the 
author tries to implement different classifiers to classify 
fruit into good or bad and compare the results of different 
classifiers. Results conclude that 89.16% precision of 
classification has been accomplished by utilizing an SVM 
classifier. In any case, the KNN classifier shows a better 
outcome over SVM with a precision of 93.33%.

In this study [8], the author works on a grading method to 
identify fruit freshness, which is based on Deep Learning. 
Here the author mainly focuses on saving fruit from 
being thrown and avoiding fruit wasting. In this article, 
the author tries to implement deep learning and computer 
vision techniques for grading the fruit freshness. Here 
the author implements various deep learning methods, 
including VGG, ResNet and GoogLeNet. AlexNet, along 
with the YOLO model, is used for fruit and vegetable 
reorganization. This YOLO extracts ROI that stands for 
the region of interest from provided digital images. The 
result concludes that all deep learning models produced 
almost same results, but the VGG model was identified as 
the best during validation.

The paper [9] focuses on producing a model for the 
automatic classification of fruit. The author proposed two 
classification branches: one, which is a binary classifier 
that classifies fresh and rotten fruit, and the second, which 
identifies types of fruit. Here the author implements a 
multitasking framework. For the implementation of the 
model, the author used a transfer learning technique in the 
model training phase. In this model, the author classified 
fruit into two categories only, such as fresh or rotten. For 
the evaluation of his proposed model, the creator utilized 
straightforward pictures from the current dataset and 
genuine pictures taken from the web, both addressing 
new and spoiled fruit for various fruit classifications as 
their dataset. This model suggested by author attained 
an accuracy of 98.50% for freshness classification and 
97.43% for the different types of fruit categorization.

             Fresh Apple	                  Rotten Apple

              Fresh Banana		  Rotten Banana

Fig. 1.  Fresh Fruit and Rotten Fruit

This system for detecting fruit freshness employs specific 
techniques of image processing to ascertain the freshness 
of the fruit in question. It uses the following key steps, 
which are image preprocessing, image analysis, image 
classification, and report generation. Its main advantages 
include being inexpensive, accurate, and simple to 
implement.

LITERATURE REVIEW
The paper [5] published by Zihe Wei, Miaosen Chang, and 
Yipeng Zhon proposed a model for finding fruit freshness 
that is based on the YOLOv8 and SE attention mechanism. 
To work on this project, the author used the YOLOv8 
model, which is an advanced model built upon the YOLO 
model that has a new feature and improvement, which 
is channel-wise attention that improves interdependence 
between channels. The proposed technique accomplishes 
an average accuracy of 87.8% and maximum accuracy 
of 95.0% for identifying the freshness of one category of 
fruit. The current model has limitations, as it is trained on 
a restricted dataset for apples and bananas, and lacks the 
capacity to detect a large numbers of fruit varieties.

The paper [6] works on a different technique of machine 
learning that is Deep Convolution Neural Networks 
to classify images. This suggested method works on 
several steps that are related to each other, starting from 
data gathering to picture resizing, expansion, picture 
naming, and so forth. After that, the AlexNet model is 
used with eight layers, from that it contains five work as 
convolutional layers and other three completely associated 
layers. This time, moving learning and adjusting the CNN 
are carried out. At the last stage, a softmax classifier is 
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In paper [10], the author observes that there is a lack of 
a multi-fruit data set that can be used for real-time food 
quality examination. To solve this problem, the author 
provided a new dataset that contains images of fruit. 
The main objective of the author is to generate a dataset 
that facilitates the development and evolution of fruit 
freshness assessment models. The dataset contains 11 fruit 
images, which are classify into three different classes of 
freshness and five models, such as ShufeNet, SqueezeNet, 
EfcientNet, MobileNet-V2 and ResNet18 as baseline 
models to identify quality of the fruit utilizing this 
dataset. The proposed dataset is efficiently coordinated 
and commented, which make it compatible for testing the 
execution of a new learning classifier. This dataset can be 
helpful to the exploration of the local area in the fields of 
PC vision and AI, for example, by applying it to different 
examination errands like fruit classification and fruit 
quality acknowledgment. Here in this study, the creator 
likewise recognizes the impediment of the dataset that 
contain small amount of data.

In this paper [11], the author proposed a model for 
Indonesia because of the tropical climate of Indonesia; fruit 
and vegetables easily grow there. Especially fruit plants. 
Such a long way, there are as yet many fruit suppliers 
that send unsatisfactory products because of the absence 
of exactness in doing the fruit product arranging process 
done through its workers when the fruit product is taken 
from the manor and the passage of another fruit products 
from an ill-advised packaging. The suggested model 
identifies spoiled fruit in both the stage from production 
to consumption. The proposed model works on profound 
learning with the help of CNN (Convolutional Neural 
Network) model to recognize freshness of the fruit. The 
proposed model has some impediments. This model has 
restricted training on an informational index, for example, 
fresh apples, rotten apples, fresh oranges, rotten oranges, 
fresh bananas, and rotten bananas; hence, this proposed 
model can anticipate these 6 classes.

The paper [12] suggests a model that uses a machine learning 
technique to grade fruit freshness. This proposed model 
implements classification of images using a Convolutional 
Neural Network (CNN) to calculate freshness of the fruit. 
Convolutional Neural Network (CNN) is implemented 
to recognize the size, shape and colour of different fruit 
samples. Datasets are very important for the success of any 
model, so here the author tries to create their own dataset 
with different images of fruit. This model categorized fruit 

into three categories, such as ripe, unripe and overripe 
depending on the freshness of the fruit.

The paper [13] author proposed a model that automatically 
recognizes the fruit and evaluates fruit freshness. In this 
proposed system, the author focuses on the fruit supply 
chain that includes fruit classification and fruit freshness 
detection. Here the author tries to generate output in audio 
format. In this model, the author mainly focuses on Apple 
and categorizes Apple in different categories such as Apple 
A, Apple B, Apple C, Apple D, Apple E and Apple F using 
VGGnet architecture. After identifying types of fruit, the 
author used YOLOv3 that is an advanced deep neural 
network model, to evaluate given apple is fresh or not.

In study [14], the author presents a deep learning model 
aimed at delivering vegetables and fruits that are both 
flavorful and nutritious to customers. The research 
explores various deep learning architectures, including 
GoogleNet, DenseNet-201, and ResNext-101, to assess 
the freshness of the produce. Additionally, Principal 
Component Analysis (PCA) is utilized for dimensionality 
reduction. This model successfully attained an accuracy 
rate of 96.98% in identification of fruits and vegetable 
freshness.

The paper [15] suggests a model for identifying the 
freshness of the fruit using an image sensor and edge 
processors with a lightweight CNN architecture. This 
model expects ON Semiconductor’s 13 MP AR1335 
image sensor along with their global screen-based, 12 
MP, 90-frame-per-second image sensor (XGS-12). The 
continuous setup with ON Semiconductor’s AR1335 13 
MP camera associated with Xavier is displayed in Fig. 
2. This model classifies fruits into two categories: fresh 
and rotten, specifically focusing on three types: bananas, 
oranges, and apples. In high-stress scenarios, it utilizes 
ON Semiconductor’s 13 MP camera equipped with an 
AR1335 sensor to achieve an accuracy rate of 97%.

In paper [16], a proposed model that detects the freshness 
of fruit using Raspberry Pi. The proposed model has a 
detector system that identifies the freshness of fruit using 
Raspberry Pi. This proposed framework contains different 
parts, for example, Raspberry Pi 0W, computerized picture 
processing, Nearness sensor, Load cell and Gas sensor. At 
the point when the fruit is being picked, it ought to be set 
in a transport line, where it is gone through the sensor unit 
which can recognize and show the total freshness status 
of the fruit. This proposed system gives 80% accuracy for 
detecting the freshness of fruit.
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Fig. 2. Ongoing connection setup with AR 1335 13 MP 
associated with NVIDIA Jetson Xavie

During this study, we are going through various deep 
learning models. All these models play important roles 
in fruit freshness detection by extracting image-based 
features and identifying fruit freshness level. Here is an 
overview of deep learning models.

Deep Learning Model

Deep learning is one of the latest examples in AI and 
examination in fake intelligence. [17] Numerous enormous 
forward jumps have been made in this field all through 
the world. Deep learning [18] is a subfield of simulated 
intelligence that deals with computations that are moved 
by the plan and capacity of the brain. With everything 
taken into account, it is comparable to the workings of our 
brain. The Deep learning assessment resembles the ways 
tactile technique is facilitated, where each of the neuron is 
link together and passes on data. Because of that that Deep 
learning makes it conceivable to zero in on information 
portrayals with different degrees of reflection.

In Deep Learning, three types of Neural Networks are 
utilized, which are Artificial Neural Network (ANN), 
Recurrent Neural Network (RNN), and Convoluted 
Neural Network (CNN). This approach has undoubtedly 
personalized the speech detection system, visual object 
article identification, object acknowledgment, and 
considerably more. The justification behind this study is 
to design a reasonable experiment to expect to cultivate a 
CNN model to perceive the fruit freshness.

Convolutional Neural Networks (CNNs)

Convolutional Neural Networks (CNNs) are a type of 
deep neural network primarily used for image processing 
tasks. They are specifically designed to automatically and 
adaptively learn spatial hierarchies of features from input 
images. CNNs have transformed the field of computer 

vision and are widely used in applications such as image 
classification, object detection, semantic segmentation, 
and more. Their ability to automatically learn different 
levels of representations from raw pixel data makes them 
incredibly powerful tools for various image processing 
tasks.

Fig. 3. Design outline of Convolutional Neural Network

Using Convolutional Neural Networks (CNNs) to detect 
fruit freshness through image processing includes several 
important steps. First, a detailed dataset is needed, 
consisting of labeled images of different fruits at various 
stages of freshness, including both fresh and spoiled 
instances, is assembled. Subsequently, the collected 
images undergo preprocessing to standardize their size, 
normalize pixel values, and enhance dataset diversity 
through augmentation techniques like rotation and flipping. 
The design outline of CNN is shown in Fig. 3. The CNN 
architecture designed for this task typically comprises 
various convolutional layers executed by pooling layers 
to actually extricate progressive characteristic from 
input pictures. It may incorporate well-established CNN 
architectures such as VGG, ResNet, or Inception, tailored 
to meet the specific requirements of freshness detection.

Pre trained convolutional neural networks

AlexNet

AlexNet, an innovative convolutional neural network   
(CNN) architecture, transformed the field of computer 
vision when it won the 2012 ImageNet Large Scale Visual 
Recognition Challenge. While not specifically designed 
for freshness detection, its deep learning principles and 
architectural innovations paved the way for subsequent 
CNNs tailored to image processing tasks, including fruit 
freshness detection. AlexNet’s use of ReLU activation, 
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convolutional layers, and fully connected layers laid 
the foundation for effective extraction of feature and 
categorization, making it influential in the development of 
CNN-based models for freshness detection applications, 
and ultimately inspiring the creation of more specialized 
and accurate fruit quality assessment systems. In Papers 
[6] and [8], the authors implement this model for the 
classification of the fruit.
GoogleNet
GoogleNet, otherwise called Inception v1, is a milestone 
convolutional brain organization (CNN) engineering 
created by Google scientists. While not straightforwardly 
customised for freshness identification, its beginning 
module with the numerous equal convolutional pathways 
permit proficient extraction of assorted highlights 
at various scales. This compositional development 
empowers GoogleNet to catch complex examples in 
pictures successfully, making it an important resource 
in creating CNN-based models for newness recognition 
errands. GoogleNet’s commencement module has 
enlivened ensuing CNN models, adding to progressions 
in picture handling and characterization assignments. In 
Paper [14], the author implemented the GoogleNets model 
and achieved 96.98% freshness detection.
Table 1. Comparative Analysis of Different CNN Models

Name of 
pretrain 
network

Depth Size Para-
meter

Input 
image 
size

Recognition 
Accuracy 

Rate

Training 
Time

AlexNet 8 227 61.0 227x227 95.81 235

GoogleNet 22 27 7.0 224x224 94.76 611

MobileNet 53 13 3.5 224x224 91.06 240

ResNet 101 167 44.6 224x224 94.24 1394

VGG 16 258 138 224x224 99.48 1334

MobileNet
MobileNet is a lightweight convolutional neural network 
(CNN) architecture intended for proficient sending 
on mobile and installed gadgets. While not explicitly 
created for newness identification, its depth-wise distinct 
convolutions and effective model design empower 
elite execution with altogether less boundaries and 
calculations contrasted with conventional CNNs. due to 
this, MobileNet is suitable for asset-compelled scenarios 
and has the potential to be used for continuous newness 
identification applications on mobile devices or edge 
figuring stages with limited computational resources. 
After implementing a number of models in study [10], the 
author used MobileNet to achieve 96.3% accuracy.

ResNet

ResNet, which stands for residual neural network, is a deep 
convolutional neural network (CNN) generally utilized 
in image processing because of its astounding depth and 
excellent accuracy in performing these tasks. This enables 
effective feature learning and allows ResNet to detect deep 
features that are important for newness detection in fruit 
images.The depth and performance of ResNet enables 
CNN based models for newness detection to leverage 
its feature extraction capabilities and learn complex 
hierarchical representations from the input images. In 
references [8] and [11], the systems were designed using 
these particular models to which the mentioned results 
were obtained with accuracy rates of 96.5% and 99.8%.

VGG

VGG, or Visual Calculation Gathering Organization, 
is an example of an exemplary convolutional neural 
network (CNN) architecture well known for its simplistic 
and efficient use in image classification tasks. While 
not explicitly custom-made for freshness identification, 
its profound design with various convolutional layers 
empowers the extraction of progressive features from 
input images, ultimately enabling accurate classification 
and assessment of fruit quality. With its direct plan and 
uniform engineering, VGG can act as major areas of 
strength for creating CNN-based models for freshness 
discovery, giving an establishment to catching important 
examples and surfaces demonstrative of fruit freshness 
in pictures. In paper [13], the proposed system used this 
model to identify types of fruit.

LIMITATION
Despite the advancements in fruit freshness detection 
using image processing, existing systems have several 
limitations that hinder their effectiveness and practical 
utility. During this study, we observed various systems 
that implement various machine learning and artificial 
techniques to identify the freshness of the fruit. The 
existing system has several limitations, such as limited 
accuracy, sensitivity to the environmental factor, hardware 
requirements like high-resolution cameras and specialized 
imaging equipment, sensors, some systems that do not 
work for varieties of fruits, lack of real-time feedback, 
user interface complexity, etc. By overcoming these 
challenges, future freshness detection systems can offer 
improved accuracy, reliability, efficiency, and usability, 
ultimately enhancing the quality and safety of fresh 
produce in various applications.
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PROBLEM STATEMENT
The detection of fruit freshness is a critical task in the food 
and agricultural sector to guarantee the quality and safety 
of fresh produce. Traditional methods of fruit freshness 
assessment, such as manual inspection and chemical 
analysis, are often labour-intensive, time-consuming, and 
subjective. Nowadays, there has been developing interest 
in utilizing image processing processes to automate fruit 
freshness detection processes, offering the potential for 
improved accuracy, efficiency, and scalability. Therefore, 
we proposed one system that classified fruit into fresh and 
bad as shown in Figure 1 and also identified the freshness 
of fruit effectively and accurately.

DATASET
In our proposed model acquire various images from the 
Kaggle [19]. Kaggle permits clients to find datasets they 
need to use in building simulated intelligence models, 
distribute datasets. This dataset contains images of the 
different fruit such as, Apple, Orange, Banana. This 
dataset also includes some real time images to improve 
quality of our dataset. We will try to implement this model 
for the varieties of fruit. So, this proposed include images 
of different fruit in dataset so it capable to find freshness of 
fruit freshness. Fig. 4. shows some sample fruits images.

Fig. 4.  Few examples of fresh and rotten fruits images

PROPOSED METHODOLOGY
During this study, we identify various problems such 
as food wastage, extracting quality of fruit, customer 
satisfaction, etc. The project on fruit freshness detection 
using image processing meets the pressing needs of quality 
control, automation, productivity enhancement, consumer 
confidence, and technological advancement in the 
agriculture and food industry. Its successful implementation 
promises significant benefits for stakeholders across the 

supply chain, from producers and processors to retailers 
and consumers. The primary target of this framework is to 
make a profoundly exact and effective system that creates 
an automatic fruit freshness detection system with a user-
friendly interface. The proposed model is an automatic 
fruit freshness detection system. Here, this proposed 
system uses an image processing technique to identify 
fruit freshness effectively and accurately.

The system aims to address many objectives like,

•	 It can identify fruit freshness automatically,

•	 It improves the quality control process in agricultural 
and food processing industries by providing real-time 
monitoring and assessment of fruit freshness

•	 It improves efficiency and productivity

•	 The system extracts the relevant information from 
the fruit images and provides to the stakeholders 
that involved in the harvesting, distribution, and 
promotion of fruits 

•	 The proposed system offers real time decision making

•	 The system provides food safety and customer 
satisfaction.

To implement proposed system, we will utilize various 
image processing algorithms, including feature extraction, 
segmentation and classification that analyse key feature 
of the fruit such as colour, texture, and surface defects 
that indicate the freshness or spoilage of the fruit. The 
proposed system may follow various concepts of image 
processing as shown in Fig. 5. Below, depicts the various 
modules that are used in our proposed model.

Fig. 5. Flow of development model

Image acquisition: This is the first phase of the fruit 
freshness detection system. This phase captures high-
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quality images of fruits; for that, you can use digital 
cameras or mobile devices. You can also upload an 
existing image.

Preprocessing: Before using the image for the feature 
extraction, preprocessing of the image is required to 
improve the quality of the image. This step involved 
removing noise, resizing the image, and normalizing 
features for analysis.

Feature extraction: This process is used to extract relevant 
features from images that will used to detect freshness of 
the fruit using various feature extraction techniques.  In 
our proposed model, we try to implement fusion of deep 
features with SIFT (Scale-Invariant Feature Transform) 
features, which refers to combining information extracted 
from different types of feature extraction methods to 
enhance the accuracy and robustness of detecting freshness 
in fruits. This extracted feature can be used to identify the 
freshness of the fruit.

Model Training: The detected feature will be utilized for 
the model training. To train our proposed image-based 
freshness detection system, we will use deep neural network 
(DNN) architecture. In this proposed model, a completely 
connected neural network (DNN) was executed utilizing 
the Keras Sequential API. During this process, the softmax 
activation function is proposed to be used for multi-class 
classification of various fruit varieties, and the Adam 
optimizer is used to compile the model, which is known 
for its adaptive learning rate adjustments to minimize the 
categorical loss function. The proposed deep learning-
based freshness classification model effectively predicts 
fruit freshness levels with high accuracy.

Reporting: In this stage, a thorough report will be 
produced. This produced reports that outlined the fruit’s 
freshness examination results. The fruits are also divided 
into different freshness categories in the report, providing 
a clear and valuable overview of the assessed produce.

Model Evolution: A number of metrics, including F1-
score, confusion matrix, recall, accuracy, and precision, 
among others, will be utilized to evaluate the proposed 
fruit freshness detection model. 

CONCLUSION
Rest, the fruit freshness detection endeavour project 
is aimed at changing the standards of quality control 
management within agriculture and the food processing 
sector. This project proposes the development of a custom 

automated system to address the need for the time-
appropriate evaluation of fruit freshness availability with 
the renders of advanced image processing and machine 
learning. It has armed stakeholders with an effective tool 
for automating freshness assessment tasks. The system is 
expected to increase efficiency, reduce waste, and enhance 
effectiveness in the operations of fruit production and 
distribution. Such systems have been designed in the 
manner that makes them highly accurate, inexpensive, 
easy to implement, and user-friendly.
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ABSTRACT
Navigating dynamic job markets and educational opportunities is challenging due to fragmented and generic guidance. 
This project proposes a machine learning-based platform to deliver personalized recommendations for education and 
career pathways. By integrating diverse datasets—employment trends, regional economic conditions, skill demand 
forecasts, and educational resources—the platform provides tailored insights aligned with user-specific goals and 
preferences. Key features include predictive analytics for future trends, real-time updates on industry changes, and a 
free, accessible interface for wide adoption. This tool aims to empower individuals with data-driven, actionable insights 
to make informed, future-ready decisions in their educational and career journeys.

KEYWORDS : Educational opportunities, Machine learning, Personalized recommendations, Predictive analytics, 
Data-driven insights.

INTRODUCTION

Navigating career decisions in today’s fast-evolving 
job market can be challenging for individuals 

seeking clarity and direction. Whether transitioning to a 
new career, advancing within an existing role, or starting 
fresh as students, identifying the most suitable paths often 
requires costly, inaccessible, and generic career counseling. 
Existing platforms like Naukri and LinkedIn provide job 
listings but lack the ability to deliver personalized career 
guidance tailored to an individual’s aspirations and unique 
profile.

To address these challenges, FutureFinder is an 
innovative platform designed to offer personalized career 
recommendations and actionable insights to students, 
working professionals, and career changers. By integrating 
advanced algorithms, data collection, and user-centric 
design, FutureFinder provides a holistic and tailored 
approach to career planning and development.

The platform focuses on three primary user groups:

Students: Assisting in identifying suitable degree programs, 

recommending universities, and outlining potential career 
pathways aligned with their aspirations.

Working Professionals: Offering skill set analysis, career 
development paths, advanced education options, and 
salary benchmarking for growth within their current roles 
or industries.

Career Changers: Evaluating transferable skills, suggesting 
new career paths, and aligning recommendations with user 
interests and strengths.

FutureFinder employs a robust framework comprising 
four key components:

Comprehensive Career Data Collection: Detailed 
information about users’ qualifications, skills, and goals is 
collected to build a holistic profile.

Career Transition, Growth, or Exploration: Adaptable 
modules cater to diverse user needs, whether exploring 
new roles, advancing within existing careers, or initiating 
a career journey.

Tailored Assessments: Custom evaluations consider salary 
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career recommendations and industry-specific guidance 
[8,9]. Lastly, while frameworks for student performance 
monitoring and academic administration using data mining 
are well-developed, they do not extend to holistic career 
planning that includes job market data and tailored advice 
[9,6]. Collectively, the reviewed works underscore the 
need for integrating real-world job market insights, long-
term career pathing, and personalized guidance into career 
recommendation systems to enhance their relevance and 
utility [2,3,6].

PROPOSED SYSTEM
The proposed system aims to provide a comprehensive 
career guidance platform tailored to the needs of working 
professionals and students by leveraging data collection, 
assessment modules, and machine learning classifiers.

User Onboarding Component:

User Login/Register: The user logs into the system using 
their credentials, or registers as a new account and then 
proceeds to log in the system.

The system begins the Assessment Process, comprising of:

Personality and Aptitude Assessment: Collects data on 
hobbies, interests, strengths, and weaknesses.

Preference and Experience Assessment: Gathers details 
on career goals, preferred industries, current job status (if 
applicable), skills, and experience.

The system generates a detailed Career Report based on 
user responses.

The report enables the user to explore suitable locations 
for their career aspirations and browse potential careers 
or job roles aligned with their qualifications and interests.

Career Prediction Algorithm: This algorithm integrates 
machine learning to predict and rank suitable career 
options for users.

The user provides details, including skills, education, 
experience, and career preferences, during the assessment 
process.

A detailed assessment collects insights into career 
motivators, preferred industries, and additional user-
specific factors. The data is securely stored in a database 
for analysis and future reference.

The system queries a career database to retrieve relevant 
career profiles. These profiles include key attributes such 

expectations, geographic preferences, work-life balance, 
and educational goals to deliver accurate recommendations.

Personalized Results: Users receive detailed reports with 
career suggestions, potential job roles, industry trends, and 
geographic insights for informed decision-making.

Unlike traditional career counseling services, the platform 
democratizes access to tailored advice, empowering 
users to make informed decisions about their educational 
and professional futures. This paper outlines the design, 
implementation, and key features

of FutureFinder while exploring its potential to redefine 
career discovery and planning.

LITERATURE REVIEW
The reviewed literature highlights the significant potential 
of machine learning and data mining in career guidance 
and educational applications.

It further illustrates the effective use of data mining 
techniques to analyze educational data, which helps 
improve students’ academic performance. The study 
demonstrates how mining such data can reveal hidden 
patterns and insights, aiding educators in making informed 
decisions to enhance learning outcomes. However, its 
focus remains primarily on educational performance rather 
than extending to career guidance or broader applications 
[1]. Machine learning and AI can play a critical role in 
career decision-making by analyzing student profiles, 
including interests, skills, and academic performance, 
to recommend suitable career paths [2,3]. However, 
current career guidance systems lack comprehensive 
coverage of subsequent steps, such as college and country 
selection, living condition analysis, and long-term career 
planning [2,3]. Furthermore, systems leveraging network 
visualization and skill-matching techniques excel at 
identifying and addressing skill gaps in specific industries, 
such as IT, but often fail to integrate real-time job 
market trends and industry-specific requirements [4,3]. 
Additionally, data mining techniques effectively uncover 
hidden patterns in educational data, which can improve 
academic performance and decision-making, though 
they often stop short of applying these insights to career 
planning [5,6]. Moreover, feature selection techniques are 
essential for enhancing the accuracy of predictive models in 
educational data mining, making them critical for building 
robust career guidance systems [7]. Predictive modeling 
has demonstrated success in forecasting academic 
outcomes but has limited application in personalized 
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as job descriptions, required skills, salary ranges, and 
growth prospects.

A machine learning classifier is applied to classify and 
predict the most suitable career paths for the user. Multiple 
classifiers are tested (e.g., Decision Trees, Random Forest, 
Neural Networks) to identify the optimal model with the 
highest accuracy. The classifier leverages the user’s input 
data and learned patterns to generate predictions.

Fig. 1: Proposed System Framework

IMPLEMENTATION DETAILS
The backend implementation consists of two primary 
aspects: defining the data structure and determining the 
best machine learning algorithm for career predictions. 
The input data is carefully structured to include feature 
variables and target variables. The feature variables capture 
user profiles with fields such as Education: Bachelor’s, 
Master’s, or PhD degrees and certifications, Skills: Hard 
and soft skills, Work History: Current job title, years in 
the role, and industry experience, Career Preferences: 
Career goals, motivators, job type, preferred location, 
work schedule, travel requirements, and work-life balance 
importance. Some variables, such as certifications and 
job history, are optional for students but essential for job 
seekers.

The target variable is the “suitable career,” which 
represents the best-fit career path based on the input data.

The career profile dataset contains detailed information for 
each career, such as career title, job description, industry, 

and company name (optional); required and preferred 
skills, certifications, and education requirements, 
experience thresholds, salary range, job requirements, and 
ideal personality traits and any additional parameters like 
work location, travel requirements, and preferences.

To enhance exploration, upcoming features will include 
recommendations for the best countries for specific 
careers, colleges offering relevant programs, and other 
supportive data.

Comparative Study on Algorithms

We performed a comparative study on four machine 
learning algorithms: Decision Tree, K-Nearest Neighbors 
(KNN), Random Forest, and Support Vector Machine 
(SVM). The different datasets used for the classification 
and testing of algorithms are split into sets of test and 
training models, with 70% as test and 30% as training 
datasets. The machine learning model is fitted using the 
train dataset and the test Dataset is used to assess how 
well a machine learning model fits the data. This study 
was implemented using three datasets: Studies Career 
Recommendation Dataset (Kaggle): Provides information 
on students’ academic performance, extracurricular 
activities, and career aspirations, used for predicting career 
paths based on student profiles.

IT Career Proficiency Dataset: Surveys proficiency in 
various IT skills, ideal for classification and clustering 
tasks to recommend suitable IT roles.

CareerMap Dataset: Combines psychological traits and 
technical skills for career predictions in computer science, 
addressing the need for labeled data through an ensemble 
approach.

Algorithm Testing and Career Prediction Module

The career prediction module processes user input data, 
including skills, education, and preferences. The module 
applies machine learning classifiers to analyze patterns 
and predict career matches. Comparative testing of 
algorithms was conducted on the datasets to identify the 
best-performing model for the platform. The performance 
of Decision Tree, KNN, Random Forest, and SVM was 
evaluated for accuracy and reliability.

The system then generates a personalized list of career 
suggestions, which users can explore along with detailed 
career profiles.

This architecture ensures a robust system capable of offering 
tailored recommendations, with plans for continuous 
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enhancements like integrating global opportunities and 
educational pathways.

The following tabular representations depicted the 
classification accuracy, precision, recall, and F1 score 
respectively for each algorithm used on the datasets. The 
values for each metric evaluation vary as the datasets used 
are random and have different classes and categories, 
generating variation in the output of the algorithms.

Figures 2 and 3 depict the classification accuracy, and F1 
score respectively for each algorithm used on the datasets.

Precision is the proportion of real positive examples 
among those classified as positive by the model. Recall, 
commonly referred to as sensitivity, is the percentage of 
positive examples among all the actual positives. The F1 
score integrates the model’s recall and precision as the 
harmonic mean of the two.

All classifiers performed admirably, with high accuracy 
scores and relatively few variations in the results. 
However, upon comparing the metrics, we observed that 
the Random Forest model consistently outperformed 
the others, delivering the highest accuracy and superior 
performance across the datasets.

Random Forest demonstrated superior results across all 
metrics, making it the most reliable choice. Based on the 
observations, we conclude that Random Forest outperforms 
Naive Bayes, SVM, Decision Tree, and k-NN, making it 
the algorithm of choice for our system. We primarily focus 
on accuracy, so the accuracy results over all datasets for 
various algorithms were as follows:

Fig. 2: Accuracy in (%) of the algorithms applied in each 
dataset

The evaluation metrics employed to assess the performance 
of each algorithm are as elaborated in the following tables.

Table 1: Evaluation metrics for the classification 
algorithms decision tree

Table 2: Evaluation metrics for the classification algorithm 
random forests

While both Random Forest and Decision Tree demonstrate 
comparable performance with high accuracy scores, 
Random Forest consistently outperforms Decision Tree 
across most datasets, albeit with marginal differences. 
This establishes Random Forest as the more effective 
model among the two, making it the preferred choice for 
the given application.

Table 3: Evaluation metrics for the classification algorithm 
support vector machine

Table 4: Evaluation metrics for the classification algorithm 
k-nearest neighbour

Finally, the F1 Score is a crucial metric in machine 
learning that provides a balanced measure of a model’s 
precision and recall. The F1 Score formula is derived 
from the harmonic mean of precision and recall, making 
it an essential component in the precision recall F1 score 
framework.

The F1 Score for different datasets and learning algorithms 
is as follows:

To conclude, Random Forest consistently outperforms 
other models in generalizing to new data, as evidenced by 
its strong cross-validation performance. Hence, this will 
be the algorithm in use for our system. The future scope of 
this project involves expanding the platform’s capabilities 
to provide even broader and more personalized career 
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guidance, ensuring accessibility and relevance in a rapidly 
changing education and job market.

Fig. 3: F1 Score of the algorithms applied in each dataset

CONCLUSION
In conclusion, the FutureFinder project represents 
a comprehensive and innovative approach to career 
guidance and education planning. By leveraging advanced 
technologies such as machine learning and data integration, 
we aim to create a user-centric platform that empowers 
students and professionals to navigate their career paths 
with confidence. Through a structured implementation 
plan divided into distinct phases—encompassing research, 
design, machine learning model development, testing, and 
deployment—we are committed to delivering a robust 
solution that meets the evolving needs of our users. By 
focusing on personalized recommendations, real-time job 
market insights, and user-friendly interfaces, FutureFinder 
will not only simplify the process of career exploration 
but also address the current gaps in the market, such as the 
lack of tailored guidance and accessibility. Our approach 
incorporates continuous improvement through user 
feedback, ensuring that the platform remains relevant and 
effective in an ever-changing job landscape. As we move 
forward, we remain dedicated to refining our algorithms, 
expanding our database of occupations, and consulting 
industry experts to provide the most accurate and valuable 
recommendations. Ultimately, FutureFinder aims to 
bridge the gap between ambition and opportunity, helping 
individuals shape their futures with clarity, purpose, and 
confidence.
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ABSTRACT
Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder in children, often persisting 
into adulthood, characterized by inattention, hyperactivity, and impulsivity. Diagnosis typically relies on subjective 
assessments, risking misdiagnosis or delays. EEG, reflecting brain activity, offers objective support for ADHD detection.

This study introduces a novel feature extraction method that evaluates dynamic connectivity tensors among EEG 
channels, preserving temporal and spatial structures while reducing dimensions. These features are processed by a 
hybrid neural network combining CNNs and LSTMs to capture spatial electrode dependencies and temporal EEG 
patterns.

Using an EEG dataset of 800 recordings (30 seconds each) from 61 children with ADHD and 60 controls (ages 7–12), 
recorded via a 19-channel 10–20 system at 128 Hz during a visual attention task, our method achieved 73% accuracy. 
This demonstrates its promise as a reliable, non-invasive tool for ADHD diagnosis, advancing EEG-based deep learning 
in clinical applications.

KEYWORDS : ADHD, EEG, CNN, LSTM, Neurodevelopmental disorders.

INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) 
is a neurodevelopmental disorder that affects 

approximately 5–7% of children globally [1, 2]. ADHD 
is characterized by inattention, hyperactivity, impulsivity 
and careless mistakes. (Fig.1) ADHD significantly impacts 
a child’s academic performance, social interactions, and 
emotional well-being. If untreated, these issues can persist 
into adulthood, leading to long-term challenges such as 
poor career outcomes and relationship difficulties. Early 
and accurate diagnosis is essential to mitigate these effects 
and implement effective interventions such as behavioral 
therapy or medication [2, 3].

Fig. 1: Behavioral Symptoms of ADHD
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In recent years, advancements in artificial intelligence 
(AI) and deep learning (DL) have demonstrated immense 
potential in medical diagnostics. Convolutional Neural 
Networks (CNNs) specialize in extracting spatial patterns, 
while Long Short-Term Memory (LSTM) networks excel 
at capturing temporal dynamics in time-series data like 
EEG signals. Hybrid CNN-LSTM architectures combine 
these capabilities, enabling comprehensive spatial-
temporal analysis of EEG data. These models can identify 
intricate patterns in neural activity, offering enhanced 
diagnostic accuracy compared to traditional statistical or 
machine learning methods [8, 9, 10].  

This study focuses on designing a hybrid CNN-LSTM 
deep learning model to classify ADHD and non-ADHD 
cases using EEG data. (Fig.3) By automated feature 
extraction and classification, the system aims to reduce the 
subjectivity inherent in traditional diagnostic approaches. 
The integration of real-time processing capabilities further 
ensures timely insights, enhancing the efficiency of ADHD 
assessments [8, 11, 12]. 

Fig. 3 EEG signals: (a) ADHD class and (b) Normal class

In addition to advancing diagnostic accuracy, this project 
seeks to contribute a reusable and adaptable framework 
for analyzing EEG data, potentially applicable to other 
neurological disorders. By leveraging state-of-the-art 
deep learning techniques, the proposed system holds the 
potential to revolutionize ADHD diagnosis, paving the 
way for more objective, consistent, and scalable solutions 
in clinical settings [8, 13, 14]. 

BACKGROUND
Recent advancements in neuroscience and computational 
methodologies have positioned EEG-based machine 
learning models as a cutting-edge approach to ADHD 
diagnosis. This literature review consolidates theoretical 
and empirical contributions in this domain.

To establish a comprehensive theoretical framework, 
review papers have extensively explored ADHD’s 

Despite the critical need for accurate diagnosis, 
current clinical practices largely depend on subjective 
assessments, including interviews, behavioral checklists, 
and reports from parents and teachers. These methods are 
susceptible to observer bias and inconsistencies, often 
resulting in overdiagnosis or underdiagnosis. The reliance 
on subjective measures not only delays treatment but also 
fails to capture subtle diagnostic nuances. Addressing 
this gap requires developing objective tools capable of 
providing reliable and reproducible diagnostic outcomes 
[3, 4].

Electroencephalography (EEG) represents the electrical 
activity in the brain, categorized into different frequency 
bands. (Fig.2) Delta waves (0.5–4 Hz) are the slowest and 
occur during deep sleep, while theta waves (4–8 Hz) are 
linked to light sleep and creativity. Alpha waves (8–12 Hz) 
indicate relaxation, beta waves (12–30 Hz) are associated 
with active thinking and stress, and gamma waves (30–
100 Hz) relate to learning and high-level cognition. These 
waves help study brain states, diagnose disorders, and 
understand neurological conditions. EEG, a non-invasive 
method for measuring brain activity, has emerged as a 
promising tool for ADHD diagnosis. Studies reveal that 
children with ADHD exhibit distinct patterns in EEG 
brainwave activity, such as an increased theta-to-beta 
power ratio, particularly in the frontal cortex—a region 
associated with attention regulation and impulse control 
[5, 6, 7]. These EEG biomarkers offer valuable insights 
into the neural underpinnings of ADHD and present 
an opportunity for leveraging automated techniques to 
enhance diagnostic precision.

Fig. 2: EEG Brain Wave Frequencies
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neurobiological basis, the utility of EEG in brain signal 
analysis, and the incorporation of ML/DL techniques in 
healthcare. Noroozi and Ahmadi (2022) provide an in-
depth analysis of automated ADHD diagnostics using 
EEG data, outlining common methods, challenges, and 
future directions [13]. Taspinar & Ozkurt (2024) reviews 
the use of resting state fMRI (rsfMRI) data and ML 
methods for ADHD detection, providing insights into the 
ADHD-200 database, and emphasizing the importance 
of pre-classification steps in the detection process[11]. 
Similarly, Zhang et al. (2022) focus on specific ML models’ 
effectiveness and emerging trends in neuroimaging [35]. 
Collectively, these reviews underscore EEG’s diagnostic 
potential due to its ability to identify atypical neural 
patterns, such as heightened theta-to-beta ratios, in ADHD 
patients. They also emphasize the role of ML in enhancing 
diagnostic accuracy and consistency.

Building on this theoretical base, implementation-oriented 
studies demonstrate the practical application of ML/DL 
models in classifying ADHD using EEG data. Zhang et al. 
(2022) implemented attention-based CNN-LSTM models 
to capture EEG data’s spatial and temporal features, 
achieving high classification accuracy [30]. Bakhtyari and 
Mirzaei (2022) extended this approach using ConvLSTM 
networks combined with attention mechanisms, revealing 
dynamic connectivity patterns unique to ADHD [5]. 
Similarly, Alqudah and Hiasat (2021) proposed a hybrid 
CNN-LSTM framework, highlighting the importance 
of architectural optimization for enhanced diagnostic 
performance [12]. These studies exemplify the significant 
strides made in real-world implementation, offering insights 
into model training, evaluation, and generalizability.

Despite these advancements, challenges persist. Early 
research, such as that by Monastra et al. (1999) and Barry 
et al. (2003), faced limitations like small sample sizes 
and restricted tasks, which reduced the generalizability of 
findings [6, 38]. While more recent studies have achieved 
impressive accuracy rates—up to 99.75% with hybrid 
CNN-LSTM models (Bakhtyari & Mirzaei, 2022)—
issues such as overfitting, inconsistent preprocessing, and 
computational demands remain barriers [5]. Furthermore, 
real-world applicability is hindered by limited dataset 
diversity and the complexity of advanced architectures, 
as noted in studies like ADHD-AID (Attallah, 2024) and 
Ulam’s Spiral-based feature extraction models (Atila et 
al., 2023) [33, 39].

Future research must address these limitations 
by emphasizing the integration of scalable and 

computationally efficient deep learning frameworks. 
Efforts should also focus on diversifying datasets to 
include broader population groups, enabling models to 
capture the heterogeneity of ADHD. This dual approach 
holds the potential to transform EEG-based ADHD 
diagnostics, offering robust, real-time solutions for clinical 
implementation. 

MATERIALS & METHODS
The dataset used in this study includes EEG recordings 
from 61 children with ADHD and 60 healthy controls 
(boys and girls, ages 7–12). Children in the control group 
had no history of psychiatric disorders, epilepsy, or high-
risk behaviors. ADHD diagnosis followed DSM-IV 
criteria and was confirmed by an experienced psychiatrist. 
ADHD participants were on Ritalin for up to six months. 
[15] 
EEG data was recorded using the standard 10–20 
electrode placement system with 19 channels (Fz, Cz, Pz, 
C3, T3, C4, T4, Fp1, Fp2, F3, F4, F7, F8, P3, P4, T5, T6, 
O1, O2) at a sampling frequency of 128 Hz. Reference 
electrodes (A1 and A2) were located on the earlobes. 
The recording protocol included a visual attention task to 
assess cognitive deficits in ADHD children. Participants 
were shown pictures of cartoon characters and asked to 
count the number of characters in each image. The number 
of characters varied randomly between 5 and 16, and 
each image was displayed continuously until the child 
responded. The total EEG recording duration depended on 
the response speed of each participant.
Table 1 Data was segmented into 30-second intervals for 
analysis. This resulted in a total of 800 instances: 400 
intervals for ADHD participants and 400 for healthy 
controls. These intervals were used to train and validate 
the model.

Group Number 
of 

Subjects

Number 
of 

Intervals

Duration 
(Average)

Sampling 
Rate

ADHD 
Children

61 400 30 
Seconds

128Hz

Healthy 
Controls

60 400 30 
Seconds

128Hz

Problem Definition
EEG signals are multivariate time series captured across 
multiple channels. In this study, the dataset comprises C=19 
channels (corresponding to EEG recording electrodes), 
and each recording spans S=30 seconds, sampled at a 
frequency of F=128 Hz. 
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The total number of samples per EEG channel is 
P=S×F=3840. 

The recording signal from all channels at a specific time 
tt is denoted as xt  RC, and the complete 30-second EEG 
data is represented as a matrix X, where one dimension 
corresponds to the 19 channels, and the other captures the 
time series across 30 seconds: X=[x1, x2 , … , xP]T.

The dataset contains a total of 800 labeled instances of 
these multivariate time series: 400 instances correspond 
to ADHD participants, and 400 to healthy controls. 
[15] These labeled instances serve as the foundation 
for developing a machine learning model capable of 
distinguishing between ADHD and healthy controls. The 
goal is to leverage this data to train an accurate and robust 
classification model, facilitating more objective ADHD 
diagnosis based on EEG signals.

Data preprocessing

EEG signals are highly prone to artifacts, which can occur 
during recording and impact data quality. [16] These 
artifacts are classified as external or internal. External 
artifacts, caused by environmental noise or experimental 
errors, were addressed using a Finite Impulse Response 
(FIR) high-pass filter with automatic order. This filter 
removed low-frequency noise below 4 Hz, often caused 
by sweating or neck and jaw movements. Power spectral 
density analysis revealed that gamma-band frequencies 
above 60–70 Hz and line noise between 45–55 Hz also 
affected the data. Fig. 4 exhibits the power spectral density 
of an instance of the dataset. To eliminate these artifacts, 
we filter the dataset with a low-pass filter at a frequency of 
40 Hz with the same configuration in the high pass filter. 
[17]

Internal artifacts, such as eye movements and blinking, are 
common during EEG recordings and significantly reduce 
signal quality. Manual preprocessing is widely used to 
address these but requires expert knowledge, which limits 
scalability. Automatic methods like PREP [18] were tested 
but did not yield better results. Given the dataset’s visual 
stimulus recording protocol, Independent Component 
Analysis (ICA) was used to isolate brain-related sources 
from artifacts. [19] IC Label [20] was then applied to detect 
and remove components related to eye movements with 
a probability above 0.9. These preprocessing steps were 
essential for improving the quality of the EEG signals and 
enhancing the performance of the subsequent analysis.

Fig. 4 Power spectral density of an instance of EEG 
recordings before filtering

Feature Extraction

Fig. 5 The proposed feature extraction scheme

Fig. 5 represents a pipeline for processing EEG 
(electroencephalography) data for use in a machine 
learning or deep learning application. The process begins 
with EEG recording, where electrodes placed on the scalp 
measure electrical brain activity over time, capturing 
signals from multiple channels corresponding to different 
locations on the scalp. After recording, the signals undergo 
preprocessing to clean and prepare them for analysis. [21] 
This step includes filtering to remove noise or artifacts, re-
referencing, and normalization to retain only meaningful 
signal patterns. Once the data is preprocessed, it is divided 
into smaller temporal slices, creating a sequence of short 
time windows, with each slice representing a fixed time 
segment of the EEG signals (e.g., 512 data points). These 
slices are essential for capturing time-dependent features, 
allowing the model to analyze temporal dynamics. Each 
temporal slice is then subjected to spatial encoding to 
organize the data based on the arrangement of EEG 
channels. This step involves mapping the EEG channels 
to a grid-like structure (19x19 in this case) to mimic 
the spatial layout of electrodes on the scalp. The grid is 
further processed using feature extraction or encoding, 
resulting in spatially encoded data represented as a matrix 
or tensor. This structured data retains information about 
the temporal and spatial relationships of the EEG signals. 
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Ultimately, this pipeline transforms raw EEG recordings 
into a format suitable for machine learning, emphasizing 
both temporal and spatial information, which can then be 
utilized by advanced algorithms to detect patterns, classify 
mental states, or predict outcomes. [22].

Model

This section introduces a deep neural network architecture 
combining convolution and Long Short-Term Memory 
(LSTM) layers. In the proposed model, the convolution 
layer captures spatial features among EEG channels, while 
the LSTM layer encodes temporal dependencies across 
time segments. Finally, the data passes through a dense 
layer for classification. The following subsections provide 
a detailed description of each of these layers.

Hybrid Deep Learning Model (CNN & LSTM)

In recent years, deep learning has revolutionized the field 
of medical diagnostics, enabling the analysis of large, 
complex datasets with high accuracy. Deep learning 
models, such as Convolutional Neural Networks (CNN) 
and Long Short-Term Memory (LSTM) networks, are 
particularly effective in processing time-series data like 
EEG signals. The idea of LSTMs was proposed in 1997 
to mitigate recurrent neural network problems [23] 
CNNs excel at extracting spatial features from EEG 
data, identifying local patterns within the signal,[24] 
while LSTMs are well-suited for capturing temporal 
dependencies, making them ideal for analyzing EEG data 
over time.

Hybrid models that combine CNNs and LSTMs have 
shown superior performance in medical applications, as 
they leverage both spatial and temporal characteristics 
of data.[25] In this project, we employ a hybrid CNN-
LSTM model to process EEG signals, aiming to improve 
the accuracy and reliability of ADHD diagnosis. By 
automating the feature extraction and classification 
process, the model reduces the risk of human error and 
offers a scalable solution for clinical applications.

The current diagnostic process for ADHD is time-
consuming and prone to variability between clinicians. 
Furthermore, the subjective nature of symptom observation 
can lead to inconsistent diagnoses. An automated system 
using EEG data and deep learning models offers a more 
standardized approach, providing consistent results across 
a range of different patients and clinicians. Automated 
analysis of EEG data can also handle large datasets, 
making it possible to identify subtle patterns that may be 
missed by human observers.

By integrating CNN and LSTM models, the system can 
process raw EEG data in real-time, offering immediate 
diagnostic insights. (Fig. 6) This is particularly valuable 
in clinical settings, where timely diagnosis is crucial for 
beginning treatment. Additionally, automation reduces 
the burden on clinicians, allowing them to focus on 
interpreting results and developing individualized 
treatment plans based on objective data. Through this 
project, we aim to develop a system that enhances the 
efficiency and accuracy of ADHD diagnosis, ultimately 
improving patient outcomes. [21]

Fig.6 Proposed CNN & LSTM Model

RESULTS & DISCUSSIONS
In this section, we evaluate the proposed ADHD 
classification framework by performing experiments on 
the ADHD dataset. We compute four evaluation metrics: 

•	 Accuracy = TP+TNTP+FP+FN+TN

•	 Precision = TP TP+FP

•	 Recall = TPTP+FN

•	 F1 − Score = 2*Precision*Recall Precision+Recall

In these formulas, TP, FP, TN, and FN stand for True 
Positive, False Positive, True Negative, and False 
Negative, respectively.

To evaluate the effectiveness of our LSTM-based model 
for ADHD detection using EEG signals, we employed the 
AUC-ROC (Area Under the Curve - Receiver Operating 
Characteristic) as a primary evaluation metric. This 
approach provides a comprehensive assessment of the 
model’s ability to distinguish between ADHD and control 
cases across various classification thresholds.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 34

Automated Detection of Deficit/Hyperactivity Disorder (ADHD)........ Chhapra, et al

The evaluation process began with data splitting and 
preprocessing. We divided the EEG data into training 
and test sets using a 70-30 split, ensuring a balanced 
representation of ADHD and control samples. To enhance 
the representation of minority classes, the SMOTE 
(Synthetic Minority Over-sampling Technique) was 
applied to the training data. Following this, the model 
was trained with the following hyperparameters: a batch 
size of 16, 30 epochs, and a learning rate of 0.0001. Early 
stopping, with a patience of 10 epochs, was utilized to 
prevent overfitting during training.

After training, we evaluated the model using the AUC-
ROC. The ROC curve was generated to visualize the 
trade-off between the true positive rate (sensitivity) 
and the false positive rate (1-specificity) across varying 
thresholds. The AUC score, representing the area under 
the ROC curve, served as a summary statistic to quantify 
the model’s overall discriminatory ability. In addition to 
AUC-ROC, we calculated other metrics such as precision, 
recall, F1-scores, and a confusion matrix to gain further 
insights into the model’s performance. These metrics 
provided a detailed understanding of the model’s strengths 
and weaknesses in detecting ADHD. [26]

The AUC score for the LSTM model was 0.48, indicating 
less accurate overall discrimination between ADHD and 
control cases. This score is close to random guessing, 
which is an AUC of 0.5.

The ROC curve showed a high recall for ADHD cases 
but inaccurate specificity for control cases, reflecting the 
imbalance in classification performance.

The Confusion matrix in Fig.7 shows:

Out of 5 control cases, only 1 was correctly classified.

All 10 ADHD cases were correctly identified, showing 
high sensitivity for ADHD

Comparison of Metrics

Table 2. The detailed evaluation metrics for the test data 
are as follows:

Metric ADHD Control
Precision 0.71 1.00

Recall 
(Sensitivity)

1.00 0.20

F1-score 0.83 0.33

Fig. 7. Confusion Matrix of ADHD and Control Children 
cases

This section evaluates how key parameters affect the 
LSTM model’s performance in ADHD detection using 
EEG signals. Optimal hyperparameters were chosen, 
focusing on raw EEG signals (4–40 Hz) to avoid noise 
from higher frequencies. Testing showed that this range 
effectively captured key features across theta, alpha, 
beta, and low-gamma bands for accurate classification. 
Temporal segmentation analysis revealed that smaller 
windows increased computational costs without boosting 
accuracy, while larger windows reduced performance 
due to lower temporal resolution. As shown in Table 1, 
The best results were achieved with a 1-second window 
size (512 samples) and no overlap, balancing efficiency 
and accuracy. A batch size of 16 was optimal for training, 
offering a good trade-off between computational efficiency 
and model convergence. And in Table 2, The comparison 
of matrix is shown between ADHD and Control class.

In comparison to a study [22] reporting a remarkable 
97.75% accuracy using LASSO-regularized biomarkers 
for ADHD classification, our research achieved 73% 
accuracy utilizing a deep learning approach on an EEG 
dataset with 800 recordings from children aged 7–12. 
While the study highlights the strengths of feature 
optimization techniques like LASSO, our work emphasizes 
the promise of raw EEG-based deep learning for non-
invasive ADHD diagnosis. Despite the lower accuracy, 
our method advances the application of deep learning in 
clinical settings and demonstrates potential for further 
refinement with larger datasets and optimized feature 
selection techniques.
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CONCLUSIONS
In conclusion, the integration of machine learning models, 
particularly LSTM-based architectures, for detecting 
ADHD through EEG signals has shown promising results 
in terms of accuracy and efficiency. The study highlights 
that carefully selecting the relevant frequency bands (4–40 
Hz) and optimizing temporal windowing parameters, such 
as using a 512-sample window, contribute significantly to 
achieving reliable classification performance. Moreover, 
fine-tuning hyperparameters like batch size and filter size 
ensures that the model not only performs well but does so 
in a computationally efficient manner.

While the current model configuration provides excellent 
results, the real-world application of these techniques 
still faces challenges, such as the need for improved 
generalization across diverse ADHD subtypes and 
populations. Future work should explore the incorporation 
of advanced signal processing methods, the inclusion of 
larger and more varied datasets, and the development 
of interpretable models that clinicians can use with 
confidence. As these techniques evolve, they have the 
potential to transform ADHD diagnosis, enabling earlier 
and more accurate detection, ultimately leading to better 
patient outcomes.

FUTURE WORK
Future work on the LSTM-based ADHD detection 
model should focus on optimizing hyperparameters 
and enhancing preprocessing techniques. The current 
configuration, which uses raw EEG signals within the 
4–40 Hz range, a 512-sample window, and a batch 
size of 16, has demonstrated good accuracy. However, 
implementing more advanced signal processing methods, 
such as wavelet transforms, could refine feature extraction 
and reduce noise from higher frequency bands, which is 
essential for improving diagnostic accuracy.

Adaptive windowing techniques, which adjust dynamically 
based on signal characteristics, could enhance temporal 
resolution while minimizing computational costs. 
Additionally, exploring complex model architectures like 
hybrid CNN-LSTM networks and attention mechanisms 
could improve the model’s ability to detect subtle patterns 
in EEG data.

Expanding the dataset to include diverse ADHD subtypes 
and age groups is critical for increasing the model’s 
generalizability. Longitudinal datasets could provide 
deeper insights into ADHD’s progression, enabling a 

better understanding of its dynamic nature. For real-world 
applications, the model must prioritize explainability and 
real-time processing to facilitate clinical integration and 
improve the ease of ADHD screening and monitoring. 
Such advancements would enhance the model’s practical 
utility and ensure its effectiveness across diverse settings.

By addressing these areas, researchers can refine EEG-
based ADHD detection systems, ultimately contributing to 
more accurate, accessible, and clinically relevant solutions 
for ADHD management.
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ABSTRACT
Every year, lakhs of new cases of diabetes are observed worldwide, making it a significant global health problem. 
Improving patient outcomes and modify treatment options depend on early identification and precise diagnosis. In 
the world of Artificial Intelligence, Machine Learning has proven to be a most useful tool for recognizing medical 
conditions. By analyzing various clinical and patient data, it has the potential to help healthcare professionals in 
classifying diabetes cases more accurately. This study denotes the practical application of machine learning in the 
medical field by developing a prediction- based model for diabetes using various models. Early identification of diabetes 
as well as crucial effective management and better patient outcomes is the primary focus of our research initiative. 
The main objective of this project is to create a machine learning model that can effectively predict the possibility of 
diabetes onset, thereby reducing dependence on time-consuming and subjective human estimation, ultimately improving 
diagnostic consistency and efficiency.

KEYWORDS : Diabetes, Medical diagnosis, Machine learning, Artificial intelligence, Patient outcomes, Predictive 
model, Clinical data.

INTRODUCTION

Diabetes is a common and confirmed health condition 
that affects lakhs of individuals globally, crossing 

gender lines and age groups. According to estimates from 
the World Health Organization, there are approximately 
41.5 Crore people living with diabetes. It causes a 
significant health risk and is a leading cause of various 
obstacles and death. The current diagnostic methods for 
diabetes include blood tests, glucose monitoring, and 
clinical evaluations, which, while effective, may require 
time and are subjective to interpretation.

Timely identification of diabetes is very important 
in improving the patient outcomes and managing the 
conditions effectively. Early detection allows for quick 
intervention and better disease management, which can 
enhance the quality of life for those affected. Additionally, 
the application of machine learning algorithms can bring 
fairness and consistency to diabetes diagnosis. This study 

presents the practical use of machine learning in healthcare 
technology, specifically in addressing the real-world issues 
related to diabetes prediction.

This ambition not only highlights the potential of deep 
learning methods but also highlights the importance of 
ethical considerations and data quality throughout the 
development process.

PROBLEM STATEMENT
A critical challenge facing the healthcare sector is the 
early prediction of diabetes, which is the central focus of 
this study. Diabetes is a usual and possible life-threatening 
condition that affects individuals worldwide. Early 
detection is essential for improving the patient outcomes 
and easing the effective management. However, current 
diagnostic methods are often laborious, open to human 
error, and can lead to delayed diagnosis, primarily relying 
on subjective interpretations of clinical data and laboratory 
tests.
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Global Applicability: The predictive technique for diabetes 
has universal importance, serving as a valuable resource 
worldwide. Its potential benefits expand to regions with 
changing healthcare resources, contributing to improved 
healthcare availability and the early identification of 
diabetes cases.

Opportunities for Collaboration: This project encourages 
collaboration among healthcare providers, AI experts, 
and medical institutions, promoting an environment for 
associative teamwork. Such partnerships hold the potential 
to guide advancements in the field of medical artificial 
intelligence, benefiting both research and patient care.

LITERATURE SURVEY
Diabetes is a widespread and confirmed health condition 
that has a remarkable impact on individuals and healthcare 
systems worldwide. The development of effective 
predictive models for diabetes using machine learning 
has become an expanding area of research. This literature 
survey provides an overview of recent studies that explore 
various aspects of diabetes prediction with a focus on 
machine learning algorithms and techniques.

Bhat et al. (2023) gave a risk evaluation and prediction 
framework for diabetes using machine learning algorithms. 
This approach combines the advanced machine learning 
techniques to evaluate diabetes risk based on a range of 
health measures. [1]

Chang et al. (2022) conducted an estimation of machine 
learning models and algorithms for early prediction and 
diagnosis of diabetes using health measures. Their study 
provides awareness into the selection and performance 
of different machine learning approaches in diabetes 
prediction.[2]

Khanam and Foo (2021) conducted a comparative study 
of machine learning algorithms for diabetes prediction. 
Their research offers a valuable comparison of various 
algorithms to evaluate researchers and interpreters in 
algorithm selection.[3]

Jiang et al. (2023) developed a diabetes risk prediction 
model based on community research data using machine 
learning. This study demonstrates the potential of real-
world data in constructing a strong prediction model for 
diabetes.[4] 

Jangili et al. (2023) focused on machine learning based 
early biomarker prediction for type 2 diabetes related 
with coronary artery diseases. Their study highlights 

To address these issues, this research aims to develop an 
automated predictive system that can accurately show the 
possibility of diabetes onset by using the power of machine 
learning and data analysis. The project’s core objective is 
to provide a strong and reliable machine learning solution 
for early diabetes prediction, thus enhancing healthcare 
outcomes and the overall quality of life for individuals at 
risk of developing the conditions.

OBJECTIVES
Data Collection and Preprocessing: Gather a complete 
dataset comprising both clinical and patient-related 
information regarding to diabetes prediction. Carefully 
preprocessing and cleaning the data to ensure its validity 
for machine learning analysis.

Model Development: Use a machine learning model, such 
as Support Vector Classifier, to create a predictive system 
for diabetes. Train the model using the collected dataset to 
enable accurately predicting of the possibility of diabetes 
onset.

Provide an accurate and efficient machine learning model 
capable of predicting the risk of diabetes, thus helping in 
early identification and proactive management.

Reduce the time and effort required for healthcare 
professionals to check the risk of diabetes and make 
informed decisions, thereby improving the efficiency of 
diabetes prediction and care.

Education and Awareness: Improve public, patient, and 
healthcare professional’s understanding of the benefits 
and limitations of machine learning in the prediction, 
encouraging the informed decision-making and energetic 
health management.

SCOPE
Medical Applications: The primary objective of this 
project is to establish a strong automated tool for diabetes 
prediction, which holds promise for wide applications in 
the field of medical diagnostics. The system’s flexibility 
allows for potential expansion into the analysis of various 
medical data types beyond diabetes, expanding its help to 
the diagnosis of other health conditions.

Integration with Healthcare Systems: The architecture 
of the system is designed to smoothly integrate with 
existing healthcare infrastructures, allowing healthcare 
professionals to easily include AI-driven predictive tools 
into their regular diagnostic protocols.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 39

Diabetes Prediction Salunke, et al

the importance of identifying high-risk individuals for 
diabetes and related complications.[5]

Aguilera-Venegas et al. (2023) compared and fined tuned 
various machine learning algorithms to predict the type 2 
diabetes mellitus. This research provides the significance 
of algorithm optimizations for improved prediction 
accuracy.[6]

Kokkorakis et al. (2023) developed effective set of 
question-based prediction models for type 2 diabetes 
across diverse population. Their work highlights the 
importance of considering population diversity in diabetes 
prediction.[7]

Qi et al. (2023) introduced “Kfpredict,” an ensemble 
learning prediction framework for diabetes. Their model 
makes use of the mixture of key features to improve 
prediction accuracy.[8]

Febrian et al. (2023) explored diabetes prediction using 
supervised machine learning. Their research shows the 
application of traditional supervised learning techniques 
for diabetes prediction.[9]

Reza et al. (2023) improved support vector machine 
(SVM) performance for type II diabetes prediction with 
an improved non-linear kernel. Their work provides 
understanding into the optimizing SVM for diabetes 
prediction.[10]

Ketkar and Gawade (2022) introduced a decision support 
system for selecting the most suitable machine learning 
algorithm in healthcare. This system allows users to 
choose the best-fit algorithm based on specific parameters 
and requirements.[11]

Belsti et al. (2023) compared machine learning and 
standard logistic regression-based prediction models for 
with child diabetes in a diverse population. Their study 
offers insights into predicting with child diabetes using 
different modeling techniques.[12]

Mora et al. (2023) investigated the use of machine 
learning algorithms to predict the onset of diabetes-
related problems after a diabetes diagnosis. Their work is 
particularly relevant for long-term diabetes management.
[13]

Rastogi and Bansal (2023) presented a diabetes prediction 
model using data mining techniques. Their research 
focuses on the application of data mining for diabetes 
prediction.[14]

Mennickent et al. (2022) evaluated machine learning-
based models for with child diabetes mellitus prediction 
before 24– 28 weeks of pregnancy. This study provides 
an overview of the state of the art in predicting with child 
diabetes.[15]

In conclusion, the field of diabetes prediction using machine 
learning is distinct and effective, with various studies 
exploring different algorithms, datasets, and approaches. 
This literature survey serves as a complete resource to 
guide our project on Diabetes Prediction System, helping 
to incorporate the latest findings and methodologies into 
our research.

PROPOSED SYSTEM
The suggested system presents an advanced method 
for summarizing data that combines deep learning and 
artificial intelligence approaches. This new method 
generates a brief, relatedly relevant summaries in response 
to the difficulty of managing large amounts of numerical 
and written data. Scalability is its main advantage since 
it allows to analyze and summarize a large number of 
datasets quickly, which is important in today’s data-rich 
environment.

This system makes attempt to provide an important 
tool for data analysis to a range of industries, including 
businesses, healthcare, research, and education, by 
mixing deep learning models, data mining, and natural 
language processing. It is a useful addition to the field of 
data summarization because of its capacity to transform 
decision-making steps and make useful conclusions from 
the complex data. The system’s architecture and structure 
will be fully examined in the next sections, which will also 
present how this new strategy is assured to transform the 
data summarization techniques.

Algorithm and Process Design

●	 Data Collection and Preprocessing

To ease the development and evaluation of our AI model, 
we gathered a considerable dataset comprising of clinical 
and patient-related information related to diabetes 
prediction. Careful preprocessing techniques were applied 
to ensure the data consistency and high-quality data that 
would improve the model’s performance.

●	 Model Architecture

We designed a specialized machine learning model, 
customized for diabetes prediction. This model is trained to 
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show the possibility of diabetes onset, providing healthcare 
professionals with valuable diagnostic information.

●	 Data Augmentation

To overcome the challenges related with limited data, we 
made use of data augmentation methods to artificially 
expand our dataset. This augmentation technique 
remarkably improved the model’s ability to conclude 
across various range of clinical scenarios, improving its 
predictive accuracy.

●	 Training and Evaluation

We used a one-cycle learning rate policy to train the 
model, achieving fierce levels of accuracy. To validate the 
model’s diagnostic accuracy, we conducted an important 
evaluation, utilizing the performance metrics such as 
accuracy, precision, recall, and the F1 score.

●	 Real-time Processing

Our project places a strong importance on real-time 
diagnostic capabilities. The model’s speed and efficiency 
are crucial in giving rise to decision-making, an important 
feature for clinical applications, especially in the field of 
diabetes prediction and management.

Details of Hardware & Software

Hardware Specifications

●	 System type: x64-based processor, 64-bit operating 
system.

●	 Memory (RAM) installed: 16.00 GB (15.7 GB 
Usable)

●	 Total size of Hard disk: 512 GB

Software Specifications

●	 Operating System: Because Python is cross-platform, 
the code can run on various operating systems, such 
as Microsoft Windows 10, Linux, and macOS.

●	 Integrated Development Environment (IDE): The 
code is used with a Python IDE that is comparable 
to Jupyter Notebook. As a result, selecting an IDE is 
open-ended. While PyCharm is a good choice, we can 
also use alternative Python IDEs like Google Colab, 
Visual Studio Code, or Jupyter Notebook.

●	 Libraries and Frameworks: The project utilizes 
several Python libraries and frameworks, including:

1.	 Scikit-Learn

2.	 Matplotlib

3.	 Pickle

4.	 NumPy

5.	 Pandas

6.	 Seaborn

7.	 Flask – Web Framework

●	 Python is the primary programming language used for 
data processing, machine learning, and deep learning, 
and it is the primary language used in this project.

Analysis

Dataset: We used the “diabetes.csv” dataset from Kaggle, 
which contains features (independent variables) related 
to patients’ health such as Age, BMI, Insulin, etc. and a 
binary target variable Outcome (0 for non-diabetic and 1 
for diabetic). It’s important to make sure that the dataset 
is clean and properly preprocessed before using it into the 
machine learning models.

Algorithms: We experimented with a variety of machine 
learning algorithms. Here are some insights into the 
algorithms that we tried:

●	 Logistic Regression: It’s a simple yet effective binary 
classification algorithm. It didn’t perform as well as 
the SVC, due to the dataset’s distribution or linearity.

●	 K Nearest Neighbors (KNN): KNN is a non- 
parametric algorithm that considers the “kth” nearest 
data points to make predictions. Its performance might 
be influenced by the choice of “k” and the distance 
metric. It seems to be well-suited for our dataset.

●	 Support Vector Classifier (SVC): SVC is known for 
its ability to handle complex decision boundaries.

●	 Naive Bayes: Naive Bayes is a probabilistic algorithm 
based on Bayes’ theorem. Its assumptions might 
not hold in all datasets, potentially affecting its 
performance.

●	 Decision Tree: Decision trees are interpretable and 
can capture non-linear relationships. The accuracy 
might depend on the depth and other hyperparameters 
of the tree.

●	 Random Forest: Random Forest is an ensemble 
method based on decision trees. It’s known for its 
robustness and can often produce high accuracy.
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Model Selection: Selecting the best-performing model 
is a good start, but it’s also important to consider the 
compromises, model interpretability, and any limitations 
for deployment. Other factors to consider might include 
computational complexity, training time, and the need 
for real-time predictions. Here, the K-Nearest Neighbors 
gives the best accuracy for the model.

Feature Importance: Analyzing the importance of features 
in the best model. Some algorithms provide feature 
importance scores, which can help to understand which 
variables are most influential in making predictions.

Evaluation: Accuracy is a useful metric, but it’s important 
to consider other evaluation metrics as well, especially 
when dealing with imbalanced datasets. We also look at 
precision, recall, F1-score, and the ROC curve to evaluate 
the model’s performance completely. Furthermore, 
considering the cross- validation to ensure the model’s 
generalization ability.

Future Work: To improve the model further, we would 
explore more advanced techniques such as gradient 
boosting, neural networks, or ensemble methods.

RESULTS
Data Visualization

Counterplot

Fig. 1. Counterplot

The counterplot tells us that the dataset is imbalanced, as 
the number of patients who don’t have diabetes is more 
than those who do.

Correlation Heatmap

Fig. 2. Correlation Heatmap

The Correlation Heatmap tells us that there is a high 
correlation between Outcome and Glucose, BMI, Age and 
Insulin. We can select these features to accept input from 
the user and predict the outcome.

Model Evaluation

Fig. 3. Comparison between various model’s evaluation

We evaluated the accuracy of various different models for 
finding the best possible outcome like Logistic Regression 
with 72%, K-Nearest Neighbors with 78%, Support Vector 
Classifier with 73%, Naive Bayes with 71.85%, Decision 
Tree with 68% and Random Forest Classifier with 76%. 
Out of which the K-Nearest Neighbors gave the best 
accuracy for our system to be most accurate and efficient.
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Web page Layout and Predicted Output

Fig. 4. Web Page design

The above figure (Fig. 4) shows the design of our Diabetes 
Prediction System. It takes the inputs from the user. The 
inputs to be entered by the user are Glucose, Insulin, BMI 
and the Age of the user.

Fig. 5. Output predicted

The above figure (Fig. 5) shows the output for the entered 
inputs by the user.

CONCLUSION AND FUTURE WORK
In conclusion, we analyzed various models by comparing 
various machine learning algorithms and selecting the 
K-Nearest Neighbors as the best-performing model.

The goal of the Diabetes detection is a critical task, by 
using deep learning and machine learning approaches. The 
project’s efficiency and dependability are improved by its 
well-structured training steps, evaluating methods, and 
data pipelining.

Future work

1.	 Integration of Additional Methods: In order to 
improve the classification accuracy, future study 
may involve integrating a number of other methods/
features, including ultrasound, mammography, and 
clinical data.

2.	 Better Data Augmentation: Using more complex data 
augmentation strategies, such as domain adaptation 
or generative adversarial networks (GANs), could 
increase the resilience of our model.

3.	 Interpretability: Using methods for model 
understandability such as Grad-CAM or SHAP might 
reveal which areas of a picture that are useful for 
making predictions.

4.	 Deployment	and User Interface: Completely 
implemented the Streamlit integration to provide 
patients and medical professionals with an automated 
web-based interface.

5.	 Real-time diabetes diagnosis in clinical settings can 
be improved by scaling up and optimizing the project 
for faster processing.
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ABSTRACT
Safety must be given top priority in railway stations and tracks since accidents frequently occur when unauthorized 
people access restricted areas. An AI-powered real-time detection system for tracking the existence of living things on 
railroad tracks and platforms is presented in this study. The technology analyzes live video streams and uses YOLOv5, 
a cutting-edge object detection algorithm, to identify people in real time. The technology automatically sounds alerts 
when someone approaches designated safety zones close to the tracks, greatly accelerating reaction times and lowering 
the possibility of human error.

The system is built to function well in a variety of environmental circumstances, including various illumination and 
weather conditions, guaranteeing reliable operation in a range of railway situations. It reduces the need for manual 
intervention by providing dependable monitoring and timely notifications with an accuracy rate of 90%–95%. The 
system lessens the workload for railroad employees while improving overall safety by automating the detection and 
alarm procedure. This study offers a scalable and effective approach to real-time surveillance and accident prevention by 
introducing a novel and workable strategy for enhancing railway safety through AI-powered automation. Furthermore, 
no significant modifications or extra hardware are needed to incorporate the system into the current railway infrastructure. 
This smooth integration guarantees that the system can be expanded and implemented in multiple geographic regions.

KEYWORDS : AI-driven, Real-time detection, YOLOv5, Railway safety, Object detection, Video surveillance, Railway 
tracks, Deep learning, Alert system, Real-time monitoring, Passenger safety, Train platform monitoring.

INTRODUCTION

Railway operators have long placed a high premium 
on maintaining safety in their systems since it has a 

direct bearing on the welfare of passengers, operational 
effectiveness, and general transportation safety. One of 
the biggest and avoidable hazards among the many risks 
connected to train terminals is illegal access to railroad 
lines. Accidents that happen when people unintentionally 
visit these dangerous locations frequently have 
disastrous results, including fatalities and severe injuries. 
Conventional safety methods, which mostly depend on 

physical barriers and human supervision, have not been 
enough to solve this enduring issue. These incidents 
frequently result from human error, inadequate monitoring 
coverage, and a lack of prompt action in response to safety 
violations [1].

The use of artificial intelligence (AI) and machine learning 
(ML) technologies to monitor and control railway safety 
has attracted a lot of attention recently due to the growing 
demand for safer and more effective railway systems. 
In particular, combining object detection algorithms 
with real-time video surveillance presents a viable way 



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 45

Advance AI-Driven Real-Time Detection and Monitoring............. Bhiwandkar, et al

approach improved accuracy and tackled issues like 
obstruction, achieving a 90% accuracy rate. This fusion 
strategy performed effectively in low-visibility conditions, 
such as bad weather [2].

In order to improve railway safety, this literature review 
examines several AI-based techniques used for the real-
time detection and surveillance of live things at train 
stations.

A real-time obstacle identification system was created 
by Kumar et al. (2023) utilizing pre-trained models and 
image processing. Although the system did a good job 
of recognizing things, it had trouble in busy areas where 
several impediments appeared at once. This indicated that 
improved multi-object detection capabilities were required 
[3]. 

For real-time obstacle identification, Mehta et al. (2022) 
employed deep convolutional neural networks (DCNNs). 
Under normal circumstances, the system’s accuracy was 
between 90% and 95%; however, it performed worse in 
low light, which is typical in nighttime train stops [4].

A hybrid model that combines transformers with 
lightweight CNNs was proposed by Singh and Sharma 
(2022). This model proved effective at striking a balance 
between computing speed and detection accuracy, which 
made it perfect for embedded and mobile systems used in 
railway surveillance [5]. 

In order to decrease accidents, Soni et al. (2022) 
concentrated on passenger detection. Although their 
system’s accuracy ranged from 85% to 95%, it encountered 
difficulties in crowded settings, underscoring the need for 
better crowd recognition techniques [7]. 

Zhang et al. (2023) enhanced the detection of small objects 
on tracks by utilizing Mask R-CNN with an attention 
mechanism. Although the method achieved 92%-96% 
accuracy, it still had problems with complicated scenes 
and occlusions, indicating the necessity for multimodal 
sensor integration [6]. 

In conclusion, AI-based detection systems for railway 
safety have demonstrated potential in real-time 
monitoring; nevertheless, they still need to be improved 
in terms of crowd control, multi-object identification, and 
environmental adaptability. Adding more sensors, such as 
LiDAR and thermal imaging, could improve detection in 
difficult-to-reach places. 

to automatically identify safety threats and take prompt 
action. Even in complicated and dynamic contexts, these 
technologies offer constant monitoring and reduce human 
mistake. Numerous studies have shown how well AI-
based systems work to automate real-time object and 
person recognition, with noticeable gains in accuracy and 
response time when compared to conventional techniques 
[2], [3].

Convolutional Neural Networks (CNNs) and YOLO 
(You Only Look Once) models are two examples of deep 
learning models used in AI-powered real-time detection 
systems that have demonstrated remarkable performance 
in object detection tasks. These models, especially 
YOLOv5, have proven their accuracy and adaptability in 
a variety of applications, from monitoring pedestrians in 
urban settings to detecting vehicles on highways. When 
used in railway stations, YOLOv5 might potentially keep 
an eye on platforms and tracks to detect human activity 
and identify those who might venture into dangerous 
areas close to passing trains [4]. YOLOv5 is the perfect 
model for these safety-critical applications since it can 
immediately process and analyze video frames to detect 
objects in real time.

Ensuring prompt identification of persons or items close to 
railroad lines and platforms is the main problem in railway 
safety systems. The majority of surveillance systems in 
use today depend on human operators or simple motion 
sensor-triggered automatic warnings, which aren’t always 
precise or quick enough [5].

LITERATURE SURVEY

In order to improve railway safety, this literature review 
examines the many AI-based techniques used for the 
real-time detection and surveillance of live things at train 
stations.

Convolutional Neural Networks (CNNs) were used by 
Gupta et al. (2022) to identify obstructions on railroad lines 
in real time. The system performed well when recognizing 
larger objects, but it had trouble detecting minor barriers 
and unfavourable weather circumstances like rain and 
fog. This demonstrated that in order to manage a variety 
of environmental situations, more reliable models are 
required [1].

Jain et al. (2022) looked into sensor fusion by combining 
LiDAR and camera data to identify barriers. Their 
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Table 1

Study Methodology Strengths Limitations
Gupta et 
al. (2022)

CNNs for 
obstacle 

detection on 
railway tracks.

Effective for 
larger objects.

Struggles with 
small objects and 
adverse weather 
conditions like 
fog and rain.

Jain et al. 
(2022)

Sensor fusion 
using LiDAR 
and camera 

data.

Improved 
accuracy by 
addressing 
occlusion.

Requires high-
cost sensors; 
challenges 

with real-time 
integration.

Kumar et 
al. (2023)

Image 
processing 
and pre-
trained 

models for 
obstacle 

detection.

Effective in 
less crowded 
environments.

Struggles with 
multi-object 
detection in 

crowded scenes.

Mehta et 
al. (2022)

Deep CNNs 
for real-time 

obstacle 
detection.

High accuracy 
(90%-

95%) under 
standard 

conditions.

Reduced 
performance 
in low-light 
conditions.

Singh & 
Sharma 
(2022)

Hybrid 
model with 
lightweight 
CNNs and 

transformers.

Balanced 
accuracy and 
computational 

speed.

Limited 
scalability for 
larger systems.

Soni et al. 
(2022)

Passenger 
detection 

using CNNs.

Achieves 
85%-95% 
accuracy.

Issues in 
crowded 

environments; 
needs better 
algorithms.

Zhang et 
al. (2023)

Mask 
R-CNN with 
attention for 
small object 
detection.

High accuracy 
(92%-96%) 

for small 
objects.

Challenges with 
occlusions and 

complex scenes.

PROPOSED METHODOLOGY

Gathering and preparing data

Gathering real-time video streams from several train 
stations is a crucial first stage in the system’s development. 
Cameras positioned at stations and close to railroad lines 
are used to record these video feeds. Both proprietary 
datasets taken from real railway stations and publicly 
accessible datasets, including those from the Railway 
Object Detection Challenge [4], are used to train the 
detection model.

Every video frame is tagged to show whether persons or 
objects are present in the frame in addition to gathering 
video data. The YOLOv5 model uses this annotated data 
as a training dataset to learn how to recognize people, cars, 
and other things in the video frames. In order to effectively 
train the model and enhance its capacity to identify certain 
items in real-world scenarios, the labelling procedure is 
essential.

Monitoring of Polygonal Safety Zones

The polygonal safety zone indicated on the video feed is 
a crucial component of the system. This zone relates to 
high-risk locations where people’s presence poses a safety 
risk, including the railroad track and platform edges. Areas 
of interest inside the video frame can be freely defined by 
using polygonal zones.

Every individual identified by YOLOv5 is tracked by 
the system, which also decides whether they reach a 
designated safety zone. The technology sounds a warning 
whenever someone steps into the safety zone. The system 
stays focused on the parts of the station that pose the 
greatest risk thanks to this safety zone monitoring.

Processing Videos in Real Time

The system begins processing real-time video streams 
from train stops after the YOLOv5 model has been 
trained. Every video frame is examined for the presence 
of individuals or obstructions within the safety zones as 
part of an ongoing analysis process. The identified items 
are highlighted using the bounding boxes that YOLOv5 
generates; individuals are highlighted in green if they are 
outside the safety zone and in red if they are inside.

The system is perfect for real-time monitoring applications 
since it can process these frames in less than a second. 
Because of its short processing time, operators can react 
swiftly and avert mishaps by receiving alerts as soon as 
possible safety hazards are identified.

User Interface and Alert System

When a person is found inside the safety zone, the system 
instantly sends out alerts. The operator’s web-based 
interface, which was constructed with Flask, shows these 
alerts. With bounding boxes surrounding individuals 
that have been spotted and an alert message displaying 
the timestamp and location of the detected person, the 
interface displays the live video feed.

Alerts are intended to be unambiguous and actionable, 
giving operators the knowledge they need to react right 
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away. Operators can view several streams from various 
station cameras thanks to the user-friendly web interface. 
Railway operators can benefit from centralized monitoring 
thanks to the system’s scalability to multiple stations.

Fig. 1: Methodology

MODEL ARCHITECTURE AND 
DETECTION FLOW
The detection process in the proposed system is based 
on the YOLOv5 model, which incorporates four critical 
stages as illustrated in the architecture diagram

Fig. 2. Model Architecture and Detection Flow

The YOLOv5 model architecture consists of four main 
stages, as shown in the diagram:

a.	 Backbone

	 •	 The backbone serves as a mechanism that pulls 
out prominent features from the input images.

	 •	 It leverages convolutional neural networks 
(CNNs) for detecting patterns and information 
encoding within the image contents.

b.	 Neck

	 •	 The neck deepens the feature extraction of the 
model using the feature pyramid structure. 

	 •	 This step is vital to allow the model to detect ob-
jects of different dimensions and scales, hence 
increasing the accuracy of the detection mecha-
nism

c.	 Head

	 •	 It is the head which creates the class probabili-
ties maps in which every grid cell of the map is 
responsible for predicting the presence of cer-
tain objects.

	 •	 This map helps in classifying detected objects 
into predefined categories such as “person.”

d.	 Detection

	 •	 At this point, the detection layer is responsible 
for producing the last outputs which consist 
of the bounding boxes, classes of the detected 
objects and the scores of determining the confi-
dences of the outputs.

	 •	 Individuals that have been detected can be seen 
in the video images bounded by boxes (such as 
red squares which demarcate danger zones)

The bounding boxes in the detection stage are calculated 
using the following formulas:

bx = σ(tx) + cx					     (1)

by = σ(ty) + cx					     (2)

bw = pw × exp(tw)				    (3)

bh = ph × exp(th)				    (4)

Here, σ(tx) normalizes predictions, while the prior 
dimensions (pw, ph) adjust sizes. These formulas enable 
precise detection and tracking of objects, ensuring robust 
real-time monitoring and hazard identification in railway 
environments.

This architectural design provides strong capabilities 
of object detection and tracking, allowing the system to 
correctly recognize people and threats in the operational 
environment.

WORKING OF THE SYSTEM
1)	 Real-Time Video Feed: Cameras at train stations 

provide real-time video streams to the system. The 
system continuously processes the real-time footage 
that these cameras record of the platform and rails.

2)	 Identifying Objects By processing each frame 
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from the video stream, YOLOv5 is able to identify 
individuals within the frame. High detection accuracy 
and speed are guaranteed by YOLOv5’s real-time 
object detection optimization.

3)	 Monitoring Critical Zones: The system keeps an 
eye on the designated safety zones surrounding the 
platform edges and railroad tracks. The technology 
can determine whether a person has entered these 
high-risk locations since they are depicted as polygons 
on the video frame. 

4)	 Alert Generation: The web interface instantly displays 
an alert if the system identifies a human in any of the 
safety zones. Operators can act promptly because 
the warning provides the location of the discovered 
individual as well as the detection timestamp. 

Fig. 3: Block Diagram

RESULT
Different illumination settings (daylight and nighttime) and 
environmental circumstances (clear and foggy weather) 
were used to evaluate the AI-based detection system. The 
following outcomes were noted:

1)	 Detection Accuracy: The system’s detection accuracy 
of individuals within the designated safety zones 
ranged from 90% to 95%. The model shown a minor 
decline in performance in foggy or wet settings, 
indicating the need for additional improvement in 
unfavourable weather situations, although it was 

quite successful at detecting humans in clear visibility 
conditions.

2)	 Real-Time Performance: The system ensured quick 
detection and prompt response by processing each 
frame in less than a second. For applications that need 
to make decisions quickly, like preventing accidents 
on railroad tracks, this response time is essential.

3)	 Environmental Adaptability: The model functioned 
effectively in a variety of environmental settings, 
with only slight performance decreases in low light. 
To increase robustness, future research could involve 
training the algorithm with more nighttime footage 
and weather-affected data (fog, rain).

4)	 False Positives: Although the system showed few false 
positives, several were noted in settings with a lot of 
traffic. The model’s detection of several individuals 
in the same frame resulted in these false positives. 
These occurrences can be decreased by fine-tuning 
the system with increasingly intricate circumstances.

Fig. 4: Before Using the System 

Fig. 5: Appling the Safety Zones the yellow color indicates 
Danger Zone here Green Bending box indicate the persons 
in safe zone.
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Fig. 6: Detecting the person on railway track the person 
in red bending box indicates Person is in Danger 

FUTURE SCOPE
Even if the existing system has a lot of potential, there are 
still a number of ways to make it better:

1)	 Multi-Object Detection: The system can be expanded 
to identify additional things that might endanger 
railway operations, such as automobiles, animals, and 
debris.

2)	 Weather-Resilient Detection: To better manage 
unfavourable weather circumstances, performance 
enhancements can be performed. To increase 
detection accuracy, more training with data collected 
in fog, rain, and snow conditions would be beneficial.

3)	 Integration with Other Sensors: Adding more sensors, 
such LiDAR or thermal cameras, could greatly 
enhance detection power, especially in low-visibility 
situations.

4)	 Deployment and Scalability: The system can be 
expanded to accommodate more extensive train 
networks. A more comprehensive monitoring solution 
can be achieved by integrating additional cameras and 
sensors at other stations thanks to the modular design.

CONCLUSION
In order to monitor the presence of people on railroad 
lines, an AI-powered real-time detection system for 
railway safety was created in this study employing 
YOLOv5 for object detection. The technology showed 
excellent accuracy in identifying unwanted access and 
swiftly notifying operators. With a response time of less 
than one second and a detection accuracy of 90% to 95%, 
the system exhibits significant promise for improving 
railway safety through automation of the monitoring 

procedure. Nevertheless, difficulties including operating in 
congested areas and with low visibility were noted. Future 
developments can concentrate on lowering false positives, 
incorporating more sensor technologies, and refining the 
model for various environmental circumstances. More 
dependable, effective, and scalable safety solutions for the 
railroad sector may result from this strategy.

ACKNOWLEDGMENT
We would like to sincerely thank everyone who helped 
make the “Advance AI-Driven Real-Time Detection and 
Monitoring of the Presence of Living Entities on Railway 
Stations for Enhanced Safety” project a reality and a 
success.

Firstly, we would like to express our gratitude to Professor 
Odilia Gonsalves, our mentor and project adviser, for her 
unwavering support and direction during the system’s 
development. 

We also extend our appreciation to the North Yorkshire 
Moors Railway (NYMR) Grosmont Station for providing 
access to their live webcam stream, which was crucial for 
this project. The dataset captured from their live YouTube 
feed allowed us to better understand the real-world 
challenges and requirements for such a safety system. 
Without their collaboration, this project would not have 
been possible.

We are also grateful to the developers and researchers 
behind the YOLOv5 model and other AI-based detection 
algorithms, whose work made it possible for us to leverage 
state-of-the-art techniques for real-time object detection in 
this project.

REFERENCES
1.	 Gupta, A., Sharma, R., and Singh, K., “Real-Time Obstacle 

Detection Over Railway Track Using Deep Neural 
Networks,” IEEE Transactions on Neural Networks and 
Learning Systems, 2022.

2.	 Jain, P., Patel, R., and Kumar, A., “A Camera and LiDAR 
Data Fusion Method for Railway Object Detection,” IEEE 
Sensors Journal, 2022.

3.	 Kumar, V., Singh, M., and Rana, R., “Image Processing 
Based Real-Time Obstacle Detection and Alert System for 
Trains,” Journal of Railway Engineering, 2023.

4.	 Mehta, S., Patel, R., and Yadav, N., “Real-Time Obstacle 
Detection Over Rails Using Deep Convolutional Neural 
Network,” Journal of Artificial Intelligence and Robotics, 
2022.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 50

Advance AI-Driven Real-Time Detection and Monitoring............. Bhiwandkar, et al

5.	 Singh, J., and Sharma, R., “A Real-Time and High-
Accuracy Railway Obstacle Detection Method Using 
Lightweight CNN and Improved Transformer,” IEEE 
Access, 2022.

6.	 Patil, A., Yadav, S., and Shah, R., “A Real-Time System for 
Video Surveillance of Unattended Outdoor Environments,” 
in IEEE Transactions on Image Processing, 2021.

7.	 Zhang, Y., Li, S., and Xu, M., “A Dense Attention Railway 
Foreign Object Detection Algorithm Based on Mask 
R-CNN,” Journal of Machine Vision, 2023.

8.	 Kumar, R., and Sharma, M., “Railway Obstacle Intrusion 
Warning Mechanism Integrating YOLO-Based Detection 
and Risk Assessment,” IEEE Transactions on Intelligent 
Transportation Systems, 2020.

9.	 Kumar, R., and Singh, S., “AI Precision on Rails: 
Advanced Object Recognition for Train Track Safety – 
A Survey,” IEEE Communications Surveys & Tutorials, 
2023.

10.	 Soni, A., Kumar, P., and Yadav, S., “Railway Accident 
Reduction by Passenger Detection Using Machine 
Learning Techniques,” International Journal of Computer 
Vision and Image Processing, 2022.

11.	 Uday, M. S. L. N., et al., “Obstacle Detection on Railway 
Track Using Deep Learning Techniques,” International 
Journal of Research Publication and Reviews, 2024.

12.	 Zhang, Q., et al., “Automatic Obstacle Detection Method 
for the Train Based on Deep Learning,” Sustainability, 
2023.

13.	 Pan, H., et al., “Railway Obstacle Intrusion Detection 
Based on Convolution Neural Network Multitask 
Learning,” Electronics, 2022.

14.	 Authors, “An Improved Deep Learning Algorithm 
for Obstacle Detection in Complex Rail Transit 
Environments,” IEEE Transactions, 2025.

15.	 Authors, “Improved Algorithm with YOLOv5s for 
Obstacle Detection of Rail Transit,” International Journal, 
2023.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 51

Virtual Eye: Deep Learning Vision for Visually Impaired Borgalli, et al

Virtual Eye: Deep Learning Vision for Visually Impaired

Rohan Borgalli
Electronics & Telecommunication Engineering
Shah & Anchor Kutchhi Engineering College
Mumbai, Maharashtra
 rohan.borgalli@sakec.ac.in
Kartik Poojary
Electronics & Telecommunication Engineering
Shah & Anchor Kutchhi Engineering College
Mumbai, Maharashtra
 kartik.poojary16273@sakec.ac.in

Sarvesh Salkar
Electronics & Telecommunication Engineering

Shah & Anchor Kutchhi Engineering College
Mumbai, Maharashtra

 sarvesh.salkar16225@sakec.ac.in
Prathamesh Paikade

Electronics & Telecommunication Engineering
Shah & Anchor Kutchhi Engineering College

Mumbai, Maharashtra
 prathamesh.paikade16090@sakec.ac.in

ABSTRACT
This research focuses on ‘Virtual Eye,’ a deep learning-based system that assists visually impaired individuals by 
transforming visual inputs into auditory outputs. The system integrates a Vision Transformer (ViT) for image feature 
extraction and GPT-2 for generating descriptive captions. The captions are then converted into speech, allowing users 
to understand the context of their environment. The application provides real-time image captioning and text-to-speech 
capabilities, enhancing accessibility and independence for visually impaired users. Experimental results demonstrate 
the system’s accuracy and efficiency in various real-world scenarios.

KEYWORDS : Virtual eye, Deep learning, Vision transformer, Text-to-speech, Raspberry Pi.

INTRODUCTION

The “Virtual Eyes” venture goals are to noticeably 
decorate the autonomy and nice of existence for 

visually impaired people through growing a wearable tool 
that makes use of deep gaining knowledge of technology 
to transform visible statistics into auditory descriptions. 
This tool seeks to offer real-time, context-conscious 
insights into the user`s environment, empowering them to 
navigate and engage extra independently.

VisionTransformer(ViT)

Principle: Unlike conventional Convolutional neural 
networks that process images in a piecewise manner, 
the Vision Transformer treats an image as a sequence 
of patches and applies self-attention mechanisms across 
these patches. This method allows the model to capture 
more holistic and contextual information across the entire 
image.

Implementation: In the “Virtual Eyes” device, the ViT 
model processes images captured by the device’s camera. 
These images are split into fixed-size patches, which are 
then embedded and fed through a series of Transformer 
blocks that contextually analyze the image, enhancing 

the model’s ability to recognize and understand complex 
scenes and object relationships.

NLP with Transformers

Principle: Transformer models in NLP are known for 
their efficiency in handlings sequential data, thanks to 
their attention mechanisms that dynamically weigh the 
importance of different words in a sentence or different 
elements in input data.

Implementation: Once the ViT identifies and contextualizes 
the objects within an image, this data is passed to an NLP 
Transformer, which generates descriptive sentences. This 
NLP model is trained on datasets like COCO to ensure 
it be a wide range of objects and actions within various 
contexts.

Text-to-Speech (TTS) Technology

Principle: TTS systems convert written text into spoken 
word, ideally in a clear, natural-sounding manner. Recent 
advances in this field often employ neural networks that 
can mimic nuances of human speech.

Implementation: The descriptive sentences generated 
by the NLP Transformer are converted into audio using 
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ii.	 An automatic capture feature triggers image capture 
from the live feed at regular intervals to facilitate 
continuous caption generation.

LITERATURE SURVEY
The 3 ranges of the cautioned gadget are image collection, 
characteristic extraction for the deep getting-to-know 
version`s education, and overall performance assessment. 
The cautioned technique makes use of deep getting-to-
know techniques, especially Long Short-Term Memory 
(LSTM) and Convolutional Neural Networks (CNN), 
to extract fantastic characteristics, annotate photos, and 
convert written textual content to speech. Based on the 
empirical data, it could be concluded that the education 
version the use of CNN-LSTM and ResNet structure had 
the most prediction accuracy of 83% for a picture caption 
[1].

The clever cap contains the ATmega, 3 ultrasonic sensors, 
an Arduino board, a microcontroller, and a buzzer. To 
check the device`s capability and hold the concept, a 
simulation of the device is offered. For this, the Proteus 
eight simulation surroundings have been utilized. A 
closed-loop manipulation device, referred to as a clever 
cap, maintains the tune of the entirety in its instantaneous 
surroundings and feeds lower back its output to the enter 
for comparison [2].

The network of blind human beings offers many 
demanding situations daily. Their lives may be extensively 
progressed via way of means of the developing range of 
industrial assistive gadgets, especially for orientation and 
navigation. This makes use of receives for audio output 
and Microsoft API for photo recognition [3].

This answer fixes the problem by giving blind human 
beings a digital eye in the form of a clever stick, permitting 
them to live unbiased lives without help from others. The 
Raspberry Pie and digital digicam are connected to the 
Smart Stick [4].

In those conditions, writing, and speech are the number 
one sorts of communication. The purpose of this mission 
is to broaden the assistive era that individuals who are 
blind or visually impaired can use in emergencies. The 
purpose of our take a look at is to create a cap to assist the 
blind navigate from one location to another [5].

For this paper, a mechanism that could understand gadgets 
in its direction and offer speech describing gadgets 
diagnosed inside the scene turned into had to assist the 

a neural TTS system. This system is designed to be 
responsive and efficient, providing immediate audio 
feedback to the user based on the visual data processed by 
the device.

METHODOLOGY USED
Data Collection and Image Capture

The Data/Image is collected from the web camera attached 
to the cap. It also checks the clarity of the image and then 
the object recognition process gets started.

Model Selection and Preprocessing 

i.	 A Vision Encoder-Decoder model pre-trained on the 
“nlpconnect/vit-gpt2-image captioning” checkpoint 
was selected for its ability to process images and 
generate captions. 

ii.	 A Vision Transformer (ViT) is used for extracting 
functions from pics and making ready them for 
caption generation.

GUI Development 

i.	 The graphical interface is developed using the Tkinter 
library, providing a platform for user interaction and 
visual feedback. 

ii.	  Components such as labels, buttons, and image 
displays are incorporated to facilitate user interactions.

Image Capture and Processing 

i.	 The live camera feed is captured using standard video 
capture methods. 

ii.	 Uploaded images are processed to ensure they are in a 
consistent format suitable for model input.

Caption Generation 

i.	 Images undergo feature extraction to transform them 
into a suitable format for the model. 

ii.	 The pre-trained Vision Encoder-Decoder model 
generates captions based on the retrieved features.

Text to Speech conversion 

i.	 The model converts its generated captions into audible 
speech.  

ii.	 This feature provides an auditory representation of 
the captions alongside their visual display.

Continuous and Automatic Image Capture 

i.	 The application continuously updates the live feed 
display.
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vision-impaired man or woman 6 navigate independently. 
The elements that might be applied are YOLOv5, which 
obtains Python pyttsx3 modules [6].

In this research, we offer a voice-primarily based totally 
shape to symbolize and illustrate pictures contained 
in revealed texts the usage of Deep Learning, which 
addresses the aforementioned hassle for people with 
visible impairment. The 3 levels of the cautioned gadget 
are characteristic extraction, enter image collection, and 
sentence framing [7].

The Smart Cap seeks to help visually impaired people in a 
manner that someone can engage with their environment 
via a device that offers navigational narratives of the 
route and devices surrounding the person. The narrative 
is generated with the useful resource of converting the 
scenes in front of the individual to textual content, which 
describes crucial devices captured with the useful resource 
of the usage of the Smart Cap. In the layout, the person 
(who`s visually impaired) may want to make a voice 
interaction that interfaces with a cloud-based completely 
machine-studying database, permitting navigational tips 
and interpretation devices throughout the person [8]. 

The HC-SR04 ultrasonic sensor is utilized to measure 
the distance between visually impaired individuals 
and obstacles. It operates by emitting sound waves 
and detecting the reflected waves from objects in the 
environment. An active buzzer generates a tone to warn 
the person of potential hazards. By calculating the time it 
takes for the sound waves to return after being reflected, 
the distance to the obstacles can be determined, thereby 
helping individuals navigate and avoid potential dangers. 
The distance is calculated using a specific formula.

First, sound waves are sent out from the sensor, bounce 
off an obstacle, and then return. If the distance between 
the user and the obstacle is less than the set threshold, the 
buzzer is activated, alerting the user with a continuous 
tone indicating proximity to the obstacle. The buzzer 
continues to sound until the distance between the user 
and the obstacle exceeds the threshold, providing a clear 
warning signal [9].

In recent years, the concept of smart cities has gained 
prominence, leading to transformations in urban areas 
and the adoption of new management models. These 

innovations facilitate the inclusion of disabled individuals 
by enhancing accessibility. Smart city solutions and 
diverse assistive applications have gained recognition for 
their innovative features, practicality, and affordability. 
Among these, certain applications and devices aid in 
obstacle detection and communication. With the advent 
of Artificial Intelligence (AI) and the Internet of Things 
(IoT), many tasks have become feasible. The detailed 
description of capabilities includes modeling, simulation, 
and fabrication processes for all components of the 
assistive kit. Each process is meticulously outlined, with 
resources such as circuits, 3D designs, and simulations 
shared in this section. The challenges encountered during 
development are highlighted, ensuring the reliability of 
results and experiences [10].

Virtual reality (VR) and eye tracking have gained significant 
traction in various domains, from healthcare to user 
interaction studies. According to McNamara and Jain [11], 
eye tracking within VR environments offers an advanced 
method for understanding user behavior and interaction 
patterns. This technology has applications ranging from 
immersive gaming to usability studies, demonstrating 
its versatility and potential to enhance user experiences. 
Furthermore, in ophthalmology, VR simulations have 
shown a positive impact on learning barriers related to 
phacoemulsification for medical residents, as Ng et al. 
[12] indicated, providing a compelling case for VR in 
medical training.

Schrom-Feiertag et al. [13] utilized eye tracking in 
immersive virtual environments to evaluate indoor 
guidance systems, emphasizing the potential of VR for 
spatial cognition research and improving indoor navigation. 
In another study, Luro and Sundstedt [14] conducted a 
comparative analysis of eye tracking and hand controllers 
for aiming tasks within VR, demonstrating the advantages 
and limitations of each method in achieving precision and 
efficiency in virtual environments. Lastly, the exploration 
of VR in therapeutic settings is underscored by Miziara 
et al. [15], whose pilot study highlighted the potential 
benefits of VR in vestibular rehabilitation, showcasing its 
applicability in improving patient outcomes in therapeutic 
contexts. These studies suggest that VR, coupled with 
eye tracking and other interaction methods, is poised 
to become a transformative tool across various fields. 
Kadhim and Oleiwi [16] present a blind assistive system 
that utilizes machine learning algorithms for real-time 
object recognition. The system aims to provide visually 
impaired users with enhanced environmental awareness 
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and object detection capabilities. Kumar et al. [17] propose 
a deep learning-based assistive technology for audio-
visual speech recognition, targeting the needs of hearing-
impaired individuals. Their approach aims to improve 
communication and accessibility through multimodal 
speech recognition.

Senior et al. [18] provide a comprehensive survey on 
the application of graph neural networks in vision-
language understanding. While not directly focused on 
assistive technologies, the advancements in this field 
could potentially contribute to the development of more 
advanced image captioning and multimodal understanding 
systems to aid visually impaired u

BLOCK DIAGRAM

Fig. 1. Block Diagram

A.	 User Interface: The user interface shows generated 
captions and controls for application capabilities, 
and it offers an interactive platform for users to take, 
upload, and browse photographs.

B.	 Power Supply: The power supply ensures stable 
and continuous power delivery to the Raspberry 
Pi and connected peripherals, supporting the 
uninterrupted operation of the image captioning 
application. Raspberry Pi: The Raspberry Pi acts as 
the application’s central processing unit, handling 
data management, picture processing, and component 
coordination to guarantee the program runs well.

C.	 Deep Learning: Deep learning models, including the 
Vision Encoder-Decoder with ViT and GPT-2, are 
integrated for feature extraction and accurate caption 
generation from images.

D.	 Camera:  The camera module captures high-quality 
images for processing and captioning, providing 
the visual input required for the image captioning 
application. 

E.	 Audio Output: Audio output provides text-to-speech 
conversion capabilities, audibly relaying generated 
captions to the user for enhanced accessibility and 
user engagement.

Fig. 2. ViT Encoder Diagram

A.	 Vision Transformer (ViT): The ViT version is a 
transformer-primarily based totally structure first 
of all designed for herbal language processing 
obligations however, it is tailored for imaginative and 
prescient obligations by treating pictures as sequences 
of patches.

Key Components

i.	 Patch Embeddings: The enter photograph is split 
into fixed-length patches, and every patch is linearly 
embedded right into a vector. 

ii.	 Transformer Encoder: The embedded patches are then 
processed with the aid of using a transformer encoder, 
which lets the version seize spatial hierarchies and 
dependencies inside the image. 

iii.	 Positional Embedding: Positional encodings are 
delivered to the embeddings to offer spatial data to 
the model.

Function: The number one feature of the Vision 
Transformer (ViT) because the Vision Encoder is to 
extract high-stage and contextually wealthy capabilities 
from the enter pix. By treating pix as sequences of 
patches and leveraging transformer-primarily based 
totally architectures, the ViT can seize complicated visible 
details, spatial relationships, and dependencies inside the 
pix. These extracted capabilities significantly illustrate 
the photo content, which is then exceeded by the Vision 
Decoder for producing descriptive captions.

B.	 Vision Decoder (Caption Generator) - GPT-2: GPT-
2 is a transformer-primarily based totally language 
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version skilled on a large corpus of textual content 
data. It can produce coherent and contextually 
applicable textual content primarily based totally on 
the entry it receives.

Key Components

i.	 Transformer Decoder: GPT-2 makes use of a 
transformer decoder architecture, permitting it to 
generate textual content auto regressively, in which 
every token is expected primarily based totally at the 
previous tokens. 

ii.	 Attention Mechanism: Attention mechanisms permit 
the version to attention on special elements of the 
enter picture capabilities whilst producing captions, 
making sure contextually applicable captioning. 

iii.	 Vocabulary Embeddings: GPT-2 uses embeddings 
to represent the vocabulary, transforming words into 
dense vectors that the model can understand and 
process.

Function: The Vision Decoder (GPT-2) takes the high-
level features extracted by the Vision Encoder as input 
and generates descriptive captions. It leverages its 
language modeling capabilities to produce coherent and 
contextually relevant captions that describe the content of 
the input images.

RESULTS

Fig. 3.	 Live Image Captioning

In this output, the camera captures the scenario which is in  
the front of the camera and processes it through Vit Image 
processor and provides the caption and this caption is then 
converted into audio output.

In this output, the image is uploaded in the Graphical User 
Interface (GUI) and caption is provided which is then 
converted into audio output.

Fig. 4.	 Uploaded Image Captioning

CONCLUSION
In this paper, the software program captures the situation 
in the front of the digital digicam every 15 seconds and 
converts it into an outline or communicates with the 
assistance of a Vit Image processor and converts it into 
audio output which helps the visually impaired in their 
everyday life. Additionally, the software program consists 
of superior gadget-mastering algorithms to constantly 
enhance the accuracy and relevance of its descriptions, 
ensuring an improved consumer experience. Furthermore, 
it gives customization options, permitting customers 
to tailor the audio output in line with their options and 
particular needs, for that reason empowering them with 
more independence and accessibility in navigating their 
surroundings.

In conclusion, this paper presents the development of the 
Virtual Eye system, leveraging deep learning techniques 
to assist visually impaired individuals. The use of ViT 
and GPT-2 ensures accurate and context-aware image 
captioning, enhancing user autonomy. Future work may 
explore expanding the dataset and improving the system’s 
real-time processing capabilities for broader applications.
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ABSTRACT
In this paper, the reduction in Radar cross section (RCS) is achieved by using a checkerboard which is a composition 
of two different compact EBG structures. The checkerboard surface has two special EBG patterns, each located in a 
quadrant of the same ground plane, which can use special features of the EBG pattern to achieve a 10dB RCS reduction. 
The direction of scattered field can be altered by radar target to minimize the RCS. This alteration can be achieved by 
covering the target surface with a checkerboard of alternating EBG structures. The designed ch is engineered using 
Ansys High-Frequency Structure Simulator (HFSS), and the results were compared with RCS results for a perfect 
electrical conductor (PEC) surface.

INTRODUCTION

The electromagnetic band gap structures are most 
widely used in various applications like reduction 

of Radar Cross Section (RCS), microwave applications 
etc., due to its unique characteristics like 0◦ reflection 
coefficient at resonance frequency [8]. RCS is a measure 
of a radar target’s ability to intercept signals trans receive 
direction therefore, reduction of RCS is a key parameter 
to design low visibility radar targets. In past years, various 
methods have been reported to reduce RCS like circuit 
loading [1], Shape Changing [2]– [5], radar absorbing 
material (RAM) [6], [7] etc. A dual band checkerboard 
surface [8] is presented to reduce RCS at 6.5 GHz and 
5.2 GHz with patch size of 0.30λ6.5GHz. Mobius- band 
monopole antenna using several metallic via holes [10] is 
proposed for the reduction of the RCS of printed antennas 
resonating at 3.0, 5.0, and 8.0 GHz frequencies. An eight- 
shaped planar EBG [5] with patch size of 0.297λ5.94GHz 
is proposed to reduce the Specific Absorption Rate (SAR) 
for the application of wearable antennas. A dual-layer 
EBG [11] is reported with patch size 0.26λ5GHz to reduce 
the mutual coupling of patch antenna arrays coupled in the 
E- plane. In [12] presented a slot EBG with a patch size of 
0.171 λ2.70GHz and achieved reduction in RCS more than 
4.3 dB. A planar EBG [13] is proposed with a patch size of 
0.299λ2.40GHz, for the detection of the permittivity of the 

various fluids. In [14] presented polarization dependent 
rectangular electromagnetic band gap (PDEBG) with 
the patch size of 0.16λ3GHz, whose reflection phases 
are different, depending upon the polarization state of 
the incident plane wave. [15] proposed a compact fractal 
planar EBG structure with a patch size of 0.22 λ2.45GHz. 
It is used to detect the permittivity of the liquids under test. 
In [16] proposed polarization dependent electromagnetic 
band gap (PDEBG) surface with an inclined sheet via with 
patch size of 0.21λ3GHz. In this study, the phase difference 
between the x-polarized and y-polarized components 
of the incident wave is obtained by changing the length, 
thickness and slope of the via’s. Similarly

[1] proposed a broad band circularly polarized patch 
antenna using an artificial ground structure with rectangular 
unit cell as a reflector with a patch size of 0.13λ6GHz 
application, however the reported EBG structures for 
various applications are limited to give a compact and 
simple structure. Therefore, in this paper a compact 
checkerboard structure is proposed, it is a combination of 
Square Loop Electromagnetic Band Gap (SL-EBG) and 
Two Square Eelctromanetic Band Gap (TSL- EBG). In this 
structure compactness is achieved due to square loops and 
square patches. The design and reflection phase analysis 
are explained in section II. Checkerboard surface analysis 
and its application for RCS reduction are discussed in 
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Fig. 2. Simulated reflection phase of Square Loop EBG 
(SL-EBG)

CHECKERBOARD SURFACE ANALYSIS
The checkerboard design and analysis is demonstrated 
in this section. As shown in Fig.4, the checker board 
surface with 4×4 EBG structure is designed using SL-
EBG and TSL-EBG. Analysing the performance of 
a checkerboard surface designed for RCS reduction 
involves understanding and evaluating the mechanisms of 
phase cancellation, scattering properties, and the overall 
reduction in backscattered electromagnetic waves. This 
analysis focuses on the simulation and experimental 
validation of the checkerboard surface. A checkerboard 
surface alternates between two regions with contrasting 
reflection phase characteristics. A Perfect Electric 
Conductor (PEC) with 0◦ reflection phase acts as a 
high-reflectivity regions and EBG structures designed 
to produce a 180◦ reflection phase shift acts as a low-
reflectivity regions. The phase difference between these 
regions creates destructive interference in the backscat- 
tered waves, reducing the overall RCS. The checkerboard 
redistributes scattered energy away from the monostatic 
(direct reflection) direction, minimizing radar detectability. 
The RCS reduction can be calculated by [8], [9].

Fig. 3. Simulated reflection phase of Two Square Loop 
EBG (TSL-EBG)

section III and IV respectively. Further proposed work is 
summarized in section V.

DESIGN OF EBG STRUCTURES AND 
REFLECTION PHASE ANALYSIS
In this section two EBG structures are demonstrated, which 
are resonating at two different frequencies. The geometry 
of first EBG structure i.e. SL-EBG shown in Fig.1(a) 
consists of square loop and four square patches. Similarly 
the design and other parameters of second EBG i.e. TSL-
EBG shown in Fig. 1(b), which consist of two square loops. 
The combination of these two EBG structures are used for 
RCS reduction. These structures are developed on Rogers 
RT / duroid 6002 (tm) with dielectric constant(εr) =2.95, 
loss tangent (tanδ) =0.0012, with substrate height of h= 
3.35 mm. The other parameters of the EBG structures are 
mentioned in the Fig.1.

In the geometry of SL-EBG and TSL-EBG, inductance 
is increased due to presence of square loop and the 
capacitance is increased due to the gap between the square 
loop and EBG patch. Hence the compactness is achieved. 
The reflection phase of the infinite array of SL-EBG and 
TSL-EBG are demonstrated in Fig.2 and 3 respectively. 
These results are obtained by simulating the infinite 
array using ANSYS High Frequency Structure simulator 
(HFSS). The simulated results are shown in Fig. 2 and 3. 
It is observed that the zero degree reflection coefficients of 
SL-EBG and TSL-EBG are obtained at 1.90 GHz and 2.20 
GHz with patch size of 0.08λ1.90GHz and 0.10λ2.20GHz 
respectively. The comparison of proposed SL-EBG and 
TSL-EBG with other reported EBG structures is presented 
in Table I. It is observed that the compactness of the 
proposed structures is helpful in designing of a compact 
checkerboard surface.

Fig. 1. (a) Square Loop EBG (SL-EBG) structure (b) Two 
Square Loop EBG (TSL-EBG)



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 59

Compact EBG Based Checkerboard Surface for Radar Cross............ Morey and Power

Fig. 4. The Single layer checkerboard surface with 4×4 
EBG structure

	 (1)

Here A1 and A2 represents the magnitude of reflection and 
P1 and P2 represents the reflection phase of SL-EBG and 
TSL- EBG respectively.

Fig. 5. RCS pattern for checkerboard surface along the 
principle planes with proposed SL-EBG and PEC at 1.9 
GHz

APPLICATION
In this section, application of checkerboard surface that is 
RCS reduction is demonstrated. The Radar Cross Section 
(RCS) measures the ability of a radars to detect a target 
when it is illuminated by electromagnetic waves. In 
practical the typical RCS measurement is made using two 
standard horn antennas, one acting as a transmitter and the 
other as a receiver in a anechoic chamber. In this paper 
the RCS measurements are carried out using Ansys High-
Frequency Structure Simulator (HFSS). The simulated 
results of RCs reduction is shown in Fig. 5, where the 
RCS reduction of proposed checkerboard surface is 

compared with PEC surface. The simulated results shows 
that the proposed checkerboard surface gives a 10 dB RCS 
reduction as compared to PEC surface. There is a good 
agreement between calculated and simulated values of 
RCS. Therefore proposed checkerboard surface is a good 
candidate for RCS reduction applications.

CONCLUSION
In this paper,the SL-EBG and TSL-EBG structure has 
been displayed. The proposed EBG structure has been 
executed and verified by using FEM-based Ansys High-
Frequency Structure Simulator (HFSS). The proposed 
structure gives periodic size of 0.08λ1.90GHz, from the 
results it is observed that the good compactness is achieved 
with the proposed EBG as compared to reported EBGs. 
The two inner square loops and centered square patches 
of the proposed EBG leads towards the compactness. The 
checkerboard formed using SL-EBG and TSL-EBG is 
used for the reduction of RCS and it is demonstrated.
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ABSTRACT
The enormous reliance on synthetic text created by artificial intelligence (AI) in the modern day poses significant risks 
to the veracity of content across numerous platforms. This review study aims to gather and evaluate the many works 
that have focused on AI text recognition. We evaluate the efficacy, limitations, and applicability of several methods 
and tools that aim to distinguish between human and AI-written texts. Copyright verification, academic integrity, and 
disinformation identification are just a few of the many use cases covered by our study. This paper seeks to demonstrate 
the vital function of detection systems in verifying the legitimacy of content by examining significant findings, 
advancements in technology, and ongoing challenges within the domain. Moreover, we investigate the ethical concerns 
and potential social impacts of introducing such technology. As AI’s capabilities keep expanding, this paper emphasizes 
the need for continuous research, development, and interdisciplinary collaboration to enhance synthetic text detection. 
That is the only way to ensure that, in a world where automation is becoming more common, digital content remains 
intact.

KEYWORDS : Responsible AI, AI generated text detection, Language processing, Natural language processing, 
Content integrity.

INTRODUCTION

Large language models (LLMs) like GPT and BERT 
have revolutionized natural language processing 

(NLP) by producing text that is coherent, relevant to 
context, and closely resembles human writing. Because 
they have learned patterns, styles, and linguistic subtleties 
by training on a huge corpus of text data, these models 
can generate content on a broad variety of topics and 
formats. Numerous fields can benefit from LLMs’ ability 
to provide high-quality language, such as coaching, 
content development, and customer assistance. Figures 
figure. 1 and figure. 2 illustrate the 3-year trend of search 
volume for the phrases LLM and GPT, respectively. The 
phrases’ popularity has grown at an exponential rate. This 
is because ChatGPT, an OpenAI product, is so popular; 
it allows people to communicate with commercial-grade 
LLM over chat. However, introducing LLMs is not without 
its downsides, particularly when distinguishing between 
human and AI-generated content. Academic honesty, the 
veracity of journalism, protection of copyright, and the 
halting of misinformation all hinge on this differentiation.

There are concerns regarding the possibility of exploitation 
in several domains due to the fact that writings produced 
by artificial intelligence (AI) can resemble human-

written materials quite well. For example, AI-generated 
academic writings could jeopardize evaluation and 
learning processes. Media outlets run the risk of spreading 
misinformation if AI-generated news stories are not 
properly attributed.

Fig. 1: Google search graph for the term “LLM” since the 
year 2022 

Fig. 2: Google search graph for the term “GPT” since the 
year 2022
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with accuracy rates falling to approximately 68%. the 
practice of imitatingThe study concluded that this decline 
occurred because the models failed to adequately capture 
the nuanced differences in LLM outcomes and human 
writing styles. This means that the complexity increases 
substantially even while binary classification remains 
relatively simple, highlighting the limitations of current 
detection methods, when many AI-generated classes are 
incorporated.

Fig. 3: AI text that has been paraphrased n times 

Fig. 4: Human text that has been paraphrased n times

H. Alamleh et al. expanded upon these findings by 
investigating how well various machine learning 
algorithms could determine the author of a piece of text [1]. 
These algorithms were listed by Alamleh et al. (2023) and 
comprised Logistic Regression (LR), Decision Trees (DT), 
Support Vector Machines (SVM), Neural Networks (NN), 

The significance of differentiating text produced by AI 
and humans grows with the capabilities of LLMs. This 
differentiation is crucial for multiple reasons:

LITERATURE REVIEW
Both academics and techies have paid close attention to 
the topic of digital authorship, namely to the question 
of how to discern works created by AI apart from those 
written by humans. As they get smarter, ChatGPT and 
other LLMs present both possibilities and challenges for 
making writing that looks like it was made by humans, 
especially in instructional and academic settings. Accurate 
ways of tracing the provenance of a work are crucial for 
preserving the credibility of scholarly writing, artistic 
expression, and factual information.

Survey of Existing Systems

“Detecting AI generated essays: the ChatGPT challenge” 
discusses the problem of maintaining academic integrity in 
the face of sophisticated AI software like ChatGPT that can 
generate essays. The study achieved an impressive 100\% 
accuracy rate in distinguishing works written by individuals 
using the support vector machine (SVM) method for essay 
categorization. The importance of measures such as Recall 
and the F2 score in evaluating the classifier’s performance 
is highlighted, with a specific emphasis on reducing False 
Negatives to ensure that no student essays are incorrectly 
labeled as AI-generated. By using an n-gram bag-of-words 
(BOWs) discrepancy language model as its foundation, 
this offers a significant contribution. This finding is highly 
important for instructional designers and educators since 
it provides a reliable tool for detecting AI-written essays 
while still being able to distinguish between real student 
work and fake essays [7]. Despite a small drop in overall 
classification accuracy, the study found that accurately 
identifying articles written by humans was critical to 
maintaining public faith in academic grading.

The fact that certain models can correctly identify the 
author of the text even with little data further blurs the 
line between AI and HGC, according to recent studies. 
However, they encounter unique challenges when 
attempting to differentiate between narratives created by 
humans and those generated by GPT. For instance, in binary 
classification tasks, machine learning models achieved an 
accuracy of 87% in a research by Hayawi et al. (2023) [9] 
distinguishing between AI-generated material and human-
generated content. Their performance was significantly 
poorer in scenarios involving multiple classes of data, 
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and Random Forests (RF). Students majoring in computer 
science had their essays and programming assignments 
collected for the study. The models were assessed using 
a variety of metrics, including accuracy, computational 
efficiency, and confusion matrix analysis. This analysis 
provides insight into the models’ performance in relation 
to false positives and negatives.

In order to identify MGT, the Raidar technique—a 
novel approach proposed by C. Mao et al.—uses LLMs’ 
rewriting behavior. The premise of Raidar is that LLMs 
are less likely to drastically change AI-generated content 
compared to human-generated content, maybe because 
they believe the former to be of higher quality [19] . By 
instructing LLMs to modify texts and analyzing the editing 
distance between the original and modified versions, 
Raidar is able to discern whether content was generated 
by a machine.

No Paper Key Contributions Limitations
1 Detecting AI-

generated essays: 
the ChatGPT 
challenge. [7]

Utilizes an n-gram 
bag-of-words 
discrepancy 

language model 
for the classifier. 
Achieves 100% 

accuracy in 
identifying human-

written essays.

Emphasizes 
a slight drop 

in overall 
classification 
accuracy to 
ensure no 

student essays 
are wrongly 

classified as AI-
generated.

2 The imitation 
game: Detecting 
human and AI-
generated texts 

in the era of large 
language models. 

[9]

Presents a new 
dataset and 
comparative 

analysis of machine 
learning models for 
AI-generated text 

detection.

Faces challenges 
in differentiating 
GPT-generated 

stories from 
human-

written ones 
in multiclass 

scenarios.
3 Distinguishing 

human-written 
and ChatGPT-
generated text 
using machine 
learning. [1]

Evaluates different 
machine learning 

algorithms for 
their effectiveness 
in detecting AI-

generated content.

Discusses 
the challenge 
of ensuring 
the quality 

of generated 
material 

and content 
moderation.

4 Raidar: 
geneRative AI 
Detection viA 

Rewriting. [19]

Introduces a 
unique approach 

using LLMs' 
rewriting behavior 

for identifying 
machine-generated 

text.

Acknowledges 
potential 

performance 
limitations 
with native 

LLM-generated 
texts without 
paraphrasing.

5 Towards 
automatic 
boundary 

detection for 
human-AI 

hybrid essays in 
education. [17]

Develops TriBERT 
for identifying AI-

generated content in 
hybrid essays.

Notes the need 
for greater 
research in 
identifying 
boundaries 

within hybrid 
texts produced 

by intricate 
interactions.

Problem Statement and Objective

Finding the difference between LLM-generated content 
and human-written pieces can be difficult, especially 
in academic environments where the integrity of the 
authorship is vital [2]. Thanks to the development of 
more advanced LLMs, it is now possible to create essays, 
articles, and other written works that pass for human in 
terms of intricacy and style, making detection all the more 
challenging. There are concerns about academic integrity, 
copyright infringement, and the possibility of false 
material being sent due to the fuzziness of the differences 
[3]. To solve this problem, we need to develop state-of-
the-art machine learning algorithms that can accurately 
distinguish between human and machine writing traits.

Making and testing a machine learning model that can 
correctly tell a student-written essay from one generated 
by a huge language model is the primary objective of this 
work. Part of this process is looking for and cataloguing 
the specific language and style features that distinguish 
machine-written from human-written content. to test and 
assess the efficacy of several machine learning algorithms 
for authorship identification. measuring the accuracy, 
robustness, and applicability of the model to different 
types of texts and their respective degrees of difficulty.

Scope

“Integrity in the Age of AI: Detecting Synthetic Text 
Across Platforms and Purposes” is a research issue that 
has broad industry relevance. With the advancement of 
AI technologies, especially those related to text creation, 
the challenges and potential of maintaining integrity 
across digital platforms will intensify [4]. Our work could 
become more impactful and comprehensive if we pursue 
the following lines of inquiry:

Efforts to Detect on Multiple Platforms: Investigate the 
possibility of developing universal detection models 
that can function adequately across numerous digital 
environments (e.g., academic libraries, social media, and 
news websites) with minimal tweaking. This necessitates 
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investigating platform-specific language patterns and 
adapting detection algorithms appropriately.

Investigate the potential of creating scalable AI systems 
that can detect synthesized text in real-time while it is being 
typed or shared online [5]. Problems with computational 
efficiency, accuracy in dynamic environments, and the 
ability to update detection models on the fly with new data 
must be addressed.

Examine the potential ethical implications of synthetic 
text detection in light of worries over privacy, expressive 
rights, and algorithmic biases. Part of this could involve 
developing standards for the ethical use of detection 
technologies and methods to assess models for biases.

Automatically Recognizing Non-English Text Created by 
AI: Include more languages in the identification process, 
especially those with low representation in digital media, 
including texts written in a variety of languages. In order to 
accomplish this, it is necessary to collect various datasets 
and gain a good grasp of the linguistic nuances that can 
affect the generation and recognition of synthetic text.

Deep Dive into Generative Model Capabilities: Gain 
knowledge of the growing capabilities of generative AI 
models in order to understand how they generate artificial 
language and any possible warning signs of AI authorship 
[6]. One possible step in this direction is collaborating 
with AI programmers to foresee potential advances in 
generative technology.

Education and Public Awareness: Investigate methods to 
raise awareness about the prevalence and risks of synthetic 
content [8]. Making tools and educational resources to 
help users critically evaluate the validity of digital content 
could be part of this effort.

Adapting to Advanced Evasion approaches: With the 
increasing complexity of AI-generated text, it is crucial 
for future research to focus on detecting texts that are 
designed to evade current detection methods. To do this, 
we must dissect these sophisticated evasion strategies and 
devise ways to defeat them.

GAPS IDENTIFIED
There are multiple gaps that have been identified in the 
research work done until today, they are as follows:

Cross Platform operation Generalizability

The absence of adaptable and effective methods across 
diverse digital settings arises from the tendency of 

numerous studies to focus on identifying synthetic text 
inside specific content categories or platforms. A universal 
model is essential for maintaining high accuracy across 
many platforms and content types.

Handling Multimodal Content

Due to the rapid advancement of AI capabilities, the 
generation of synthetic textual and multimodal content, 
including audio, video, and image files, is now feasible. 
The predominant focus of study thus far has been on text, 
resulting in a deficiency in the identification of multimodal 
synthetic content—text integrated with many media types 
[13].

Real-Time Detection Capabilities

Although numerous studies propose methods for detecting 
synthetic text, fewer examine the application of these 
methods in real-time scenarios. Further research is 
necessary to develop efficient, scalable systems capable 
of real-time identification without extensive computing 
resources.

Ethical and Prejudice Considerations

Although numerous publications propose methods for 
detecting synthetic text, fewer examine the application of 
these strategies in real-time scenarios[2]. Further research 
is necessary to develop efficient, scalable systems capable 
of real-time identification without extensive processing 
power.

Adaptation to Advanced Evasion Techniques 

The techniques utilized to evade detection evolve 
concurrently with the complexity of generative AI models. 
Comprehensive analysis of these advanced evasion tactics 
and the development of countermeasures to outpace 
malicious entities is occasionally deficient in scholarly 
research.

Language Diversity

The detection of synthetic text in lesser-resourced 
languages is deficient, as a significant portion of research 
focuses on English-language content. This limitation may 
be mitigated by expanding the research to encompass 
additional languages.

Identification in Hybrid Texts 

 A significant issue in identifying AI-generated information 
arises when human-written and AI-generated portions 
coexist within a single document. The paucity of research 
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on the complexity of this issue indicates a deficiency 
in approaches for accurately identifying this type of 
integrated material.

Restrictions on the Diversity and Size of the Dataset 

Some research relies on tiny or homogeneous datasets [11], 
which may not truly reflect the complexity and diversity of 
authentic synthetic text. Expanding the dataset scope to 
include a broader array of sources, genres, and styles may 
improve the robustness of detection models.

Long-Term Evolution of AI Capabilities 

 Given the rapid advancement of AI technologies, detection 
methods may soon become obsolete. Continuous research 
is necessary to adapt detection algorithms to the latest 
generative models and their functionalities.

Public Awareness and Education

Notwithstanding its irrelevance to the technical facets 
of detection[12], there is a deficiency of information 
accessible to stakeholders and the broad populace 
concerning the existence and characteristics of synthetic 
text. Technical detection methods may be enhanced by 
heightened awareness and understanding.

EXPECTED OUTCOMES OF THE STUDY
Theoretical Contributions

Comprehensive Understanding of Synthetic Text 
Characteristics: Acquire a deeper insight of the 
grammatical and semantic attributes that distinguish 
synthetic text generated by various LLMs from content 
produced by people across diverse platforms.

Cross-Platform Analysis: Engage in the broader discourse 
on digital integrity and the challenges posed by AI-
generated content by offering insights into the varying 
effectiveness of synthetic text detection across different 
digital platforms and content types.

Advancements

Advanced Detection Framework: Create a cutting-edge 
detection framework that reliably recognizes synthetic 
text by fusing the most recent developments in machine 
learning with established NLP techniques. It is anticipated 
that this framework will be scalable on multiple platforms 
and flexible enough to accommodate diverse kinds of 
content.

Assessment of Various Machine Learning Models: a 
comprehensive analysis of several machine learning 

algorithms for the detection of synthetic text, such as 
ensemble models, neural networks, and SVM. This would 
offer an evaluation in terms of their efficacy, computing 
efficiency, and practicality.

Methods for Extracting Features: introduction of cutting-
edge feature extraction methods that are able to distinguish 
between synthetic and human-written text in subtle ways, 
possibly capturing aspects exclusive to AI-generated 
content such as syntactic patterns, semantic coherence, 
and stylistic components.

Real life Applications

Real-Time Detection Tool: The creation of a real-time 
detection instrument capable of accurately identifying 
artificial text across diverse systems. This solution would 
significantly benefit social media platforms, academic 
institutions, and content moderation teams in preserving 
content integrity.

Framework for Ethical Utilization and Bias Mitigation: a 
set of guidelines designed to safeguard freedom of speech, 
privacy, and equity while confronting ethical dilemmas 
and potential biases in synthetic text detection.

Public Education and Awareness: contributions to the 
public awareness campaign regarding the hazards and 
prevalence of synthetic text. This entails providing 
resources or tools that facilitate the understanding and 
recognition of AI-generated content by the general public 
and content creators.

Expected Impact

Augmented Academic Integrity: The research would aid 
in preserving academic honesty by accurately identifying 
AI-generated content, hence protecting the integrity of 
research articles and educational assessments.

The study’s findings will enhance content authenticity on 
digital platforms by mitigating the risk of misinformation, 
fake news, and unauthorized content development.

Policy and Regulatory Development: This study may 
affect policy and regulatory discussions on the appropriate 
use of AI in content creation by providing stakeholders 
and legislators with evidence-based recommendations.

The development of AI detection technologies is expected 
to significantly progress the field, creating a benchmark 
for future studies and research.
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CONCLUSION
The transdisciplinary challenge of distinguishing AI-
generated writing from human-authored content intersects 
with technology, ethics, and societal consequences. This 
research underscores the essential need for robust detection 
methods to maintain the integrity and authenticity of 
digital content in various domains, including academia, 
journalism, and intellectual property rights. The swift 
advancement of AI skills necessitates continuous study and 
development, even the considerable advances achieved in 
detecting text produced by large language models (LLMs). 
This is apparent from a comprehensive examination and 
evaluation of contemporary methodology, technologies, 
and ethical considerations. This research offers promising 
methods to enhance detection accuracy using innovative 
techniques like as adversarial learning frameworks, 
ensemble classifiers, and the strategic application of 
LLM-specific rewriting behaviors [17]. The intricacy 
and dynamic nature of this field are underscored by its 
adaptability to advancing AI methodologies and the ethical 
ramifications of detection procedures.

The methodology involving the development of machine 
learning models, feature extraction techniques, and real-
time detection tools signifies a substantial advancement 
in creating more reliable and efficient systems for 
distinguishing between texts generated by humans and 
artificial intelligence. The evaluation of various algorithms 
and their use across different platforms and content 
types provides valuable insights into the capabilities and 
limitations of modern technologies. The emergence of 
models capable of navigating the complexities of language 
and content generation by AI demonstrates a more 
advanced understanding of the issue. These analytical 
advancements enhance detection precision and establish a 
framework that considers ethical concerns like as privacy, 
bias mitigation, and intellectual property safeguarding.

This research has implications that extend beyond the 
technological sphere, influencing public awareness, 
education, and policy. This research aids in the development 
of informed policies that balance innovation with ethical 
considerations by enhancing understanding of AI-generated 
content and its identification methods. To guarantee 
that advancements in AI serve societal interests while 
safeguarding human creativity, intellectual achievements, 
and confidence in digital content, researchers, practitioners, 
and policymakers must collaborate to tackle the persistent 
challenges presented by the ongoing development of AI 
text generation technologies and detection techniques.
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ABSTRACT
Hospital admissions often require extensive paperwork, causing delays in patient care. This paper presents an innovative 
Android application leveraging Near Field Communication (NFC ) technology to automate the registration process 
at hospital receptions. By enabling users to transfer patient details instantly via NFC-enabled devices, the system 
minimizes the time required for admission procedures. The proposed solution demonstrates significant potential in 
enhancing operational efficiency and improving patient outcomes.
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INTRODUCTION

In critical healthcare scenarios, time is of the essence, 
particularly during patient admissions. Manual 

registration processes are time-consuming and prone 
to human error, delaying the start of medical treatment. 
NFC technology offers a seamless way to transfer data 
over short distances, making it an ideal solution for such 
applications. This paper introduces an NFC-based Android 
application designed to accelerate patient registration at 
hospital receptions, reducing manual effort and enabling 
timely care.

Efficient patient admission is crucial to minimizing 
treatment delays. Current manual processes often 
involve multiple steps, including filling out forms and 
verifying patient details, which can take several minutes. 
For patients in critical condition, these delays can be 
detrimental. An automated system that leverages existing 
technologies like NFC can significantly reduce the time 
spent on administrative tasks, allowing hospitals to focus 
on patient care.

NFC technology has been successfully applied in various 
domains, from contactless payments to transportation. 

Its adoption in healthcare is relatively new but shows 
immense potential. By enabling instant data transfer 
through a simple tap, NFC eliminates the need for 
extensive paperwork and manual data entry, offering a 
practical solution to enhance hospital workflows. This 
paper explores the implementation of such a system and 
its potential benefits.

PROPOSED SYSTEM

The proposed NFC-based system simplifies the hospital 
registration process by automating the transfer of patient 
details. Users can store their information, including name, 
age, medical history, and emergency contacts, on an 
Android app. Upon arriving at the hospital, they can tap 
their NFC-enabled device on a hospital receiver, instantly 
transferring the data for registration. The system comprises 
three key components: the user application, the hospital 
receiver, and the data transfer protocol.

Fig. 1 shows the working of the application. The user 
application features an intuitive interface, enabling 
patients to input and securely store their details. Designed 
for accessibility, the app ensures easy use across all age 
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data is instantly decrypted and displayed for verification, 
completing the registration process in seconds.

  

Fig. 2: Screen Shot of Actual Implementation (Health 
Connect)

METHODOLOGY
Fig. 3 shows a sample of the Ayushman Bharat Card 
(ABHA Card) which is unique to every registered citizen. 
The development of this NFC-based hospital registration 
system using this card, followed a structured methodology 
to ensure efficiency, security, and ease of use. The first 
step involved identifying the limitations of traditional 
registration methods, such as time consumption and 
susceptibility to human error. Through interviews with 
hospital administrators and patients, the need for a faster 
and more reliable process became evident.

The system was designed using a modular approach to 
ensure scalability and maintainability. The user module 
focuses on enabling patients to input their details on an 
NFC-enabled Android app. This module was developed 
using Kotlin for its seamless integration with Android 
APIs, particularly the NFC functionality provided by the 
Android SDK. Advanced encryption techniques are used 
to secure patient information, ensuring compliance with 
healthcare regulations such as HIPAA.

Simultaneously, the hospital module was created to 
decrypt and integrate the transferred data into the 
hospital’s existing management systems. This component 
utilized Firebase for real-time data synchronization and 

groups. The hospital receiver, a connected NFC reader, 
integrates seamlessly with existing hospital management 
systems, minimizing the need for additional infrastructure. 
Finally, the data transfer protocol employs secure 
encryption to safeguard sensitive patient information, 
adhering to healthcare regulations such as the Health 
Insurance Portability and

Accountability Act (HIPAA)

Fig. 1 Encryption Process of User ID 

IMPLEMENTATION
The proposed system’s implementation involved using 
robust technologies to ensure reliability and efficiency. 
The application was developed using Kotlin, with the 
Android SDK providing the necessary tools for NFC 
integration. Firebase is used as the backend for secure 
data storage, while the Android NFC API facilitates 
seamless communication between the user’s device and 
the hospital’s receiver.

The system architecture is divided into two main modules: 
the user module and the hospital module. The user module 
captures patient details, encrypts them, and generates 
a unique NFC signal for data transfer. The hospital 
module decrypts the received data and integrates it into 
the hospital’s database. This modular design ensures 
flexibility and ease of maintenance, allowing for future 
enhancements without disrupting the core functionality.

During the workflow, users download and install the app 
on their NFC-enabled devices. As shown in Fig. 2, after 
entering their details, the app encrypts the data, preparing 
it for transfer. Upon arrival at the hospital, users tap their 
device on the NFC reader at the registration desk. The 
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secure storage. The design of this module prioritized 
compatibility with diverse hospital infrastructures to 
ensure broad applicability.

The workflow of the system was mapped to reflect the 
typical hospital admission process. Upon arrival at the 
hospital, patients tap their NFC-enabled devices on a 
receiver stationed at the registration desk. The receiver, 
built with Android NFC APIs, decrypts the data and 
displays it for hospital staff to verify. This workflow 
was refined through iterative testing to optimize the user 
experience and operational efficiency.

Prototyping played a crucial role in the system’s 
development. Early prototypes were tested in simulated 
environments to evaluate performance under different 
conditions. Feedback from these tests informed several 
refinements, including improvements to the app’s user 
interface and the reliability of the data transfer process. 
By incorporating insights from real-world scenarios, the 
methodology ensured that the system met the practical 
needs of its users.

Comprehensive security measures were integrated 
throughout the development process. Encryption protocols 
were rigorously tested to protect sensitive patient 
data during transmission. Additionally, the system’s 
architecture was reviewed to identify and address potential 
vulnerabilities.

Fig. 3: ABHA Card

OUTPUT
The output of the proposed system highlights its 
functionality and user-friendliness. The application’s 
interface features a clean layout, allowing users to 
navigate effortlessly. Screenshots of the home screen, data 
entry form, and NFC transfer confirmation demonstrate 
the app’s usability and design.

A sample demonstration showcases the real-time data 
transfer process, where patient details are instantly 
populated in the hospital’s system upon tapping the NFC-
enabled device. This seamless interaction underscores 
the app’s efficiency, reducing registration time to mere 
seconds. Feedback from initial trials indicates high user 
satisfaction, with participants appreciating the app’s 
simplicity and effectiveness. These results validate the 
app’s potential to transform hospital registration processes, 
ensuring faster and more accurate admissions.

FEATURES

Fig. 4: Appointment Booking

The proposed NFC-based hospital admission application 
incorporates advanced features designed to streamline 
operations, improve patient outcomes, and enhance user 
experience. The key features include Chatbot Assistant, 
SOS Emergency Functionality, and Appointment Booking. 
The above figure shows some of the prominent features of 
the application. An Appointment Booking feature has been 
integrated. This allows users to schedule consultations 
with doctors before visiting the hospital. Users can browse 
through available doctors based on their specialization, 
availability, and user reviews. The application provides 
a real-time view of available appointment slots, enabling 
users to choose the most convenient time. Once an 
appointment is booked, users receive confirmation and 
automated reminders to ensure they do not miss their 
scheduled visits. All appointment details are stored within 
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the app, eliminating the need for physical records and 
improving operational efficiency.

Fig. 5: SOS

The SOS feature is designed to handle medical emergencies 
efficiently by enabling users to quickly contact emergency 
services, such as an ambulance, by directly placing a 
call to 112 with just a single tap within the application. 
This feature is particularly valuable in critical situations 
where time is of the essence. One-tap access ensures that 
users can call for immediate assistance without navigating 
through complex menus.

Fig. 6: MedBot 

The application includes a chatbot feature powered by the 
Gemini API, which assists users by providing disease-
related information and guiding them through preliminary 
health assessments. The Gemini API enables the chatbot to 
process user inputs efficiently and offer relevant responses. 
The chatbot assists with disease detection by collecting 
user-reported symptoms and offering basic information 
about possible conditions, as well as recommendations 
on whether a hospital visit is necessary. Additionally, 
the chatbot offers health information, providing insights 
into common diseases, their symptoms, and preventive 
measures, ensuring users are well-informed before 
consulting healthcare professionals.

By integrating chatbot assistance, SOS emergency 
functionality, and appointment booking, the application 
goes beyond admission processes to serve as a 
comprehensive healthcare management tool. These 
features collectively aim to improve the patient experience, 
reduce hospital administrative burdens, and enhance 
emergency response capabilities.

RESULT AND ANALYSIS
The proposed NFC-based system was rigorously 
tested in simulated hospital environments to evaluate 
its performance in two critical areas: registration time 
efficiency and data transfer accuracy.

Manual registration processes in hospitals typically take 
approximately 10 minutes per patient, encompassing form 
filling, data verification, and queue handling. In contrast, 
using the NFC-based Android application reduced this 
time significantly to an average of 1.5 minutes per patient. 
This represents an 85% reduction in registration time. The 
value was calculated by comparing average registration 
times across multiple simulated test scenarios, including 
peak hours and varying levels of complexity in data 
entry. For instance, during high patient volumes, manual 
processes extended to 12 minutes per patient on average, 
whereas the app consistently maintained its efficiency at 
around 1.5 minutes.

The accuracy of data transmission was assessed by 
comparing the patient details sent via the NFC application 
with the original input data. Out of 500 simulated 
cases, 490 were transmitted with 100% accuracy, while 
minor discrepancies occurred in 10 cases due to initial 
configuration issues, which were subsequently resolved. 
This yielded a data transfer accuracy rate of 98%, 
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demonstrating the system’s reliability in handling sensitive 
patient information securely and efficiently.

Feedback was gathered from participants, including 
hospital staff and simulated patients, who highlighted the 
app’s user-friendly interface and time-saving benefits. 
The automation of patient data collection not only 
improved operational workflows but also allowed staff 
to dedicate more time to critical patient care tasks. The 
overwhelmingly positive reception underscores the 
potential of this technology to enhance hospital operations 
and deliver better patient outcomes.

These results provide a strong foundation for further 
testing in live hospital environments to validate the 
system’s scalability and long-term impact on healthcare 
management workflows.

FUTURE SCOPE
The NFC-based hospital registration system has significant 
potential for future development and integration with 
emerging technologies. One promising direction is the 
incorporation of blockchain technology to enhance data 
security and transparency. Blockchain could be used to 
create an immutable ledger of patient information, ensuring 
that all data transactions are secure and traceable. This 
approach would address concerns related to data breaches 
and unauthorized access, further bolstering patient trust.

In addition to blockchain, the system could integrate with 
hospital-wide IoT (Internet of Things) networks to enable 
real-time monitoring and management of patient flows. By 
connecting the NFC system with wearable health devices, 
hospitals could gain instant access to critical health metrics, 
streamlining the triage process. Such integrations would 
not only improve operational efficiency but also enhance 
patient care by enabling more informed decision-making.

Another area of expansion is the development of multi-
language support to cater to diverse patient demographics. 
By offering localized interfaces and support for various 
languages, the app could ensure accessibility for patients 
from different linguistic backgrounds. This feature would 
be particularly beneficial in regions with multicultural 
populations.

The system could also be extended to include features for 
appointment scheduling and reminders. By integrating 
these functionalities, patients could book and manage 
their appointments directly through the app, reducing 
no-shows and optimizing hospital resources. Moreover, 
incorporating AI-driven analytics could help hospitals 

predict patient flow trends, enabling proactive resource 
allocation.

Finally, as telemedicine continues to gain prominence, 
the NFC system could be adapted to support remote 
consultations. By integrating with telemedicine platforms, 
the system could facilitate the secure transfer of patient 
data between healthcare providers, ensuring continuity 
of care regardless of the patient’s location. This feature 
would be particularly valuable in rural and underserved 
areas.

These future developments position the NFC-based 
hospital registration system as a cornerstone of modern 
healthcare technology, capable of evolving alongside 
industry advancements to meet the dynamic needs of 
patients and providers.

CONCLUSION
The NFC-based Android application proposed in this 
paper represents a significant advancement in hospital 
registration systems. Automating the admission process 
reduces delays, minimizes errors, and enhances data 
security, ultimately improving patient care. The system’s 
scalability and adaptability ensure its relevance in diverse 
hospital settings, paving the way for broader adoption.

Future developments will focus on incorporating 
additional functionalities, such as appointment scheduling 
and real-time staff notifications. These enhancements 
will further solidify the app’s position as a critical tool 
in modern healthcare management. By leveraging NFC 
technology, this innovation exemplifies how technology 
can be harnessed to address long standing challenges in 
healthcare.
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ABSTRACT
This system describes various methods of Speech Recognition based on performance analysis using Neural Networks. 
It aims to identify the most accurate and efficient techniques among Artificial Neural Network (ANN), Random Forest 
(RF), Radial Basis Function (RBF), and Multilayer Perceptron (MLP) models used for speech recognition. Initially, 
audio is processed to remove background noise and ensure consistency. Essential features aiding speech identification 
are extracted, followed by data refinement that emphasizes crucial features, enhancing system speed and intelligence. 
A hybrid approach combining Fennec Fox Optimization (FFO) and Tuna Swarm Optimization (TSO) is employed for 
optimal feature selection. Implementation is carried out using Neural Network models: ANN, RF, RBF, and MLP, to 
determine superior performance based on parameters like Accuracy, Precision, Specificity, Recall, False Negative Ratio 
(FNR), False Positive Ratio (FPR), Error, Kappa, and more. This comparison identifies the best-performing method and 
explores ways to improve the overall accuracy and efficiency of speech recognition systems. This study contributes to 
advancing speech recognition technology and provides a foundation for future research in the field.

KEYWORDS : FFT, MFCC, Neural network, ANN, RF, RBF, MLP, FFO, TSO, FPR, FNR, Kappa.

INTRODUCTION

Speech Recognition is a crucial technology that enables 
computers to understand human speech. This project 

aims to enhance the accuracy of Speech Recognition using 
advanced computer models known as Neural Networks. 
Here, methodology involves the data collection and 
preprocessing of recorded Marathi speech audio signals. 
We use the techniques like pre-emphasis filtering, adaptive 
thresholding, framing, and windowing to refine the data. 
Subsequently, we conduct feature extraction using Fast 
Fourier Transform (FFT) and Mel Frequency Cepstral 
Coefficients (MFCC). To optimize feature selection, 
we employ a hybrid approach combining Fennec Fox 
Optimization (FFO) and Tuna Swarm Optimization (TSO) 
techniques.

The best selected features are then classified using 
Random Forest (RF), Radial Basis Function (RBF), Multi-
Layer Perceptron (MLP) and Artificial Neural Network 
(ANN) classifiers. These trained models are evaluated 
using performance metrics such as Accuracy, Precision, 
Specificity, Recall, False Negative Rate (FNR), False 
Positive Rate (FPR), and Kappa. A comparative analysis 
of these methods allows us to identify the most suitable 
and efficient Speech Recognition technique for Indian 
Marathi language. 

This system is significant as it contributes to the advancement 
of Speech Recognition technology specifically tailored 
for the Marathi language. By enhancing accuracy and 
efficiency, our efforts aim to improve user experience and 
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a diverse group of speakers. To ensure the data’s clarity, 
pre-processing steps are taken to remove any unwanted 
noise. This refined dataset is then used to extract features 
using Mel Frequency Cepstral Coefficients (MFCC), 
involving procedures such as pre-emphasis, windowing, 
Fast Fourier Transform (FFT), Mel-Scale conversion, 
and coefficient extraction, resulting in an MFCC output 
stored as matrices. The data is split into two parts: 70% for 
training and 30% for testing. Three neural network model 
Random Forest (RF), Radial Basis Function (RBF), and 
Multi-Layer Perceptron (MLP) are utilized for this process. 
These models are evaluated based on performance metrics 
including Accuracy, Recall, Precision, Specificity, False 
Positive Ratio, Kappa statistic, error rate, and Matthews 
Correlation Coefficient. This analysis helps identify the 
most effective approach for speech recognition [6].
Database Creation
The initial phase involved the creation of a comprehensive 
database, consisting of recorded Marathi speech audio 
signals from various speakers. This diverse dataset was 
crucial for developing robust speech recognition models.  
Pre-processing: To ensure data quality, the recorded audio 
signals underwent a series of pre-processing steps. These 
included pre-emphasis filtering to enhance signal-to-
noise ratio, adaptive thresholding for noise reduction, and 
framing and windowing techniques to segment the audio 
signals effectively. Thus, the audio signal preprocessing 
is done using advanced techniques. This output is further 
used for feature extractions.
Feature Extraction
After pre-processing, feature extraction was carried out 
using Fast Fourier Transform (FFT) and Mel Frequency 
Cepstral Coefficients (MFCC). These techniques 
were selected for their ability to capture the spectral 
characteristics of the speech signals. The extracted features 
were further refined using a hybrid approach combining 
Fennec Fox Optimization (FFO) and Tuna Swarm 
Optimization (TSO), ensuring optimal feature selection. 
Feature Extraction Using MFCC
MFCCs are commonly used for speech recognition tasks 
due to their compact size and efficient processing. They 
can also be used to detect the speaker’s identity.
Pre-processing: Enhancements like pre-emphasis for noise 
reduction. 
Windowing: Divides signal into frames for analysis, 
applying a window function.

effectiveness in the Human-Computer interaction within 
Marathi speaking communities.

LITERATURE SURVEY 
The Research Paper [1] discusses feature extraction and 
speech recognition systems for mathematical expressions, 
highlighting dataset creation and information fusion to 
improve accuracy. It categorizes these systems based 
on speech patterns, speaker mode, and vocabulary size, 
offering insight into their diverse applications. Additionally, 
it explains the architectural framework of these systems, 
detailing interactions among components [2]. The paper 
discusses various approaches for feature extraction and 
classification in mathematical expression recognition. 
By examining these aspects, it provides valuable insights 
into the functioning of speech recognition systems for 
math. The paper is a valuable resource for researchers 
and practitioners, equipping them with foundational 
knowledge to advance speech recognition technology in 
mathematical contexts [3]. This paper discusses different 
approaches and models for speech recognition. It compares 
the strengths and weaknesses of each approach and 
provides insights into their applications. The main findings 
include the use of template-based approach with accurate 
word models and segmentation, the insensitivity of pattern 
recognition approach to speech-specific knowledge, the 
explicit modeling of variation in speech in the knowledge-
based approach, the frequency-based measurement in the 
dynamic time warping-based approach, and the use of 
hidden Markov models for piecewise stationary signals. 
The document also mentions the JAWS software for blind 
users and the use of MATLAB for sound recording and 
speech recognition [4].

The paper presents the development of a Marathi numeral 
recognition system utilizing automatic speech recognition 
(ASR) techniques. It targets Marathi numerals from zero 
to nine and utilizes a database comprising recordings 
from male and female speakers for training and testing. 
Feature extraction methods, including Mel-frequency 
Cepstral coefficient (MFCC) and Low pass filter and 
zero Interpolation (LFZI), are employed for pattern 
classification. Experimental findings demonstrate the 
efficacy of these techniques in achieving high recognition 
rates [5].                       

METHODOLOGY
The process begins with the creation of a comprehensive 
database, featuring carefully recorded speech samples from 
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Fig. 1. Block diagram MFCC [6]

FFT: Converts framed signal from time to frequency 
domain, revealing spectral characteristics. 

Mel Filter Bank: Groups DFT spectrum into distinct 
frequency bands based on human auditory perception. 

IDFT: Reconstructs signal from modified frequency 
representation. 

Dynamic Transform: Techniques like CMVN normalize 
cepstral coefficients for robustness against variations.

Classification Techniques

The refined selected features were classified using three 
distinct neural network models: Random Forest (RF), 
Radial Basis Function (RBF), and Multi-Layer Perceptron 
(MLP). These models were trained and tested on the 
dataset, with 70% allocated for training and 30% for 
testing of database samples [7].

Performance Parameters (Evaluation)

The performance of the models was evaluated based 
on several metrics, including the speech recognition 
Accuracy, Precision, Recall (Sensitivity), Specificity, 
False Negative Rate (FNR), and False Positive Rate (FPR). 
These metrics provided a comprehensive assessment of 
each model’s effectiveness in recognizing Marathi speech. 
The comparison is done based on these values to decide 
the suitable technique using neural network [6].      

IMPLEMENTATION
Speech Recognition System Overview

This initial step provides a high-level view of the entire 
speech recognition system. The system starts with 
the speech signal (audio input) which undergoes pre-
processing to enhance the quality of the signal. The pre-
processed signal is then passed through feature extraction 
to derive meaningful features. These features are then used 
in the training and testing phase.  

Fig. 2. Block diagram of Speech Recognition System

Features are extracted after preprocessing the audio 
input signal. In feature extraction process the input pre-
processed signal is decomposed into frequency sub-bands 
and further normalized to obtain features coefficients. Fast 
Fourier Transform along with Mel Frequency cepstral 
coefficient methods are used to extract features from a pre-
processed signal. 

Mean value (MV), standard deviation (SD), variance 
(VAR), root mean square (RMS), skewness (SKE), 
Kurtosis (KUR), interquartile range (IQR), peak-to-
peak (P2P), zero crossing (ZC), waveform length (WL), 
log detector (LD), 4-th order auto-regressive coefficient 
(ARC), energy, jerk, and correlation coefficient (CC) are 
a few time domain features.

Subsequently, some of the features that were extracted 
related to the frequency domain are Mean Power 
Frequency (MPF), Median Frequency (MDF), One Quarter 
of Frequency, Three Quarters of Frequency, and Entropy. 
In this proposed system of automatic identification of 
Marathi dialects, the feature extraction is implemented by 
means of the Fast Fourier Transformer (FFT) and the Mel 
Frequency Cepstral Coefficient [8].

Training Phase                                                                         

The MFCC features are used to train the data with the help 
of Neural Network models that are RF (Random Forest), 
RBF (Radial Basis Function) and MLP (Multi-Layer 
Perceptron) [9]. 
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Neural networks use a network of functions to process 
data inputs and convert them into desired outputs. They 
are a powerful way of analysing and understanding data.

Fig. 3. Simple Neural Network

Random Forest (RF)

The ensemble model is then used to make a final 
prediction. This method of using multiple decision trees 
is advantageous because it reduces variance and increases 
accuracy [8].

Fig. 4. Random Forest

The model can then be used to make a final prediction, 
which is more accurate than a single decision tree. It 
employs bootstrapping to create random samples of the 
training dataset and random feature selection at each 
node to reduce overfitting. Decision trees are constructed 
recursively based on split criteria, and the final prediction 
is determined by voting (classification) or averaging 
(regression) the predictions of individual trees.

Radial Basis Function (RBF)

Radial Basis Function (RBF) is a kernel function used 
in SVMs and other ML algorithms. It transforms input 

data into higher-dimensional space, aiding in capturing 
complex decision boundaries. RBF kernels are valued for 
their effectiveness in making data linearly separable or 
more easily approximated. 

Fig. 5. Radial Basis Function (RBF)

The Kernel Trick: RBF kernel computes similarity between 
points in original space, avoiding explicit mapping to 
higher dimensions for efficient computations. 

Multi-Layer Perceptron (MLP)

A Multilayer Perceptron (MLP) is an artificial neural 
network with multiple layers of neurons arranged in a 
feedforward manner. Each neuron in one layer connects to 
every neuron in the next layer, forming an input layer, one 
or more hidden layers, and an output layer [8].

Fig. 6. Multi-Layer Perceptron (MLP)

An MLP consists of layers: input, hidden, and output. 
Input neurons represent features, hidden neurons process 
data via weighted sums and activation functions, and 
output neurons produce results. During training, weights 
are adjusted via backpropagation to minimize error. Once 
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trained, MLPs can predict on new data, making them 
valuable for various tasks like classification, regression, 
and pattern recognition [10].   

Artificial Neural Network (ANN)

Artificial Neural Networks (ANNs) consist of 
interconnected artificial neurons, or units, organized into 
layers, which enable the network to learn and process data. 
The network typically includes an input layer, one or more 
hidden layers, and an output layer. Data is input into the 
network through the input layer, processed through hidden 
layers, and finally, an output is generated from the output 
layer, representing the network’s response to the data.  

Fig. 7. Artificial Neural Network (ANN)

The structure of ANNs is inspired by biological neurons, 
with input nodes receiving signals, hidden layer nodes 
performing computations, and output layer nodes producing 
results using activation functions. This architecture allows 
ANNs to detect patterns and make predictions based on 
the data they process. 

Testing Phase

The performance is evaluated based on parameters such 
as Accuracy, Precision, Specificity, MCC, Recall, and 
Kappa. The results are then analyzed through graphs to 
determine which method performs better based on these 
performance parameters.

Performance Parameters

Accuracy: Accuracy gives an overall measure of how 
often the model is correct. However, it can be misleading 
if the dataset is imbalanced (e.g., if there are many more 
negative cases than positive cases). 

Precision: The higher the precision, the better the accuracy 
of the predictions. It is also important to remember that 

higher precision also usually requires higher input data 
quality.

Recall (Sensitivity): Recall is important when the cost of 
missing positive cases is high. For instance, in disease 
detection, high recall means that most of the patients with 
the disease are identified.

Specificity: Specificity is useful when the cost of false 
positives is high. It reflects the model’s ability to correctly 
identify negative cases.

Error: Error rate provides a general measure of how 
often the model makes mistakes. It’s the complement of 
accuracy (i.e., Error Rate = 1 – Accuracy).

False Positive Rate (FPR): FPR measures the proportion of 
actual positives that are incorrectly predicted as negative. 

False Negative Rate (FNR): FNR measures the proportion 
of actual negatives that are incorrectly predicted as 
negative. 

Kappa: Kappa evaluates agreement between predictions 
and actual labels, accounting for chance agreement.

RESULT AND DISCUSSIONS
In the testing phase, the performance parameters like 
recognition accuracy, precision, recall, specificity, FPR, 
FNR are measured, tabulated, and plotted graphically as 
shown below.

As shown in the figure 7 and 8, recognition accuracy is 
98% with precision value 97% which helps us to decide 
how many audio samples of Marathi language are 
recognised properly.

Fig. 8. Comparison of Accuracy and Precision of ANN, 
RF, RBF & MLP
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Figure 8 illustrates the comparison of accuracy and 
precision across four models: ANN, RF, RBF, and 
MLP. MLP demonstrates the highest performance with 
an accuracy of 0.92 and precision of 0.94, followed by 
ANN with both metrics at 0.90. RBF shows moderate 
performance with 0.87 accuracy and 0.86 precision. RF 
exhibits the lowest values, with 0.80 accuracy and 0.76 
precision. This comparison highlights MLP’s superior 
capability in delivering accurate and precise results.

Table 1: Comparison of Accuracy, Precision, Recall & 
Specificity of various Classification Algorithms 

MODEL ANN RF RBF MLP
ACCURACY 0.9 0.8 0.87 0.92
PRECISION 0.9 0.76 0.86 0.94

RECALL 0.86 0.76 0.83 0.89
SPECIFICITY 0.86 0.76 0.83 0.89

Fig. 9. Comparison of Recall and Specificity of ANN, RF, 
RBF & MLP

Figure 9 illustrates the comparison of recall and specificity 
across four models: ANN, RF, RBF, and MLP. MLP 
demonstrates the highest performance with both recall and 
specificity at 0.89, followed by ANN with values of 0.86 
for both metrics. RBF shows moderate performance with 
recall and specificity at 0.83. RF exhibits the lowest values, 
with both recall and specificity at 0.76. This comparison 
highlights MLP’s superior ability to balance recall and 
specificity effectively.

Figure 10 illustrates the comparison of FPR (False 
Positive Rate) and FNR (False Negative Rate) across four 
models: ANN, RF, RBF, and MLP. ANN exhibits an FPR 

of 0.001 and the highest FNR at 0.005. RF shows an FPR 
of 0.003 and an FNR of 0.004. RBF demonstrates an FPR 
of 0.002 and an FNR of 0.003. MLP achieves the lowest 
values, with an FPR of 0.001 and an FNR of 0.002. This 
comparison highlights MLP’s superior performance in 
minimizing both false positive and false negative rates.

Fig. 10. Comparison of FPR and FNR of ANN, RF, RBF 
& MLP 

Fig. 11. Comparison of Error and Kappa of ANN, RF, 
RBF & MLP

Figure 11 illustrates the comparison of error and kappa 
across four models: ANN, RF, RBF, and MLP. RBF 
demonstrates the lowest error at 0.01, followed by MLP 
with an error of 0.08. ANN exhibits a moderate error of 
0.10, while RF shows the highest error at 0.20. In terms 
of kappa, RF achieves the highest value at 0.89, followed 
by ANN and MLP at 0.82. RBF demonstrates the lowest 
kappa value at 0.80. This comparison highlights the strong 
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performance of MLP in balancing low error with high 
kappa, while RF demonstrates a high kappa despite its 
relatively higher error.

Table 2: Comparison of FPR, FNR, Error & Kappa of 
various Classification Algorithms 

MODEL ANN RF RBF MLP
FPR 0.0013 0.0023 0.0016 0.0005
FNR 0.0037 0.0023 0.0019 0.0009

ERROR 0.1 0.2 0.13 0.08
KAPPA 0.82 0.89 0.8 0.82

Fig. 12. Confusion Matrix

The figure 12 depicts the confusion matrix plot for 
the proposed system. The confusion matrix is used for 
evaluating the performance of a classification model, 
which compares the actual target values with the predicted 
by the machine learning model. According to the above-
mentioned graph, the projected values for classes 0 and 1 
are 15 and 46.

The AUC and ROC plots in Figure 13 and 14 illustrates 
the classification model’s performance across various 
thresholds. The results demonstrate that the MLP model 
consistently outperforms the others, achieving superior 
metrics such as an accuracy of 0.92, precision of 0.94, 
and the lowest false positive rate. MLP exhibits robust 
overall performance, making it the most effective model 
for this classification task. However, evaluating model 
performance on diverse datasets is crucial to avoid 
overfitting and ensure generalizability. The ANN model 
also delivers strong results, with accuracy and precision 

values of 0.90. RBF performs moderately well, achieving 
an accuracy of 0.87 and precision of 0.86. While the 
Random Forest (RF) model has the lowest accuracy 
(0.80) and precision (0.76), its high Kappa value reflects 
consistency in its predictions. This analysis suggests that 
MLP and RBF are well-suited for this classification task, 
effectively balancing metrics such as accuracy, precision, 
recall, and false positive rates. Conversely, RF, despite its 
high Kappa value, may be more susceptible to overfitting 
due to its relatively higher error rates.

Fig. 13. ROC & AUC Plot

Fig. 14. Convergence Plot

Additionally, the convergence plot in Figure 13 
demonstrates the optimization process for the FFO-TSO 
algorithm. The error decreases sharply during the initial 
iterations and stabilizes at around the 30th iteration, 
maintaining a low and consistent error value thereafter. 
This rapid convergence highlights the effectiveness of 
the FFO-TSO approach in minimizing the objective 
function efficiently. By combining the robust classification 
performance of MLP and RBF with the stable optimization 
behavior of FFO-TSO, this analysis underscores the 
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importance of evaluating both convergence characteristics 
and classification metrics to ensure reliable and 
generalizable performance across diverse scenarios.

CONCLUSION
This study highlights advancements in AI and ML 
methodologies for recognizing the Marathi language, 
evaluating four classification models: Artificial Neural 
Network (ANN), Random Forest (RF), Radial Basis 
Function (RBF), and Multi-Layer Perceptron (MLP). 
Among these, the MLP model emerges as the most robust, 
achieving superior accuracy, precision, and recall while 
maintaining low false positive and negative rates. ANN 
also demonstrates strong and consistent performance, 
while RF excels in kappa and specificity but lags in overall 
accuracy. RBF shows moderate performance with minimal 
error rates. The findings establish MLP as the most efficient 
choice for Marathi speech recognition, providing a solid 
foundation for future advancements in the field.
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ABSTRACT
Relative distance measurement in images is crucial in various fields such as computer vision, robotics, and surveillance 
systems. This paper reviews the methodologies, algorithms, and technologies used for relative distance measurement, 
emphasizing their applications, advantages, and limitations. This study combines object detection using YOLOv8 with 
monocular depth estimation from the MiDaS model to determine distances between objects in a 3D space. Unlike stereo 
vision, this method requires low computational resources in terms of geometric rectification and disparity matching. 
While LiDAR systems produce better results, their cost makes them unsuitable for extensive use. Our method has been 
tested on a limited dataset, and the results have validated it with a minimum error rate of just 13.6%. The technique 
has great promise for application to augmented reality, autonomous vehicles, and 3D scene reconstruction, providing a 
realistic and cost-effective solution for fine-grained spatial understanding.

KEYWORDS : Relative distance measurement, Monocular image, Depth estimation, YOLOv8, MiDaS.

INTRODUCTION

Relative distance measurement in images refers to the 
process of determining how far the camera is from an 

object and the spatial relationship of objects in a scene. 
This distance measurement have wide application, such 
as in in robotics and autonomous vehicles for precise 
relative distance between objects for navigation and 
object detection. Precise relative distance measurement in 
robotics and autonomous vehicles is of great importance 
for navigation, collision avoidance, and safe interaction 
with objects in dynamic environments. The integration of 
object detection algorithms with distance measurement 
techniques allows these systems to obtain the precise 
locations of obstacles and other objects around them, 
thereby ensuring smooth and reliable operation. For 
instance, the self-driving car detects the relative position 
and distance of pedestrians, vehicles, or infrastructure in 
time for decision-making and ensuring safety. Augmented 
reality (AR) systems use relative distance measurements 

to naturally integrate virtual objects into the real world. 
By precisely calculating the relative distances between 
virtual and real-world objects, AR systems maintain 
proper spatial alignment, which enhances the realism 
and functionality of applications in gaming, training, 
and virtual collaboration environments. In surveillance 
systems, relative distance measurement is used to help 
detect and track objects. By calculating the distance of 
people or vehicles in a monitored area, these systems can 
effectively monitor movements and recognize unusual 
patterns or potential security threats. Information on 
distance increases the capability to distinguish between 
close proximity and overlapping objects, thus making 
tracking more accurate. Another important application 
of relative distance measurement is in 3D reconstruction, 
where relative depths are used to build up 3D models from 
2D images. Using distances within a scene can generate 
highly detailed 3D models for virtual tours, architectural 
design, and cultural heritage preservation. These models 
depend on accurate depth prediction techniques to ensure 
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obstacle inside the laser cone of a shot [2]. The ultrasonic 
based methods calculates the distance from the object 
toward the camera at a defined range without physical 
contacts with the help of sensors. It applies the same 
basic principle of operation as the one used by a RADAR 
system. The sensors sends ultrasonic bursts, and once the 
reflected signal is returned, the distance may be calculated 
based on speed of ultrasonic burst and time taken by it [3]. 
Now a days passive methods capable of analysing image 
without emitting any signals are used, Scharstein et. al. 
have used a circular shaped marker and single camera for 
distance calculation [3]. Even multiple images can be used 
for depth estimation. Solak et. al. have used triangulation 
method for embedded systems by incorporating Stereo 
depth estimation technique where a pair of cameras are 
used to calculate distance for indoor applications. The 
same scene is captured from two different angles by stereo 
camera. Their proposed algorithm could calculate the 
precise distance between the objects with an error rate less 
than 5%. In this work, an accuracy rate above 90% was 
obtained, assuming the target objects were in line with 
the stereo camera pair [4]. The triangulation technique 
does not performs poorly when the stereo camera tilts 
toward the floor or when objects are positioned to the 
left or right of the camera. Rezaei et al. later proposed a 
distance warning system for drivers, providing alerts for 
safe distances between vehicles under various weather 
conditions. This system effectively detects short and long 
distances between cars during both daytime and night 
time. There exist a disparity between stereo camera image 
and objects, for the same Eigen et al. have calculated 
object’s projection on the image plane and estimated its 
coordinates using the triangulation technique. To enhance 
distance estimation accuracy and reduce errors, multiple 
disparity measurements from different object regions are 
averaged. The authors established a correlation between 
disparity values and average real distances using iterative 
curve fitting[4]. It provides dense depth maps but it is 
computationally expensive and requires precise camera 
calibration[5]. MASOUMIAN et. al. has presented a depth 
estimation technique to calculate the relative distance 
between objects by using stereo camera s [2]. This paper 
conducts object detection and localization using YOLOv5 
trained using supervised learning while it uses auto-
encoder for depth estimation. This depth estimation can 
be extended to multi-view stereo where more than two 
images will be used with different viewpoints. It integrates 
multiple viewpoints to generate a more accurate 3D 

that the spatial arrangements are represented as faithfully 
as possible. 

With advancement in the technologies of image processing, 
increased resolution of cameras, and growing computing 
power, the relative distance measurement system has 
become highly accurate and efficient. The newer algorithms 
have improved the capacity to handle more data and 
predict with much higher accuracy and at greater speeds 
of computation. The above given advancement not only 
increased the performance of existing algorithm but also 
opened the way to utilize relative distance measurement 
in other applications. The advancement of object detection 
algorithms has led to development of many single stage 
object detection techniques (YOLO family) and double 
stage object detection techniques which differs in accuracy 
and recognition time[1]. YOLO algorithms are faster than 
two stage algorithms while maintaining the accuracy as 
well.  Our proposed method will be based on YOLOv8 for 
object detection and localization. For distance predictions 
it is important to predict the depth map. Most of computer 
vision systems uses stereo images for predicting depth 
which is time consuming involving unipolar geometry, 
rectification and matching. An alternative to stereo images 
is to use LiDAR camera providing higher accuracy but on 
the cost of increased cost. Masoumian et. al. has combined 
YOLOv5 and deep auto-encoder network for predicting  
the absolute distance between objects and achieved an 
accuracy of 96% [2].

LITERATURE REVIEW
Depth estimation is the distance of objects from a 
viewpoint or camera in a given scene. This distance aids 
in 3D scene understanding, measurement, and navigation 
for augmented reality, autonomous driving, robotics, 
and enhancing human computer interaction. Some of the 
earliest and popular active methods of measuring distance 
are ultrasonic sensors, LIDAR (Light Detection and 
Ranging) or RADAR (Radio Detection and Ranging). The 
RADAR system emits a radio-frequency (RF) wave, which 
is adjusted by an electrical-field pulse which is delivered 
to the target and subsequently received after a reflection 
from the target. The distance between objects can be easily 
determined from the speed of electromagnetic radiation 
and from the time of reflection of electromagnetic 
radiation [1]. An alternative to this method, LIDAR based 
approach widely used in robotics for the navigation in 
unfamiliar environments. The system emits an infrared 
laser beam that computes the opposite one, from an 
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reconstruction. It provides high accuracy for static scene 
only and computationally expensive as well. Depth of an 
image can also be measured by using focus and hybrid 
approaches as well. Table- shows the comparison of 
different depth estimation techniques.

Monocular depth estimation infers depth information from 
a single image. In unsupervised learning network learns 
from image reconstruction loss while in  supervised learning 
network learns from stereo images and corresponding 
depth maps as ground truth. Monocular depth estimation 
technique does not require special hardware setup as 
compared to stereo vision but it is comparatively less 
accurate especially in case of texture less regions [6]. 
Structure from motion uses a series of 2D images taken 
from different viewpoints to reconstructs 3D structure of 
the scene. It uses feature detection and matching, camera 
pose estimation, and 3D point cloud generation to create a 
3D scene. It generate highly accurate 3D models but it is 
computationally expensive and requires a lot of images [7]. 
Recent advancements in relative distance measurement 
include the integration of deep learning techniques for 
depth estimation, the use of multi-modal sensors such 
as LiDAR, and RADAR sensors, and the development 
of real-time processing algorithms. Some of the depth 
estimation techniques with their advantages and limitations 
are listed in Table1. Deep Learning Networks like U-Net 

and ResNet have been adapted, significantly improving 
accuracy and robustness. Combining data from cameras 
and sensors provides complementary information, and 
enhances measurement reliability. YOLOv4 has been used 
by Jongsub Yu et. al. for autonomous driving. They have 
performed object detection and depth estimation but they 
have not estimated the distance between the objects[8].
In order to overcome the drawback of 2D convolution 
and to close the gap between image representation and 
3D representation Ding et. al. has used Depth-guided 
Dynamic-Depth wise-Dilated local convolution network 
[9]. Relative distance measurement between objects 
involve object detection and depth estimation. Object 
detection algorithm detects and localizes the objects 
present in an image or video. Accurate object detection can 
lead to reliable depth estimation. These object detection 
algorithms can be categorized as one stage or two stage 
algorithms. The one stage object algorithm provides real 
time response making it suitable for autonomous vehicles, 
robotics and surveillance while two stage algorithms 
provides higher accuracy by dividing object detection in 
two stages of region proposal and classification of objects. 
Two stage algorithms find its application in medical 
imaging and autonomous driving. Some of the popular 
object detection algorithms are listed in Table2. These 
comparison highlights the type of algorithm, architecture 
used and their limitations. 

Table1: Comparison of different depth estimation algorithms

S. No. Depth estimation Technique Advantages Limitations Application
1 Monocular[10] Hardware Simplicity, 

low cost,
Scale ambiguity, less accurate AR/VR, Robotics, mobile 

devices
2 Stereo vision[11] Accurate relative depth, 

Mid cost
Requires calibration, 

illumination intolerant
Autonomous Vehicle, 

Surveillance
3 Multi view stereo[12] Dense reconstruction Increased hardware cost, 

Computationally expensive
3D Modelling, Aerial imaging

4 LiDAR[3] High accuracy Special hardware required, 
affected by weather

Autonomous Vehicle, 
mapping

5 Focus/ Defocus[13] Hardware Simplicity Poor accuracy , limited range Optical system, microscopy

Table2: Comparison of different Object Detection algorithms

S. No. Object detection Algorithms Algorithm type Architecture Limitation
1 Faster-RCNN[14] Two stage algorithm Uses RPN for region proposal 

and uses multistage training 
pipeline

High computation power 
requirement Struggles in 
detecting small objects

2 YOLOv8[15] One stage algorithm Uses anchor free design with 
Path aggregation network and 

CSPDarknet based feature 
extractor

Struggles in detecting densely 
packed and overlapping 

objects
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3 YOLO-NAS[16] One stage algorithm Neural Architecture Search Not fully open source 
Memory optimization need 

further improvement to 
maximize performance 

without affecting accuracy
4 Deformable-DETR[17] Two stage algorithm Combines convolutional 

neural networks (CNNs) 
and Transformer encoder-

decoders.

10-20 times slower than faster 
RCNN Not perform well in 

detecting small objects

5 SPARSE-RCNN[18] Two stage algorithm Uses query based approach 
along with ResNet for 

feature extraction along with 
multiple cascaded transformer 

decoders and

Struggles in detecting densely 
packed objects and high 

computational cost

EXPERIMENTATION
Our proposed method integrates object detection and 
depth estimation to measure distances between objects 
in a 3D space, using a reference distance (real-world 
measurement between two specific objects) for scaling. 
For the same accurate intrinsic camera parameters needs 
to be defined for correct camera calibration. For the same 
focal lengths and principal point coordinates are used. 
These values are placeholders that allow converting pixel 
coordinates to 3D coordinates. For distance calculation 
image is loaded by using OpenCV, objects are detected 
by using YOLOv8 model pre-trained on COCO dataset 
without fine tuning on our image dataset. YOLOv8 
algorithm provides bounding box coordinates, class 
ID’s and confidence score corresponding to every object 
present in the image. Yolov8 works on 2D images which 
only works on pixel coordinates where Z-axis is missing. 
In order to include missing Z-axis depth estimation has 
been included, so that Euclidian distance in 3D space can 
be calculated. For depth estimation MiDaS monocular 
depth estimation model is used[19]. It generates a depth 
map which corresponds to relative distances in the scene 
i.e. closer object will have lower depth values. 3D world 
coordinates are generated by using Pixel coordinate and 
depth values by using following formulae: 

Where, xpixel & ypixel: centre point of detected object 
calculated from bounding box coordinates.

Cx  & Cy: Principal point coordinates of camera.

fx and fy: Focal length in x and y direction

z: Depth value obtained from depth map.

Depth estimation MiDaS model provide relative or scaled 
depth values rather than absolute real-world depths. 
The scale of these values depends on the training data 
and may not correspond directly to real-world units. In 
order to bridge the gap between Relative and Absolute 
Measurements actual measurement between objects has 
been provided. This absolute measurement is used to 
calculate scale factor between the depth model’s output 
and actual measurements. The scale factor is calculated as:

Then all 3D coordinates are updated by applying the 
scaling factor to convert relative distances to real-world 
distances (in centimetres). Then the distance between all 
pair of objects has been calculated and displayed. 

Fig. 1: Block diagram of distance calculation by 
integrating two models
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RESULT AND DISCUSSION
We have selected laptop, mouse, book and bottle as object 
that needs to be detected in image. Fig2 shows the detected 
object and respective depth map. Depth map shows nearby 
objects in light colours while far away objects are shown 
in dark colour. Due to in-class variation in bottle the 
model was not able to detect bottle. We have checked the 
performance of combined model on around 20 images and 
got least error of 13.6%. This model combination has not 
performed well if the images are taken from some other 
angles.

Fig. 2: Detected objects and respective depth map

The actual distance between laptop and mouse is 20 cm, 
mouse and book is 14 cm and laptop and book is 39 cm.

CONCLUSION AND FUTURE SCOPE
Relative distance measurement in images is a rapidly 
evolving field with significant implications for industries 
such as robotics, augmented reality, and autonomous 
navigation. This study explored the applicability of our 
algorithm on a limited dataset, observing a least 13.6% 
variation between calculated and real distances. The 
results highlight the dependency on accurate camera 
calibration, precise bounding box estimation, and reliable 
depth estimation using the MiDaS model. This result can 
be improved by training a models on object detection 
and depth estimation on our custom dataset so that it 
can handle in class variation as well. In future we can 
use more advanced algorithms for object detection and 
depth estimation along with cumulative scaling factor for 
distance calculation on large dataset. Our future research 
will likely focus on overcoming current limitations and 
expanding the applicability of these techniques in real-
world scenarios.
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ABSTRACT
Transformers are an important part of electrical transmission. Since the invention of the first voltage transformer in 
1885, transformers have become indispensable equipment for the transmission, distribution and use of alternating 
current in power transmission lines. In this proposed system different sensors are used to detect the fault  in the 
transformer. The SCADA and PLC combinational circuit provide required Real time operation.  It is an essential step 
to monitor transformers before using them to avoid the risk and fault. It can reduce the cost of maintenance. This paper 
represents the proposed system of design  and simulation  of a plc based monitoring system based on SCADA to achieve 
computerisation to display screens to examine transformer parameters like voltage, current and voltage.   

Today the functionality of Supervisory control and data acquisition (SCADA) and  PLC interfacing is used to monitor 
the system on large application process plants where high reliability and security is important.

KEYWORDS : PLC, Transformer, Relay, SCADA (Supervisory  Control & Data Acquisition), Sensors, Asset Management.

INTRODUCTION

There are many special protections that depend on the 
value of the power distribution, including special 

communication  to control various electrical disturbances, 
which often need to be adjusted according to unpredictable 
changes in the load. There are many disturbances in the 
electrical environment, and damage to transmission lines 
and transmission lines may occur due to natural disasters 
such as storms, typhoons or heavy rain. Most of the existing 
systems are reliable in many applications, but they are not 
good in terms of electricity. Real-time operation and online 
monitoring of transformers also require a Supervisory 
Control and Data Acquisition (SCADA) based system. 
The combination of PLC and SCADA ensures instant and 
reliable  operation of electrical distribution equipment 
and accurate online monitoring of the current status of the 
distribution transformer of the system.

Supervisory Control and Data Acquisition (SCADA) 
systems collect any  data from the  Designed project and it 
can  monitor the system. 

SCADA interfacing with PLC can monitor the performance 
parameters of the transformer which are essential to 
evaluate the transformer  safe operating condition. 

This Proposed system  presents automation  based  
SCADA predictive and corrective data that can be used 
to  monitor the  performance of the transformer and help 
to reduce faults. Paper represent which type of data is 
available, and what percentage of transformers has the 
kind of data used for monitoring. SCADA is crucial for 
industrial organizations. now a days automation and AI are 
giving advance direction to science.[4]

These systems are used to monitor  and centralize the 
whole working model to process variables such as 
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of the transformer, associated faults and diagnostic 
methods is important for the development of transformer 
inspection equipment.

A SCADA application based on the use of the most 
common measurement devices (temperature, gas, soil, 
etc.) is proposed for continuous online  monitoring 
of transformers. It displays changes and diagnostic 
information online, generates alarms/alerts according to 
international IEC and IEEE standards[1].

CONVENTIONAL METHODS OF 
DIAGNOSIS
Electrical Inspections can be used to identify problems 
with various gas appliances including partial discharge, 
overheating and arcing. Insulating oil quality: A 
combination of physical, chemical and electrical tests are 
performed to assess defects, contamination and changes in 
electrical properties. Thermal Imager: This technology is 
used to measure the external temperature of the transformer. 
Data output from the logbook. Relays and sensors are 
used in practical PLC systems to identify problems 
of the transformer  including overload, undervoltage, 
overvoltage, phase-to-phase and overheating problems. 
There is no doubt that power distribution equipment is 
more likely to fail, so transformer protection is important.

Use various sensors to collect real data from the environment 
or object. People can use the concept of Internet of Things 
to establish a connection between machines. Temperature, 
oil level and vibration are important indicators for 
evaluating the condition of the transformer. Transformer 
stability, accuracy and efficiency can be improved by 
using less power. With the advent of the Internet and the 
use of the times, people need intelligent maintenance and 
reliable management for all substation equipment. This 
can be achieved through the use of Internet of Things 
(IoT) technology[2].

In addition to monitoring the power transformer, the 
detection of winding displacement or deformation is also 
important. This is because these faults cause insulation 
changes, leading to a larger fault. Among these variables, 
the  frequency response analysis (FRA) method is more 
effective in monitoring faults. In addition, the angle of the 
difference between the winding voltages can be used to 
determine the position of the power transformer windings, 
which makes it possible to determine the effect of  
radial displacement of the windings [5]. The continuous 
diagnostic method for large power transformers is the 

Current, Voltage and Temperature. In this proposed system 
We are using sensors to detect the faults as discussed in  
research paper ref. 2 designing and developing a Novel 
Distribution Automation System (DAS) in a transmission 
and distribution system [10].  

The Introduction of modern IT and practices such as SQL 
(Structured Query Language) and web-based applications 
in SCADA software has greatly improved the efficiency, 
security, productivity, and reliability of SCADA systems. 
It allows  us  Ignition Integrators due to its robust and 
powerful nature.

With proper maintenance and operation of the power 
supply, the service life of the power transformer can 
reach 60-70 years. Programmable logic controller (PLC) 
automation plays an important role in reliable energy and 
operation. The system is an integrated SCADA and PLC 
system for monitoring and controlling factory control 
systems to ensure smooth operation and reduce the 
interaction between different systems. Its accuracy and 
efficiency play an important role in artificial intelligence 
and machine learning.

ASSESSMENT OF POWER 
TRANSFORMER IN SERVICE        
Transformer condition and life are essential for 
transformer failure tracking. Determine if the transformer 
can withstand the failure. Obtain results that are used to 
help interpret subsequent evaluations.

Fig. 1: Failure Data History of Transformer

When evaluating equipment, fault data on large 
transformers can help determine which is more important. 
Fault analysis of 188 power transformers in South Africa 
with voltages and powers of 88kV to 765kV and 20MVA to 
800MVA respectively. Investigating the main components 
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result of two main directions: testing and test operation. 
Fault testing is usually done by taking the generated signal 
with the defined behavior as input to the faulty switch 
while the switch is in use and measuring the output signal. 

METHOD OF RESEARCH
A programmable logic controller (PLC) is used in the 
project’s architecture to regulate and track the load 
conditions of the transformer’s three phases.

Online SCADA simulation is used for monitoring. 

Fig. 2: Block Diagram of System

Voltage control is used to monitor the power, voltage 
and current of each phase when the load is connected. A 
transformer (PT) is used to measure the voltage of each 
phase to monitor the voltage amplitude, while a CT (current 
sensor) is used to measure the current level of the load. The 
system works smoothly under load and within range. When 
the load reaches the critical point and reaches the overload 
mark, the system will automatically shut down to prevent 
damage or destruction of the transformer. Information 
on overload conditions caused by short circuit overloads 
and overheating conditions is sent simultaneously to the 
sensors controlled and monitored by SCADA.

CIRCUIT DIAGRAM
Following Circuit diagram represents the interfacing of    
components.

Fig. 3: Circuit  Diagram of System

INTERFACING SCADA
By providing the user interface and all updates about the  
temperature, current and voltage, the SCADA interface 
will reduce the amount of work required by humans. 
Advanced monitoring systems based on SCADA have 
more sophisticated futures, and protection and control 
features are always changing.This article examines the 
optimization and duplication of substation SCADA and 
IEDs in the substation, including binary/digital inputs 
(status), binary/contact outputs (control), and analog 
inputs (metering).

Fig. 4  Functional Diagram of SCADA

The software used by SCADA is “InTouch”. Wonderware’s 
InTouch  is advanced SCADA software for monitoring and 
backing up large areas of production process data. Devices 
managed from a single workstation can be connected 
via OPC clients, S7 MPI, S7 PPI, Profinet (S7 1200), 
ModbusRTU, Modbus TCP/IP, Host System Connect 
(Omron), Mewtocol protocol (Panasonic). Historical data 
related to  our SCADA system is archived.

RESULTS AND SIMULATION
Designed system use to detect overvoltage, undervoltage, 
overcurrent, undercurrent and over temperature faults 
on the primary side of the transformer (HV), as well as 
undervoltage, overvoltage and overcurrent faults on the 
secondary side of the transformer.

Fig. 5 Hardware of Proposed System
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Current Analysis
The secondary winding  is connected directly  to the load. 
The current sensor is located between the load lamp and 
the transformer secondary winding. We have a light load 
in the middle. When the electricity is applied,  the light 
will come on. For overload, we will add an additional 
lamp with the help of a button and when the second lamp 
is turned on, the current level will exceed the value set  in 
the PLC. Due to the current increase, the relay will trip and 
a short warning will appear on the  SCADA screen.

a. Current Monitoring Window Without Fault

b. Current Monitoring Window When Fault Occurs
Voltage Analysis
We supply Power to the main transformer via a dimmer. 
We use a dimmer to change the primary voltage from 0 
volts to 230 volts. When the voltage drops below 180 volts 
during the power change, the relay trips the circuit and 
gives a low voltage warning on the SCADA screen.

a. Voltage Monitoring Window Without Fault

b. Voltage Window When Fault Occurs

Temperature Analysis

  For temperature sensing we have used LM35 temperature 
sensor. When the temperature will increase LM35 will 
sense the increased temperature and it will give signals 
to the fan so that fan starts and it turns OFF automatically 
when the temperature is decreased. 

a. Temperature Window Without Fault 

b.  Temperature Window With Fault

CONCLUSION
A PLC based system has been developed for this task 
to monitor, control and protect the voltage, current and 
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temperature  on both sides of the transformer. The constant 
value of the transformer is constantly monitored by the  
PLC system connected with relays in the three phase 
system, and when the PLC detects an increase or decrease 
in the voltage, current or temperature level, the unit will be 
forced to shut down. This prevents further damage to the 
machine. According to the design, the power distribution 
equipment is more powerful against some serious problems 
that cause electricity, current or temperature increase. 
Therefore, this plan increases the stability, reliability and 
efficiency of distribution.

The SCADA interface will provide users with all updates 
related to thermal oil and fluids, reducing the amount 
of manual effort required. The future of SCADA-based 
monitoring systems is more complex than just prevention 
and control. This article examines the optimization and 
replication of substation SCADA and IEDs, including 
binary/digital inputs (status), binary/contact outputs 
(control), and analog inputs (metering).
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ABSTRACT
Nanotechnology brings up the manipulation, characterization, and engineering of materials at the Nano range, typically 
varying from one to one hundred nanometers. This interdisciplinary domain holds profound potential across various 
fields, inclusive of chemical science, electronics, physical science, morphology, and material science. The properties of 
nanomaterials often diverge significantly from their bulk counterparts, resulting in unique behaviors and applications. 
Contemporary research in nanoscience primarily focuses on fine-tuning the structural properties of nanoparticles and 
integrating them into larger material systems. This paper focuses on imparting a succinct overview about the diverse 
methodologies employed for characterization and synthesizing nanomaterials.

KEYWORDS : Nanoscience, Electron microscopy, Scanning & tunneling electron microscopy, Characterizations.

INTRODUCTION

Materials possessing nanoscale acreage have garnered 
significant attention in recent decades, because 

of their elevated surface-to-volume proportionality and 
diverse fundamental attributes. The rapidly advancing, 
interdisciplinary extent of Nano-science exerts a 
profound influence across a wide array of scientific and 
technological disciplines, including chemical & physical 
science, polymer science, biomedical field and even 
aerospace domain.

Numerous dimensional shapes, such as zero, one, two, 
and three-dimensional structures, are displayed by 
nanomaterials. One-dimensional nanotubes and nanowires 
are essential components of hybrid molecular and 
semiconductor devices, according to recent studies [1]. 
Metal sulphides and oxides are commonly used to create 
quantum dots. When analyzing characteristics including 

optical, electrical, mechanical, and electronic behaviors as 
well as real-world applications, nanoscale dimensions are 
crucial. Cutting tools and heat-resistant materials benefit 
greatly from Nano coatings because of their remarkable 
hardness, which surpasses that of steel and extraordinary 
thermal resistance [2].

CHARACTERISATION OF NANO 
MATERIALS BY MICROSCOPY TOOLS
To assimilate more about nanoparticles, especially 
those on facets, a variety of strategies are implemented. 
Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) shed light on the dispensation, 
expanse, profile, and topology of particles. The expanse, 
profile and phase can all be established by electronic 
diffraction approach. Nanoparticle dimension and interior 
configuration can be ascertained with the use of Scanning 
Tunneling Microscopy (STM). The tool of gas adsorption 
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earth sciences. Compared to optical micrographs, these 
microscopic representations are of a substantial deepness 
of area of activity and resolution, which makes them ideal 
for examining tough specimens like cracked surfaces and 
particle matter.

Fig. 1: Uncoated specimen leaf surfaces (a) chenopodium 
leaf (c) pea leaf surface with intact epidermal cells

Transmission Electron Microscopy (TEM)

This mechanism involves passing an electron beam through 
an extremely thin specimen, causing the sample to interact 
with the beam. The measured electrons that move through 
the sample are used in this interaction to create a picture. 
As the electron’s wavelength is comparatively undersized 
that of photons, they allow for higher resolution than 
traditional light microscopy. An enhanced and boosted 
representation and a respective spectrum of diffraction 
phenomenon are the two different forms of information 
that Transmission Electron Microscopy (TEM) provides 
about the specimen. These two sorts of information are 
extremely useful in determining the composition and 
structure of the sample.

In this technique, the electron beam is precisely focused 
into an exceedingly narrow stream, which is transmitted 
through an ultrathin illustrative and thereupon extrapolated 
onto a  display, thereby generating a replica representation 
of such chosen specimen. Thereafter the distinction of 
the derived depiction is intrinsically associated with 
the density magnitude of the chosen matter. Due to the 
significantly shorter wavelength of electrons, Transmission 
Electron Microscopy (TEM) offers markedly superior 
resolution compared to conventional light microscopy [6]. 
TEM serves as a cornerstone analytical method across a 

mechanism aids in determining the particle’s surface-to-
volume proportion. Techniques like electron diffraction, 
TEM, and SEM are especially helpful for examining 
particles in bulk. By employing the accelerated electron 
beams, electron microscopy is a potent and sophisticated 
technology that allows for high-resolution examination 
of the morphology and characteristics of solid surfaces. 
It includes a range of probe microscopy techniques, each 
with unique benefits of exterior investigation.

Scanning Electron Microscope (SEM)

In a SEM, accelerated electrons possess substantial  
energy, which dissolute via a large extent of indications 
resulting from specimen’s interactivities with the beam 
of electrons because the falling electrons get slacked up 
within the firm illustrative specimen. Furthermore such 
interactivities generate a variety of signals, including 
secondary generated electrons superintend for the 
shaping of sample representations, the backward scattered 
electrons, which are instrumental in determining the 
crystallographic conformation and orientations [3]. 
Moreover, these interactivities bring out the photons, 
including typical X-radiations for primordial exploration, 
also the continuous sequential X-radiations, observable 
region of light, and thermal energy. Each of these 
emitted signals provides crucial information for the 
comprehensive characterization of the sample. Scanning 
electron microscopy (SEM) frequently uses backscattered 
and secondary electrons for imaging. Backscattered 
electrons have a crucial role in emphasizing compositional 
differences, particularly in multiphase samples, whereas 
secondary electrons are especially useful for exposing the 
morphology and topography of samples, offering high-
resolution surface details [4]. Inelastic collisions between 
input electrons and the electrons in the sample’s distinct 
atomic shells produce X-rays in SEM. Excited electrons 
release X-rays with distinctive wavelengths as they return 
to lower energy states. It is therefore possible to identify 
the elements in the sample by analyzing the characteristic 
X-rays that are produced when each element is “excited” 
by the electron beam. These X-rays have different energies.

The X-ray radiations emitted via the electron interactivities 
in SEM analysis are considered “non-destructive,” which 
means that no appreciable material volume is lost, enabling 
repeated investigation of the same sample [5]. The SEM 
can use magnifications of up to about 100,000 times to 
image the surface architecture of bulk objects in a variety 
of fields, such as biology, medicine, materials science, and 
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diverse array of scientific disciplines, encompassing both 
physical and biological sciences. Its applications extend to 
multidimensional areas [7].

Fig. 2: TEM pictures of organic-phase-synthesized 
nanoparticles. There are two distinct magnifications 
displayed: 105000x and 810000x

The dissimilarity observed for any display of sample 
generated via the tunneling microscopy diverges 
fundamentally from that of a light microscope. In 
crystalline materials, the primary interactivity along 
with those falling electrons occurs as they get diffracted 
than that getting absorbed in a sample. Nonetheless, the 
electron’s energy even after transmitting through the 
specimen is still influenced with its volume as well as 
density. As a result a very high resolution and magnified 
display can thus be achieved via selectively obstructing 
electrons that are thrown sidetrack to the microscope’s 
axis, using an aperture that permits only un-scattered 
electrons to pass through. This process induces variations 
in electron intensity that provides critical insights into the 
specimen’s crystalline structure, revealing intricate details 
of atomic arrangement.

Contrast of the nanotechnology techniques of SEM 
and TEM

(SEM) and (TEM) are both pivotal techniques in 
nanotechnology, yet they differ fundamentally in their 
operational principles and the type of information they 
provide. SEM primarily generates surface representations 
via the scan of the chosen illustrative using a pointed and 
concentrated shaft of electrons, offering superior depth 
of field and the ability to resolve topographical features 
at nanometer scales. It excels in imaging bulk surface 
morphology and compositional contrasts, but provides 
limited insight into internal structures. In contrast, TEM 
transmits electrons through an ultrathin specimen, allowing 
for the visualization of internal microstructural details at 
unprecedented resolution, owing to the shorter wavelength 

of electrons. TEM is particularly adept at revealing 
crystallographic information and atomic arrangements, 
offering both magnified imaging and diffraction patterns. 
While SEM is advantageous for surface analysis, TEM 
provides deeper, more intricate insights into the internal 
architecture of materials, making both indispensable for 
comprehensive nano-structural characterization.

Fig. 3: TEM (right) and SEM (left) pictures of bacteria. 
In contrast to SEM, which displays a large number of 
bacteria on a surface, TEM displays the internal structure 
of a single bacterium 

Fig. 4: Samples synthesised with varying quantities of 
rare earth elements but the same ratio of benzyl alcohol 
to 1-octylamine are displayed in SEM and TEM images 
(a, b)

RESULT & DISCUSSION
The comparison of (SEM) and (TEM) for the analysis 
of nanomaterials reveals distinct yet complementary 
advantages inherent to each technique. SEM provides 
high-resolution surface imaging, offering unparalleled 
depth of field and topographical details, making it ideal 
for examining the external morphology and compositional 
contrasts of nanomaterials. Its capacity for imaging bulk 
samples with minimal sample preparation is a notable 
strength, particularly for complex, irregular surfaces. 
Conversely, TEM offers superior resolution due to its 
transmission of electrons through ultrathin specimens, 
facilitating the visualization of internal structures at atomic 
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scales. This enables detailed analysis of crystallographic 
orientations, lattice defects, and nanoparticle distributions, 
providing a level of structural insight that SEM cannot 
achieve. While SEM excels in surface characterization 
and is more accessible for routine analyses, TEM is 
indispensable for probing the fine internal architecture and 
nanoscale crystallography of materials. Together, these 
techniques provide a comprehensive toolkit for the precise 
characterization of nanomaterials, with SEM being more 
suited for surface analysis and TEM for in-depth structural 
evaluation.
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ABSTRACT
Comic generation is an innovative approach to storytelling that leverages the power of machine learning and deep 
learning techniques to automate the creation of comic panels. This paper presents Comix-Gen, a comprehensive system 
designed to transform user-provided text descriptions into fully realized comic illustrations featuring characters, 
environments, and dialogues. The system employs advanced methodologies, including Natural Language Processing 
(NLP) for text classification, Generative Adversarial Networks (GANs) for image generation, and Convolutional Neural 
Networks (CNNs) for feature extraction and style consistency. By integrating these components, Comix-Gen addresses 
the challenges of visual coherence, character representation, and dialogue authenticity, paving the way for a seamless 
comic creation experience. Through extensive experimentation, the system demonstrates high accuracy in character 
and emotion detection, producing visually compelling and narratively coherent comic panels. This research not only 
contributes to the field of automated comic generation but also inspires new avenues for interactive storytelling in the 
digital age.

KEYWORDS : Comic generation, Machine learning, GANs, CNNs,NLP, Text classification, ML, DL.

INTRODUCTION

Comics are a unique storytelling medium that merges 
visual art with narrative depth, engaging audiences 

across  different demographics. Over the years, comics 
have evolved significantly, adapting to cultural and 
technological advancements. Today, they encompass a 
wide range of genres, including superhero sagas, satirical 
works, and dramatic storytelling, captivating readers 
worldwide.

With the rapid expansion of digital platforms, the demand 
for innovative tools to streamline comic creation has 
increased. Traditionally, developing a comic requires 
extensive effort, involving collaboration between writers, 
artists, and editors to bring a story to life. However, 
advances in machine learning (ML) and deep learning 
(DL) offer new possibilities for automating major aspects 
of this creative process. By leveraging these technologies, 
it becomes possible to generate high-quality comic 

content while maintaining narrative coherence and artistic 
integrity.

A key technology enabling this automation is Generative 
Adversarial Networks (GANs) [4], which have proven 
highly effective in image synthesis. GANs consist of two 
neural networks—the generator and the discriminator—
working together to produce realistic images by learning 
from existing datasets. While GANs have demonstrated 
remarkable success in generating lifelike photographs and 
digital art, applying them to comic generation presents 
distinct challenges. The unique visual language of 
comics—featuring bold outlines, exaggerated expressions, 
and stylized color schemes—requires specialized 
adaptations of GAN-based models. GANs have been 
successfully used for generating synthetic data in various 
fields, including tabular datasets [7][24], audio synthesis 
[6], and image creation [15].

Additionally, integrating Natural Language Processing 
(NLP) techniques is essential for converting text 
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generator networks that refine the image generation 
process at the word level. These models also integrate 
multiple discriminators to ensure that the generated visuals 
accurately depict both the overall text input and its specific 
components.

Feature extraction and encoding of the resulting images 
play a crucial role in improving generation quality. High-
level features, along with a final vector representation, 
enhance the attentiveness of image synthesis and help 
verify alignment between the visual output and its textual 
input. AttnGAN [12][21], for instance, incorporates an 
image encoder based on the Inception v3 CNN model 
[18], which was pre-trained on the ImageNet dataset [2]. 
However, for comic-specific applications, replacing this 
encoder with a CNN optimized for stylized art may yield 
better results.

Studies on manga object detection [22][11][13] highlight 
the effectiveness of CNN-based feature extraction for 
comic illustrations. While convolutional architectures 
like VGG and Inception v3 [17][18] excel in feature 
extraction and classification, they can present challenges 
in implementation due to their complexity.

Generating images from text using GANs is particularly 
challenging when applied to comics, as conventional 
models often struggle to capture the stylized nature of 
comic illustrations. Standard text-to-image solutions may 
not produce visually appealing comic panels without 
modifications. As a result, adapting both GAN and CNN 
architectures with specialized enhancements is necessary 
to achieve higher-quality comic generation.

PROPOSED WORK
Comic Illustration Synthesis

This section describes the methodologies used to extract 
and generate text descriptions corresponding to comics, 
adapt AttnGAN for comic-based text-to-image generation, 
and develop a CNN-based image encoder optimized 
for comic art. The following subsections detail the 
implementation of each aspect.

AttnGAN Architecture

AttnGAN [21] is a state-of-the-art GAN framework 
designed for image synthesis from textual descriptions. It 
is trained on datasets that pair images with multiple text 
captions, allowing it to learn the relationship between 
textual and visual elements. For this study, AttnGAN was 
replicated and assessed using original text-image datasets 

descriptions into visual content. NLP enables the system 
to analyze user input, identifying key components such 
as characters, settings, and dialogues—essential elements 
in crafting meaningful comic panels. This text-to-image 
generation process not only requires a strong linguistic 
understanding but also the ability to convey emotions, 
humor, and action effectively, all of which are central to 
comic storytelling.

In light of these advancements, this study introduces 
Comix-Gen, an AI-driven system designed to generate 
comic panels from textual descriptions. The main 
objectives of Comix-Gen include automating character 
design, creating relevant environments, and producing 
contextual dialogues that enhance storytelling. By tackling 
challenges related to visual coherence and contextual 
accuracy, Comix-Gen provides an intuitive platform that 
simplifies the comic creation process while preserving its 
artistic essence.

This research explores the potential of deep learning 
models in the field of comic generation, investigating 
methodologies that bridge the gap between textual 
input and visual representation. Through this study, we 
aim to demonstrate the feasibility of automated comic 
generation as a valuable tool for artists and storytellers in 
an increasingly digital world.

RELATED WORK
Artificial image synthesis focuses on generating images 
based on predefined constraints or inputs. This research 
area continues to evolve, with various approaches being 
explored. While some recurrent neural network (RNN)-
based methods [5] have demonstrated promising results, 
Generative Adversarial Networks (GANs) have emerged 
as the most effective and efficient machine learning 
framework for image generation [10][19]. This section 
reviews key studies, divided into two primary categories: 
Text-to-Image GANs and comic feature extraction using 
Convolutional Neural Networks (CNNs).

Numerous text-to-image GAN models [15] have been 
designed to generate detailed images from descriptive text. 
The foundational framework for this process consists of 
a basic architecture with a single generator-discriminator 
pair [14]. The text input undergoes encoding, and the 
generated image aligns with the semantic content of the 
description, with a discriminator evaluating the accuracy 
of this correspondence.

Subsequent advancements, such as MirrorGAN [12], 
AttnGAN [21], and StackGAN [23], introduced additional 
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[20], serving as a baseline for experiments in comic 
generation. Various modifications and optimizations were 
applied to enhance its performance in generating high-
quality comic-style illustrations.

AttnGAN’s framework consists of multiple generator-
discriminator pairs, each leveraging encoded text and 
image data. Initially, a Deep Attentional Multimodal 
Similarity Model (DAMSM) is trained, incorporating both 
a text encoder and an image encoder. The text encoder, 
built on a Recurrent Neural Network (RNN), converts 
input text into a feature vector representation, while 
the image encoder, which uses a Convolutional Neural 
Network (CNN), processes images into corresponding 
feature vectors. The DAMSM helps establish a strong 
correlation between the text input and the generated 
images, enabling the model to associate textual attributes 
(e.g., “red” in the description) with corresponding visual 
elements in the generated output.

Following the training of these encoders, the GAN model 
itself is developed. The initial generator produces a 
rough image based on the fully encoded text input, while 
subsequent generator layers refine details by integrating 
encoded representations of individual words from the 
text. Each stage outputs progressively higher-resolution 
images, evaluated by discriminators to ensure fidelity to 
the input description. The DAMSM further fine-tunes the 
model by comparing generated images with input text 
descriptions, minimizing error through backpropagation.

ComicGAN extends AttnGAN’s capabilities by 
incorporating a text-generation pipeline for labeled 
comic images. It improves the comic creation process 
by integrating a CNN-based image encoder explicitly 
designed for comic-style illustrations.

CNN-Based Comic Feature Extraction

To build a specialized feature extractor for comic images, 
a modified Inception v3 [18] CNN was trained on the 
ImageNet dataset [2] for multi-class classification. This 
model, with adjusted final dense layers, was integrated 
within AttnGAN as a dedicated feature extractor. A 
transfer learning approach was used, training a multi-label 
classifier on a comic-specific dataset to improve feature 
extraction accuracy and enhance the GAN’s ability to 
generate high-quality comic-style images.

The Comics Classifier was developed and tested using 
labeled attributes derived from comic illustrations, 
such as character colors and background details. Since 

training integrated image encoders within AttnGAN is 
computationally expensive and time-consuming, the 
effectiveness of feature extraction was evaluated through 
classifier accuracy. A higher classification accuracy 
indicated a more effective extraction of relevant visual 
features.

The image encoder used in AttnGAN is based on the 
Inception v3 architecture, designed to extract 17x17 
regional features that capture localized elements such 
as character outlines, object placements, and color 
distributions. To better suit comic-style illustrations, a 
CNN specifically optimized for comic feature extraction 
was developed and integrated into the model.

Fig. 1: Comics CNN Architecture

Input dimensions for each layer are displayed. Colored 
layers indicate types as per the legend on the left. The input 
undergoes convolution and max pooling, progressively 
extracting features, reducing spatial size, and increasing 
depth. Inception blocks enhance feature extraction by 
capturing multi-scale representations using varied stride 
lengths. The 17x17 mid-level features are flattened and 
passed into a fully connected layer for classification.
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Comics CNN Architecture

The Comics CNN follows a structured architecture 
designed for efficient feature extraction. The input image, 
set at 299x299 pixels with three color channels (red, 
green, blue), passes through two convolutional blocks, 
each comprising two 2D convolutional layers followed by 
a max pooling layer. This reduces the spatial dimensions 
from 299 to 35 while increasing feature depth to 128.

Each inception block consists of three convolutional 
branches derived from the input. These branches apply 
different kernel sizes to process varying scales of features. 
Some branches use convolutional layers with different 
stride lengths, while others employ average or max pooling 
before concatenation. This technique enables the model 
to efficiently extract hierarchical feature representations 
while maintaining computational efficiency [18].

Three stacked inception blocks deepen the network 
and reduce spatial dimensions to 17. These outputs, 
representing 17x17 feature regions, undergo further 
processing through two additional inception layers. The 
final layers consist of average pooling, dropout, and a 
flattening operation. A fully connected layer generates the 
final classification results.

Following a similar approach to Inception v3, the Comics 
CNN leverages extracted feature regions during training 
to refine model performance. The 17x17 features serve as 
intermediate representations to guide the training process. 
The model’s loss function is designed with binary cross-
entropy (BCE) loss between predicted and actual labels, 
combined with fractional feature loss to ensure the 
network effectively captures representative characteristics 
of comic-style images.

Fig. 2: Overview of COMIX-GEN Architecture

CHALLENGES IN COMIC GENERATION 
USING GAN TECHNOLOGY
Generating comics with GANs presents unique challenges 
despite their success in producing photo-realistic images. 
This section explores why conventional text-to-image 
GAN methods struggle with comic generation.

Text-Image Correlation in Comics

Using comic dialogue as input text for image generation 
initially seemed promising but revealed significant 
challenges. Text-to-image models typically require text 
that directly describes image elements, like objects or 
scenes, creating a clear semantic link. However, comic 
dialogue lacks such descriptive context, making text-
image alignment complex.

Additionally, automatic description generation tools 
trained on real-world images failed to produce meaningful 
comic descriptions. Custom models were needed due to 
the stylistic differences between comics and real-life 
photos. Manual dataset creation became necessary, raising 
questions about optimal annotation types, content, and 
composition to ensure model learning effectiveness.

Feature Extraction Challenges

Comics differ significantly from real-world images. Their 
features are more stylized: bold outlines, distinct character 
designs, and simplified backgrounds with solid colors. 
Computer vision models designed for photo-realistic 
images struggled when applied to comics, highlighting the 
need for custom feature extraction techniques tailored to 
the unique visual traits of comics.

Evaluation Complexity

Evaluating GAN-generated comics is inherently difficult 
due to the lack of objective loss functions. Standard metrics 
like Inception Score (IS), designed for photo- realistic 
images, are unsuitable for comic evaluation. Since comic 
synthesis from text is relatively unexplored, establishing 
meaningful baselines for comparison remains a challenge.

Dataset Limitations

The absence of comic datasets with detailed text 
descriptions posed a significant barrier. Manually labeling 
comic panels was time-consuming and only partially 
automated using character and color labels. Limited time 
allowed labeling of just 2,500 Dilbert comics, reduced to 
1,000 usable panels after filtering. Unlike standard image 
datasets, typical data augmentation methods like rotation 
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and cropping are unsuitable due to comics’ fixed design 
characteristics.

Future efforts should focus on expanding datasets 
with multiple comic sources and creating richer text 
descriptions. This would support more comprehensive 
evaluations and improve model performance, enabling 
better comic generation using GANs.

OVERVIEW OF PROPOSED 
EXPERIMENTS
The proposed experiments aim to evaluate the effectiveness 
of Comics CNN and ComicGAN in generating high-
quality comic panels based on text descriptions. The 
experiments will leverage datasets of comic panels and 
associated descriptions to explore the performance of 
different generative models.

Dataset Preparation

1) Image Dataset: 

The primary dataset will consist of cleaned comic panels, 
with text removed from the images to focus solely on the 
visual content. Non-recurring and infrequent characters 
will be filtered out to maintain consistency, which will 
also ensure that the model has enough training data for 
each character. For instance, side characters appearing 
infrequently in comics like “Garfield” were excluded due 
to insufficient data. Unlike standard image datasets, typical 
data augmentation methods like rotation and cropping are 
unsuitable due to comics’ fixed design characteristics.

2) Text Dataset: 

Several text datasets will be created to train the models, 
including:

I.	 Comic Dialogue: Automatically extracted from comic 
transcriptions.

II.	 Character Descriptions: Manually created to describe 
specific visual attributes of characters (e.g., “Man is 
wearing a white shirt and red tie”).

III.	 General Comic Descriptions: General descriptions 
of the scene, including background and character 
placements (e.g., “Bob and Alice standing with a 
green background”).

Evaluation Metrics

The following metrics will be used to evaluate 
theperformance of both Comics CNN and ComicGAN

I.	 Fréchet Inception Distance (FID): This metric 
measures the similarity between generated comic 
images and real comic images. Lower FID scores 
indicate that the generated images closely resemble 
real comic panels.

II.	 Inception Score (IS): Commonly used to evaluate 
photo-realistic images[16], IS may not be as effective 
for comics due to their stylized nature. Still, it may 
provide some insight into the diversity of generated 
images.

III.	 F1-Score and Accuracy: These metrics will be used to 
evaluate the multi-label classifiers in Comics CNN, 
assessing the accuracy in predicting character labels, 
background elements, and overall comic structure.

IV.	 Generator and Discriminator Losses: During 
training, these losses will be monitored to check 
for convergence and diagnose issues like vanishing 
gradients. They will also help evaluate the stability of 
the GAN models.

CONCLUSION & FUTURE WORK
The aim of this research is to design a text-to-image 
Generative Adversarial Network (GAN) for comic 
generation, capable of producing comic panels from 
textual descriptions. The envisioned pipeline aims to 
transform text inputs into comic illustrations by building 
upon existing methodologies and incorporating innovative 
enhancements tailored specifically for comic art. The 
proposed model, ComicGAN, integrates automatic text 
description generation and a custom Convolutional 
Neural Network (CNN) for feature extraction, specifically 
optimized for the stylized features found in comics.

Although the research is currently in the design and 
development stage, theoretical exploration suggests that 
this approach holds significant potential. The proposed 
pipeline leverages deep learning models like StabilityGAN 
and ComicGAN, which are expected to show notable 
improvements in image quality, as measured by Fréchet 
Inception Distance (FID) scores, compared to baseline 
models commonly used in image generation tasks. A core 
element of the approach involves generating detailed text 
annotations for comic panels, enabling the development of 
an effective training dataset for the text-to-image model.

Additionally, using a Comics CNN specialized in extracting 
visual features from comic art could provide a performance 
advantage over general-purpose models such as Inception 
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V3. This is due to the specialized model’s ability to 
better capture unique comic-style features, including 
bold outlines, exaggerated expressions, and limited color 
palettes. If a sufficiently large and diverse comic dataset 
is curated, this custom CNN could outperform traditional 
architectures in terms of accuracy and feature extraction 
efficiency.

Looking ahead, several potential avenues for improvement 
have been identified. One promising direction involves 
developing a Multi-Label Conditional GAN, where labeled 
image datasets could be used instead of relying solely on 
text descriptions. This approach would allow label vectors 
to be input alongside text prompts, simplifying the training 
process while improving the correspondence between 
the input and the generated comic panels. Such a model 
would enable more precise control over panel attributes 
like character appearance, setting, and emotion.

Another potential extension involves adapting StoryGAN 
to support the sequential creation of entire comic strips. 
This adaptation would enable the generation of multi-panel 
comics with a coherent storyline and consistent character 
appearances across panels, facilitating deeper narrative 
development. The sequential generation approach would 
help bridge the gap between isolated panel generation and 
full comic strip creation, providing a more comprehensive 
solution for storytelling through AI.

Moreover, exploring alternative GAN architectures such 
as StyleGAN or BigGAN could further enhance the image 
resolution and visual consistency of generated comic 
panels. Incorporating advanced techniques like attention 
mechanisms and multimodal transformers could also 
improve the model’s ability to align generated visuals with 
corresponding textual descriptions more effectively.

Overall, while the research remains in its conceptual 
and development stages, the proposed models and 
methodologies are theoretically sound and grounded in 
established deep learning principles. Future experimental 
validation, dataset preparation, and model fine-tuning are 
expected to provide deeper insights into the feasibility 
and scalability of this approach, ultimately contributing to 
advancements in AI-driven comic generation systems.

REFERENCES
1.	 A. Borji, “Pros and cons of GAN evaluation measures,” 

Computer Vision and Image Understanding, vol. 179, pp. 
41–65, 2019.

2.	 J. Deng, W. Dong, R. Socher, L.-J. Li, K. Li, and L. Fei-Fei, 
“ImageNet: A large-scale hierarchical image database,” in 
Proc. IEEE Conf. Comput. Vis. Pattern Recognit., 2009, 
pp. 248–255.

3.	 I. Developer Staff, “Image caption generator,” 2018.

4.	 I. J. Goodfellow et al., “Generative adversarial networks,” 
arXiv preprint arXiv:1406.2661, 2014.

5.	 K. Gregor et al., “DRAW: A recurrent neural network for 
image generation,” in Proc. Int. Conf. Mach. Learn., vol. 
37, 2015, pp. 1462–1471.

6.	 J. Kong, J. Kim, and J. Bae, “HiFi-GAN: Generative 
adversarial networks for efficient and high fidelity speech 
synthesis,” in Proc. Adv. Neural Inf. Process. Syst., vol. 
33, Dec. 2020.

7.	 A. Kunar et al., “DTGAN: Differential private training for 
tabular GANs,” arXiv preprint arXiv:2107.02521, 2021.

8.	 Y. Li et al., “StoryGAN: A sequential conditional GAN for 
story visualization,” in Proc. IEEE/CVF Conf. Comput. 
Vis. Pattern Recognit., 2019, pp. 6329–6338.

9.	 L. Mescheder, S. Nowozin, and A. Geiger, “Which training 
methods for GANs do actually converge?,” in Proc. Int. 
Conf. Mach. Learn., 2018.

10.	 S. Nasr Esfahani and S. Latifi, “Image generation with 
GANs-based techniques: A survey,” Int. J. Comput. Sci. 
Inf. Technol., vol. 11, pp. 33–50, 2019.

11.	 T. Ogawa et al., “Object detection for comics using 
Manga109 annotations,” arXiv preprint arXiv:1803.08670, 
2018.

12.	 T. Qiao et al., “MirrorGAN: Learning text-to-image 
generation by redescription,” in Proc. IEEE/CVF Conf. 
Comput. Vis. Pattern Recognit., 2019, pp. 1505–1514.

13	 X. Qin et al., “A faster R-CNN based method for comic 
characters face detection,” in Proc. 14th IAPR Int. Conf. 
Document Anal. Recognit., vol. 1, 2017, pp. 1074–1080.

14.	 A. Radford, L. Metz, and S. Chintala, “Unsupervised 
representation learning with deep convolutional generative 
adversarial networks,” arXiv preprint arXiv:1511.06434, 
2015.

15.	 S. Reed et al., “Generative adversarial text-to-image 
synthesis,” in Proc. Int. Conf. Mach. Learn., vol. 48, 2016, 
pp. 1060–1069.

16.	 T. Salimans et al., “Improved techniques for training 
GANs,” arXiv preprint arXiv:1606.03498, 2016.

17.	 K. Simonyan and A. Zisserman, “Very deep convolutional 
networks for large-scale image recognition,” arXiv 
preprint arXiv:1409.1556, 2015.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 103

Comix-Gen AI: Text to Comics Generation Singh, et al

18.	 C. Szegedy et al., “Rethinking the inception architecture 
for computer vision,” arXiv preprint arXiv:1512.00567, 
2015.

19.	 R. Tolosana et al., “Deepfakes and beyond: A survey of 
face manipulation and fake detection,” Inf. Fusion, vol. 
64, pp. 131–148, 2020.

20.	 P. Welinder et al., “Caltech-UCSD Birds 200,” Tech. Rep. 
CNS-TR-2010-001, California Institute of Technology, 
2010.

21.	 T. Xu et al., “AttnGAN: Fine-grained text-to-image 
generation with attentional generative adversarial 
networks,” in Proc. IEEE/CVF Conf. Comput. Vis. Pattern 
Recognit., 2018, pp. 1316–1324.

22.	 H. Yanagisawa, T. Yamashita, and H. Watanabe, “A study 
on object detection method from manga images using 
CNN,” in Proc. Int. Workshop Adv. Image Technol., 2018.

23.	 H. Zhang et al., “StackGAN: Text-to-photo realistic image 
synthesis with stacked generative adversarial networks,” 
in Proc. IEEE Int. Conf. Comput. Vis., 2017, pp. 5907–
5915.

24.	 Z. Zhao et al., “FedTGAN: Federated learning 
framework for synthesizing tabular data,” arXiv preprint 
arXiv:2108.07927, 2021.

25.	 Z. Zhao et al., “CTAB-GAN: Effective table data 
synthesizing,” arXiv preprint arXiv:2102.08369, 2021.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 104

Integrated Machine Learning for Cricket: Predicting Match Winners Ansari, et al

Integrated Machine Learning for Cricket: Predicting            
Match Winners 

Mohammad Ahmed M. Y. Ansari
Computer Science and Engineering  (Data Science)
VCET
Mumbai, Maharashtra
 ahmed.22396101@vcet.edu.in
Aditya Manoj Pal
Computer Science and Engineering  (Data Science)
VCET
Mumbai, Maharashtra
 aditya.224376101@vcet.edu.in

Chinmay Anant Patil
Computer Science and Engineering  (Data Science)

VCET
Mumbai, Maharashtra

 chinmay.224426105@vcet.edu.in
Prathamesh Liladhar Patil

Computer Science and Engineering  (Data Science)
VCET

Mumbai, Maharashtra
 prathamesh.224446105@vcet.edu.in 

ABSTRACT
Fantasy cricket has emerged as a popular pastime among cricket enthusiasts, offering an immersive experience that 
allows fans to engage with the sport on a deeper level. However, the process of selecting a winning fantasy cricket team 
presents significant challenges for users, including the need to analyze player statistics, match conditions, and navigate 
budget constraints and team requirements. To address these challenges the proposed system integrates optimization 
techniques to maximize team performance while satisfying the constraints imposed by fantasy cricket platforms. By 
striking a balance between performance optimization and constraint adherence, the system aims to provide users with 
optimal team compositions that increase their chances of success in fantasy cricket leagues. The effectiveness of the 
proposed system is evaluated through rigorous testing and validation procedures. Performance metrics are used to assess 
the predictive capabilities of the ML models and the overall performance of the system. By demonstrating the reliability 
and accuracy of the system, this research aims to instill confidence in users and encourage widespread adoption of the 
proposed approach. This research paper introduces a pioneering approach to revolutionize the fantasy cricket landscape 
through the integration of machine learning (ML) techniques for player selection.

KEYWORDS : Fantasy cricket, Machine learning (ML) Techniques, Player selection, Performance metrics, Reliability, 
Accuracy, Revolutionize.

INTRODUCTION

Cricket is a team sport involving eleven players on each 
side, with a mix of players [24]]. Batsmen aim to score 

the most runs, bowlers strive to take wickets and restrict 
runs, while all rounders contribute in both aspects [24]. 
Accurately predicting a player’s potential runs or wickets 
helps in selecting the best team for each match based on 
current form, past performance, and match conditions 
[24]. Cricket has become more popular, leading to new 
formats like T20 and T10 [11]. Dream11 is a popular app 
where you can create your dream team of 11 players [11]. 
It’s all about skills, ideas, and a bit of luck [11]. Cricket’s 
various formats have led to the rise of prediction tools 
[1]. It’s hard to predict the winner until the very end due 
to factors like individual and team performance, and 

environmental conditions [1]. Planning a game strategy 
requires considering all these factors [1]. Artificial 
Intelligence, machine learning, deep learning, and data 
science have revolutionized various aspects of life [2]. By 
ML and predicting outcomes before matches, players and 
coaches can analyze areas for improvement [3]. It makes 
life easier and enhances performance analysis [3].

Fantasy sports have become a global phenomenon, 
captivating the hearts of sports enthusiasts all around the 
world. It doesn’t matter if you’re a die-hard football fan, a 
basketball aficionado, or a cricket fanatic – fantasy sports 
offer an exciting way. As the season progresses, you earn 
points based on the performance of your chosen players 
in actual games. It’s a virtual battle of wits and strategy, 
where your managerial skills and knowledge of the game 
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advanced data analytics is tough. It’s hard to assess their 
history, recent form, and track records against opponents. 
Live scoring and player point tracking are vital for an 
engaging experience. Users need to monitor their teams 
and make real-time adjustments. Personalized team 
recommendations based on preferences, budget, and 
strategy are often missing. It’s harder to optimize team 
selection without them. Also, some platforms focus only 
on cricket, but expanding to other sports can attract a 
wider audience. Diversification makes it more inclusive 
and appealing.

Objectives

The findings from the implementation of the systems bear 
significant relevance to the research objectives and address 
the identified problems.

1.	 Advanced Data Analytics: Significance: Simplify 
the decision-making process for fantasy cricket leagues by 
providing advanced data analytics, real-time updates, and 
personalized recommendations.

2.	 Real-Time Updates: Significance: Keep users up-to-
date with the latest information on player information, 
match statuses, and other relevant news.

3.	 Personalized Recommendations: Significance: Enable 
users to make timely changes to their teams and adapt 
to match conditions for better chances of success.

4.	 Timely Changes: Significance: Utilize advanced data 
analytics techniques to analyze player performance 
trends, historical data, and match conditions.

5.	 Player Performance Analysis: Significance: Generate 
personalized team recommendations tailored to user 
preferences, budget, and league requirements.

6.	 User-Friendly Interface: Significance: Offer a user-
friendly interface and intuitive design for  easy 
navigation and browsing of player profiles, statistics, 
and team performance.

7.	 Addressing Challenges: Significance: Address the 
challenges users face in selecting appropriate players 
by providing timely updates, advanced data analytics, 
and personalized recommendations.

8.	 Diversification: Significance: Consider diversifying 
the platform to include other sports, attracting a wider 
audience and making it more inclusive.

are put to the test. One of the key elements of success in 
fantasy sports is team selection [3]. It’s crucial to carefully 
analyze the strengths and weaknesses of each player, taking 
into consideration factors such as their current form, past 
performances, and upcoming fixtures. Building a well-
rounded team that covers all positions and has depth on 
the bench is crucial to withstand injuries, suspensions, or 
unexpected dips in form [5] [8].

Player analysis is another vital aspect of fantasy sports. 
Keeping track of player statistics, injury updates, and team 
dynamics can give a competitive edge [5]. By studying 
player trends, one can identify rising stars or potential 
breakout performers who might be flying under the radar. 

Analyzing the strengths and weaknesses of your opponents, 
studying their team compositions, and predicting their 
moves can help you devise effective strategies to outsmart 
them. It’s not just about picking the most popular players; 
it’s about finding the right balance between consistent 
performers and those who have the potential to deliver 
match-winning performances [11]. In addition to the 
strategic aspect, fantasy sports also foster a sense of 
community and friendly competition. Joining leagues with 
friends, family, or even strangers who share your passion 
for the game adds an extra layer of excitement.

The proposed cutting-edge platform combines advanced 
data analytics, real-time updates, and personalized 
recommendations to simplify the decision-making process 
and empower you to dominate your leagues like never 
before [4] [6]. This means users can make timely changes 
to their team, adapt to match conditions, and maximize 
chances of success. System incorporates advanced data 
analytics techniques to analyze player performance trends, 
historical data, and match conditions. This allows them 
to generate personalized team recommendations tailored 
to user preferences, budget, and league requirements. 
Fantasy cricket is a social experience, so the system tends 
to integrate community features into our platform [11].

PROBLEM STATEMENT AND 
OBJECTIVES
Problem Statement

In our context, the problem at hand revolves around the 
challenges users face in selecting appropriate players to 
win. Delayed updates on injuries, match statuses, and 
news can be frustrating. It’s crucial to have timely info 
for fair gameplay. Analyzing player performance without 
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LITERATURE SURVEY
Literature Review

In cricket, prediction of player performance helps team 
management to decide final team selection [3]. Currently 
cricket has the highest viewership after soccer [3]. Winning 
is the ultimate aim of a Cricket game [3]. Batting and 
bowling are the crucial factors affecting a team [10]. To stay 
one step ahead of the competition and win over new fans 
or followers, cricket must innovate [12]. IPL is a famous 
cricket league in India. It’s loved by fans for live streaming 
and TV broadcasts [14]. Predicting IPL match outcomes is 
important for online traders and sponsors. Many factors 
influence the winner [19]. Batting and bowling are crucial 
factors for a team’s success in IPL matches. Other factors 
like fielding, captaincy skills, and home ground advantage 
also play a role [10] [12]. Evaluating players’ statistics 
helps determine their performance and suitability for the 
team [10] [12]. In predictive analysis, various methods 
have been used for making predictions. Machine learning 
algorithms have been employed for this task since early 
times [2]. Different authors have suggested different 
techniques, including the exploration of neural networks 
in this field [2]. In cricket, the team management and 
captain carefully choose eleven players for each match 
based on various attributes and players’ past performances 
[13]. Player selection is crucial as these eleven players 
remain fixed for the entire match, unless there is an injury 
[13]. By analyzing players’ past records, their performance 
can be predicted [13]. Machine learning is important for 
predicting players’ performance, which helps in building 
a strong team [3]. Researchers use machine learning to 
make these predictions [2]. In cricket, many factors impact 
player selection, such as overall stats, performances with 
different teams, and the last five performances [17]. These 
factors are considered when choosing the playing 11 from 
a squad of 16 [17]. Additionally, the relative strength of the 
competing teams is a key feature in predicting the winner 
[17]. In cricket, a team has 11 players including batsmen, 
bowlers, and all-rounders [18]. It’s crucial to have a well-
balanced and diverse team for better chances of winning 
[18]. Factors like pitch conditions, winning the toss, and 
the batting or bowling order can affect the outcome too 
[18]. The performance of batsmen, bowlers, and fielding 
plays a major role in determining the match result [18]. 
Researchers use statistical and probabilistic methods to 
study these factors in more detail [18].  Machine learning 
is a branch of AI that tackles real-world engineering 

problems [1]. This allows for control, recognition, and 
resilience [1]. Predicting e-sports match results is tough [7]. 
ML models analyze player variables to calculate scores. 
We created a heuristic approach to predict wins [7]. We’re 
in the data-driven era, where everything is connected and 
digitally recorded [9]. Machine learning (ML) is a popular 
technology that allows systems to learn and improve 
from experience without explicit programming [9]. ML 
offers various algorithms like classification, regression, 
clustering, feature engineering, association rule learning, 
and reinforcement learning [9]. Choosing the right 
algorithm for a specific application can be challenging, 
as their purposes and outcomes may vary based on the 
data characteristics [9]. Data Science and Analytics play a 
crucial role in gaining a deeper understanding of sports and 
aiding decision-making processes [16]. By adopting Data 
Science, we can utilize Sports Analytics to gain insights 
into the sports market, evaluate player performances, rank 
teams, predict player and team scores, make effective 
game day decisions, enhance team branding and income, 
and optimize budget and financial management [16]. It’s 
an exciting and powerful tool for the world of sports [16]. 

Table I: Author, Technique, Merits and Limitations of 
Research Papers

Author Technique Merits Limitation
Abraham 
Garcia- 

Aliaga et al 
[20]

Used 
dimensionality 
reduction and 
the RIPPER 
algorithm for 

prediction 
performance.

Players' 
positions are 

determined by 
their technical 

and tactical 
behavior. 

When 
evaluating 

players, their 
styles are not 
considered. 

Sait Can 
Yucebas [21]

The Rectifier 
Linear Unit 
(ReLU) is 
used for 

performance 
prediction.

The  function 
of Gedeon is 
used to rank 

players, which 
helps improve 

the overall 
accuracy of 
performance 
prediction.

The players' 
performance 
was assessed 

solely based on 
their position 
on the field, 

without taking 
other factors 
into account.

Luca 
Pappalardo et 

al [22]

PlayRank 
algorithm is 
employed to 

identify, assess, 
and arrange the 

players.

PlayRank 
algorithm 

works well 
with different 
datasets and 

helps analyze 
individual 

performance 
efficiently.

Implementation 
is difficult.
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Wei Gu et al 
[23]

Along with the 
nonparametric 
test, different 

ML algorithms 
were also used 
to analyze the 

dataset.

When 
compared 
to other 

algorithms, 
the Support 

Vector Machine 
(SVM) stands 

out with its 
accuracy rate of 

over 90%.

Model is more 
suitable for 

analyzing data 
from a single 
season rather 
than multiple 

seasons. 

Kalpdrum 
Passi et al 

[24]

The random 
forest, naïve 

bayes, 
multiclass 
SVM, and 

decision tree 
algorithms are 

compared.

Random forest  
stands out 

when it comes 
to accuracy 
among other 

ML algorithms.

Used on small 
datasets only.

Mat Herold et 
al. [25]

Machine 
learning 

algorithms 
used, 

considered 
time, data size, 

and location 
for accurate 
predictions.

Adaptability, 
possession, 
communi-
cation, and 
tempo are 

crucial for team 
evaluation.

Applicable to 
simple datasets 

only.

Limitations of Existing System

In the current approach, most of them have relied on 
basic machine learning algorithms such as Naïve Bayes 
and logistic regression [1]. They have considered factors 
like teams, toss winners, winners by runs, and winners 
by wickets [1]. Injuries can have a big impact on team 
performance and finances [5]. Some studies have used 
machine learning to predict football injuries, showing its 
potential [5]. Machine learning has been applied in various 
fields like healthcare and finance for tasks like cancer 
detection and stock market prediction [5]. However, its 
use in sports is still relatively new [5]. To prevent future 
injuries, it’s crucial to understand the factors that contribute 
to injury risk and how they interact [8]. The data used for 
the machine learning model should be of high quality 
and can include any information that is deemed useful 
for predicting injuries [8]. In fantasy cricket, contestants 
have a fixed budget to select their team [10]. They can’t 
choose all the top players, so they need to make smart 
picks based on players’ past and current performance [10]. 
AI and machine learning can be used to model this process 
[10]. However, achieving the best results every day is 
challenging due to the unpredictable nature of the game’s 
outcome [10]. ML models are now widely used in different 
sectors like healthcare, agriculture, weather forecasting, 

transportation, and sports [11]. Sports play a crucial role 
in people’s lives and involve significant investments 
[11]. Analyzing player performance is essential in the 
sports industry [11]. In the past, this analysis was done 
manually, which took a lot of time and sometimes led to 
illegal activities [11]. To address these issues, ML-based 
performance analysis is proposed [11]. ML algorithms are 
used to analyze players’ existing performance and create a 
ranking list [11]. 

There has been a growing focus on the complexity of 
tactical decisions in sports and the scrutiny coaches 
face [15]. However, scientific investigations into these 
decisions have been limited [15]. But now, there are studies 
using sentiment analysis on Twitter to identify important 
events during games and even predict game outcomes 
[15]. It’s an exciting development that sheds light on the 
impact of social media in sports [15]. Real-time insights 
are incredibly important in today’s fast-paced world [4] 
[6]. Traditional methods of processing data in batches 
and analyzing it retrospectively are no longer enough [4] 
[6]. With the massive amount of data being generated at 
unprecedented speeds, organizations need to be able to 
integrate and analyze data in real-time [4] [6]. This allows 
them to gain immediate insights into customer behavior, 
operational performance, market trends, and emerging 
opportunities [4] [6]. In today’s dynamic business 
landscape, real-time insights are crucial for staying ahead 
of the curve [4] [6]. 

Stakeholders find older machine learning techniques 
like Naïve Bayes and Logistic Regression outdated [1]. 
However, newer machine learning algorithms, thanks 
to parallel processing and increased computational 
capacities, tend to outperform the older ones [1]. Random 
forest classifiers and adaboost are preferred because they 
can handle a large number of input features, train decision 
trees and stumps, and provide highly accurate predictions 
[1]. Evaluating players’ performances is a complex task 
[3]. Existing studies often use limited datasets and focus 
on specific aspects of cricket, like batsmen’s performance 
or a short timeframe [3]. None of them have considered a 
holistic dataset that includes factors like weather, venue, 
wickets, and cricket-related statistics [3].

PROPOSED SYSTEM
Introduction

1.	 Generate personalized team recommendations to 
users’ preferences, budget constraints, and strategic 
objectives based on systems analysis..
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2.	 Through data analytics techniques, we meticulously 
examine players’ historical performances, recent 
form, and track records against specific opponents to 
identify top-performing candidates for team selection.

3.	 Predict the winning probability of a team.

4.	 Predict the runs scored by a particular team.

5.	 Generate personalized team recommendations to 
users’ preferences, budget constraints, and strategic 
objectives based on systems analysis.

6.	 Offer extensive customization options for users to 
fine-tune recommendations according to individual 
strategies and preferences.

7.	 Expand support to include other sports beyond 
cricket, catering to a broader audience of fantasy 
sports enthusiasts.

System Architecture

Fig.  1: Proposed System Architecture

The user starts by logging in. If they don’t have an account, 
they can create one by signing up and entering required 
details. Once the signup process is successful, the user is 
directed back to the login page. After logging in, the user 
enters the home page, where they have  options to choose 
from, such as selecting players, predicting scores, and 

checking probabilities. For example, if the user wants to 
predict the winning team probability, they would provide 
details like the batting team, bowling team, opposing team, 
and so on. Based on this information, a suitable response 
is generated from the database and presented to the user as 
output. The user can then proceed to the next option after 
completing one task. It’s a user-friendly and interactive 
system.

Implementation, Results and Validity

Implementation process: The data for the proposed system 
was collected from Kaggle, a platform that offers a wide 
range of datasets for various projects. We used a machine 
learning algorithm to implement the model for predicting 
project outcomes. We took two different approaches 
for our project. In the first approach, we combined four 
different algorithms: logistic regression, random forest, 
decision tree, and SVM. We then calculated the combined 
accuracy of all four models. In the second approach, we 
focused specifically on using the random forest classifier 
to predict the names of 11 players. 

Results: Implemented results are:

Fig. 2: Done pre-processing for handling missing values 
and checked using heatmap 

Fig. 3 Importing and training models 
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Fig. 4 Accuracy of Logistic regression

Fig. 5 Combined model accuracy 

Fig. 6  Showing Classification Report 

Fig. 7 Performance and confusion matrix 

Fig. 8 Predict using Random Forest Classifier 

Fig. 9 Names of 11 out of 604 players from the  given 
dataset using Random Forest Classifier

Evaluation metrics: As seen in Fig. 8 the model has 
Accuracy: 0.9917, indicating the model is highly 
accurate in making correct predictions. Precision: 0.9833, 
suggesting that model has a high precision rate, i.e. it 
correctly identifies positive cases among all cases it 
predicts as positive. Recall: 1.0000 signifies that model has 
perfect recall, i.e. it correctly identifies all actual positive 
cases. F1-score: 0.9916 is a combination of precision and 
recall, providing a balance between the two metrics. A 
high F1-score indicates good overall performance. Cross-
Validation Scores: The cross-validation scores ranging 
from 0.9167 to 1.0, with an average accuracy of 0.9753, 
indicate consistent and high performance across different 
subsets of the data during training and testing.
Discussion: In the first approach, we used a combination 
of four models, while in the second approach, we solely 
relied on the random forest model. Surprisingly, the 
random forest model demonstrated superior accuracy 
compared to the combined approach. This suggests 
that the random forest algorithm was more effective in 
capturing the underlying patterns and relationships within 
the dataset.
CONCLUSION AND FUTURE WORK
Conclusion
The. system provides a comprehensive platform that 
combines data analytics and makes informed decisions. 
By analyzing player performance, team compositions, and 
other factors, users can create winning fantasy teams. The 
integration of community features adds a social element to 
the experience. With its advanced features and capabilities, 
this fantasy cricket system empowers users to stay ahead 
of the game and make strategic decisions. 
Future Work
Looking ahead, it could offer more in-depth player 
statistics, like batting averages and bowling figures 
Additionally, incorporating social features, such as chat 
rooms or forums, would allow fans to connect and discuss 
strategies. Lastly, a live scoring feature would provide 
real-time updates during matches, adding an extra level 
of excitement.
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ABSTRACT
Demand for Electric Power has lofted owing to increasing consumers in the market. As there is growth of Intelligent 
Grids, customers can also actively participate in Energy Management Programs. These are special programs, which are 
also coined as Demand Response Programs that can curtail their electricity bills and can also give them dividends or 
perks. The prime orient of DRPs is to downsize the energy consumption during peak hours and amend the load factor. 
Additionally Non-Conventional Energy Sources do act as an aide source besides the grid. This further complexities 
the system. Specific challenges are there in pursuance of DRPs which make Demand Side Management still a fantasy. 
This work started with operation of optimization techniques like Whale Optimization Algorithm, Particle Swarm 
Optimization and Ant Colony Optimization on minor bus systems like IEEE 5 Bus System and IEEE 9 Bus System. 
Further correspondence of the three optimization techniques is done. Work with implementation of Gbest Artificial Bee 
Colony system on IEEE 57 bus was done previously. Now it’s for 118 buses.

KEYWORDS : GABC, DRP, Demand response program, Renewable energy systems.

INTRODUCTION

One of the key elements of a smart grid that gives 
customers control over their electricity usage patterns 

is demand side management, or DSM. It’s characterized 
as a change in consumption habits of users to make the 
necessary adjustments to the power systems’ load curves. 
In order to lower the peak demand without having to install 
more generating capacity or reinforce the transmission 
and distribution line, it focuses on using power-saving 
techniques, dynamic electric tariffs, and incentive-
based distributed generation programmes. DSM aims to 
minimize peak load, maximize economic gain, minimize 
electricity from the utility, and make use of RESs. Given 
the steady rise in power demand, it may eventually become 
necessary to install new generation units to meet demand. 
The DSM lowers peak load to address this problem. We 
can therefore postpone the new installations for a few 
years. But customers should behave sensibly by converting 
their on-peak to off-peak electricity usage in order to keep 
supply and demand in balance. Utility providers can lower 
peak loads and flatten consumer load profiles with the aid 
of the DSM. This reduces total operating expenses and 
increases the grid’s sustainability. When consumption is 

at its highest, there is an abrupt increase in demand. As 
an alternative to taxing new installations and generation 
capacities to meet the demand, it resolves this problem 
by lowering power usage during peak hours . To address 
issues with power consumption, DSM approaches are 
used. The reduction of peak demand and electricity costs 
is the main goals of these strategies.

ANT COLONY OPTIMIZATION (ACO)
Ant Colony Optimization (ACO) is a metaheuristic 
optimization algorithm inspired by the foraging behavior of 
ants. It was introduced by Marco Dorigo in the early 1990s. 
The algorithm is used to solve various optimization and 
search problems, especially in combinatorial optimization 
domains. ACO is based on the behavior of real ants, who 
use pheromone trails to communicate with each other and 
find the shortest path between their nest and food sources. 
The algorithm simulates this behavior by creating artificial 
ants that traverse a solution space and deposit pheromone 
on the paths they explore. Over time, the paths with higher 
pheromone levels become more attractive to other ants, 
leading to the emergence of better solutions.

Explanation of how the Ant Colony Optimization algorithm 
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fitness. 3. Onlooker Bees Phase: Bees which are onlooker 
nominate solutions based on the information shared by 
employed bees. The probability of selecting a solution 
is proportional to its fitness. The better solutions have a 
higher chance of being chosen.4. Scout Bees Phase: Scout 
bees are responsible for discovering new solutions. If an 
employed bee exhausts its search around a solution without 
finding a better one, it becomes a scout bee. The scout 
bee then explores a new solution randomly. 5. Update: 
The best solution found by the colony is updated, and 
the process iterates till a stopping criterion is met for ex.  
Maximum number of iterations or a satisfactory solution. 
The algorithm is particularly suitable for continuous 
optimization problems. It’s relatively simple, requires few 
parameters, and has shown effectiveness in finding near-
optimal solutions. Parameters in ABC optimization include 
the quantity of the various categories of the bees such as 
onlooker bees, employed bees and scout bees, as well as 
the limit on the number of trials for each employed bee. 
Adjusting these parameters can impact the interpretation 
of the algorithm on specific problems. There are variations 
and extensions of the ABC algorithm tailored for specific 
problem domains and researchers continue to explore its 
applications and improvements.

CO-RELATION BETWEEN ACO AND 
ACB
Artificial Bee Colony (ABC) optimization and Ant Colony 
Optimization (ACO) are both metaheuristic optimization 
algorithms that are nature-inspired and draw inspiration from 
the collective behavior of the social insects. Despite being 
developed independently, there are some commonalities 
between ABC and ACO: 1. Nature Inspired Met heuristics: 
Both ABC and ACO are inspired by the foraging behavior 
of social insects. ABC takes inspiration from foraging 
behavior of honeybees, while ACO’s inspiration is from 
foraging behavior of ants. In both cases, the algorithms 
mimic the way real insects communicate and cooperate 
to find optimal paths or solutions.2. Population-Based 
Approaches: Both algorithms operate with populations 
of solutions or paths. In ABC, the population consists of 
artificial bees representing potential solutions, while in 
ACO, it consists of artificial ants representing paths or 
solutions.3. Decentralized Communication: Both ABC 
and ACO involve decentralized communication among 
the agents (bees or ants). In ACO, ants communicate 
through pheromones to mark and follow paths, while in 
ABC, employed and onlooker bees share information 

works:1. Initialization: Initialize the pheromone levels on 
all possible paths and set up the problemparameters like 
the number of ants, iterations, etc.2. Ant Movement: For 
each ant, select a starting point and let it move through 
the solution space based on certain rules. The ant can 
choose the next step probabilistically,considering both 
the pheromone levels on the path and a heuristic value 
that represents the quality of the solution. 3. Solution 
Evaluation: Evaluate the solution constructed by each ant 
based on a predefined objective function. 4. Pheromone 
Update: Update the pheromone levels on the paths 
according to the quality of the solutions found by the ants. 
Paths that lead to better solutions get higher pheromone 
reinforcement. 5. Evaporation: Gradually decrease the 
pheromone levels on all paths to simulate the natural 
evaporation process. 6. Iteration: Repeat steps 2-5 for a 
certain number of iterations or until a stopping criterion 
are met. 7. Termination: Once the algorithm converges 
or reaches the stopping criterion, return the best solution 
found throughout the iterations. Ant Colony Optimization 
has been successfully applied to various optimization 
problems, including the Traveling Salesman Problem 
(TSP), Vehicle Routing Problem (VRP), Quadratic 
Assignment Problem (QAP), and more. It is particularly 
useful for solving problems where the search space is large 
and complex, and traditional optimization techniques 
might struggle. Keep in mind that ACO has various 
variants and parameter settings that can be adjusted based 
on the problem domain to achieve better performance. It’s 
also worth noting that while ACO is effective for certain 
types of problems, it might not always be the best choice 
for every optimization problem.

ARTIFICIAL BEE COLONY 
OPTIMIZATION OR ABC 
OPTIMIZATION
Artificial Bee Colony optimization is a bio-inspired 
optimization algorithm that is based on honeybees 
foraging tendencies. Introduced by Dervis Karaboga in 
2005,  this algorithm simulates the foraging behavior 
of colonial honeybees to find peerless solutions of 
optimization problems. Here’s a brief overview of how 
the ABC optimization algorithm works: 1. Initialization: 
The algorithm initializes a population of artificial bees, 
which represent implicit findings of optimization problem. 
2. Employed Bees Phase: In this phase, bees which are 
employed to investigate the search space by conditioning 
their places based on the quality of the solutions they find. 
Each employed bee has a specific solution and evaluates its 
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about promising solutions through a mechanism similar to 
the waggle dance observed in the lifestyle of honeybees. 
4. Exploration and Exploitation: Both algorithms balance 
exploration and exploitation. Both the techniques 
investigate search space for the discovery of new 
solutions and exploit promising regions by intensifying 
the search around them. This helps in searching of the 
optimal or at least optimal solutions to optimization 
problems. 5. Stigmergy: Stigmergy is a concept common 
to both ABC and ACO. It refers to indirect communication 
through modifications to the environment. In ACO, ants 
deposit pheromones on paths, while in ABC, employed 
and onlooker bees share information on solutions. The 
accumulated findings guide other individuals toward 
more promising regions in the search space. 6. Iterative 
Improvement: Both algorithms operate iteratively, with 
the solution quality improving over successive iterations. 
The search process continues till stopping criterion 
is achieved as for example the maximum number of 
iterations or a satisfactory solution. While there are these 
commonalities, it’s also vital to keep a track that ABC and 
ACO have their unique characteristics and mechanisms 
tailored to their specific inspirations (bees and ants) and 
problem domains. Each algorithm has its strengths and 
weaknesses and may be more suitable for certain types of 
optimization problems.

Table 1: Comparison of ACO and ABC

ACO ABC
Capable of synchronizing well with other optimization techniques
Both algorithms belong to the group of algorithms inspired by 
behavior of swarms of insects and they are applied for minimizing 
the proper function
Both ACO and ABC methods share the globally best solutions 
through the information exchange process between the ants and 
bees.
Provides a solution roughly 
43% faster with a limit on 
number of iterations

Provides roughly 30% quicker 
and 26% more consistent 
solution with a limit on 
maximum acceptable cost

Demerit-stagnation behavior of 
the ants

Demerit-time consuming global 
search for initial solutions by 
the employed bees

ACO algorithm has the 
disadvantage of slow 
convergence speed anda easy 
to fall into local optima, but it’s 
robustness is strong.

ABC algorithm has the 
advantage of fast convergence 
speed and not easy to be 
classified  into local optimal, 
however it has the disadvantages 
of early convergence and poor 
initial path planning effect.

The following are the main problems with the ACO 
algorithm:1. As the number of iterations increases, the 
algorithm’s convergence speed rapidly changes. 2. The 
range of values for the constants α and β makes up the 
majority of the method. The ideal value of α, which is 
often 1.5, must be taken into account for better outcomes. 
Therefore, regardless of the issue, α should be taken 
care of for better outcomes visualization. 3. When α 
is negative, such as -1.5, the solution readily enters a 
stagnation phase in which no additional changes may be 
made.Due to its probabilistic nature, ACO relies heavily 
on its two constants, α and β. Maintaining the standard 
settings of this parameter is highly desired for any user. 
The ACO algorithm’s stagnation phase places the solution 
in local optima from which it is impossible to recover 
without altering the values of α. Even if we maintain the 
conventional values of α and β, the convergence speed of 
the solution likewise changes quickly for the case with 
the same number of ants. Ignoring the ranges of these 
constants and other static parts of the method will not yield 
the optimal answer.

GABC (OR GBEST ABC)
In the context of Artificial Bee Colony (ABC) optimization, 
the term “G-best” usually refers to the best solution which 
is global found by the entire colony of artificial bees. This 
global best solution represents the most optimal solution 
found throughout the entire optimization process. In ABC 
optimization, the population of artificial bees explores the 
solution space, and each bee may find a candidate solution 
to the optimization problem. The quality of a solution is 
typically measured by its fitness, which is determined by 
the objective function of the optimization problem (i.e., 
the function that needs to be minimized or maximized).

The global best solution, often denoted as G-best, is the 
solution with the best fitness among all the solutions 
discovered by the entire colony of artificial bees. This 
solution is crucial because it represents the overall best 
solution found during the optimization process.

The G-best solution is updated dynamically as the 
artificial bees continue to explore the solution space. If a 
new solution is found by an artificial bee that has a better 
fitness than the current G-best, the G-best is updated with 
the new solution 

HOW G-BEST ABC IS BETTER AS 
COMPARED TO ABC
The search strategies between the GABC algorithm and 
the ABC/best algorithms are different. • The GABC 
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algorithm searches for the new candidate solution toward 
the global best solution, but the ABC algorithms search for 
the new candidate solution around the global best solution. 
• The original search equations of ABC algorithms always 
look for better results near the global best solution. • There 
is still an insufficiency in ABC algorithm regarding its 
solution search equation, which is good at exploration 
but poor at exploitation. • Inspired by PSO, we propose 
an improved ABC algorithm called gbest-guided ABC 
(GABC) algorithm by incorporating the information 
of global best (gbest) solution into the solution search 
equation to improve the exploitation.

RESULTS

CONCLUSION
OPF can be implemented for higher bus system and can 
be enhanced plus optimized further by Gbest Artificial Bee 
Colony (GABC) Algorithm to create a strong, robust and 
more effective algorithm . Further extension to the work 
can be done in following ways: Including the Demand 
Side Management strategies to optimal load flow and 
Analysis of Deregulation Market.
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ABSTRACT
In today’s dynamic business environment, efficient processing and handling of invoice data are crucial for optimizing 
operations. This paper proposes an automated approach for data capture and extraction from invoice images using 
Optical Character Recognition (OCR) and Natural Language Processing (NLP) techniques. OCR is employed to convert 
invoice images into Tab-Separated Values (TSV), which are then transformed into JSON objects for systematic analysis. 
Relevant data fields within the invoice are identified using anchor determination with regular expressions (Regex). 
To validate and enrich extracted data against predefined entities such as organizations, places, and individuals, the 
Compromise.js NLP library is used. The processed data is further filtered into an entity set and stored in CSV format for 
integration with databases. The methodology was tested on two invoice layouts, yielding high accuracy rates: 99% at 
the character level, 98.5% at the word level, and 97% at the line level. However, limitations arise from the specificity of 
Regex patterns, which restrict their application to particular formats. Future work could explore more adaptable Regex 
patterns combined with advanced machine learning and NLP techniques to handle varied invoice formats and layouts 
effectively.

KEYWORDS : Invoice processing, Optical character recognition (OCR), Natural language processing (NLP), Data 
extraction, Data transformation, Anchor-based data capture, Regex-based analysis.

INTRODUCTION

An invoice is a document issued by a seller to a buyer, 
detailing the goods or services provided along with 

a request for payment. Beyond its role as a payment 
request, an invoice also serves as an essential record-
keeping document, critical for business management, 
tax compliance, and accounting purposes. Invoices are 
indispensable for companies and organizations, as they 
serve as proof of purchase and provide key information 
required for financial operations. With the increasing 
volume of invoices generated daily in most organizations, 
efficiently managing them has become a significant 
challenge [3].  Manual processing of invoices is time-
consuming, error-prone, and inefficient, highlighting 
the need for an automated system to capture and extract 
data accurately. The digitization of documents has given 
rise to advanced technologies, such as Optical Character 
Recognition (OCR). OCR enables the transformation of 

digital documents into machine-readable formats. Modern 
OCR systems leverage deep learning techniques, including 
Convolutional Neural Networks (CNNs), Long Short-
Term Memory (LSTM) networks, and Recurrent Neural 
Networks (RNNs), for character recognition and sequence 
prediction in textual data [8][10]. Natural Language 
Processing (NLP) further complements OCR by enabling 
machines to analyze and process human language data. 
By integrating OCR and NLP technologies, this research 
aims to automate the data capture and extraction process 
for invoices. The approach utilizes anchor determination, 
where predefined keywords or terms help locate and 
extract relevant data fields within the document. Regular 
expressions (Regex), a powerful tool for pattern matching 
and string manipulation, are employed to enhance the 
accuracy of data extraction. The extracted data is stored 
in structured formats, such as Excel sheets or databases, 
making it suitable for future analysis and integration into 
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In [6], a web-based application was developed to assist 
retailers and wholesalers in managing business data. Pre-
processing was conducted using OpenCV techniques, text 
data was extracted through OCR, and post-processing 
was performed with Regex to improve accuracy. In [7], 
a Python-based web application for invoice detection 
was created. Canny edge detection and OpenCV’s 
findContours() function were employed, followed by a 
four-point perspective transformation. The processed 
images were then passed through OCR for data extraction. 
In [8], the use of Reinforcement Learning (RL) in 
combination with AI-OCR was proposed. The adaptability 
of RL to various invoice formats was emphasized, as 
strategies could be refined based on rewards or penalties. 
Scalability and efficiency for handling large datasets and 
diverse formats were highlighted. In [9], a system utilizing 
UiPath was implemented. Invoices were retrieved from 
emails and stored in a database after data scraping. 
A chatbot with speech recognition was integrated for 
enhanced user interaction. In [10], a dual approach for 
processing handwritten and printed receipts was proposed. 
Handwritten receipts were processed using template 
matching and CNNs, achieving an accuracy of 80.93%, 
while printed receipts were processed using YOLOv4-s, 
achieving an accuracy of 99.39%.

PROPOSED ALGORITHM
The proposed system has been designed to automate the 
process of capturing and extracting data from invoice 
images. The extracted information is stored in an Excel 
sheet to enable further integration with databases and 
business processes. The system utilizes Optical Character 
Recognition (OCR), Natural Language Processing 
(NLP), and anchor determination to achieve accurate 
data extraction. OCR is employed to convert printed 
or handwritten text into machine-readable data, while 
NLP is utilized for the classification and validation of 
extracted information. The system has been developed 
using JavaScript libraries with Node.js as the runtime 
environment. An Intel i3 processor (7th generation) with 
8 GB RAM has been used for testing the system.  The 
system framework, as illustrated in Fig. 1, comprises the 
following steps: a) Invoice image processing, b) OCRing, 
c) Data transformation, d) File cleaning, e) Identification of 
relevant data fields, f) Data validation, g) Saving extracted 
information, and h) Storage in an Excel sheet. The phases 
are detailed below:

a)	 Invoice Image (Input): The system takes an invoice 

business processes. This automation not only minimizes 
errors but also improves operational efficiency. This paper 
is organized as follows: The introduction provides an 
overview of the technologies and concepts used in this 
research. Section II reviews related studies and literature. 
Section III describes the proposed system and algorithm, 
followed by the implementation and results in Section 
IV. Finally, Section V presents the conclusions and future 
scope.

RELATED WORK
Several studies have been conducted to address the 
challenges associated with automating invoice data 
extraction, each proposing different methodologies and 
tools. In [1], a system was presented to automate the 
extraction of data from invoices with varying layouts across 
multiple domains. The system employed OCR tools for 
digitizing documents and FRESCO, a language designed 
for modeling and extracting content using domain-specific 
rules. Automation exceeding 50% with an error rate of 
less than 1% was achieved for health insurance invoices, 
demonstrating high efficiency and adaptability. In [2], 
handwritten text recognition was addressed using deep 
learning techniques. Word classification was performed 
using Convolutional Neural Networks (CNNs), and 
character segmentation was handled with Long Short-
Term Memory (LSTM) networks. High accuracy was 
achieved with the EMNIST dataset, indicating potential 
applications in historical document preservation and mass 
digitization.

In [3], invoices were scanned in batches to improve 
image clarity. A location information template matching 
algorithm was applied for data localization, while character 
recognition was conducted using CNNs. An accuracy of 
99.8% was reported, and a manual correction mechanism 
was added to ensure accuracy in VAT invoices.

In [4], the Tesseract OCR engine was utilized for Gujarati 
character recognition. Observations were made across 
different font styles and sizes. While good performance 
was noted in general cases, challenges were identified in 
handling complex and ambiguous characters.

In [5], a system combining CNNs for feature extraction 
and RNNs for sequence-to-sequence tasks was developed. 
A dataset consisting of real-world invoices was used, and 
an accuracy of 95% was achieved in extracting relevant 
information. However, a decline in performance was 
observed for unconventional layouts and poor-quality 
images.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 118

Automated Invoice Data Extraction Using OCR, NLP, and........... Jagtap and Shinde

image as input, which contains details like goods/
services, quantities, prices, taxes, and the total amount 
due. The image is processed to extract the relevant 
data fields.

b)	 OCRing (runOcr()) : The Tesseract.js package has 
been used for OCR. The function runOcr() processes 
the invoice image and generates a TSV (Tab-Separated 
Values) file. This step includes noise reduction, 
binarization, deskewing, and segmentation of words 
and characters. The TSV file provides a structured 
representation of the text in tabular form.

c)	 Data Transformation (tsvtotext(), fs Module): The 
tsvtotext() function is responsible for handling the 
TSV file and converting the extracted tabular data 
into a readable text file. The transformation process 
ensures that the text retains its original structure 
while remaining accessible. The Node.js fs module is 
utilized for this conversion.

d)	 Data Transformation (tsvtojsonobject(), fs Module): 
The TSV file is further converted into JSON (JavaScript 
Object Notation) format using the tsvtojsonobject() 
function. During this process, essential details such 
as Invoice Number, Purchase Order Number, Billing 
Address, Shipping Address, and Total Amount are 
extracted. JSON provides a structured and machine-
readable format for the extracted data.

e)	 Identifying Relevant Data Fields (Anchor 
Determination): Relevant data fields are identified 
using anchor determination, which involves string 
matching. Regular Expressions (Regex) are employed 
as a powerful tool for locating and matching specific 
patterns within the extracted text. This process ensures 
the precise extraction of key data points.

f)	 File Cleaning (Regex): The extracted text undergoes 
cleaning to remove unnecessary characters, 
standardize formats, and ensure data integrity. Regex 
is used to eliminate non-alphanumeric symbols, 
extra spaces, and other redundant elements. This 
step reduces errors and enhances the quality of the 
extracted data for further analysis.

g)	 Data Validation (NLP Processes): Once the data has 
been cleaned, it is validated using NLP techniques. 
The compromise.js NLP library is employed to verify 
specific categories such as individuals, locations, and 
organizations. Validation ensures that the extracted 
data is accurate and matches predefined standards. 

The validated data is consolidated into a single entity 
set.

Fig.  1.  Proposed System Methodology

h)	 Saving Extracted Information (Insertion in CSV 
File): The processed and validated data is saved in a 
CSV (Comma-Separated Values) file. This structured 
format ensures that the data remains easily accessible 
for analysis, storage, and integration with other 
systems.

i)	 Output (Save to an Excel Sheet): The validated and 
structured data is stored in an Excel sheet, facilitating 
integration with business operations. It serves as 
a repository for analysis, financial reporting, and 
auditing, ensuring accessibility for operational and 
compliance purposes.

Table.  1 Algorithm of proposed system

Input : An invoice image
Output : Store the invoice data in an Excel sheet
Step 1 : Convert the image into a TSV file
Step 2 : Convert the TSV file format into text file format 
Step 3 : Convert the text file obtained in previous step to a 

JSON object.
Step 4 : Identify relevant data fields using Anchor  

determination.
Step 5 : Perform data cleaning using Regex.
Step 6 : Perform data validation using NLP process.
Step 7 : Enter this entity set data into a CSV file.
Step 8      : Store this data into an Excel sheet for further usage.

IMPLEMENTATION AND RESULTS
In the proposed system, invoice data is extracted and 
stored in an Excel sheet for further processing (Fig. 5). 
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The invoice image (Fig. 2) is first converted into a TSV 
(Tab-separated values) file using OCR, facilitated by the 
tesseract.js package. 

Fig. 2 Invoice image(Input)

The runOcr() method processes the image, generating 
a TSV file (Fig. 3) that contains text positioning and 
hierarchical layout information. A confidence score, 
ranging from 0 to 100, is calculated to reflect the accuracy 
of the recognized text, such as a 97% confidence in “East 
Repair Inc.” Preprocessing steps, including noise reduction, 
binarization, and deskewing, help ensure accurate text 
recognition. The TSV file is then transformed into a more 
readable text file using the tsvtotext() function. This step 
is handled by the fs library. Next, the tsvtojsonobject() 
function extracts essential data fields, such as Invoice No, 
PO No, BillTo and ShipTo addresses, and total amount, 
using anchor-based determination through Regex pattern 
matching (fig.4). Positional logic identifies additional data 
fields, while Regex cleaning removes unwanted characters 
and standardizes formats.

Data validation is performed using the NLP library 
compromise.js to ensure the accuracy of extracted entities 
like individuals, locations, and organizations. The cleaned 
data is consolidated into a set and stored in CSV format 
using the csv-writer library for structured storage and 
integration with other systems. The Regex pattern was 

tested on two invoice layouts, achieving the following 
accuracy: a)  Character-level accuracy: 99%, b) Word-
level accuracy: 98.5%, c) Line-level accuracy: 97%. These 
accuracy rates may vary with a larger dataset, as the Regex 
pattern is tailored to specific layouts. Variations in invoice 
structures and formats require distinct Regex patterns for 
different layouts.

Fig. 3 TSV (Tab-seperated values) file generated

Fig.  4 text file generated 

Fig.  5  Output :Invoice data is stored in Excel sheet
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CONCLUSION AND FUTURE SCOPE
The proposed system captures and extracts invoice data 
using OCR, NLP, and anchor determination techniques. 
The extracted data is stored in an Excel sheet for analysis 
and record-keeping purposes. The need for manual data 
entry of invoice information, which would otherwise be a 
time-consuming process, is eliminated. Optical Character 
Recognition, Natural Language Processing, and Anchor 
Determination are identified as optimal approaches for 
overall invoice processing. The string matcher was applied 
to two invoice layouts, achieving the following accuracy 
on various metrics: a) Character-level accuracy: 99%, b) 
Word-level accuracy: 98.5%, c) Line-level accuracy: 97%. 
In the future, the proposed system could be improved by 
implementing additional regex patterns, which would 
enhance its flexibility to work with a wider range of 
invoice layouts. Furthermore, more advanced machine 
learning algorithms and natural language processing 
techniques could be applied to further optimize the 
system’s performance.
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ABSTRACT
A large number of organizations still use paper- based documentation. It becomes difficult and time-consuming to extract 
the necessary data from them. In addition to negatively affecting cost and time efficiency, this excessive paper consumption 
also hurts the environment due to the deforestation required to create these papers. To cut down on paper use, Usually, 
these paper-based documents are scanned and saved as images during their transition. This creates a requirement for 
technology that can identify and retrieve data from scanned images of paper documents. OCR is the process of turning 
handwritten or picture text into a format that computers can read. The process of electronically translating handwritten, 
typewritten, or printed text into automatically translated images is known as optical character recognition, or OCR. It 
is frequently used as a kind of data entry from original paper sources, such as bank or consultation documents, passport 
documents, bills, statements, receipts, cards, correspondence, or any other written records. Computer vision, artificial 
intelligence, and pattern recognition are all combined in the research of OCR. OCR is also dependent on the quality of 
the image. The accuracy of text recognition might be impacted by low-quality scans or photos. Handwriting, illegible 
or unclear letters, and various fonts all reduce OCR accuracy; also, each language has its own peculiarities and fonts, 
making it challenging to identify text written in multiple languages. This paper focuses on the study of various OCR 
tools and extraction of information from unstructured data.

KEYWORDS : OCR, Image extraction, Natural language Processing, Text recognition, Information retrieval.

INTRODUCTION

Optical character recognition is a technique that locates 
and recognizes text in scanned documents, pictures, 

or photos such as .jpg, .jpeg, .png etc. [2]. OCR software 
employs a technique which extracts data from PDFs, 
scanned documents, and other non editable forms by 
converting the data into machine-readable text data that 
may be changed and saved more effectively for further 
processing. In [1], the primary functions of an OCR 
system are feature extraction and feature discrimination/
classification (based on patterns). As a branch of OCR, 
handwritten OCR is gaining popularity. Based on the input 
data, handwritten text is further divided into offline system 

[4] and online system. In [1], feature extraction andIdentify 
applicable funding agency here. If none, delete this. 

feature discrimination/classification (based on patterns) 
are the main functions of an OCR system. Handwritten 
OCR is becoming more and more popular as a subfield 
of OCR. Handwritten text is further divided into offline 
system [4] and online system based on the input data. 
While the online system employs a more dynamic 
technique that relies on the movement of a pen tip with 
a specific velocity, projection angle, position, and locus 
point, the offline system in [1] uses scanned photographs 
as its static input. Because it eliminates the offline system’s 
input data overlapping issue, an online system is therefore 
seen as more sophisticated and advanced. The objective 
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application splits an image into pixels and deter-
mines the gradient’s magnitude and orientation, 
which are then utilized by classification models.

	 2)	 Local Binary Pattern: In this case, a binary pat-
tern that is subsequently utilized for character 
recognition is created by comparing each pixel 
with its neighbor.

	 3)	 The Gabor Filter is a bypass filter that can iden-
tify texture and edges in an input image.

Fig. 1. OCR Lifecycle

3)	 Classification: The above-discussed machine learning 
techniques in previous steps are employed to determine 
the new data class based on historical datasets[4]. 

is to study various OCR tools, extract text from images, 
and study their advantages and limitations. We need to 
examine and compare the performance of various OCR 
tools on the single page input text image and develop an 
end-to-end OCR model to retrieve the appropriate value 
using pytesseract and executable application setup using 
a self- assembled handwritten text image.To promote 
reproducibility, the implementation used in this study are 
publicly available at https://github.com/swetalj/Folder. 
The basic goal is to have a comprehensive evaluation of 
various OCR models on a single input handwritten text 
image dataset (a custom model is created).

This study evaluates the performance of various OCR 
tools, demonstrating their application on custom datasets 
and com- paring them based on predefined metrics. Key 
contributions include the creation of a custom dataset 
and the implementa- tion of a reproducible PyTesseract-
based OCR model, with the code accessible in a linked 
repository. The paper is explored as follows, the survey 
of OCR tools is described in Section 2 with its sample of 
demonstrations, its origin, advantages, limitations, and 
applications. Section 3 elaborates on the comparative 
analysis of many OCR tools. Section 4 concludes with a 
study of various OCR tools.

OCR PROCESS WORKFLOW
The generalized workflow of OCR is depicted in Figure 1. 
It consists of the following phases:

1)	 Preprocessing: In [3],the foundational stage of charac- 
ter recognition, pre-processing plays a crucial role in 
achieving a high recognition rate. The main goals of 
pre-processing are to standardize strokes and eliminate 
irregularities that could hinder accurate recognition 
and reduce the recognition rate. These irregularities 
may include uneven text dimensions, missing points 
from pen movements, jitter, bends in handwriting, 
and inconsistent spacing between points. Common 
pre-processing tech- niques include interpolating 
missing points, smoothing, slant correction, size 
normalization, centering, and point resampling.

2)	 Feature Extraction: It is a crucial phase that entails 
extracting data in some way from the image to solve 
character recognition or other image recognition 
issues. The following are some popular feature 
extraction techniques [4]Use of methods like HOG, 
LBP and GF which are described below respectively:

	 1)	 Histogram of Oriented Gradients (HOG): This 
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OCR processes use a variety of classification models; 
some straightforward models include: Employing 
machine learning models such as k-NN, SVM, or 
CNN which are described below respectively: 

	 The k-Nearest Neighbors (k-NN) algorithm predicts 
the class of new data by comparing it to previously 
collected data. Out of the top k linked classes, the 
most prevalent one is selected as the new data class. 
Distance, typically Euclidean distance, serves as the 
basis for the correlation.

	 A hyperplane based on kernel function divides the 
classes in Support Vector Machines (SVM). When 
two classes are separated by a line, the subsequent 
income dataset class is indicated.

	 Convolutional neural networks (CNNs) are deep 
learning algorithms that use numerous layers of 
convolution filters to directly learn high-level features 
from input images.

4)	 Post-processing: Post-processing is the process of 
using linguistic expertise to correct results that were 
incorrectly classified [3]. The processing of the shape 
recognition result is called post-processing. Pure 
shape recognition accuracy can be improved by using 
language information.

SURVEY OF OCR TOOLS
This section provides a detailed analysis of various OCR 
tools.

Nanonet

Nanonets is an AI-based OCR application that serves as a 
cognitive capture automation tool for intelligent document 
processing. It is typically used for processing ID cards, 
receipts, invoices, and other documentation, extracting 
pertinent information from unstructured data through 
cutting- edge OCR, machine learning, and deep learning 
algorithms [8]. The platform utilizes advanced machine 
learning, image processing, and deep learning techniques 
to extract relevant facts from unstructured data. It provides 
several Zapier integrations, is quick, precise, and easy to 
use, and allows users to create bespoke OCR models from 
scratch. Despite its strong engine and ease of use, Nanonets 
requires users to create a processing model [14]. If a new 
or different invoice type is introduced, the current model 
may not work, making it less reliable and introducing 
longer workflows, which could be a challenge for service 
providers across multiple industries. Nanonets automates 

data collection for intelligent document processing, 
including ID cards, invoices, and receipts, using its AI-
based OCR program. It offers several advantages, such as 
a modern user interface, the ability to handle large volumes 
of documents, affordability, ease of use, and cognitive data 
capture that minimizes the need for human intervention. 
It is particularly effective for automating document data 
extraction workflows using OCR and machine learning. 
Despite these strengths, one of the limitations of Nanonets 
is its table capture user interface, which is not user-friendly. 
The capabilities of Nanonets in recognizing words and 
sentences are illustrated in Figure 2, which displays text 
within square boxes, demonstrating its ability to process 
and extract data.

Nanonets is an AI-based OCR application that serves 
as a cognitive capture automation tool for intelligent 
document processing. It is typically used for processing 
ID cards, receipts, invoices, and other documentation, 
extracting pertinent information from unstructured data 
through cutting- edge OCR, machine learning, and deep 
learning algorithms [8]. The platform utilizes advanced 
machine learning, image processing, and deep learning 
techniques to extract relevant facts from unstructured 
data. It supports text extraction in over 100+ languages. 
It provides several Zapier integrations, is quick, precise, 
and easy to use, and allows users to create bespoke OCR 
models from scratch. Despite its strong engine and ease of 
use, Nanonets requires users to create a processing model 
[14]. If a new or different invoice type is introduced, 
the current model may not work, making it less reliable 
and introducing longer workflows, which could be a 
challenge for service providers across multiple industries.
[16] Nanonets automates data collection for intelligent 
document processing, including ID cards, invoices, and 
receipts, using its AI-based OCR program. It offers several 
advantages, such as a modern user interface, the ability to 
handle large volumes of documents, affordability, ease of 
use, and cognitive data capture that minimizes the need 
for human intervention. It is particularly effective for 
automating document data extraction workflows using 
OCR and machine learning. Despite these strengths, one 
of the limitations of Nanonets is its table capture user 
interface, which is not user-friendly.

LightPDF

LightPDF offers free cloud-based services powered by AI, 
providing a simple and efficient way to read, edit, convert, 
sign, annotate, merge, manage, and distribute PDF files. 
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This private and secure PDF editor allows users to edit PDF 
documents just like Word files, making digital work easier 
to manage and more productive. LightPDF’s applications 
include cloud-based PDF storage, ID photo creation, a PDF 
editor and reader, as well as a mobile scanner for on-the-
go use. The platform is particularly useful for converting 
scanned images into editable documents, offering a free 
solution for converting images to PDF, Excel, or Word 
files. LightPDF’s advantages include being a solid OCR 
program, with its basic version meeting the needs of most 
users, and being best for converting images into editable 
formats at no cost. However, one limitation of the tool 
is that its editor and tools can be slow and not always 
accurate.

Fig. 2. Sample output generated using Nanonet

The platform’s AI-powered capabilities are demonstrated 
in Figure 3, which highlights the words and sentences that 
LightPDF can recognize in grey square boxes.

LightPDF offers free cloud-based services powered by AI, 
providing a simple and efficient way to read, edit, convert, 
sign, annotate, merge, manage, and distribute PDF files. 
This private and secure PDF editor allows users to edit 
PDF documents just like Word files, making digital work 
easier to manage and more productive. Even if the text 
is blurred or slanted, LightPDF can help you convert it 
into an editable format. LightPDF’s applications include 
cloud-based PDF storage, ID photo creation, a PDF editor 
and reader, as well as a mobile scanner for on-the-go 
use. The platform is particularly useful for converting 
scanned images into editable documents, offering a free 
solution for converting images to PDF, Excel, or Word 
files. LightPDF’s advantages include being a solid OCR 
program, with its basic version meeting the needs of most 
users, and being best for converting images into editable 
formats at no cost. However, one limitation of the tool 
is that its editor and tools can be slow and not always 
accurate.

Fig. 3. Document processed using LightPDF OCR, 
showing extracted text

OCRSpace

OCRSpace is an web-based OCR service that converts 
scanned photos of text documents into editable files. This 
tool has a limitation in that the size of the PDF or image 
cannot exceed 5MB. The platform recognizes text and 
presents it in an editable format, with Figure 4 illustrating 
the words and sentences that OCRSpace can identify in its 
different output editors. OCRSpace can be accessed from 
any compatible browser on both PC and mobile devices, 
making it versatile and easy to use. It is best suited for the 
free online conversion of scanned photos or PDF files into 
editable Word documents. However, the tool has some 
limitations, thatis, being a bit slower and it is not suitable 
for processing larger images due to its file size constraint.

SimpleOCR

Simple OCR is a basic optical character recognition 
applica- tion that allows users to process all files in a given 
folder or se- lect individual images to extract text from 
them. Additionally, developers can utilize Simple OCR as 
a royalty-free OCR SDK in their own applications. Simple 
OCR is available for free to all users, including corporate 
users, educational institutions, and home users [6]. This 
tool enables fast and cost-effective scanning of documents 
with a scanner, eliminating the need for manual retyping. 
Simple OCR is an excellent solution for quickly converting 
paper documents into editable text. Figure 5 illustrates the 
words and sentences that Simple OCR can recognize in 
its output editor, along with suggestions for unpredictable 
words. The application provides several useful features, 
such as a despeckle option that improves accuracy for 
unclear documents, such as faxes or copies of copies. 
It also retains specific formatting elements such as font 
sizes, bold, italic, and underlining, preserving up to 99% 
of the original document format in some cases. Simple 
OCR is particularly effective at capturing and preserving 
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images in addition to text, reducing the need for alternative 
methods to import photos from documents. The software 
can also extract plain text, which can be formatted later in 
word processors or HTML/web editors.The advantages of 
Simple OCR is that,it boasts high accuracy in converting 
scanned images to editable documents and can reduce 
speckles or dots in scanned images. It supports documents 
with non-standard fonts, multi-column layouts, and tables, 
making it ideal for batch OCR conversion of scanned 
images on Windows. However, the input and output 
formats supported by the application are limited, which 
may not meet the needs of all users.

Fig. 4. Sample of text extracted using OCRSpace

Fig. 5. Sample output generated from SimpleOCR 

Fig. 6. Extracted text using NewOCR

NewOCR

NewOCR.com offers a free online optical character 
recognition (OCR) tool capable of analyzing text in 
uploaded image files and converting it into editable text on 
a computer. Supported input formats include JPG, TIFF, 
PDF, ZIP, JFIF, PNG, GIF, BMP, PBM, PGM, PPM, and 
PCX, as well as

compressed files like gzip, bzip2, bzip, and UNIX compress. 
The tool can process documents with poor scan quality, low 
resolution, and text in any orientation, as well as recognize 
mathematical formulas. It also supports documents with 
numerous pages, such as TIFF, PDF, DOCX, ODT files 
with images, and ZIP archives containing multiple images. 
Output formats include Microsoft Word (DOC), Adobe 
Acrobat (PDF), and plain text (TXT), with support for 
75 to 106 languages depending on file types. The OCR 
service is highly effective for extracting text from PDFs, 
images, and other document types, making it particularly 
useful for processing newspaper and magazine articles 
with its integrated multi- column support. This service 
simplifies document conversion without the need to install 
software or create an account and imposes no restrictions 
on the number of uploads, enabling users to quickly and 
easily convert scanned documents and photos into editable 
text. However, limitations include the automatic deletion 
of files from the server after use and occasional reliance 
on APIs, which may become unavailable during server 
outages. Figure 6 highlights the tool’s ability to recognize 
words and sentences in its output editors [7][10].

OnlineOCR

OnlineOCR.net is a free web-based optical character 
recognition (OCR) tool that enables users to convert 
scanned documents, PDF files (including multipage files), 
faxes, photos, and digital camera images into editable and 
searchable electronic documents without any file upload 
restrictions. The tool supports various input formats, such 
as JPEG/JPG, BMP, PCX, PNG, GIF, and ZIP, and can 
convert text images into output formats like RTF, Microsoft 
Word, Plain Text, Microsoft Excel, and Adobe PDF. It 
accommodates files up to 100 MB in size and supports 
46 different languages. Users can effortlessly transform 
scanned documents and photos into editable text without 
prior registration, with the added option of registering for 
free to unlock advanced features, such as multi-page PDF 
conversion on any device. Figure 7 illustrates the words 
and sentences that OnlineOCR can recognize in different 
output editors, and it also provides downloadable output 
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files. This tool is particularly suited for converting scanned 
images and PDF files online for free, making it a valuable 
resource for handling document conversions. Advantages 
include the ability to convert up to 15 pages per hour using 
the free version and the availability of advanced features 
upon registration. However, limitations exist, as the tool 
may struggle to recognize complex handwriting and non-
standard fonts [9][7].

Fig. 7. Text extracted from a scanned image using 
OnlineOCR

IMPLEMENTATION OF A CUSTOM OCR 
MODEL
The Tesseract OCR engine, through its Python wrapper 
Pytesseract, is widely used in Python-based OCR 
applications, particularly for recognizing and reading 
text in images [5]. Pytesseract, also known as Python-
tesseract, supports vari- ous image formats such as jpeg, 
png, gif, bmp, and tiff, thanks to compatibility with Pillow 
and Leptonica image libraries. As a standalone script for 
Tesseract, Pytesseract is particularly useful in applications 
requiring text extraction from images. Preprocessing steps 
like morphological thinning, detailing, normalization, 
denoising, binarization, and scaling are critical for 
ensuring the accuracy of Tesseract results [5, 15]. Images 
are preprocessed before being fed into the Pytesseract 
engine, which extracts unstructured text that can then 
be further processed into the desired format. This makes 
it highly effective in OCR use cases where images need 
to be converted into text, as illustrated in Figure 2, 
which demonstrates OCR implementation via API with 
Pytesseract. The tool is advantageous due to Tesseract’s 
broad language support, recognizing text in over 100 
languages, making it ideal for international applications 
and projects with diverse linguistic requirements. However, 

Tesseract has limitations in accuracy when compared to 
advanced AI-based methods and is prone to errors when 
the foreground and background of an image have minimal 
contrast. Additionally, creating a custom Tesseract OCR 
system demands significant effort and resources, which 
may pose challenges for developers. To illustrate the 
OCR process, a custom model using PyTesseract was 
implemented.

Dataset Description: A handwritten text dataset was cre- 
ated with diverse handwriting styles.

Preprocessing Techniques: The image undergoes grayscale 
conversion to simplify processing by reducing color com- 
plexity, focusing on brightness variations essential for 
text detection. Following this, thresholding is applied 
to convert the grayscale image into black and white, 
enhancing contrast between the text and background, 
which improves the OCR engine’s ability to distinguish 
the text from noise.

Code Snippet

import matplotlib.pyplot as plt import pytesseract

import PIL import re

%matplotlib inline

img = PIL.Image.open(r’C:\Users\sweta\ Downloads\
sample_inputs\test.jpeg’) plt.imshow(img) pytesseract.
pytesseract.tesseract_cmd=’C:/ Program Files/Tesseract-
OCR/tesseract’ TESSDATA_PREFIX = ’C:/Program 
Files/ Tesseract-OCR’ text_data=pytesseract.image_to_
string(img. convert(’RGB’),lang=’eng’) print(text_data)

Application Setup: The OCR task is conducted in a 
Python environment utilizing libraries such as matplotlib 
for display- ing images, PIL for image manipulation, and 
pytesseract to interface with the Tesseract OCR engine for 
text extraction. The Tesseract OCR engine is configured 
using its installation path and language data files. The 
input image (test.jpeg) is loaded with PIL, preprocessed, 
and converted to RGB before being passed to Tesseract for 
text extraction. The extracted text is then printed, and the 
original image is visualized using matplotlib for validation.
The current implementation of the project is carried out in 
Jupyter Notebook, where data is pro- cessed, models are 
experimented with, and results are collected and analyzed. 
This environment facilitates testing various algorithms, 
preprocessing data, and visualizing intermediate steps, 
making it an efficient platform for experimentation and 
evaluation.
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Fig. 8. Pytesseract output on English Text

COMPARATIVE ANALYSIS
Table 1 presents a comparison of OCR tools based on key 
metrics.

APPLICATIONS AND USE CASES
OCR technology has wide applications, including: label=•

•	 Information Documentation. This area includes 
ad- vances for accessing a large amount of sparse 
data. The frameworks are explained by looking at a 
very limited selection of printed characters, mostly 
numbers and a few special pictures. Record numbers, 
client distinguishing proof, article numbers, currency 
measures, and other information are among the things 

they are meant to examine. Each record in the paper 
designs must have a certain number of fixed lines for 
perusal[18].

•	 Banking. The applications of optical character recog- 
nition vary across different domains. When it comes to 
banking, people understand its application, in which 
automation technologies are used for optical character 
recognition; ATM is the greatest illustration of this. 
Another example from banking that comes to mind 
is the handling of checks, when a handwritten check 
is scanned and validated. It is possible to embed a 
register with a machine, filter its contents instantly, 
and transfer the appropriate amount of money. This 
has been nearly perfected for printed cheques and 
was initially accurate for transcribed cheques as well, 
but it occasionally needs manual confirmation. This 
generally reduces hold-up times in many banks[18].

Applications for optical character recognition vary across 
different domains. One may see its use in banking, where 
automation technologies are used for optical character 
recognition; ATMs are the finest illustration of this. 
Additionally, we can consider the handling of checks 
in banking, where a handwritten check is scanned and 
validated. It is possible to integrate a register with a 
machine, filter its contents instantly, and transfer the 
appropriate amount of money. This invention is nearly 
perfect for printed checks and was initially accurate for 
transcribed checks as well, although it occasionally needs 
manual confirmation. In many banks, this generally results 
in shorter hold-up periods.

Table 1 Comparison Table of OCR Models

Models Vs 
Measures

Nanonet LightPDF OCRSpace Simple 
OCR

New OCR Tesseract Online 
OCR

OpenSource/
Online/API

Online OpenSource Online OpenSource Online API Online

Number of 
Input Files

1–10 1 1 1 1 1 (varies on 
dataset)

1

WordCount No No No Yes No No No
Downloadable 
to Word/Text

Yes No Yes No Yes No No

Suggest 
Similar Words

No No No Yes No No Yes

Text (Type/
Heuristic)

Heuristic Type Type Heuristic Heuristic Heuristic Heuristic

Image Support Any format Any format specifically png, jpg but is 
flexible with JPEG

JPG only Any format Any format PNG, JPG
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•	 Aid for individuals with visual impairments. Before 
the advent of sophisticated PCs and the need for 
partic- ipation, a lot of information was generated; 
Support for individuals with visual impairments was 
the intended area of use for comprehension machines. 
Accompanied by an such a reader would enable the 
ignorant to understand printed archives through a 
discourse union framework. Today’s technology 
allows it to read, scan, and identify text. Another 
benefit for the blind is that we can turn the scanned 
text into voiced speech. This was the intended area 
of use for comprehending machines back in the day, 
before the development of sophisticated PCs and 
the need for participation, when a lot of information 
arose. Such a reader, when combined with a discourse 
union framework, would enable the uninformed to 
understand written archives. It can read, scan, and 
recognize text thanks to modern technologies. For the 
benefit of the blind, we may also turn the scanned text 
into voiced speech[18].

•		 HealthCare. Optical character recognition 
modification has also being used more frequently in 
healthcare to accomplish administrative tasks. Every 
victim needs to have a large number of structures 
taken care of by a medical care specialist, including 
both general wellbeing structures and defense frames. 
Entering relevant data into a device information base 
that is accessible as essential is useful for keeping 
track of all of this information. Devices under OCR 
control are able to separate data from structures and 
store it in databases, thus each victim’s information 
is instantly recorded. Medical care providers can 
therefore focus on providing each patient with the 
best possible support[18].

•	 Number-plate Recognition. OCR is a technique em- 
ployed in this technology that scans the numbers 
on the license plate from pictures and can be used 
to locate a car. To store the images captured by the 
cameras, ANPR has also been created which include 
the number that was taken from the permit plate. The 
district has explicitly innovated automatic number-
plate recognition, which has led to plate assortment 
everywhere. These are employed by many law 
enforcement agencies as a solution for voltaic cost 
assortment on pay-per-use streets and to document 
the evolution of traffic or pedestrian This technology 
scans the numerals on the license plate from 

pictures using a process known as optical charac- ter 
recognition (OCR), which can be used to locate a 
car. Additionally, ANPR has been designed to store 
the images captured by the cameras that include the 
permit plate number. Since automatic number-plate 
identification is a district-specific innovation, it has 
contributed to plate assortment everywhere. These 
are employed by many law enforcement agencies as a 
method of charging for services on pay-per-use streets 
and to track the movement of traffic or people[18].

CONCLUSION AND FUTURE WORK
OCR is a technology that helps in detecting and 
recognizing words. Here we have studied the need for 
OCR, and various OCR tools and observed their measures 
of performance on different parameters analytically and 
experimentally respectively by taking sample inputs of 
many languages like Hindi, German, Spanish, Japanese, 
and Arabic apart from English and outcomes the same 
amount of output. To ensure reproducibility and facilitate 
future advancements, the complete implementation are 
accessible at https://github.com/swetalj/Folder. However, 
initially, optical characters that are recognized by the 
products were mostly developed by large technology 
companies. Individual researchers are enabled by the 
development of machine learning and deep learning to 
develop algorithms and techniques, which can recognize 
manuscripts with greater accuracy.

This study evaluated multiple OCR tools, demonstrating 
their strengths and limitations. PyTesseract was 
implemented as a custom OCR solution, showcasing 
its effectiveness. Future work will focus on enhancing 
handwritten OCR and support- ing additional languages.

FUTURE WORK
For extracting and analyzing the information from limited 
text and images associated with it we used deep learning 
to get semantic information and improve the richness of 
text data. Future works can be extended by taking input 
as, a large text and evaluating the grammar instead of 
image extraction as discussed here, and applying deep 
learning methods on that by developing the architecture 
to determine the font, text duplication, and making 
applications inferenced from GPT.
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ABSTRACT
This paper explores the integration of virtual assistant technology with home automation systems. The voice assistant 
JARVIS leverages natural language processing to understand user requests and perform tasks such as information 
retrieval from Wikipedia, open YouTube, and perform mathematical calculations and manage alarms. It answers user 
queries using LLM models and simplifies daily routines, thereby revolutionizing our interaction with the technology in 
our homes. We utilize various artificial intelligence (AI) and natural language processing (NLP) libraries for improving 
speech recognition of our system. Our setup involves using Raspberry Pi 3B+ to link with IoT devices and sending 
signals over the Internet for home automation. We prioritize the security of the user by ensuring that the data does not 
get stored in the cache memory. This research takes a thorough look at how we can blend virtual assistant technology 
into home automation systems to make living spaces more accessible to users.

KEYWORDS : Virtual assistant, Smart home automation, Artificial intelligence, Natural language processing, 
Raspberry Pi 3B+, Speech recognition, Large language models, Internet of things.

INTRODUCTION

Home automation allows users to automate tasks and 
control the devices in their homes. This includes 

anything from remotely turning on lights, or adjusting the 
thermostat. The goal of this project is to create a convenient 
and efficient living environment for the user.

Internet of Things (IoT) are the interconnected devices that 
collect and share data, allowing researchers to make daily 
life easier through automation that streamlines daily tasks. 
The concepts of Home Automation and IoT are combined 
to form a Smart Home Automation system, which assists 
users to control various appliances at once.

Existing virtual home assistant (VHA) technology offers 
convenience for basic voice-based tasks like switching ON/ 
OFF lights, operating smart plugs to control appliances, 
setting alarms, creating shopping lists etc.

Current virtual assistants excel at handling straightforward 
commands like adjusting lights or playing music. However, 

their limitations in natural language processing limit their 
ability to understand complex user requests. This research 
is focused on enhancing the potential of virtual assistants 
and transforming them into intelligent tools that make 
our life more efficient and convenient. Specific requests 
require a deeper understanding of user context and intent, 
which is where this research comes in.

We propose an approach that uses Large Language Models 
(LLMs), which are powerful AI models pre-trained on 
vast amounts of text data, which gives them an exceptional 
grasp of the English language. By incorporating LLMs 
into our virtual assistants, we aim to enhance their NLP 
capabilities. This will allow them to understand complex 
commands and enable our virtual assistants to understand 
the true meaning behind our words.

The virtual assistant will be able to tailor its responses 
based on the situation where real-time monitoring is 
necessary, by offering responses which are aware of the 
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[5]. The key benefits of the automation system described 
in the paper were the remote monitoring and control which 
helped avoid situations where there would be a wastage of 
energy on forgotten appliances. The system also allowed 
scheduling the use of appliances where the system could be 
programmed to automatically switch ON/OFF appliances 
at particular times such as turning the lights off as soon 
as you left home etc. By using sensor data, the proposed 
system adjusted the appliance’s usage of energy which 
optimized energy consumption [5],[6].

There were also some challenges regarding the proposed 
system which included the security of the web application 
used for controlling and monitoring the system [4],[8], 
integration with real world appliances outside the LEDs 
used for testing purposes to check the real world efficiency 
of the proposed system and the compatibility with various 
brands and appliances and a user friendly UI/UX interface 
while also keeping in mind the overall cost of the system 
including the hardware and software needed to be weighed 
against the benefits of the system [9].

SYSTEM ARCHITECTURE
The UI interface comprises various web pages which help 
in navigating to different modules. The paper examines 
four modules in detail, each designed for the distinct 
functionalities.

Module 1 (Deterministic Task Module)

Fig. 1:  Keyword Detection Module Architecture

user’s context, by analyzing the tone of voice and language 
patterns.

Security and user privacy are also extremely valued in our 
increasingly connected world. This research prioritizes 
user data protection by ensuring voice commands are not 
stored on the device itself.

To validate our proposed system, we will construct a real- 
world smart home system using Raspberry Pi 3B+, which 
allows us to develop and test a personalized system that 
seamlessly integrates into daily routines.

By empowering our assistants with advanced NLP 
capabilities and prioritizing user data privacy, we pave 
the way for a future where these become intelligent 
companions, working in the background to make our lives 
easier and more comfortable.

LITERATURE SURVEY
Recently there have been a lot of advancements in the 
fields of Artificial Intelligence and Home Automation, 
leading to development in studies, helping researchers in 
carrying out tasks, making the ideal benchmark for real-
life use case scenarios of home automation, which in the 
last few years were not comprehensible. Some of the recent 
studies, as well as the related works of various researchers 
have set the benchmark/base for individual tasks, functions 
occurring in the realm of home automations.

Recent studies [2],[7] explored a secure and intelligent 
home automation system using Internet of Things (IoT) 
devices. One area of focus is secure communication. 
This might involve using Bluetooth for short- range 
communication within the home, combined with an 
internet- based verification process to ensure only 
authorized devices can connect [4]. Another key concept 
is a decentralized approach. This means devices can 
communicate and manage some functions directly with 
each other, without relying solely on a central hub. This can 
improve both reliability and security [3],[7]. Additionally, 
some studies explore using machine learning algorithms 
to categorize device states. For instance, the system might 
learn to identify when a light is on or off based on sensor 
data and then automate actions accordingly [8],[9].

In another recent study [1],[6] , a prototype for a 
home automation system built around a Raspberry Pi 
minicomputer was presented. The proposed system used 
various sensors to collect environmental data and offers 
remote appliance control and automation functionalities 
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This module is responsible for identifying predefined 
keywords or commands within user-generated queries. 
Upon detection, the system leverages these keywords 
to execute specific actions. The captured audio is then 
pre-processed to remove background noise, silence, and 
other unwanted sounds that could interfere with speech 
recognition. This can involve techniques like spectral 
filtering and noise gating. This step involves detecting the 
presence of the wake word in the audio input.

Module 2 (Mathematical and Reminder Module):

This module handles specific user commands such as 
performing mathematical calculations or setting reminders. 
The system accesses the appropriate services or datetime 
functionalities and displays results or confirmations to the 
user based on their request. This was achieved with the 
help of multi-threading, which allows for multiple tasks to 
run simultaneously.

Fig. 2:  Command Recognition Module Architecture

Module 3 (LLM Query Processing)

In this module, user queries are processed by detecting 
keywords. The system then forwards the query, with 
additional instructions, to the hosted LLM. The model 
interprets the query and returns a relevant response, which 
is shown to the user. We hosted the LLM (Llama 3.1 8b) 
via Groq which is then used for inference via an API.  
Prompt Engineering was put in place to filter out private 
data, harmful context, and prevent granting unauthorised 
data.

Module 4 (Home Automation)

This module interacts with smart home devices. It sends 
a signal to the Azure IoT Hub, updates the device status 

in a database, and communicates with the Raspberry Pi to 
control home appliances (turning them on or off) based on 
the user’s voice command.

Fig.3:  Query Processing Module Architecture

Fig. 4:  Home Automation Module Architecture

PROPOSED METHODOLOGY
For every module, the user’s audio is taken through 
a microphone and is processed to ensure seamless 
communication between the user and the smart home 
environment. This is a crucial part of the system 
architecture as it simulates the experience of talking to a 
personalized assistant.

The accuracy of speech recognition is improved by filtering 
out unwanted noise components present in the background 
while the user is conversing with the assistant. In the phase 
of Automatic Speech Recognition, the captured audio 
signals are converted into text format.The voice assistant 
is programmed to activate upon detecting the predefined 
wake word ‘JARVIS’ in the incoming audio stream. This 
triggers the interaction between the user and the assistant.
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The text extracted from the Automatic Speech Recognition 
(ASR) component undergoes further analysis to extract 
meaning and context. Our system aims to decode the 
semantic meaning of the text output, discerning the user’s 
intents and preferences.

The system’s smart responses and personalized assistance 
is mainly due to the integration of a Large Language Model 
(LLM). The LLM is trained using multiple prompts which 
direct the system on how to respond based on different 
use cases ensuring relevant and accurate replies. Prompts 
are implemented such that the system filters out harmful 
queries and prevents exposure of confidential data. Based 
on the feedback from the user interactions, the model 
continuously updates its parameters and caters to the 
user’s preferences over time.Our system then generates 
and synthesizes a response based on the context of the 
conversation history. This is crucial to ensure a coherent 
and contextually appropriate response.

To launch the various applications in the JARVIS system, 
we use PyAutoGUI to simulate keyboard and mouse 
actions. When the user provides a voice command to 
open an application, JARVIS uses PyAutoGUI to ensure 
smooth interaction with the OS. This guarantees that tasks 
such as opening applications or web browsers directly on 
the user’s device.

To provide additional functionalities such as third party 
integration, the system makes use of external services and 
APIs for smart home automation.

We have utilized the following libraries and methodologies 
for the execution of the working system:

pysstx3: Pytt3x is a cross-platform text to speech library 
which is platform independent. The major advantage of 
using this library for text-to-speech conversion is that it 
works offline.

Speech Recognition: This allows us to convert audio into 
text for further processing.

Django: A high-level Python web framework that 
encourages rapid development and clean, pragmatic 
design. It includes a robust ORM, built-in admin interface, 
and tools for building secure web applications.

Djang-allauth: Django-Allauth is an authentication library 
for Django that provides user registration, login, and social 
authentication features, streamlining user management 
and enhancing security.

Cryptography: Cryptography secures information by 
transforming it into unreadable formats, ensuring data 
integrity and confidentiality through techniques like 
encryption and digital signatures.

Groq: Groq is a high-performance computing platform 
optimized for machine learning and data-intensive tasks, 
designed to accelerate workloads through its specialized 
architecture.

Azure Iot Hub: Azure IoT Hub is a managed service that 
enables secure communication between IoT devices and 
cloud applications, facilitating device management and 
data exchange at scale.

Requests: This is an elegant and simple HTTP library 
for Python that allows you to send HTTP/1.1 requests 
extremely easily.

RPi.GPIO: This is a Python library for controlling GPIO 
pins on Raspberry Pi, allowing users to set pin modes and 
manage inputs and outputs.

RESULTS AND CONCLUSION
For the implementation of the voice assistant with smart 
home automation technology integrated, JARVIS is first 
trained to respond to various natural language commands 
such that it can recognise any keywords spoken by an 
individual. This speech recognition technology is then 
leveraged to interact with the human queries and provide 
an efficient output.

While acting as a standard voice assistant, JARVIS is 
integrated with web based resources such as search 
engines and video sharing platforms. This enables users 
to access content which has been posted online without 
manually entering the query. Some of the most popular 
search engines and video sharing platforms accessed 
by JARVIS are Google and YouTube. The assistant can 
fetch information from Wikipedia and using LLMs, after 
retrieving the appropriate Wikipedia page, the content is 
paraphrased and altered to accurately answer the user’s 
query.

Beyond this, JARVIS is also equipped to handle other 
tasks such as handling basic mathematical calculations,

setting alarms and creating reminders based on the user’s 
schedule. Moreover, it can interact with the user in a way 
that feels engaging and personalized, enhancing user 
satisfaction by providing a more natural interface.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 134

JARVIS: Voice Assistant with Smart Home Automation Shah, et al

Furthermore, the voice assistant is also capable of home 
automation and can control various appliances via voice 
commands. Users can effortlessly switch smart lights and 
fans on and off, thereby enhancing convenience.

Apart from this, security is one of the key aspects of the 
system, with access being granted to trusted users only. 
This ensures that the interactions between the system and 
the user are kept private and that any information shared 
with the system is secured. The system also provides 
personalized recommendations based on user preferences 
and adapts its suggestions and responses based on the 
individual’s tastes and needs, such as making suggestions 
for recipes based on the availability of ingredients in one’s 
pantry.

To control home appliances through JARVIS, the user 
must first sign up for an account and access the “Devices” 
section of the interface. Here, the user is able to add 
new devices to their account or access previously added 
devices. After adding their preferred devices, users need 
to set up an IoT Azure code which is specific to a device. 
This allows for a secure connection and communication 
channel. After setting up the IoT Hub, a custom name is 
given to the device for easier identification and control.

Once this device specific configuration is saved, the users 
can control their devices via an ON/OFF button provided 
in the application interface. When the user presses a 
button, the system sends a signal to the IoT Azure Hub, 
which relays it to the connected Raspberry Pi 3B+. This 
device acts as an intermediate between the appliance 
and the system, controlling the state of the appliance by 
activating or deactivating the GPIO pins on it. This in turn 
switches on or off the connected appliances.

The features performed by JARVIS are:

•	 The voice assistant recognizes and responds to natural 
language commands

•	 It performs standard voice assistant functions such 
as using search engines to access sites like Google, 
YouTube, Wikipedia and others

•	 Smart lights/fans/other appliances can be turned ON/ 
OFF via voice activation

•	 System is equipped to answer questions accurately 
and proficiently

•	 The system has security features to ensure user 
privacy and data protection

•	 Mathematical calculations can be performed 
seamlessly

•	 Setting up alarms and reminders

•	 Provides personalized recommendations based on 
user preferences.

Overall, JARVIS is a versatile system that combines 
the facilities of voice commanded control of household 
appliances with retrieval of information, basic 
computational tasks and provides personalized experiences 
to its users. The features of tailored recommendations as 
well as the security of the system, make it a robust solution 
for smart home environments.

FUTURE SCOPE
So far we have explored the functionalities of JARVIS 
as a smart voice based assistant integrated with a home 
automation segment. However, the capabilities of this 
system are not limited to the realm of smart homes and 
can be expanded to include various domains.

To build a smarter future, robust security protocols, 
anonymized user data, and user control over data 
collection are crucial for trust. Standardized protocols 
and open-source platforms could improve compatibility 
between smart home devices and voice assistants, while 
advancements in speech recognition algorithms will 
ensure understanding of diverse languages and accents. 
Voice-controlled smart homes of the future could utilize 
AR/VR activated by voice commands, allowing for 
virtual furniture placement and real-time appliance repair 
instructions. Voice assistants can become powerful tools 
for increased productivity and accessibility for users with 
physical limitations, allowing them to manage calendars, 
schedule appointments, or dictate documents using just 
their voice.

One critical challenge for JARVIS is a latency issue i.e. time 
lag between the user asking the question and the response 
generated. This directly affects real time interactions. This 
could be improved by optimising algorithms for faster 
response time and by incorporating edge/cloud based 
computing models. Furthermore, preloading commonly 
used tasks or commands can significantly reduce the 
latency for frequently accessed functionalities. 

Another area of improvement is offline inference where 
the voice assistant can process basic tasks and respond to 
user queries even without a stable internet connection. This 
could offer offline responses but it comes with a trade-off, 
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the pre-trained model’s knowledge and capabilities will be 
limited to the data it was trained on, potentially hindering 
its ability to respond to new information. Future research 
can explore techniques for enabling local inference and 
improve the latency of the model. 

Speech recognition technology has been advancing 
significantly, but ensuring high accuracy in noisy 
environments or interacting with people having diverse 
accents is a challenge. Future research can focus on areas 
such as expanding the training datasets to reflect diverse 
speech patterns, personalising models for better adaptation 
to individual speech patterns.

By addressing current limitations and embracing these 
future trends, voice assistants have the potential to 
transform our living spaces and enhance our lives in many 
ways.
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ABSTRACT
The progressive decline of kidney function marks Chronic Kidney Disease (CKD) leading to renal failure when treatment 
fails to occur or disease diagnosis is late. A predictive model for CKD required machine learning implementation into 
an easy-to-use web application for the proposed system development. We ran supervised learning algorithms against 
clinical and laboratory parameters (such as age, blood pressure and serum creatinine) in order to detect indicator patterns 
for CKD. The dataset required cleaning through preprocessing followed by feature selection procedures to build an 
effective predictive model. Several tests including accuracy along with precision and recall and F1-score were applied 
during our evaluation to assess our machine learning models’ performance. The selected model demonstrated solid 
stage prediction capabilities which establish it as a practical decision tool for healthcare professionals. Our team created 
a web application powered by a predictive model which integrates with a database through flask to deliver an easy-
to-work-with platform for enhanced accessibility and usability. Users get ‘predictions’ instantly together with timely 
follow-up actions through our application. Research findings demonstrate how combining machine learning with web 
technologies solves critical healthcare challenges through scalable cost-effective diagnostic tools.

KEYWORDS : CKD, Predictive model, Machine learning model, Web technologies, Diagnostic tools.

INTRODUCTION

Chronic kidney disease destroys feathers to such an 
extent that blood filtration functions decline. The 

bloodstream releases waste and poison through the organs 
which primarily perform this function namely feathers 
[1]. This is how urine is made. Chronic kidney disease 
uses this term when kidneys accumulate waste products 
in the body. The onset of this condition continues for 
an extended duration which classifies it as habitual. 
The medical condition affects people around the world 
at present [2]. Many health problems stem from this 
condition which involves chronic kidney disease. Multiple 
factors beyond diabetes, high blood pressure or heart 
complaints contribute to CKD development. Age and 
gender affect the predisposition rates for developing CKD 
[3]. Those who face dyspepsia or diarrhoea along with 

defective feather function must consider persisting back 
pain as a symptom. Your feathers may sustain permanent 
damage from high blood pressure and diabetes according 
to medical literature [4]. The prevention of CKD requires 
successful management of these health conditions. The 
scarcity of symptoms in kidney disease makes people 
unaware they have it until advanced stages when treatment 
becomes challenging.

In this proposed system, we have evaluated key challenges 
surrounding predictive capabilities for CKD and propose 
solutions within our proposed system. These challenges 
include:  

Complexity of CKD progression: Patients receive 
late-stage CKD diagnosis after development completes 
because CKD lacks recognizable warning signs. Our 
algorithms reveal early CKD detection mechanisms which 
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employing RFE and chi square to determine relevant 
features. A Chi square selected feature within an enhanced 
Logistic Regression model delivered 98.75% accuracy. 

Pal. S. (2022) [8] applied a model prediction of CKD 
through analysis of a dataset containing 400 cases based 
on 24 UCI machine learning repository features. The 
research implemented the classifiers Logistic Regression 
(LR) and Decision Tree (DT) along with Support Vector 
Machine (SVM) before optimizing their performance 
through bagging ensemble methods. When the Decision 
Tree (DT) classifier was combined with the bagging 
method, accuracy improved from 95.92% to 97.23%.

PROBLEM STATEMENT
Chronic Kidney Disease exists as a global public health 
issue which develops silently within many patients before 
intensifying. People find it difficult to get early diagnosis 
during the early stages of the disease because preventing 
permanent kidney injury remains challenging while 
healthcare costs increase. The present assessment methods 
rely on costly laboratory tests and time-consuming clinical 
evaluations that make it difficult for individuals to access 
them. The self-generated analysis of medical data faces 
delays and imprecisions when attempting early detection.

The research addresses limitations of previous diagnostic 
in CKD detection through the development of an affordable 
accessible method to assist healthcare professionals in 
their diagnostic work.

METHODOLOGY
In order to analyse the CKD dataset, a number of 
experiments were carried out using different types of 
machine-learning algorithm, including Support Vector 
Machine, Decision Tree and Logistic Regression. 
Table 1: In-depth descriptions of each attribute present in 
the main CKD dataset

CKD dataset Attributes 
meaning 

Category Scale 

age Age Numerical Years 
bp Blood 

pressure 
Numerical mm/hg 

sg Specific 
gravity 

Nominal 1.005-1.025 

al Albumin Nominal 0 to 5 
su Sugar Nominal 0 to 5 
rbc Red blood 

cells
Nominal Abnormal, 

normal

identify hidden signals in patient statistics to facilitate 
prompt medical intervention decisions.  

Integration of diverse data sources: Laboratory 
results and co-existing medical conditions merge with 
demographic and clinical symptom information to identify 
CKD in patients. The integration of multiple data types 
enables our approach to develop an extensive machine 
learning structure that improves the accuracy of CKD 
prediction.  

Optimal feature selection and data preprocessing: Joint 
data preprocessing with feature selection methods enabled 
by correlation analysis as well as chi square evaluation 
and variance threshold boundaries enhances our model’s 
diagnostic capability.  

Model selection and validation: The selection process 
for an ML model to predict CKD demands finding the 
optimal fit for prediction. Our study evaluates multiple 
predictive models through performance assessment 
metrics to identify which one most accurately forecasts 
recurring cases of CKD.

LITERATURE SURVEY
M.A. Islam et al. (2023) [5] performed an analytical work 
which focused on CKD early detection with machine 
learning methods. Researchers worked with 400 patient 
cases using 24 attributes, including 13 categorical and 
11 numerical variables. Principal Component Analysis 
was used to analyze key features following preprocessing 
to establish CKD predictions. The XGBoost classifier 
delivered outstanding results with original data accuracy 
at 98.33% and achieved 99.16% accuracy when subjected 
to PCA processing. 

R. Sawhney (2023) [6], utilized 400 CKD cases with 
24 core features including numeric and categorical 
elements for AI model development to detect and assess 
condition risks. Backpropagation enabled their use of a 
Multilayer Perceptron (MLP) neural network component. 
The Artificial Neural Network (ANN) achieved superior 
performance when used as a classifier because testing 
accuracy reached 100% surpassing Support Vector 
Machine (SVM) at 82% and Logistic Regression (LR) at 
96%. 

Poonia RC et al. (2022) [7] created a kidney disease 
detection methodology leveraging 400 patient cases with 
24 characteristic markers. The proposed system used 
KNN, ANN, Naive Bayes and SVM algorithms while 
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pc Pus cells Nominal Abnormal, 
normal 

pcc Pus cells 
clump

Nominal Not present, 
present

ba Bacteria Nominal Not present, 
present 

bgr Blood glucose 
random 

Numerical mgs/dl  

bu Blood urea Numerical Mgs/dl 
sc Serum 

creatinine
Numerical Mgs/dl

sod Sodium Numerical mEq/L 
pot Potassium Numerical mEq/L 

hemo Hemoglobin Numerical gms 
pcv Packed cell 

volume
Numerical Pcv

wc White blood 
cell count 

Numerical Cells/cumm 

rc Red blood cell 
count 

Nominal Millions/
cm m 

htn Hypertension Nominal No, yes 
dm Diabetes 

mellitus 
Nominal No, yes 

cad Coronary 
artery disease 

Nominal No, yes 

appet Appetite Nominal Poor, good 
pe Peda edema Nominal No, yes 
nae Anaemia Nominal No, yes 

Classification Class Nominal Not ckd, ckd,

The research employed CKD dataset [9] including 400 
records spread across 14 columns. The “class” output 
column contains data points maintaining either “yes” or 
“no” values. Responses indicating “yes” obtained numeric 
value “1” whereas “no” yielded numerical value “0”. Each 
instance of CKD received the value “1” while instances 
of non-CKD received the value “0”. A different set of 
features was used by each machine learning model across 
all data points.

Fig. (1) displays a confusion matrix for Chronic Kidney 
Disease (CKD) classification which evaluates actual cases 
alongside predictions. This classification shows True 
Positive (TP) results for correct CKD predictions and False 
Positive (FP) cases for misdiagnosed non-CKD conditions 
yet it shows False Negative (FN) and True Negative (TN) 
outcomes when detecting CKD patients correctly and non-
CKD subjects accurately respectively. The matrix helps in 

measuring the model accuracy and precision together with 
its recall and F1-score performance for detecting Chronic 
Kidney Disease cases [10].

Fig. 1: Confusion Matrix Format 

Fig. 2: Workflow of CKD Prediction Using 

Classification Models  

The Fig. (2) illustration demonstrates how recursive 
element elimination with a probative vector classifier 
(RFE-SVC) removes nonrelevant features while 
significant features serve to refine classification. Different 
algorithms including Decision Tree and Support Vector 
Machine (SVM) and Logistics Regression use named 
features for implementation. Each algorithm produces 
predictions about CKD presence through analysis of 
specified properties.

The high-dimensional data processing capability of 
SVM exists alongside decision tree algorithms which 
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demonstrate interpretability and flexibility. The statistical 
model of logistic regression shows robust performance 
for binary classification problems including CKD 
prediction. The processing of estimated results leads 
to user classification as CKD or non-CKD. The system 
presents an intuitive action forecast outcome to users after 
processing the results. 

This approach utilizes data attribute selection methods 
together with multiple distinct modelling approaches to 
build an accurate decision framework that supports CKD 
diagnosis. 

RESULTS 
A data-driven approach to predict chronic kidney disease 
generates significant value that improves both clinical 
diagnostic tools and healthcare operational systems. RAM 
Challenge supports low-cost patient access to diagnostic 
protocols for CKD that otherwise would be inaccessible 
because of rising healthcare expenditures. Simple health 
input into the system generates immediate predictions 
of CKD status for users since the recorded data helps 
improve disease diagnosis and accessibility features. This 
innovative solution enhances early detection, enabling 
timely interventions and personalized treatment plans.

Fig. 3: Model Accuracy Comparison 

In Fig. (3), the bar chart illustrates a comparative analysis 
of the accuracy of three machine learning models: Support 
Vector Machine (SVM), Decision Tree and Logistic 
Regression. The graph displays accuracy scores related to 
y predictions together with model performance results for 
x. All three machine learning models demonstrate similar 
performance based on accuracy scores close to 1.0 (100%). 
All projected results display identical accuracy values 
because each model demonstrates exceptional prediction 
capabilities for the dataset.

Fig. 4: Confusion Matrix of SVM 

Fig. 5: Confusion matrix of Decision Tree 

Fig. 6: Confusion Matrix of Logistic Regression
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The assessment of chronic kidney disease (CKD) through 
three models appears in confusion matrices Fig. (4), 
Fig. (5) and Fig. (6). These models consist of Support 
Vector Machine (SVM) and Decision Tree and Logistic 
Regression. The confusion matrices demonstrate actual 
labels in rows and predicted labels in columns by tracking 
true-positive, true-negative and false-positive and false-
negative cases. The performance of SVM matches that of 
Logistic Regression as they both produce 75 true positives, 
44 true negatives as well as no false positives and 1 false 
negative. The Decision Tree model achieved 73 true 
positives but revealed three false negatives alongside its 
results.

Results from the trained SVM, Decision Tree, and 
Logistic Regression models were evaluated in the below 
table which displays the accuracy, precision and recall 
rates along with F1 scores to determine the chronic kidney 
disease (CKD) classification.

Table 2: Classification report of models

The combined precision, recall, and F1 scores for SVM 
and Logistic Regression models reached 0.99 during the 
execution of all metrics and maintained an accuracy rate 
of 99.166667%. The accuracy of the Decision Tree model 
reached 97.5% while presenting precision at 0.97%, recall 
at 0.98% and an F1 score of 0.97% but exhibited minimal 
trade-offs between these metrics.

Both SVM and Logistic Regression algorithms showed 
consistent excellent performance and precise-recall 
balance throughout various experimental conditions in 
CKD classification.

CONCLUSION
Our study aimed to create a machine-learning diagnostic 
system for early chronic kidney disease (CKD) detection. 
Several research studies identified various interconnected 
predictors that scientists turned into simplified 
combinations while discarding overlapping details. Our 
filtering process selected haemoglobin along with albumin 
and specific gravity as vital predictors that exposed renal 
disease diagnostic patterns in medical practice. 

We created a web application focused on user needs to 
facilitate the entry of kidney health parameters alongside 
related risk factors. The resulting dataset along with 
our trained classifiers enables our tool to deliver quick 
diagnostic and risk assessment solutions for kidney 
diseases thus demonstrating the real-life application of our 
research for early health prevention.
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ABSTRACT
Electric vehicle (EV) adoption is transforming urban mobility and is a key factor in the creation of smart cities. EVs 
provide a sustainable substitute for conventional fossil fuel-powered automobiles, helping to lower greenhouse gas 
emissions while also improving air quality and reducing noise pollution. The extensive usage of EVs fits in perfectly 
with smart cities’ priorities of sustainability, energy efficiency, and technology integration.

This paper explores the multifaceted impact of EV adoption on smart cities, focusing on key areas such as infrastructure, 
energy management, and urban planning. It emphasizes how EV charging networks can be integrated into intelligent 
energy grids to facilitate effective energy distribution and encourage the use of renewable energy sources. Additionally, 
it examines the role of data-driven solutions, such as IoT-enabled sensors and real-time analytics, in optimizing EV 
usage and traffic management.

The paper also addresses challenges, including the need for scalable charging infrastructure, equitable access to EV 
technology, and the mitigation of increased energy demand. The switch to EVs can hasten the development of smart 
cities into resilient, connected, and sustainable urban settings by encouraging cooperation between communities, 
businesses, and governments. According to this study, the adoption of EVs is a revolutionary force that is influencing 
urban living in the future rather than only being a technological advancement.

KEYWORDS : Electric vehicles, Smart cities, Sustainable transportation, Charging infrastructure, Smart grids, IoT, 
Urban mobility, Renewable energy, Environmental sustainability, Autonomous vehicles.

INTRODUCTION

The 21st century’s fast urbanization has created 
serious problems with energy use, transportation, 

and environmental damage. Due to their heavy reliance 
on fossil fuels, traditional transportation systems 
significantly increase carbon emissions and air pollution. 
There has never been a more pressing need for cleaner, 
greener, and more effective mobility solutions as the globe 
struggles with the negative effects of climate change. As 
a sustainable option that lessens environmental effect and 

supports international efforts to reach net-zero emissions, 
electric vehicles (EVs) have emerged as a top contender in 
tackling these issues.

At the same time, the idea of smart cities has become a major 
focus of urban development plans. In order to improve 
urban living standards, smart cities seek to leverage cutting-
edge technologies like big data, artificial intelligence (AI), 
and the Internet of Things (IoT). These cities foster an 
environment where technology and urban design meet by 
placing a high priority on sustainability, connectivity, and 
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infrastructure into urban planning, ensuring accessibility 
and convenience for EV users. Innovative solutions such 
as wireless charging and fast- charging technologies are 
critical to addressing this demand.

Smart Grids

Efficient energy management is made possible by the 
integration of EVs with smart energy infrastructures. EVs 
can function as mobile energy storage devices thanks to 
vehicle-to-grid (V2G) technology, which promotes grid 
stability and the use of renewable energy sources. This 
bidirectional energy flow is a cornerstone of sustainable 
urban energy systems.

Urban Design and Planning

Smart cities must adapt their urban landscapes to 
accommodate EVs, including dedicated parking spaces 
with charging facilities, designated EV lanes, and 
optimized traffic flow systems. Urban planning must align 
with the evolving transportation needs of EV users.

TECHNOLOGICAL INTEGRATION	
Internet of Things (IoT) and Big

Real-time data analytics and IoT-enabled sensors are 
essential for tracking and controlling EV usage. By 
analyzing EV patterns, smart traffic management systems 
can improve overall transportation efficiency, ease 
congestion, and optimize routes.

Artificial Intelligence (AI)

AI-powered applications can predict energy demand, 
optimize charging schedules, and improve battery 
efficiency. These advancements ensure that EVs are 
seamlessly integrated into the urban ecosystem.

Connectivity and Automation

The convergence of EVs with autonomous vehicle 
technology has the potential to transform urban mobility 
further. Connected EVs can communicate with city 
infrastructure, traffic systems, and other vehicles, creating 
safer and more efficient transportation networks.

FUTURE SCOPE	
One major factor influencing how smart cities will 
develop in the future is the uptake of electric vehicles, 
or EVs. It is anticipated that the incorporation of EVs 
into infrastructure and urban design would have a major 
influence on a number of industries. The impact of electric 

effective resource management. Since EVs are essential 
to environmentally friendly transportation, the smart city 
concept is a perfect fit for them. Their incorporation into 
urban environments represents a rethinking of how cities 
operate and prosper in the face of 21st-century difficulties, 
not just a technological advancement.

This paper delves into the symbiotic relationship 
between EV adoption and smart city development, 
exploring how the two domains can synergize to create 
sustainable, connected, and resilient urban environments. 
It investigates the environmental, economic, and 
technological dimensions of this transformation, 
providing a comprehensive framework for policymakers, 
urban planners, and industry stakeholders. By examining 
both opportunities and challenges, this study seeks to 
illuminate the path toward a future where EVs and smart 
cities coexist harmoniously, driving innovation and raising 
the standard of living for those living in cities across the 
globe.

THE ROLE OF EVS IN SMART CITIES
Environmental Benefits

Greenhouse gas emissions are greatly decreased by EVs, 
especially when they are fuelled by renewable energy. 
This reduction contributes to improved air quality, which 
is vital for public health and urban livability. Smart cities 
prioritize green technologies, and EVs seamlessly integrate 
into this framework by lowering the carbon footprint of 
transportation.

Enhanced Urban Mobility

The adoption of EVs supports multimodal transportation 
systems, including shared mobility solutions such as 
electric buses, e-scooters, and ride-hailing services. This 
facilitates efficient, sustainable, and convenient urban 
mobility, a key feature of smart cities.

Noise Pollution Reduction

Compared to internal combustion engine vehicles, electric 
vehicles are quieter, which greatly lowers noise levels in 
cities. This improves the general quality of life by making 
urban areas more livable and pleasant.

INFRASTRUCTURE REQUIREMENTS
Charging Infrastructure

A vast network of charging stations is necessary for the 
broad adoption of EVs. Smart cities must integrate charging 
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car adoption on smart cities and their potential future 
scope are broken down below:

Environmental Impact

•	 Reduction in Emissions: Since EVs have no exhaust 
emissions; air pollution is decreased, especially in 
crowded cities. This is in line with the environmental 
objectives of smart cities, which include lowering 
carbon footprints and attaining sustainable growth.

•	 Lower Noise Pollution: EVs are generally quieter 
than internal combustion engine (ICE) vehicles, 
contributing to quieter urban environments, especially 
in residential areas.

•	 Energy Transition: The transition to renewable energy 
sources may be aided by the growing use of EVs. 
EVs may be charged using solar, wind, and other 
renewable energy sources, which lessens the need for 
fossil fuels.

Energy Infrastructure and Grid Management

•	 Demand on the Power Grid: EVs increase electricity 
demand, especially if charging stations are not well-
distributed or if many people charge vehicles at 
peak times. Smart grids can manage this demand 
by balancing energy use through real-time data and 
optimizing when and how EVs are charged.

•	 Vehicle-to-Grid (V2G) Technology: V2G essentially 
transforms automobiles into mobile power storage 
by enabling EVs to transmit electricity back to the 
grid. This can facilitate a more decentralized energy 
distribution system and aid in grid stabilization during 
periods of high demand.

Urban Mobility and Traffic Management

•	 Integrated Mobility Systems: EVs, along with 
autonomous vehicles (AVs), could revolutionize 
urban transportation. Smart cities can integrate 
EVs with other modes of transportation like shared 
bicycles, buses, and trains to provide seamless, 
efficient mobility.

•	 Reduced Traffic Congestion: By lowering the number 
of private vehicles on the road, EVs are frequently 
utilized in ride-hailing and car-sharing services, which 
help to ease traffic congestion. As a result, there is 
less demand for substantial parking infrastructure and 
transportation networks operate more efficiently.

Infrastructure Development

•	 Charging Stations: Smart cities will need to establish 
an extensive network of EV charging stations. These 
stations will be integrated into urban infrastructure, 
with some smart charging systems offering fast 
charging and optimized energy use, powered by 
renewable sources.

•	 Urban Planning: Smart cities may develop more EV-
friendly urban layouts, including dedicated lanes for 
EVs, charging facilities in public spaces, and green 
areas designed for reduced vehicular traffic.

Economic Impact

•	 Job Creation: The EV industry, including 
manufacturing, infrastructure development, and 
maintenance services, is expected to create numerous 
jobs. This contributes to local economic growth and 
offers new opportunities in tech-driven sectors.

•	 Energy Cost Savings: Because EVs require less 
gasoline and maintenance than conventional cars, 
they typically have cheaper running expenses. Over 
time, this may lower the cost of urban travel.

Data and Connectivity

•	 Smart Transportation Systems: Real-time information 
on traffic, weather, and road conditions can be obtained 
by equipping EVs with sensors and connecting them 
to the Internet of Things (IoT). By maximizing traffic 
flow and lowering accident rates, this can improve the 
effectiveness of urban transportation networks.

•	 Autonomous EVs: The development of self-driving 
EVs can further streamline urban mobility by reducing 
the need for human drivers, resulting in more effective 
and safe transportation.

Challenges and Future Scope

•	 Battery Recycling and Sustainability: As EV adoption 
grows, so does the need for sustainable battery 
recycling practices to avoid environmental harm. 
To guarantee that the environmental advantages of 
EVs are fully realized, it will be essential to develop 
technology for efficient EV battery recycling.

•	 Cyber security: With the increased connectivity of 
EVs and their integration into smart cities, cyber 
security becomes a significant concern. Safeguarding 
EVs, charging stations, and grid systems against 
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cyber-attacks will be essential for the future of smart 
cities.

•	 EV Accessibility: Ensuring equitable access to EV 
technology and charging infrastructure is a challenge. 
Smart cities will need to address issues related to the 
affordability of EVs and access to charging stations 
for people in lower-income or underserved areas.

Smart City Synergy

The adoption of EVs in smart cities is not just about the 
vehicles themselves, but about how they interact with 
other technologies and systems:

•	 Blockchain for EV Tracking: Blockchain could be 
used to securely track EV ownership, charging, 
and maintenance history, contributing to greater 
transparency in the EV ecosystem.

•	 Artificial Intelligence (AI): AI can optimize 
traffic management and predict charging demand, 
contributing to smoother traffic flow and better energy 
distribution.

•	 Urban Sustainability: The objectives of lowering 
greenhouse gas emissions, enhancing air quality, and 
establishing a healthier urban environment are more 
likely to be accomplished by including EVs into a 
smart city’s sustainability framework.

CHALLENGES AND OPPORTUNITIES
Challenges

Infrastructure Investment: 

Establishing a comprehensive charging network requires 
significant financial investment and careful planning.

Energy Demand: 

Increased EV adoption can strain energy grids, 
necessitating advancements in grid capacity and renewable 
energy integration.

Equity and Accessibility:

Ensuring that EV technology is accessible to all 
socioeconomic groups is a critical challenge for 
policymakers.

Opportunities

•	 Economic Growth: The EV industry fosters 
innovation, creates jobs, and stimulates economic 
growth in urban areas.

Public-Private Partnerships 

Collaboration between governments, private companies, 
and communities can drive the development of EV 
infrastructure and policies.

Sustainability Goals 

EV adoption accelerates the achievement of sustainability 
and climate goals, enhancing a city’s reputation and 
livability.

CASE STUDIES
This section examines successful examples of EV 
integration in smart cities worldwide, including:

•	 Oslo, Norway: A leader in EV adoption with robust 
charging infrastructure and policy incentives.

•	 Singapore: Leveraging technology and data to 
promote EV usage and optimize urban mobility.

•	 San Francisco, USA: Integrating EVs into shared 
mobility networks and renewable energy grids.

CONCLUSION 
The adoption of electric vehicles is a transformative force 
that aligns seamlessly with the goals of smart cities. By 
addressing environmental concerns, enhancing urban 
mobility, and fostering technological innovation, EVs 
contribute to sustainable, connected, and resilient urban 
environments. However, achieving this vision requires 
overcoming challenges related to infrastructure, energy 
management, and accessibility. Through collaborative 
efforts and innovative solutions, EVs have the potential 
to redefine urban living and drive the evolution of smart 
cities.
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ABSTRACT
A social networking platform called Decentragram uses blockchain technology to support the design of applications and 
smart contracts. It is produced via blockchain platforms and protocols. The social media creation process is facilitated 
by blockchain technologies. Decentralised applications like Ethereum, Steem, and Stellar are just a few examples. 
Decentralisation refers to the absence of a single proprietary authority managing all the data in blockchain social 
media networks. Instead, the information is evenly disseminated and kept on servers at each network node. Users 
that create profiles on integrated social platforms must link their real-world identities, such as their electronic mail 
addresses or contact details. Moreover, these networks usually use encrypted public keys for authentication of accounts 
rather than trusting on just one company to secure user data. While this offers benefits in terms of data security, there 
are shortcomings as well. Blockchain-based social media systems provide end-to-end encryptions for every contact 
while still supporting social networking, content sharing, and even blogging. This decentralised social media offers an 
additional solution for data security and privacy.

KEYWORDS : Blockchain, Security, Decentralised, Social media.

INTRODUCTION

One’s life now includes a significant amount of social 
media. We use it to create communities, strengthen 

bonds, and stay in contact with pals who live far away. 
We use it to communicate our aspirations, anxieties, 
travel images, and pet videos. We also employ it to keep 
up with local, national, and worldwide news as well as 
politics. But centralised social media keeps violating our 
confidence.  Appearingly innocent games and quizzes 
convey information about ourselves and our friends to 
massive organisations with electoral votes and financial 
gain in mind. Media streams don’t provide precise and 
comprehensive viewpoints on present-day affairs. You’re 
followed by marketing firms while you visit other websites.     

Indeed, a new generation of creative software developers 
is creating novel platforms that, via decentralisation, 
avoid the risks associated with the present social network 
system. Instead of using a centralised server controlled 
by a company, decentralised social media platforms 
function on servers that are independently managed. 
This social network offers more power and liberty. A 
person may design their own social network, choose how 

it functions, and limit what people can post. The creator 
of an interconnected social network can set the rules of 
appropriate behaviour for the website rather than having 
material regulated by a business.

For the first time since the development of popular social 
media platforms, fewer Americans in 2018 have at least 
one social media profile. Social media networks are being 
discontinued by users for a variety of reasons, ranging 
from their adverse impact on mental health to users’ 
overall suspicion of platform owners.

Users are growing more and more conscious of the control 
that a few individuals have over their data. A shift towards 
decentralised social media, however, may return control to 
the user.  Email addresses, phone numbers, and other forms 
of personal identification are frequently linked to social 
media platforms. However, social media marketers that 
rely on leveraging consumer data to create personalised 
content must have access to user information. Making 
content for bogus bots and false views on social media 
platforms is thought to be costing social media marketers 
up to $16.4 billion annually. Blockchain is a database that 
is verified by many different people as opposed to a single 
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blockchain is used as a trusted server to offer central 
authority tasks. Due to the isolation of the storage services, 
users have complete authority over their data. Users have 
total control over their data since the storage services are 
isolated. Real-world data sets used in the experiment attest 
to the usefulness of the suggested approach.

Jiang, L., & Zhang, X. [3] presented an innovative 
blockchain-based frame-work to tackle the above-
mentioned challenges of OSNs and DOSNs. Each 
registered account on the blockchain has a distinct address, 
which is utilised in this framework to identify each user. 
Additionally, user profiles are encrypted on the blockchain 
using a number of complex encryption techniques. The 
blockchain’s immutability makes it possible to guarantee 
the originality of the data friend’s view. By combining the 
two previously described functionalities, the framework 
can stop fraudulent users from forging or stealing 
identities In contrast to conventional servers, Jiang, L., & 
Zhang, X. [3] explained the separation of the regulating 
service from the storage service. A distributed storage 
service implements the storage service.  The blockchain is 
used as a centralised server that offers practical functions 
for the regulating service when combined with smart 
contracts. One of the benefits is that a user may utilise the 
smart contract’s event mechanism to get alerts (such post 
updates) on time rather of having to periodically check in 
with each buddy.

Due to the centralization of the majority of well-known 
OSNs, there are several kinds of management, security, 
and confidentiality problems. A decentralised architecture 
based on blockchain technology has the potential to address 
the issues described mentioned earlier. A blockchain-based 
OSN service is developed and its decentralised functioning 
is illustrated by Ningyuan Chen, David Siu-Yeung Cho 
[4]. The Interplanetary Filesystem (IPFS) allows for the 
storage of an enormous amount of data with generally low 
security standards in order to decentralise data. Due to a 
decentralised autonomous organisation that was created 
for user independence, users may autonomously self-
manage the OSN.

Access control is typically necessary in DOSNs to protect 
data privacy. R. Nasim and S. Buchegger [5] created a 
standard access management framework based on XACML 
and included an appropriate authentication technique [in 
Security Assertion Markup Language (SAML)] in order 
to protect user privacy. Additionally, De Salve, P. Mori, 
and L. Ricci [6] suggested using XACML to define fine-

central authority. The technology can give people back 
control over their personal data.

LITERATURE REVIEW
Social media is a platform that focuses on collaboration, 
sharing of material, engagement, and community-based 
feedback. The loss of personal privacy, data protection, 
and ownership of information are the three fundamental 
negatives of social media. Decentralised social media, 
which uses a Blockchain-based social media platform to 
facilitate social networking, content sharing, and even 
blogging with end-to-end encryption, is a solution to this 
challenge.

By using a decentralised method to online social 
networking Ching-man Au Yeung, Ilaria Liccardi, 
Kanghao Lu, Oshani Seneviratne, Tim Berners-Lee [1] 
demonstrated how the aforementioned issues might 
be resolved. Users are not restricted by a certain social 
networking service using this method. When compared to 
many of the prominent social networking sites available 
today, this can offer an equal or even greater amount of 
user involvement.  Additionally, it gives individuals more 
authority over their own data. On open technologies like 
Linked Data, Semantic Web ontologies, open single-sign on 
identity systems, and access control, a decentralised social 
networking infrastructure is outlined. The decentralised 
framework may be distributed and expandable because 
to the widespread usage of Uniform Resource Identifiers 
(URIs) as identifiers since people, apps, and data can all be 
connected to by using their URIs.

Online social networks (OSNs) are growing more and more 
common in people’s lives, yet because of their centralised 
data management system, they have a privacy leakage 
issue. The introduction of Distributed OSNs (DOSNs) 
can address this privacy concern, however they have 
shortcomings in terms of delivering key features like access 
control and data accessibility. Thomas Paul, Antonino 
Famulari , Thorsten Strufe [2]  provided a categorization 
of prior work under following two major dimensions. The 
DOSN’s three key technological concerns, decentralising 
content storage, authentication, and interaction/signaling, 
are addressed in (i) different kinds of methods with 
regard to resource provisioning devices and (ii) selected 
techniques. A novel DOSN framework that combines 
the benefits of both conventional centralised OSNs and 
DOSNs is designed using the developing blockchain 
approach in light of the aforementioned issues faced by 
OSNs and DOSNs. By combining smart contracts, the 
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grained privacy restrictions. An innovative user-to-user 
relationship-based control (UURAC) architecture that 
enables users to specify more complex and fine-grained 
access control policies was presented by Y. Cheng, J. Park, 
and R. Sandhu [7]. More works, however, O. Bodriagov, 
G. Kreitz, and S. Buchegger [8] were created with 
encryption-based access restriction. Predicate encryption 
(PE) was first presented by O. Bodriagov, G. Kreitz, and S. 
Buchegger [8] and modified for the DOSN environment.

Loopholes of existing methods

Due to privacy and security issues, traditional social media 
platforms have always been in the spotlight. Social media 
has undoubtedly transformed how people communicate. 
Nevertheless, they have total access over user data, and as 
a result, they may manage the servers that are held by any 
company that runs centralised social networking platforms 
that track user behaviour. In addition, these platforms sell 
the combined information to the highest bidder in order to 
give them better targeting for advertising and marketing. 
All platforms, including Facebook, Whatsapp, Twitter, 
and others, are centralised, so they may easily abuse the 
content of users. Few loopholes of traditional methods are 
as given below: 

•	 Users—not clients—are the product.

Centrally managed social media is a poor strategy for 
fostering unity across races. While Facebook may link 
individuals more effectively than any other site, it comes 
at a price: it collects vast amounts of participant data 
and utilizes that data to market to specific audiences. 
Advertisers include businesses who want us to buy their 
products and services as well as individuals who try to 
get our decisions by influencing our perspectives on an 
opponent in politics or social status issue. Users’ data is 
an outcome of centralised social media platforms like 
Facebook, Instagram, LinkedIn, Twitter, and YouTube, 
where marketers are the clients.

•	 Feeds that are selected by an algorithm may be more 
biased and polarizing

78% of social media users who are engaged have little 
trouble believing what they read online. Depending on 
the client’s prior choices and behaviours, the data given 
might occasionally be biased or polarized. Users may take 
very definite actions when they frequently encounter stuff 
that gives them comfort. Furthermore, if a well-known 
individual or company spreads this knowledge, it may 
have a cascading influence on society. 

•	 Centralized systems are simple to breach 

Anyone who uses centralized social networks like 
Facebook, Twitter, Instagram, and Snapchat has significant 
concerns about user privacy. Their rules let them to access, 
retrieve, and store user data on an individual basis on a 
centralized server, increasing the potential hazards and 
implications of a data breach.

PROPOSED ARCHITECTURE
The proposed architecture allows users to post their 
creative stuff just like other social sites. Fig. 1 depicts 
the block diagram of proposed architecture. The portal is 
accessible via the website and will enable login following 
credential authentication.

Fig. 1 Block diagram of Proposed Architecture

A well-known and well-respected browser plugin called 
MetaMask serves as an Ethereum blockchain-connected 
coin wallet. The user account is connected to MetaMask. 
The Ganache application provides dummy accounts to the 
decentralized social networking application to carry out 
Ethereum transactions.

A well-known and well-respected browser plugin called 
MetaMask serves as an Ethereum blockchain-connected 
coin wallet. The MetaMask user account is linked to it. 
The decentralised social networking application uses 
the Ganache programme’s dummy accounts to conduct 
Ethereum transactions.

Blockchain social media offers the following three 
features:

A Check on user commodification

Data is one of the most lucrative assets nowadays. Data 
controllers have the power to influence a data producer’s 
thoughts, actions, and other qualities. Furthermore, 
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centralised social media platforms are treasure troves for 
user information. The fact that companies like Facebook 
and Instagram, among others, exploit user data to enable 
customised advertising for its customers, is an open secret.

These risks of user commodification are eliminated by 
distributed social media platforms’ peer-to-peer network, 
end-to-end encryption, and lack of “third parties”. 
Additionally, by extension, it gives consumers more 
control over their data. The usage of Private and Public 
keys is the primary method for ensuring this. 

The user can start a transaction using the private key, and 
the specifics of that transaction will be recorded in a data 
block on the blockchain. Only when this block has been 
approved by the majority of the other network participants 
it is included to the chain. The intended receiver is the only 
one who can access the data as a result of the transaction. 
These blocks include data in the form of a cryptographic 
“hash.” These are one-way techniques, therefore a hash 
can’t (theoretically) be decoded to reveal the original data.

Privacy of freedom and expression

Those who are in charge of managing centralised 
social media have access to every contact, even private 
communications. This poses an enormous risk to the users’ 
privacy, among other things. Additionally, social media 
posts are increasingly being utilised to stifle opposition 
and advance political goals. Understandably, this poses a 
serious threat to the democratic values of expression and 
free speech. Blockchain social media platforms guarantee 
better confidentiality and support the users’ right to free 
expression thanks to its decentralised consensus methods. 
However, a lack of constraints like that can bring about 
fresher dangers. Such problems must be resolved over 
time if new decentralised platforms are to equivalent the 
appeal of the current social media juggernauts.

Scope for crowd funding

Blockchain social media also provides tangible incentives 
in addition to non-financial ones. The majority of 
decentralised social networks compensate their users 
(nodes) for uploading content there. Such benefits occur 
in the form of the network’s native cryptocurrency, 
which is a feature shared by the majority of blockchain 
ecosystems. Additionally, these social media platforms 
give users an opportunity to run successful crowd funding 
projects using token sale-like procedures. The native 
cryptocurrency is also used by them to enable user-to-user 
financial transactions.

Fig. 2 shows the workflow of proposed system.  It 
comprises   five major components. These are React, 
Ganache, Truffle, Decentralized Application (DAPP) 
center and InterPlanetary File System (IPFS).

All content producers have access to a front end React 
js web client to upload their work. For the effective 
production, tipping, and updating of the material, smart 
contracts are designed using Solidity, and this smart 
contract is assembled using Truffle.  

The object-oriented high-level language Solidity may be 
used to build smart contracts. The behaviour of accounts 
in the Ethereum state is managed by programmes referred 
to as smart contracts. Curly brackets are the language of 
solidity. It is designed for the Ethereum virtual machine 
(EVM) and has JavaScript, C++, and Python features. 
It facilitates inheritance, libraries, and advanced user-
defined types, among other things, and is statically typed. 
For tasks like voting, crowdsourcing, blind bidding, and 
multi-signature wallets, Solidity allows you to create 
contracts. The injected wallet (MetaMask) is connected to 
the front-end source using Web3.js. Accounts are imported 
from Ganache into the MetaMask wallet. 

Ganache provides dummy Ethereum accounts. A private 
blockchain called Ganache makes it simple to build Corda 
and Ethereum distributed apps. You may create, deploy, 
and test your decentralised apps (dApps) with Ganache 
during the whole development cycle in an environment 
that is secure and monitored. A User Interface (UI) and 
command-line interface (CLI) are the two flavours of 
ganache. CLI is a command-line interface that provides 
users with more system control. A desktop programme 
called Ganache UI supports both Corda and Ethereum. For 
Ethereum development, ganache, originally known as the 
TestRPC, is a command-line tool. For Windows, Mac, and 
Linux, there are all available versions of Ganache.

Fig. 2 Workflow of Proposed System    
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Ethereum TestRPC is a quick and configurable blockchain 
emulator. It enables calling the blockchain without the 
costs associated with operating a real Ethereum node. 
With a fixed quantity of Ether, accounts may be recycled, 
reset, and instantiated (mining or faucets are not required).
A top-notch programming environment, testing 
framework, and asset pipeline for blockchains built on 
the Ethereum Virtual Machine (EVM) that promises to 
render work easier for developers. Benefits of truffle are 
as follows:
•	 built-in binary management, linking deployment, and 

smart contract compilation.
•	 automated contract testing for quick development.
•	  a framework for deployment and migration that is 

scriptable and extensible.
•	 network administration for several private and public 

networks.
•	 management of packages using the erc190 standard 

with the ethernet package manager   (EthPM) and 
NPM.

•	 Direct contract communication through an interactive 
interface.

•	 A build process that is configurable and supports tight 
integration.

•	 External script runner for Truffle setups that runs 
scripts.

All of the content’s specifics have been kept in a distributed 
storage system utilizing InterPlanetary File System (IPFS) 
.Using SHA 256 encryption, IPFS transforms the material 
into hash codes that are then added to the block design. 
After publishing and tipping material, the user’s account 
will be updated. According to tipped Ethereum, content 
would be arranged. Files, websites, programmes, and data 
are stored and accessed via a distributed system known as 
IPFS. That sweet, sweet aardvark data may be located using 
IPFS based on its contents rather than its physical location. 
Instead of accessing one of Wikipedia’s computers for the 
page, your computer utilises IPFS to request the page 
from a number of machines across the world. The string 
of numbers in the middle of the URL (QmXo...) denotes 
the IPFSified version of the aardvark information. It is 
not limited to using Wikipedia to find facts on aardvarks. 
IPFS enables this for all types of computer files, including 
documents, emails, and even database entries, in addition 
to web pages.

Fig. 3 Screenshot 1 of Uploading Image    

Fig. 4 Screenshot 2 of Uploading Image 

Fig. 5 MetaMask wallet
An Ethereum blockchain-connected coins wallet called 
MetaMask is a well-known and respected browser 
plugin. MetaMask lets users to interact with the Ethereum 
ecosystem, which offers a wide variety of decentralised 
applications (Dapps), without having to download the full 
blockchain onto their device.    It is therefore one of the best 
Ethereum wallet choices for rapid access to decentralised 
exchanges (DEX), gaming software, gambling websites, 
and many other applications. The wallet works with all 
of the most popular browsers, including Chrome, Firefox, 
Brave, and Microsoft Edge. The native currency of 
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Ethereum, ETH, as well as tokens made in compliance 
with the ERC-20 and ERC721 standards are both kept 
by MetaMask. Fig. 3 and Fig. 4 are the screenshots of 
uploading image. Fig. 5 and Fig. 6 show MetaMask wallet 
and Ganache respectively.

Fig. 6  Ganache

CONCLUSION 
A new era of social networks is being launched in 
by blockchain technology. With the help of this new 
technology, current social media models may now 
have the highest level of privacy. Data sales, algorithm 
modifications, and useless data constraints could all 
become obsolete. It’s because these social networks using 
blockchain technology are run and controlled by the users 
themselves. Because there is no centralised authority, 
users on these networks enjoy more consequences 
for their opinions on social media. On the majority of 
decentralised social media sites, individuals may privacy, 
which supports the right to free speech and expression 
and spares people the suffering of facing legal earn 
cryptocurrency by publishing and chatting. Messaging 
that is directly connected to the crypto address (domain 
name, for example, unstoppable. crypto) is made possible 
using a decentralised messenger known as the Dchat 
protocol. The features like as team conversations, auto-
destruct features, stickers applications, games, etc. may be 
separately developed and released on top of any wallet or 
blockchain application. On a P2P storage network, it will 
be constructed.
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ABSTRACT
Image classification is a fundamental task in computer vision with broad applications. Accurate image classification is 
essential to the development of many industries, including manufacturing, agriculture, autonomous systems, healthcare, 
and more. In the realm of machine learning, ensemble methods have garnered attention for their capability to boost 
the efficacy of model predictions. This is a research paper exploring the head-to-head performance of the stacking 
ensemble technique and the standalone AlexNet architecture in image classification using the Fashion- MNIST dataset. 
Preliminary results are astonishing and reveal that the ensemble method can outperform even when trained on a fraction 
of the epochs set for AlexNet. The results highlight the resilience of ensemble approaches, especially stacking, which 
opens a great deal of scope for exploiting the combined strength of different architectures. This work, apart from 
illuminating the subtle benefits of ensemble methods, paves the way for further research aimed at optimizing and 
exploiting these methods for complex classification problems.

KEYWORDS : Image classification, AlexNet, Ensemble model, Fashion-MNIST.

INTRODUCTION

With the advent of big data, digital imagery has 
revolutionized a new wave of possibilities across 

healthcare, autonomous vehicles, entertainment, and 
security. But this vast abundance of visual data brings 
along with it the difficult task of categorizing and 
extracting meaningful information from these enormous 
collections of images. This is the main problem of the 
image classification domain in the computer vision field.

Image classification is training computers in the 
recognition and further categorization of images through 
their content. It allows algorithms to learn which objects, 
patterns, and features inside an image are related to which 
given categories. This technology is important in a wide 
array of applications including facial recognition, object 

detection, and medical diagnosis. It equips machines 
with the capacity to read visual data to help in analytics 
and streamline multiple tasks across any industry. So far, 
challenges in this sector are developing an algorithm that, 
on its own, can make sense of these complex patterns as 
well as characteristic features in any image, which goes 
on to lead to consistent and accurate identification results 
across a varied set of images. 

In recent times, researchers have used many strong 
techniques that include transfer learning and ensemble 
methods to simplify and later resolve the complexity of 
image classification. Transfer learning makes it possible 
for images and patterns learned from extensive data sets 
to head into pre-trained neural network models. Instead 
of building a model entirely, transfer learning fine-tunes 
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92.5% accuracy across the datasets [4]. Such results have 
lent credibility to transfer learning, especially when the 
training data are scarce. With such architectures as VGG-
16, ResNet-50, and DenseNet-121, it identified the former 
as a better model using a mAP score of 0.9629 [5]. This 
shows potential in environmental safety while highlighting 
a large role in better classification of multilabels between 
transfer learning and data augmentation.

Medical image classification has not been an exception 
to these advancements. A recent paper on how ensemble 
learning can optimize deep CNNs for medical images 
demonstrated that using techniques such as stacking 
augmented performance resulted in as high as a 13% F1-
score lift. In addition, augmenting and cross-validation 
based bagging helped immensely  in  improvements  to  
performance  [6]. In a similar direction, a weighted ensemble 
was proposed for the task of image classification. The 
same model, which was trained using an Adam optimizer, 
was promisingly performing on X-ray image datasets, 
even surpassing other established models from previous 
studies [7]. The method of assigning weights based on 
individual model accuracies and deriving predictions from 
a weighted average of all models’ predictions is proving to 
be a potent approach.

One outstanding ensemble learning-based technique 
was contributed to the analysis for multi-spectral image 
classification. Ensemble-based learning was done 
for the image data classification which belonged to 
multiple spectra. On using this strategy, it results in the 
phenomenal outperformance and shows a truly excellent 
classification of 99.96% compared to the overall strong 
base classification while conducting any kind of multi-
spectral analysis of land use and land cover. This high 
level of accuracy underscores the potential of ensemble 
learning methods in handling complex classification 
tasks within multi-spectral image datasets and solidifies 
its importance in advancing land use and environmental 
monitoring applications [8].

AlexNet was one of the pioneering architectures for deep 
learning. Since it came in 2012 and bagged first place 
at ILSVRC ImageNet Large Scale Visual Recognition 
Challenge, various other architectures were proposed 
based on the performance on deep neural network. It 
proved a tremendous capability by delivering extremely 
accurate image classification capabilities as well as 
proving deep learning capabilities are indeed capable of 
superseding the old traditional computer vision methods. 

the pre-built models for different tasks in an image 
classification model by using this pre-existing knowledge. 
This improves model development acceleration and 
reduces requirements on data storage; more so, it will have 
higher accuracy while classifying these images, so this is 
actually an effective way across all disciplines [1]. The 
ensemble is designed to maximize model performance 
by pooling together the individual predictions from other 
models. They integrate multiple individual models, hence 
combining their predictive insights. Often more accurate 
and robust than reliance on a single model, aggregation of 
the output of diverse models through ensemble methods 
reduces overfitting, improves generalization, and increases 
the overall classification accuracy [2]. The paper seeks to 
explore ensemble techniques applied using pre-trained 
models with potential in the improvement of performance 
in image classification.

The primary objective of this research paper is to perform 
an in-depth comparative analysis of the methods for image 
classification by making use of transfer learning with 
AlexNet and ensemble methods by employing ResNet, 
VGG, and MobileNet architectures. This will be beneficial 
in determining the strengths and weaknesses of the 
AlexNet transfer learning model as well as the ensemble 
techniques and can guide practitioners to select the best 
possible approach to tackle specific challenges of image 
classification.

The manuscript is ordered as follows. Section 2 illustrates 
the exhaustive literature review followed by methodology 
in section 3. Section 4 depicts the experimental work which 
is compared with machine learning models in section 5. At 
the end section 6 concludes the paper.

LITERATURE REVIEW
Image classification is one area of significant advancements 
and especially by means of combining deep learning 
with the concept of transfer learning. For example, this 
has been applied using the pre-trained VGG16 model 
for daisy and dandelion classification from images. The 
network described had an input shape of (7,7,512), ReLU 
activation, and 0.5 dropout and showed a respectable 
accuracy of 90% after 100 epochs [3]. It highlights the 
capability of transfer learning and pre-trained models in 
the image classification task.

One study explored the performance of eleven pre-
trained models on five different datasets. Surprisingly, the 
ResNet-50 model was particularly impressive, averaging 
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Moreover, its architecture is characterized by using 
multiple layers that enable hierarchical feature learning. 
Its design further makes it exceptional because it uses 
different layers that allow for hierarchical feature learning. 
From raw pixel values, AlexNet could analyze images and 
get complex patterns and representations [9]. However, it 
is not exempted from flaws. 

The depth and complexity in AlexNet are computationally 
intensive, requiring high resource and memory. It also 
follows the multi-layer architecture that enables it to 
learn hierarchical features. AlexNet analyzes raw pixel 
values, capable of finding complicated patterns and 
representations in images [9]. However, these come with 
disadvantages. The complexity and depth of AlexNet, 
though, are computationally demanding, taking enormous 
powers and memory resources. It is therefore often not 
suitable for devices under considerable constraint or in 
real-time applications. Moreover, it has a high parameter 
count that leads to overfitting especially if trained on 
smaller sets of data; thus, some regularization techniques 
need to be employed [10].

Ensemble methods are touted for their higher robustness 
and generalization capabilities. The beauty of ensembling 
is that predictions from a plethora of models can be 
combined to reduce overfitting and facilitate more reliable 
outcomes. One peculiar characteristic of an ensemble is 
the ability to represent a wide range of base models with 
different architectures, thereby making the predictions 
richer and the overall performance of the ensemble 
stronger [11]. Perhaps one of the shining methods in the 
ensemble techniques’ arsenal is stacking, which makes 
use of meta-learning. It provides models with a way to 
take insights from what other models have predicted, 
packaging complex relationships in outputs from the base 
models into something that works better than conventional 
ensemble methods many times. This will harmonize 
what the base model does well, while diminishing their 
limitations, therefore generalizing to be better than the 
rest [8]. However, ensemble methods also have their share 
of problems. Their design and maintenance tend to add a 
heightened complexity over the process of training a single 
model. They also become computationally intensive and 
time- consuming, which might delay their usage in real-
time applications. Besides, stacking introduces additional 
layers of complexity, particularly at the architecture 
of the models and the tuning of hyperparameters. The 
identification of the appropriate ensemble of base models 
and the meta-learner might be challenging as well [12]. 

Finally, data requirements are rather high when it comes 
to stacking. While both the ensemble models and the 
meta-learner require a pretty large dataset in order to 
successfully train, scarce data may let the meta-learner 
overfit in sparse cases.

METHODOLOGY
This paper proposes two distinct yet powerful approaches 
to tackle the challenge of classifying Fashion MNIST 
images: one based on transfer learning using AlexNet and 
the other harnessing the combined strength of ensemble 
learning, integrating ResNet50, VGG16, and MobileNet.

Both methodologies are rooted in the philosophy of 
utilizing the strengths of pre-trained models, either by 
transferring their learned features or by aggregating their 
capabilities. In the subsequent sections, we delve deeper 
into the intricacies of both approaches, elucidating the 
architecture details & training procedures.

AlexNet is a notable convolutional neural network 
architecture consisting of five convolutional layers 
followed by three fully connected layers.

The architecture begins with an input layer for a 224 x 
224 x 3 image, followed by multiple convolutional layers: 
the first with 96 filters of 11 x 11 kernel size, the second 
with 256 filters of 5 x 5 kernel size, and the subsequent       
layers with smaller filters and kernel sizes [10] as shown 
in Fig. 1.

Fig. 1. AlexNet Architecture

To decrease the number of features max-pooling layers 
follow the first, second, and fifth convolutional layers. For 
training AlexNet on the Fashion MNIST dataset, we used 
a total of 25 epochs. The convolutional layers are followed 
by three fully connected layers, the last of which connects 
to the output layer, employing a softmax function for multi-
class classification. The use of ReLU activations, dropout 
before the first two fully connected layers, overlapping 
max- pooling, and data augmentation and normalization 
are additional prominent features of AlexNet.
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The Fashion MNIST dataset, another critical element 
in the machine learning field, comprises 70,000 28x28 
pixel grayscale images of fashion items, split into 60,000 
training and 10,000 testing images. Each image is labeled 
with one of 10 class labels, denoting different types of 
clothing such as T- shirts, trousers, sandals, etc. Developed 
as a more sophisticated alternative to the classic MNIST 
dataset of handwritten digits, Fashion MNIST challenges 
machine learning algorithms with more intricate patterns 
associated with clothing items [10].

To harness the pre-trained AlexNet for the Fashion MNIST 
dataset from its original architecture, we implement a 
series of modifications to the network, embodying the 
essence of transfer learning. Transfer learning involves 
using a pre- trained model, like AlexNet in this case, and 
fine-tuning it for a new task, such as classifying images 
in the Fashion MNIST dataset. The following adjustments 
are done on the AlexNet model for transfer learning.

Input Layer Adjustment

The Fashion MNIST dataset is characterized by grayscale 
images with a dimension of (28, 28, 1).

AlexNet, originally configured for (227, 227, 3) images, is 
adapted to work with (28, 28, 1) images, averting the loss 
of fine details and eliminating the need to resize the dataset 
images to 227*227 [10]. This modification allows us to 
keep the input layer intact, demonstrating the flexibility 
and adaptability of transfer learning.

Output Layer Adjustment

In creating AlexNet compatible with the 10 distinct 
categories of the Fashion MNIST dataset, the output layer 
of AlexNet, originally tuned for 1000 categories of the 
ImageNet dataset, is replaced with a new fully connected 
layer with 10 nodes [10]. With a softmax activation 
function, this conversion is crucial in producing class 
probabilities to accurately classify fashion articles and 
tailor fit AlexNet into the specific needs and categorizations 
of the Fashion MNIST dataset.

The fully connected layers of AlexNet are replaced, while 
the convolutional layers are retained and adjusted to match 
the input shape and number of classes of the Fashion 
MNIST dataset. This is one of the fundamental aspects 
of training in transfer learning, where a few layers are 
frozen to retain their pre-trained weights, thereby helping 
in good feature extraction. We intentionally freeze the 
early layers that capture lower-semantic features to retain 

their pre-learned capabilities. Concurrently, we fine-tune 
some later layers of the architecture, allowing certain pre-
trained layers’ weights to be updated during the training. 
This balanced strategy enables the model to hold onto 
the generic lower-level features while adeptly modifying 
the higher-level features for the specific task of Fashion 
MNIST classification.

The second approach adopts an ensemble learning 
approach. In the realm of ensemble learning, delving into 
the architectures of ResNet50, VGG16, and MobileNet 
provides a comprehensive view. The ensemble approach 
for classifying Fashion MNIST images was trained over 
3 epochs. ResNet, or Residual Networks, uses skip or 
shortcut connections to ensure efficient training of deeper 
networks by allowing gradients to bypass certain layers. 
This architecture aids in mitigating the vanishing gradient 
problem, enhancing the learning capability of the network 
[13]. VGG or Visual Geometry Group, another deep 
architecture, employs small receptive fields and multiple 
layers to extract intricate features from the input data. 
The depth of the network allows it to capture a diverse 
range of features, enhancing its classification ability 
[14]. MobileNet, tailored for mobile and edge devices, 
emphasizes computational efficiency. It employs depthwise 
separable convolutions to minimize the computational 
load while maintaining robust performance [15].

For Fashion MNIST dataset, the preprocessing steps 
include normalization of pixel values and reshaping 
images before feeding it to the networks. Preprocessing 
makes sure that the dataset fits the model architecture 
and improves the performance of the models by giving 
standardized input data.

One core step in developing a more efficient machine 
learning approach lies in combining the use of various 
models into addressing one specific problem: ensemble 
methods. The possibility of deriving predictions that can 
outperform even those made with one single, highly potent 
model. Stacking or stacked generalization diverges by 
employing a more layered approach. The construction of 
a stacking ensemble begins with the selection and training 
of multiple diverse base models on the complete dataset. 
These models, each with its own predictive power, output 
predictions on a validation or test dataset.

Finally, the performance of the stacking ensemble is 
carefully tested and measured over a test dataset with 
multiple measures to test its performance in prediction 
[17].
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Such a detailed, painstaking, multi-layered approach 
in stacking ensemble constitutes a considerable stride 
towards attaining improved performance of a model as 
depicted in Fig. 2. 

Fig. 2. Architecture of Ensemble Model

For unbiased effectiveness estimation, the model is tested 
against unseen data. The assessment is usually performed 
in terms of accuracy, precision, recall, and F1-score 
along with other tools, such as a confusion matrix [18]. A 
more extensive analysis through such methods provides 
refinement and thus, suitability to actual real-world 
application.

EXPERIMENTAL RESULTS
Model evaluation metrics highlight the performance 
of image classification models. In this research four 
performance metrics are used i.e., accuracy, precision, 
recall and F1-score. Accuracy measures how often model, 
like AlexNet or the ensemble of ResNet, VGG, and 
MobileNet, correctly classify fashion items in the Fashion 
MNIST dataset [1] as shown in equation 1.

	 (1)

Equation 2 indicates precision (P), which evaluates the 
model’s reliability, while equation 3 indicates recall, R 
which assesses their completeness in class identification 
[18].

	 (2)

	 (3)

The F1-score balances precision and recall, highlighting 
strengths and weaknesses [19] as shown in equation 4.

		  (4)

The research provides a nuanced evaluation of AlexNet 
and ensemble models, highlighting their strengths and 
vulnerabilities in fashion image classification, using 
diverse metrics for a rigorous comparative analysis.

The comparative results shown in Table. I between the 
ensemble approach and AlexNet provide intriguing 
insights into their performance dynamics. Despite being 
trained for only 3 epochs, the ensemble method achieves an 
accuracy of 0.905, outpacing the AlexNet’s performance 
of 0.877, which was trained for a considerably longer 25 
epochs. This discrepancy is even more pronounced when 
considering the precision, recall, and F1-score metrics, 
where the ensemble consistently surpasses AlexNet across 
the board.

One could surmise that the inherent strength of the 
ensemble approach, which combines the predictive power 
of multiple architectures, allows it to rapidly converge to 
a more accurate solution, even with a relatively limited 
number of iterations.

Table 1. Evaluation of Ensemble & AlexNet model 

Parameter Ensemble (epoch 
= 3)

AlexNet (epoch 
= 25)

Accuracy 0.905 0.877

Precision 0.909 0.897

Recall 0.905 0.877

F1-score 0.904 0.886

It’s particularly noteworthy that, with such a constrained 
number of epochs, the ensemble method not only matches 
but exceeds the performance of AlexNet as shown in Fig. 
3.

Projecting these results into future experiments, it’s 
reasonable to hypothesize that increasing the number of 
epochs for the ensemble method could further amplify 
its accuracy and other metric scores. If the ensemble’s 
performance can be this robust with a mere three epochs, 
it’s tantalizing to consider the potential advancements in 
accuracy, precision, recall, and F1- score that could be 
achieved with more extensive training. This observation 
underscores the potential efficacy of ensemble methods 
in image classification tasks, especially when juxtaposed 
against single, albeit powerful, architectures like AlexNet.
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Fig. 3. Comparison of Ensemble & AlexNet model

V.	 COMPARISON WITH TRADITIONAL 
MACHINE LEARNING MODEL

In our study using the Fashion-MNIST dataset, we 
evaluated the performance of various machine learning 
models such as Decision Tree, K-Nearest Neighbors 
(KNN), Random Forest, Feedforward Neural Network 
(FNN). These results are as shown in Table. II.

All models delivered strong results, with Random 
Forest and FNN nearly matching the Ensemble Model’s 
performance. Surprisingly, the basic FNN achieved 
remarkable results, challenging the notion that complex 
models are always necessary. Intriguingly, FNN’s 
precision, recall, and F1 score were quite like those of the 
Ensemble Model as shown in Fig. 4.

This suggests that the FNN, with a straightforward 
architecture, can also offer competitive results. 
Furthermore, we explored the potential for improving 
FNN performance by deepening its architecture.

Table 2. Traditional Machine Learning Models 
comparison

Parameter Decision 
Tree

KNN Random 
Forest

FNN Ensemble 
Model

Accuracy 0.788 0.854 0.878 0.860 0.905

Precision 0.790 0.857 0.877 0.898 0.909

Recall 0.788 0.854 0.878 0.860 0.905

F1-score 0.789 0.853 0.877 0.878 0.904

Deep learning models have shown the capacity to capture 
intricate patterns, and enhancing the FNN with more layers 
could potentially surpass the Ensemble Model. Increasing 
the number of layers of a network can potentially be 
computationally less expensive than an ensemble model 
with different individual models.

Fig. 4. Traditional Machine Learning Models Comparison

CONCLUSION
In the realm of computer vision, image classification is a 
fundamental activity that is essential to the resolution of 
many real-world issues. The research discussed here sheds 
light on the power of image classification, exemplified 
through a comprehensive study comparing ensemble 
methods with individual pre-trained model architectures 
like AlexNet.

In the exploration of machine learning ensemble methods, 
the stacking technique emerged as a potent strategy for 
enhancing model performance. Through a detailed study 
comparing an ensemble method and AlexNet on the 
Fashion MNIST dataset, the ensemble, even with a mere 
3 epochs of training, outpaced AlexNet, which underwent 
a much lengthier

25 epochs of training. This superiority underscores the 
potential of leveraging the combined strengths of various 
architectures in ensemble methods. The observed efficiency 
of the ensemble suggests further research avenues, such as 
extended training or the integration of a broader range of 
base models, could yield even more refined performance 
in image classification tasks.

Beyond the comparison of transfer learning methods, 
our exploration extended to traditional machine learning 
models on the Fashion-MNIST dataset. Notably, Random 
Forest and Feed forward Neural Network (FNN) 
displayed performance comparable to the ensemble 
model. Particularly, the basic  FNN architecture showed 
remarkable potential in image classification. It was 
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intriguing to see that adding more layers in FNN led to a 
deep architecture that appeared to outperform the ensemble 
model and at the same time, reduce computational cost.

In conclusion, the research conducted on ensemble 
methods opens avenues to further deepen the traditional 
machine learning models and to open possible future 
advancements of image classification.
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ABSTRACT
The digital transformation of recruitment practices has created new challenges in candidate selection processes. Human 
resource departments face the daunting task of processing vast quantities of unstructured resume data submitted through 
online platforms. This research presents an innovative automated system that streamlines the candidate evaluation 
process by implementing a Content-based Recommendation approach utilizing Cosine similarity metrics. Our 
framework analyzes the correlation between candidate resumes and specific job requirements, generating quantifiable 
similarity scores. This automation significantly reduces the manual effort required in resume processing while enhancing 
the precision of candidate shortlisting. The system’s effectiveness was validated through comprehensive testing using 
authentic recruitment data, demonstrating its practical applicability in modern hiring workflows.

KEYWORDS : Content-based recommendation, Cosine similarity, Recruitment, Screening.

INTRODUCTION

Talent acquisition is an important, complex, and time-
consuming function within Human Resources (HR). 

The sheer scale of India’s market is overwhelming. The 
job market has created a huge turnover with over a million 
people applying for jobs.

The most difficult part is the absence of a standard resume 
format and version which enables short listing the profiles 
you would like to have in order to apply for required roles. 
Domain knowledge is needed to scrutinise the resumes 
and ascertain how relevant and applicable a profile is for 
the job role.

This paper proposes and implements a model by designing 
a website through which company administrators 
can upload descriptions of their job requirements and 
candidates can upload their resumes. The proposed 
Content-Based Recommendation model computes the 
similarity between the job requirement with each resume 

using the Cosine Similarity index and generates a list of 
potential candidates who are closely fit for the job. This 
will result in cost savings in terms of money as well as 
time for corporate organizations.  

LITERATURE SURVEY
The landscape of modern corporate recruitment presents 
several critical challenges in the digital age. Through 
our comprehensive analysis, we identified three primary 
obstacles facing organizations:

Challenge 1: Volume Management The expansive 
Indian job market generates an overwhelming number 
of applications for each position. Traditional manual 
screening methods have become inadequate for processing 
this massive influx of candidates, resulting in prolonged 
hiring cycles and increased operational costs.

Challenge 2: Resume Heterogeneity A significant 
hurdle emerges from the lack of standardization in resume 
formats. Each candidate submits documentation with 
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Item Based

Finding a similarity between items, and recommending an 
item based on the interest of a similar item. For example, 
if an employer views one resume for a specific job, then an 
item-based algorithm would suggest other resumes with 
similar skills or fields present in the viewed resume. This 
is also called “Content-based filtering” [4]. A benefit of 
using this approach is that you do not have to rely on a lot 
of user data since the similarity calculation is happening at 
the item level [5].

Customer Based

Finding similarities between customers, and recommending 
an item that a similar customer has purchased/watched [7]. 
This is also called “Collaborative filtering”. A benefit of 
this approach is that it works better for discovery, since 
items that look unrelated initially, might be liked by 
similar customers [6]. Take Netflix: if I watch an episode 
of Marvel’s Agents of Shield and other people who have 
watched Marvel’s Agents of Shield also watched The 
Office, I will get recommended The Office, even though 
they don’t seem to have anything to do with each other.

Additional Comparison

The content-based recommendation structure brings 
various benefits exceeding traditional keyword-based and 
collaborative filtering systems. The platform differs from 
Naukri.com and MonsterIndia because it measures job-
description-resume relationships using cosine similarity 
for a more accurate match. The matching efficiency of our 
method compares well with more advanced deep learning 
techniques while maintaining equivalent accuracy levels. 
The analytical trade-off between system performance and 
efficiency makes our model a practical solution for big-
scale resume selection procedures.

METHODOLOGY
The main objective is to check if the job seeker is good 
enough for the required job position. Hence, the similarity 
between the resume and the job requirements are calculated 
and candidates with a higher similarity index are shortlisted 
as potential candidates. The preprocessing of the resumes 
and job descriptions is carried out by following four steps 
as shown in Fig. 1. (i) Word Tokenization: Individual 
words are extracted from the document. (ii) Bad characters 
removal: Numbers, punctuations, and special characters 
are removed from the list of words obtained from the 
previous step.  (iii) Stop words removal: Stop words 

unique structures and organizational patterns, compelling 
hiring teams to adapt their evaluation approach for each 
submission. This variability not only consumes excessive 
resources but also introduces the risk of overlooking 
qualified candidates during the screening process.

Challenge 3: Qualification Alignment Perhaps the most 
complex challenge lies in accurately mapping candidate 
qualifications to specific job requirements. This crucial 
assessment determines whether a candidate’s profile 
aligns with the position’s demands, directly impacting 
hiring success rates.

Our investigation into existing solutions revealed various 
approaches to these challenges [3]. The following analysis 
examines current systems and their effectiveness in 
addressing these recruitment obstacles.

LinkedIn 

Passive Candidates will be present and they won’t be 
actively searching for a job. Many will not be interested 
in finding a new job. Having so many profiles will 
make it difficult for job seekers to get recognized. Too 
many candidates and their resumes lead to overloaded 
information.

Naukri.com  

Employer Branding is hardly visible which is a major 
product flaw on the portal. Only trusted and verified 
sources can post their jobs on our website.

Internshala  

There’s a Low-Earning Potential. The website will 
consider more job postings than internships, therefore 
increasing earning potential

MonsterIndia  

Passive Candidates will be present and they won’t be 
actively searching for a job. Many will not be interested 
in finding a new job.

Killer Launch  

It is a platform that redirects potential employees to job 
opportunities available in the market. Unfortunately, they 
are a membership type of platform which requires people 
to pay to gain access to this information which tends to 
demotivate people from creating accounts.

Existing recommendation systems can be classified into 
two types: 
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like for, the, and am, are removed from further as these 
words don’t carry any meaningful information required 
for candidate selection. (iv) Stemming or Lemmatization: 
The root words of each word are obtained for further 
processing.

Fig. 1: Preprocessing of the resume and job description

After preprocessing, the frequency count of all root words 
in the resume and job requirements were saved in two 
separate lists each of length ‘n’ where ‘n’ represents the 
number of distinct words in both the resumes and job 
requirements combined. Each list is represented by a vector 
of ‘n’ dimensions, in which the vector value represents the 
frequency of each word in the resume or job requirement 
[2], [8]. For example, a resume has the statement 
‘Specialized in Web Developer’ and the job requirement 
has the statement ‘Looking for Web Developer’. The 
number of distinct words is 6 i.e. [‘Specialized’, ‘in’, ‘Web’, 
‘Developer’, ‘Looking’, ‘for’]. After preprocessing the list 
will become [‘Specialize’, ‘Web’, ‘Develope’, ‘Look’]. So 
the vector for the resume will be represented as [1,1,1,0] 
and the job requirement will be [0,1,1,1] where each value 
represents the frequency of the corresponding word in 
the resume or job requirement. The similarity between 
the resume and job requirement is computed using cosine 
similarity as in equation (1). 

	 (1)

where A is the vector representing the frequency list of 
the resume and B is the vector representing the frequency 
list of the job requirement. |A| is the magnitude of the 
vector A while |B| is the magnitude of vector B. The cosine 
similarity gives results in the interval between 0 to 1. If 
the value is closer to 1, it means vectors are closer to each 
other representing maximum similarity [1].

Algorithm:  Content-Based Resume Recommendation 
System

1.	 Extract all tokens from resume using word tokenization

2.	 Remove numbers, punctuations and special characters

3.	 Remove words like (is, in, for, am), etc.

which are not significant

4.	 Find the root word using Stemming or Lemmatization

5.	 Remove duplicate words if any

6.	 Create 2 vectors one for job seeker’s resume and one 
for job requirement of company of size equal to that 
of number tokens present after preprocessing. Place 
the frequency of each word in each document in the 
respective vector

7.	 Apply the cosine similarity formula as shown in 
equation (1)

8.	 The value obtained from cosine similarity is between 
0 and 1. To convert it into percentage multiply the 
value by 100.

9.	 If the value is greater than 70 then the resume is 
perfect match for the job requirement else the resume 
is not a perfect match for the job requirement

Fig. 2: Algorithm

The proposed solution is provided by designing a website 
consisting of two modules: company module and job 
seeker module. In the Company module, each company 
can submit their job description. Similarly, in the candidate 
module, each candidate can submit their resume.

Our system works on a database model as shown in Fig 
3 where relevant information of the users, companies and 
their resume data is stored in the database.

When a user enters the website they are asked if they are 
recruiters or job seekers as in Fig.4. From there they will 
be redirected to the login page. After successfully logging 
in, the job seeker will land on the profile page and from 
there they can update their profile, update their resumes 



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 162

Content-Based Recommendation Model for Intelligent Resume........ Mahato, et al

and check out existing job opportunities present. The job 
seeker will also be able to view which all companies are 
interested in their profile.[4] Meantime the company will 
land on their profile page where they can post job openings 
and their requirements. They can also mark favorites if 
they are interested in a particular user.

Fig. 3: Database schema 

Fig. 4: Model Flow

RESULTS
The separate types of authentications were implemented 
successfully, leading to separate homepages and functions 
for both job seekers and companies.

The job seeker module was effectuated with the planned 
features, which included resume uploading, viewing the 
list of available jobs, and getting an idea of the potential 
jobs they may receive through the ‘favorites’ functionality 
that was implemented.

The company module was also implemented successfully 
with features such as uploading available jobs and viewing 
candidates that fit their requirements through our filtration 
system.

We have minimized the number of database calls using our 
algorithms to implement the above, and have an optimized 
website.

Two models have been built on the cleansed data: 

Resume Classification System

The framework implements an algorithmic classification 
mechanism that systematically categorizes resumes into 
appropriate domains. This classification utilizes a Cosine-
based mathematical model, with performance metrics 
carefully documented to validate the system’s accuracy. 
The model’s ability to correctly assign resumes to relevant 
categories serves as a fundamental step in the screening 
process.

Content-Based Recommender 

We regard the above case as document similarity 
identification similar to a Content based recommender 
work where the Job Description provided by the employer 
is used to match its content with the content of resumes in 
the document space and the n top(n configurable) matching 
resumes are recommended for the recruiter. Cleansed 
resume data and job description were taken together, and 
pushed into the model, followed by computing the cosine 
similarity between the job description and CVs. 

Two datasets were used in the experimentation

Monster_india.csv  

UpdatedResumeDataset.csv  

Monster India dataset was used for the job requirements 
of the company. Updated Resume Dataset was required 
for the resumes of the user. The monster India had a job 
position column and the resume dataset also had a job 
position column. The model was given the entire dataset 
and it compared each resume with each job requirement. 
From the cosine similarity match, it could be concluded that 
the matches for the same job position of the user resume 
and the company job requirement were high and that for 
different job requirements were relatively low. If the job 
positions were similar the results that were governed were 
around 70% match while if the job positions were different 
the results fell as low as 10%. 



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 163

Content-Based Recommendation Model for Intelligent Resume........ Mahato, et al

Fig. 5: [Company View] Cosine Match of Job Seeker 
Resume with their Job Requirement

In Fig.5. the Company can view the Cosine Percentage 
Match of their Job Requirements with the Resumes of 
the Job Seeker. The Company can also view the Resumes 
of all the Job Seekers. The Favorites Column shows if a 
particular job seeker is present in their Favorites section. 
The company can also view the job post the job seeker is 
searching for.

SYSTEM EVALUATION AND    ANALYSIS
To demonstrate the effectiveness of the proposed 
content-based recommendation model, we conducted a 
comprehensive evaluation using multiple parameters. 
Inspired by the volunteer recommendation system 
analysis approach[9], we evaluated our system on various 
fronts, including accuracy, relevance, scalability, and user 
satisfaction. The following sections detail the evaluation 
process and findings.

Evaluation Parameters: Fifty participants, including HR 
professionals and recruiters, were engaged to assess the 
model’s performance. They were tasked with evaluating 
the system on the following metrics, rated on a scale of 1 
to 5:

1.	 Matching Accuracy: How accurately the system 
matches resumes with job descriptions.

2.	 Recommendation Relevance: The relevance of the 
recommended candidates to the job roles.

3.	 User Interface: Ease of use and clarity of the system 
interface.

4.	 Processing Time: Efficiency in processing large 
volumes of resumes.

5.	 Scalability: Ability to handle increasing data volumes 
without performance degradation.

6.	 Overall User Satisfaction: General satisfaction with 
the system’s performance.

Evaluation Results: Based on participant feedback, Table 
1 summarizes the ratings for each parameter:

Parameter Rating (1/5)
Matching Accuracy 4.2

Recommendation Relevance 4.0
User Interface 3.8

Processing Time 4.3
Scalability 3.9

Overall User Satisfaction 4.1

Fig. 6: [Job Seeker View] Recommended Companies to 
job seeker

In Fig.6. the Job Seeker is shown Job Offering of 
companies which has a Cosine Percentage match of above 
60%. The Job Seeker can view the job requirements of 
those companies.

Our system provides efficiency improvements along with 
its accuracy functionality. A typical calculation of cosine 
similarity between job descriptions and resumes takes 
around 0.003 seconds thus providing quick assessments 
across all data sets. The sparse vector encoding method 
optimizes system memory consumption and parallel 
processing features enhance scalability significantly. The 
optimized framework makes the model work effectively 
with large datasets but does not reduce its operational 
speed.

CONCLUSION
Modern recruitment faces unprecedented challenges due 
to the massive volume of digital applications received 
for each position. Our research addresses the critical 
need for automating the candidate screening process 
through an innovative machine learning framework. The 
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developed system demonstrates significant potential in 
revolutionizing traditional hiring practices through two 
key contributions: an intelligent resume classification 
mechanism and a precision-driven similarity matching 
algorithm.

By implementing content-based recommendation 
techniques, our system successfully bridges the gap 
between job requirements and candidate qualifications, 
offering recruiters a data-driven foundation for decision-
making. The framework’s ability to process unstructured 
resume data and generate quantifiable matching scores 
represents a significant advancement in recruitment 
automation.[9]

Future development will combine BERT (Bidirectional 
Encoder Representations from Transformers) and Sentence-
BERT (SBERT) deep learning embeddings with our 
current cosine similarity matching system. The advanced 
approach has the ability to extract deeper contextual 
data which improves the semantic matching capabilities 
between job descriptions and resumes. The accuracy of 
our system can be enhanced by combining traditional TF-
IDF vectorization with deep neural embeddings to keep 
computational complexity at manageable levels.
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ABSTRACT
Air pollution has emerged as a major international concern due to its hazardous impact on human health and the 
environment. Real-time AQI prediction becomes pertinent for timely management and safety protection. This study 
analyses the effectiveness of state-of-the-art deep learning architectures, which include sequence infused autoencoders 
and hybrid CNN-LSTM networks for three locations across Mumbai city. A feature vector with 21 variables was 
preprocessed using GAN based network for imputation and anomaly treatment. Models were evaluated using regression 
metrics such as, RMSE, MAPE and R2 score. Results demonstrate that Bi-LSTM AE and hybrid network has outshined 
on all metrics, indicating its robustness and generalization ability.

KEYWORDS : Autoencoder, Hybrid, Convolution, SVR, AQI.

INTRODUCTION

With increasing air pollution and its negative impact 
on human health, AQI forecasting has emerged as 

a crucial area of research in recent years. The Air Quality 
Index (AQI) is determined based on the concentration 
of various air pollutants. These pollutants can be 
broadly classified into two types: primary air pollutants 
and secondary air pollutants. Direct emissions to the 
environment occur due to industrial processes, vehicles, 
and natural events. These include particulate matter, such 
as PM10 and PM2.5, nitrogen oxides, h dioxide, and carbon 
monoxide. Secondary air pollutants, however, are formed 
through chemical reactions within the atmosphere and 
result from exposure to hydrocarbons, NOx, and sunlight. 
An example of a secondary air pollutant is ozone (O3) 
[1]. Other factors affecting AQI include meteorological 
conditions, including temperature, wind speed, humidity, 
pressure, and dew point, which affect the dispersion and 

transformation of pollutants and spatial factors such 
population density.

AQI, being a sequential data, shows several characteristics 
which make it a perfect candidate for time series analysis 
and predictive modelling. It has a strong temporal 
relationship as values are recorded at different periods that 
capture changes in AQI levels over time. Recently, there 
is huge advancement on techniques used for analyzing 
time series data as there are abundant of applications [2] 
such as, finance, healthcare, weather, supply chain, retails, 
manufacturing, agriculture, etc. 

Various machine learning regression algorithm such as 
support vector machine, random forest, KNN, etc., are 
used for AQI forecasting as they can capture non-linear 
dependency with less computational cost [3]. Advanced 
deep learning architectures have revolutionized AQI 
forecasting giving not only more reliable and accurate 
forecasts but also understanding hidden patterns and 
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the models based on SVR with results such as 97.68% 
accuracy for Visakhapatnam, 97.66% for Hyderabad, and 
88.98% for New Delhi [8]. Collectively, these findings 
underlie the relevance of support vector machines in air 
quality prediction across various datasets and regions. 

Autoencoders have been presented as a good choice for air 
quality forecasting by capturing patterns in the data and 
increasing the accuracy of predictions. In an article [9], 
introducing an Autoencoder-based Air Quality Predictor 
of outdoor air quality over Beijing, used sequence-to-
sequence architecture for prediction of future AQI values 
with input of hourly measurements of air quality and 
weather. To address the aforementioned problems, namely 
slow training and error accumulation, the authors have 
replaced the classical RNN encoder with a fully connected 
encoder added with position embedding. Moreover, an 
n-step recurrent prediction approach has been utilized, 
which has resulted in significant performance improvement 
in terms of long-term forecasting.

Hybrid models combining Convolutional Neural Networks 
(CNN) and Long Short-Term Memory (LSTM) networks 
have been found to be significantly promising for air quality 
forecasting because they can efficiently capture spatial and 
temporal features. One study [10] proposed a novel PM2.5 
forecasting model for metro stations using ensemble by 
combing CNN-GRU and CNN-LSTM networks. This 
is a three-stage model. It first decomposes the PM2.5 
time series into several subseries with VMD, and then 
predicts the regular part of components with CNN-GRU 
while CNN-LSTM predicts irregular components. In the 
end, these networks together increase the precision of the 
entire forecast. This research [11] compares prediction 
of the AQI values of ten large Chinese cities for different 
deep learning models, RNN, Bi-GRU, BiLSTM, CNN-
BiLSTM, Conv1D-BiLSTM, and the XGBoost of the 
machine learning model. Between these neural networks, 
CNN-BiLSTM and Conv1D-BiLSTM were proven to be 
highly capable in understanding the complex non-linear 
patterns within the air quality data. These findings indicate 
the merits of hybrid CNN-LSTM models in providing 
strong, accurate forecasts by combining convolutional 
feature extraction with LSTM’s sequential learning. 

METHODOLOGY
This section elaborates on methodology used for this 
research, which involved data acquisition and pre-
processing, model development and performance 
evaluation. 

converting them into valuable insights. It includes hybrid 
architectures that use both Convolution Neural Networks 
(CNN) and LSTM [4] to capture spatial and temporal 
relationships. Other architectures are attention-based 
networks that give more weightage to certain parts of a 
time series which is difficult to model. For AQI forecasting, 
autoencoder and their variants are used as they can reduce 
dimensions while understanding latent patterns, remove 
noise, and extract effective features needed by AQI 
forecasters [5].

AQI being a time series data, this study focuses on 
devising advanced deep networks that can be used for time 
series analysis across domain while using AQI dataset as 
research object. The structure of this paper is as follows: 
The background research in Section 2 discusses work 
done utilizing deep networks for forecasting multivariate 
time series, such as AQI. Section 3 complete methodology 
adopted for this study including designs of proposed 
architectures. Section 4 highlights the results achieved on 
different metrics along with visual plots.

REVIEW OF LITERATURE
Various works on air quality prediction utilized Support 
Vector Regression and Support Vector Machines, where 
different experiments were performed in comparison 
with other models. The study [6] used the Environmental 
Protection Agency (EPA) data set for California 
concerning air and weather quality, applied Yeo-Johnson 
power transformation in the pre-processing phase, and 
then determined the hourly AQI and O₃, CO, SO₂ pollution 
levels for California by SVR model. In one of the related 
research efforts, an 11-year data set from EPA for three 
cities of Taiwan were compiled, where k-NN imputation 
was used to fill the missing values of the dataset. The result 
demonstrated that the popular algorithms of SVMs with 
its different kernel techniques, including the polynomial, 
RBF, and linear kernels; showed inferior performance and 
were dominated by that of the Adaptive Boosting along 
with Stacking Ensemble [7]. 

This further leads to a novel Grey Wolf Optimization 
with Decision Tree (GWO-DT) method being proposed 
for predicting AQI values in major Indian cities, like 
Delhi, Hyderabad, and Kolkata. The performance of 
this method was evaluated using performance metrics 
such as R-Square, RMSE, MSE, MAE, and accuracy, 
in comparison to traditional models, which involve 
k-NN, Random Forest, and SVR. The results reported a 
high accuracy and showed competitive performance of 
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Data Cleansing

The pollutant parameter data has been taken from the 
CPCB portal [12], and the climatic parameters are sourced 
from OpenWeatherMap [13] for three locations in Mumbai, 
namely, Bandra, Colaba, and Kurla. The dual source would 
ensure full coverage which includes total of 21 features 
including air pollutants and meteorological factors. Data 
preprocessing is an important aspect that ensures a good 
prediction accuracy in machine learning models. For this 
study, missing values in the dataset were imputed using 
a GAN-based network [14], thereby maintaining realistic 
patterns and distributions for the imputed data. Upon filling 
the missing values, the dataset was subjected to anomaly 
detection using statistical inter-quantile ranges method. It 
was quite effective in picking up outliers in the dataset. 
These outlying data points also were replaced via the same 
GAN-based network to keep uniformity of the data. After 
the cleaning, the dataset was fed to standardization and 
normalization module to transform values between 0 and 
1 for maintaining equalization, which helps in avoiding 
overfitting by decreasing effects of differing scales across 
features. Lastly, the entire data set is split into three 
subsets, namely, training, validation, and testing set with a 
ratio of 70:20:10.

Model Development

In this section, multiple techniques use for AQI forecasting 
is explained. This research uses support vector regression 
(SVR) as baseline model and results are compared with 
advance deep leaning architectures such as sequence 
infused autoencoders and hybrid sequential convolution 
and recurrent architecture (HSCRA).

Fig. 1. Sequence Infused Autoencoder Architecture

a)	 Sequence Infused Autoencoders: Autoencoders are 
a powerful model for air quality prediction, which 
manages complex datasets by minimizing noise and 
offering robust, accurate forecasts. In the two-stage 

proposed deep learning architecture, Fig. 1 presents 
the LSTM/Bi-LSTM Autoencoder and LSTM/Bi-
LSTM Forecaster for AQI time-series prediction. The 
auto-encoder processes the input data 168 × 21 through 
the stacked LSTM or Bi-LSTM layers to encode the 
input into a latent space (168 × 32/16). The decoder 
is similar to the encoder which is complemented by 
additional LSTM/Bi-LSTM layers reconstructing the 
data back into its original form via a Time Distributed 
Dense layer (168 × 21).  The forecaster takes the 
latent representation and combines it with the actual 
input to form a feature space of shape 168 × 53/83. 
This is passed to stacked sequential layers with 64/32 
and 32/16 cells, followed by Dense layers with 16 and 
8 neurons, finally producing single AQI predictions. 
This architecture ensures denoising, compression, 
and accurate sequence forecasting.

b)	 Hybrid Sequential Convolution and Recurrent 
Architecture (HSCRA):  This architecture  uses 
convolution layers to gather spatial components from 
input data, whereas LSTM layers capture sequential 
temporal relationships. Fig. 2. represents a Hybrid 
CNN-LSTM Network used for multivariate AQI 
forecasting. It uses 1 or 3 CNN layers accompnaied 
by 1 or 3 LSTM layers, using ReLU activation and a 
kernel size of 3 for CNNs. The flatten layer transfoems 
the outpur into a 1D tensor and finally passed to 1 or 
3 dense layerswhich have [32, 16, 1] neurons. Thus, 
this hybrid architecture ensures the robust learning of 
spatial correlations as well as temporal dynamics and 
maintains natural time-series information flow. For 
different locations different architectural configuration 
is used as shown in table 1.

Fig. 2. Hybrid Sequential Convolution and Recurrent 
Architecture 
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Performance Evaluation

Evaluating performance means testing prediction accuracy 
of deep learning models on unseen data to understand 
how well a trained model will generalize on unseen 
observations. Three metrics used are, Root Mean Squared 
Error (RMSE) which provides a measure of the difference 
between predictions and observations.  Another metric 
is Mean Absolute Percentage Error (MAPE) that shows 
the percentage accuracy of predictions. Lastly, the R² 
score indicates how good is the fitting model in capturing 
variance in the target variable [15, 16S].

Table 1. Station-wise model configuration used by HSCRA 
architecture

Models 
Configuration 

Parameters

Stations
Bandra Colaba Kurla

P, Q, R 3, 3, 3 3, 3, 3 2, 2, 3
CNN Filters 128, 64, 32 128, 64, 32 64, 32
LSTM Cells 64, 32, 16 64, 32, 16 64, 32

Neurons in Dense 
Layer

32, 16, 1 32, 16, 1 32, 16, 1

RESULTS AND DISCUSSION
In this work, authors have implemented three advance 
DL architectures for three different locations to prove 
robustness of proposed approach and compared with 
baseline SVR method. A complete feature vector with 21 
variables, in particular, NOx, SO2, CO, Ozone, PM2.5, 
and PM10 temperature, dew point, pressure, humidity, 
wind speed, distances from shore, population density 
etc., were utilized for accurate forecasting. Past one-week 
hourly frequency (24*7) data was used to make a single 
prediction of AQI on next day. Autoencoder models were 
trained for 150 epochs whereas HSCRA models were 
trained for 100 epochs with 256 batch size.

Table 2. Station-Wise RMSE Values for all architectures

Models Stations

Bandra Colaba Kurla

SVR 46.35 38.25 63.06

LSTM AE 25.34 30.38 39.27

Bi-LSTM AE 23.96 21.03 30.88

HSCRA 26.63 20.67 26.66

Table 3. Station-Wise MAPE Values for all architectures

Models Stations
Bandra Colaba Kurla

SVR 0.316 0.203 0.225
LSTM AE 0.122 0.192 0.208

Bi-LSTM AE 0.115 0.129 0.159
HSCRA 0.138 0.121 0.135

From tables 2 to 4, it is evident that based on metrics values 
achieved if we perform cumulative analysis, the HSCRA 
is the best performing model at all metrics, with lowest 
aggregated RMSE and MAPE, and the highest mean R² 
score, so this is the most resilient model in producing AQI 
forecasts in this investigation. The Bi-LSTM AE model 
also performed consistently well, especially in terms of 
RMSE and MAPE values. Although SVR produced a 
decent R² score, its RMSE and MAPE values which are 
very high indicate it is less accurate in making predictions 
than the deep learning models. The performance of LSTM 
AE was mixed, with some stations performing well while 
others performed poorly, showing negative R² scores, 
which is clear sign of model’s inability in generalization.
Table 4. Station-Wise R2 Score Values for all architectures

Models Stations
Bandra Colaba Kurla

SVR 0.417 0.590 0.501
LSTM AE 0.588 0.111 -0.87

Bi-LSTM AE 0.643 0.769 0.058
HSCRA 0.45 0.74 0.56

(a)

(b)
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(c)
Fig. 4. Station-wise AQI predicted and Actual values for 
Bi-LSTM infused Autoencoder Architecture
Based on tables values we have depicted the visual 
representation of best performing models for all stations 
in Fig. 4 and 5. It presents station-wise AQI forecast using 
Bi-LSTM AE and HSCRA architecture respectively for 
three locations, namely, Bandra, Colaba, and Kurla.  In all 
plots, blue color indicates actual values and green values 
are predictions made by models. Data points before purple 
dashed lines are used as training set, between purple and 
red dashed lines are used as validation set, and after red 
lines are used as test set. The plots further illustrate claims 
that Bi-LSTM AE model closely traces the AQI levels 
with variations over time; thus, in addition to detecting 
short-term patterns, it is able to capture long-term trends 
as well. Similarly, HSCRA models shows good predictive 
performance with accurately forecasting AQI values 
closely following the actual values for all three stations. 
This captures seasonal patterns as well as significant 
swings in the levels of AQI. The consistent alignment 
indicates the robustness and generalization capability of 
the model in multivariate time-series forecasting. The use 
of hybrid architecture combining both convolutional and 
recurrent layers is successful in learning both spatial and 
temporal dependencies.

(a)

(b)

(c)

Fig. 5. Station-wise AQI predicted and Actual values for 
HSCRA Architecture

CONCLUSION
This research shows the capability of advanced deep 
learning models in AQI forecasting, and the effectiveness 
of hybrid architectures in learning complex spatio-
temporal patterns in multivariate time-series data. 
Among the models tested, HSCRA proved to be the best 
architecture with the lowest RMSE and MAPE values and 
the highest R² score for all three stations, which indicates 
its superior predictive capability. Consistent performance 
was also demonstrated with the Bi-LSTM Autoencoder 
in terms of capturing short-term variability and long-term 
trends. While a reasonable R² score for SVR is reported, 
higher error metrics indicate less reliability for accurate 
AQI prediction. The study concludes that hybrid models 
combining convolutional layers with recurrent layers 
are better suited for AQI forecasting as they can handle 
both spatial correlations and temporal dynamics. Future 
work may include enhancing hybrid models in new ways, 
extending the real-time forecasting capabilities to other 
domains related to time series. Additionally, ensemble or 
attention based network can further enhnace and improve 
models prediction capability.
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ABSTRACT
The growth of pollution is increasing day by day. Some things can affect the environment and cause loss in biodegradation. 
This can be due to rapid economic growth and urbanization. Toxic substances in the environment can be harmful to 
human health and require special precautions. The model continuously measures water levels and calculates them 
online to the host computer through the Internet of Things. With internet access, survey data can be obtained from 
remote locations without the need for easy access. The structure of this analysis model depends on the relationship 
or interaction between the distribution of the transformed data and the data structure. It works with new ideas using 
Internet of Things, cloud, air and water computing. This allows the government to monitor air and water pollution in 
different regions and take precautions. Water pollution is any change in the biological, physical or chemical components 
of water that ultimately harms any organ.

KEYWORDS : Internet of Things (IoT), Arduino, Sensor, Cloud.

INTRODUCTION

In this paper, the model uses air actuators to detect the 
presence of pollutants and compounds in the air and 

water. The model continuously transmits this information 
while tracking scaled sound levels and cycles like [1]. 
The main purpose of this paper is to create and make a 
useful assessment model that can be used and written by 
guidelines for air and water pollution. The actuators and 
sensors are stored in the cloud and drive the estimated 
deviation of the web browser, so it is important to monitor 
it [3]. The monitoring model uses actuators and sensors 
to detect pollutants such as carbon dioxide (CO2), 
sulfur dioxide (SO2) and others. The products in the 
environment equipped with actuators, microcontrollers 
and various software applications serve as personal 
protection and environmental monitoring [4], also known 
as smart environment. It helps to understand many 
things and transfers information and stored regularly 
and continuously on cloud. Monitoring environmental 
most of them do not need remote monitoring technology. 

These IoT systems have many features that can be easily 
integrated into devices and work in IoT. IoT technology 
supports the development of equipment in real time with 
information about performance. The Internet of Things 
is an innovation that connects sensors to the system and 
allows data from sensors to be sent to the network. We 
create models that can detect the variability of parameters 
such as weather, noise, temperature and humidity. 
Water quality for commercial purposes has different 
characteristics depending on the specific job. Some 
freshwater resources, such as groundwater and surface 
water, are low-use resources. However, commercial/
human activities and other natural processes can pollute 
these resources. This method also has its limitations. For 
example, if a farmer wants to check the water quality of 
his crops, he has to wait a week or more for each test. 
However, it is possible to manually estimate water quality 
using sensors to get differential results. This will take a lot 
of time, so IoT with cloud technology can be a solution 
that will provide predictability.
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The working flow model has a 4-layer architecture that 
includes all the functions in one module and is designed 
to monitor air and water pollution. Here, each layer has 
its own job and task. Tier 1 provides information on 
whether there is a responsibility to monitor and control 
air and water. Tier 2 includes the actuators and sensors 
with their operating characteristics and features. The 
structure is more flexible and integrated into the ecological 
management framework environment. Actuator ownership 
information and construction options will occur in Tier 
3, while appropriate interaction will occur in Tier 4. In 
Tiers 2 and 3, Identification and monitoring functions are 
usually selected on a case- by-case basis, such as setting 
the threshold, changing alarms, audible alerts or LEDs, 
etc.

This is based on Tier 3 and Tier 2 performance information, 
and differs from the previous article by including the initial 
price model taken at the main plant and the work site. This 
ultimately represents data for a specific parameter. Layer 4 
has appropriate mechanisms that can recognize changes in 
extreme prices. It is based on the determination of the CO 
degree or the water level. The information at this level will 
be analyzed and stored in the cloud.

Fig. 1 Working Flow Model

In other words, we can say that it is a treasure trove of 
Google spreadsheets that demonstrate the practice of 
understanding specific data. Users can now search or 
information via mobile phones, computers, etc. We know 
that air pollution and water pollution are new problems 
at present and are also the main targets of the Internet of 
Things The purpose of modeling is to control and minimize 
the pollution.

The goal of air and water pollution management in the 
Internet of Things (IoT) is to enhance the monitoring and 
control of air and water quality to prevent or mitigate 
pollution, ensuring clean and safe water sources for 

LITERATURE REVIEW
In today’s generation, many types of pollution have 
been created and developed, including different types 
of work done with them [6]. It uses the wireless sensor 
model developed by various networks to monitor and 
control physical and ecological conditions with many 
applications in various places. These are different types 
of commercial scales available in the market, including 
the Fortuity CO-220 carbon monoxide scale, the amprobe 
CO2 meter specially designed for CO2 leakage detection, 
the forbix Semicon LPG alarm. Researchers[7] have been 
developing air and noise pollution models over the years 
using Wireless Sensor Networks (WSN), Global Mobile 
System (GSM), Geographic Information Systems, etc. 
According to the functional purpose of Zigbee, it is implied 
that it will work with cross receivers and Bluetooth. Here, 
the actuator element communicates directly with the IoT, 
eliminating the use of complex operating procedures. We 
use RFID to collect and receive data. RFID system has two 
main components called tags and readers [8]. Tags consist 
of unique identifiers (IDs) and store additional information 
regarding temperature, humidity, etc. information for the 
tag. To track tags, tags are fixed or molded into objects in 
complex RFID applications.

In 2019, Umair Ahmed et al. As water quality is 
deteriorating at an alarming rate , the rate of disease 
stress, which is a direct impact of rapid urbanization 
and industrialization, also continues to increase . Their 
study tracked and applied machine learning algorithms to 
calculate Water Quality Index (WQI) and Water Quality 
Class (WQC); the former is a measure that describes the 
overall water quality and the latter is derived from WQI 
and is specific to the group. In 2022, Manisha Koranga et 
al. Machine learning algorithms were analyzed and eight 
regression algorithms and nine classification algorithms 
were used. Random forest, SVM, and stochastic gradient 
descent are considered as the best machine learning 
algorithms.

PROPOSED SYSTEM
The proposed structure is used to control the air in the 
environment, to make the environment suitable and to 
provide more interaction with the objects through wireless 
communication. This model is designed to meet the needs 
and motives of the public to analyze the air and water 
pollution in an area in real time through the Internet of 
Things. The working flow model is shown in Figure 1. 
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communities. This can be achieved through various key 
components and applications, including real-time water 
quality monitoring, automated response systems, and 
efficient water management applications.

Fig. 2 Proposed System Architecture

River and marine water pollution detection sensors are 
devices designed to monitor and identify pollutants in 
water bodies like rivers, oceans, and lakes. These sensors 
are critical for maintaining water quality, protecting 
ecosystems, and ensuring the safety of aquatic life and 
human populations. Here an overview of how these 
sensors work and the types commonly used:

Types of Water Pollution Sensors

Chemical Sensors

PH Sensors: Measure the acidity or alkalinity of the water. 
A sudden shift in pH can indicate pollution. Dissolved 
Oxygen Sensors: A drop in dissolved oxygen levels could 
suggest the presence of organic pollutants or algal blooms.

Turbidity Sensors: Measure the cloudiness of water, which 
can be caused by suspended particles like sediments or 
pollutants.

Nitrate and Phosphate Sensors: High levels of nitrates and 
phosphates can indicate agricultural runoff or wastewater 
discharge.

Biological Sensors

Biological Oxygen Demand (BOD) Sensors: Measure 
the amount of oxygen needed by microorganisms to 
decompose organic matter in the water, which can indicate 
pollution.

Microbial Detection Sensors: These sensors detect the 
presence of harmful bacteria like E. coli, which can 
indicate sewage contamination.

Heavy Metal Detection Sensors

Detect toxic metals such as mercury, lead, cadmium, and 
arsenic, which are commonly found in industrial waste 
and mining runoff.

Optical Sensors

Fluorescence Sensors: Measure the fluorescence emitted 
by organic compounds, such as oil spills, which are 
harmful to marine life.

UV-Vis Absorption Sensors: Used to detect certain types 
of contaminants like pesticides and oils.

Temperature and Salinity Sensors

Temperature: Water temperature fluctuations can indicate 
pollution, as polluted water often has a different thermal 
profile.

Salinity: Sudden changes in salinity levels can also indicate 
freshwater runoff or industrial discharges. Deployment 
Methods:

Fixed Monitoring Stations: These are set up in key locations 
like riverbanks or near industrial areas to continuously 
monitor water quality.

Mobile Sensors: Drones, boats, or even submerged devices 
can be used to sample and monitor larger areas of water, 
including remote or offshore locations.

Wearable Sensors: Portable sensors used by researchers 
or field teams to take on-the-go measurements at different 
points along rivers or marine sites.

RESULT ANALYSIS
This system uses IoT technology to monitor and analyze air 
and water pollution. We measured various pollutants and 
water contaminants that can cause air and water pollution 
and used models for real-time monitoring, control and 
analysis. Real-time monitoring enables us to work on 
time and prevent a major incident from occurring, both by 
displaying alerts on LCD screens and uploading them to 
the cloud using IoT. The results can be divided into three 
parts. It should have functions such as displaying data 
on LCD monitors, displaying data on IoT platforms for 
remote access, and warning users when the environment is 
too polluted. Temperature, humidity, CO, and dust density 
values are displayed on the LCD screen.
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Fig. 3 Output on LCD screen

As seen in the figure, the results of various parameters like 
CO, NH3 tested and displayed on the LCD screen. The 
relationship between the PPM value of NH3 and date is 
shown in the figure.

Fig. 4 CO in ppm / date

Fig. 5 NH3 in ppm / date

Fig. 6 Sending SMS

It also sent the SMS to the administrator as shown in figure 
6 & 7. 

Fig. 7 Generated Messages

CONCLUSION

The proposed IoT-based architecture for weather and 
pollution monitoring offers a powerful solution for cities 
dealing with the challenges of pollution and urbanization. 
Through the combination of cloud computing, edge and 
fog computing, and predictive analytics, the system 
provides real-time monitoring, enhances decision-making, 
and offers a platform for innovative applications. By 
empowering policymakers with data-driven insights, Such 
systems can play an important role in improving air and 
water quality , and environmental sustainability in smart 
cities.
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ABSTRACT
“Vedify” is a unique application created to translate the four Vedas from Sanskrit to Hindi, making these ancient 
scriptures more accessible to today’s generation. With the growing disconnect from Sanskrit, many people struggle to 
understand the wisdom of the Vedas, which hold immense cultural and spiritual significance. Vedify bridges this gap 
by providing accurate and meaningful translations that preserve the original context and essence of these texts.The 
application relies on advanced Natural Language Processing (NLP) and Machine Learning (ML) technologies to achieve 
this. It processes Sanskrit texts using techniques like tokenization and syntactic analysis, while ML models, trained on 
curated datasets, ensure translations are not just literal but contextually accurate. Tools like Python, TensorFlow, and 
Hugging Face Transformers power the backend, while a simple and intuitive interface ensures a smooth user experience.
Vedify is not just a translation tool—it’s a step toward preserving and promoting India’s ancient knowledge in a modern, 
relatable way. By combining cutting-edge technology with cultural heritage, it aims to help more people connect with 
the timeless teachings of the Vedas. This project highlights how technology can bridge the gap between the past and the 
present, making ancient wisdom accessible to all.

KEYWORDS : Vedas translation, Natural language processing (NLP), Machine learning (ML), Contextual translation, 
Ancient text interpretation, Indian scriptures, Text semantics and syntax.

INTRODUCTION

The project “Vedify” is an initiative to translate the 
four Vedas—Rigveda, Samaveda, Yajurveda, and 

Atharvaveda— from Sanskrit to Hindi using advanced 
Natural Language Processing (NLP) and Machine 
Learning (ML) techniques. The Vedas are among the oldest 
texts in human history, containing profound knowledge on 
spirituality, philosophy, science, and rituals. However, the 
diminishing familiarity with Sanskrit has created barriers 
to understanding these ancient scriptures. Vedify seeks 
to bridge this gap by making the Vedas accessible to a 
broader audience while retaining their essence and depth.

WHY VEDIFY?
The Vedas: Origins and Significance

The Vedas, composed between 1500 BCE and 500 
BCE, are the cornerstone of Indian culture and spiritual 
tradition. They were originally passed down orally before 
being documented in Sanskrit, a language renowned for 
its precision and structure. Each Veda has a unique focus: 
Rigveda: Contains hymns praising various deities and 
cosmic principles.

Samaveda: Focuses on melodic chants and their application 
in rituals.
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TensorFlow, and Hugging Face Transformers provide the 
backbone for NLP and ML tasks, ensuring precision in 
language processing and context-aware translation.

Dual-Language Outputs: The application generates 
translations in both Hindi and English, catering to diverse 
user groups.

User-Friendly Interface: The platform features an intuitive 
interface, enabling users to explore translations, search 
specific sections, and gain insights into the meanings of 
the Vedas.

Why Translate Sanskrit to Hindi

Hindi, as the most widely spoken language in India, serves 
as a bridge for millions to access the teachings of the 
Vedas. Translating Sanskrit into Hindi makes these texts 
comprehensible to a broad audience while retaining their 
cultural context. By using Hindi, Vedify ensures that the 
philosophical and spiritual messages of the Vedas reach 
individuals who might otherwise find Sanskrit difficult 
to grasp. This approach also supports national efforts to 
promote indigenous languages and cultural knowledge.

Why Translate Sanskrit to English

While Hindi is pivotal for reaching Indian audiences, 
translating the Vedas into English is equally important 
for connecting with global readers. English, as an 
international language, enables Vedify to share India’s 
spiritual and philosophical heritage with the world. 
Many scholars, researchers, and enthusiasts worldwide 
have a deep interest in understanding the Vedas, but the 
lack of accessible translations poses a barrier. Providing 
English translations ensures that the universal messages 
of the Vedas—on harmony, self-realization, and the 
nature of existence— transcend cultural and geographical 
boundaries. By making the Vedas available in English, 
Vedify fosters global appreciation for India’s ancient 
wisdom and promotes intercultural dialog.

Yajurveda: Provides details about sacrificial ceremonies 
and their procedures.

Atharvaveda: Offers insights into practical aspects of life, 
including health, medicine, and daily practices.

Despite their historical and cultural significance, the 
intricate linguistic structure of Sanskrit makes the Vedas 
challenging to interpret without specialized knowledge.

Importance of Preserving Cultural Heritage

The Vedas are not just religious texts but also a repository 
of wisdom that has shaped Indian civilization. However, 
with Sanskrit losing its prominence as a commonly 
spoken or studied language, a significant portion of this 
heritage risks being forgotten. Preserving the Vedas 
through translations into accessible languages like Hindi 
and English ensures that their teachings remain relevant 
and relatable in the modern era. This initiative contributes 
to cultural preservation, allowing individuals to connect 
with their heritage and fostering a deeper understanding of 
ancient Indian traditions.

Proposed Mechanism

Vedify employs a combination of modern technologies to 
deliver accurate and meaningful translations:

Natural Language Processing (NLP): Techniques like 
tokenization, lemmatization, and syntactic analysis are 
used to process the structured Sanskrit text. These methods 
break down complex sentences, enabling accurate 
translation.

Machine Learning (ML): The project utilizes machine 
learning models trained on carefully curated Sanskrit, 
Hindi, and English datasets. These models are designed 
to ensure translations preserve the context, meaning, and 
cultural nuances of the original texts.

Technologies Used: Frameworks such as Python, 

LITERATURE SURVEY
Table 1: Comparative analysis of literature survey

Sr no. SURVEY

Title And Author Year Remarks

1 Exploring the Role of Vedic 2023 Advantages:

Literature in Education: A Comparitive Study of Acient Vedic Texts 
and Modern Educational System-Ambia Nargis Banu

-Moral Development
-Linguistic Skills
-Cultural Awareness
Disadvantages:
-Rigidity
-Limited Scope
-Cultural Exclusivity
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2 Vedic literature- A significant literature of ancient India: An 
introduction- Sangeeta Roy

2016 Advantages: Rich Historical Insight
-Foundation of Hindu Philosophy

-Diverse Literary Forms
-Cultural Significance

-Preservation of Ancient Knowledge 
Disadvantages:

-Limited Archaeological Evidence
-Complexity of Interpretation

-Accessibility Issues
-Potential for Misinterpretation

3 Text to Speech Synthesis:A Systematic Review, Deep Learning  Based 
Architecture and Future Research Direction- Fahima Khanam, Farha 

Akhter Munmun, Aloke Kumar Saha

2022 Advantages:
-Naturalnessof Speech
-Accessibilityfor Users
-Versatile Applications

-Deep Learning Performance
-Comprehensive Taxonomy 

Disadvantages:
-Data Dependency

-Language-Specific Limitations
-Evaluation Challenges

-Computational Resources
-Implementation Complexity

4 Text to Speech Conversion- D.B.K. Kamesh, Radhikla Rani 2016 Advantages:
-Versatile Functionality

-Open Source Tools
-Multi-Language Support

-Accessibility Enhancement
-Cost-Effective Solution Titles of

Disadvantages:
-Accuracy Limitations

-Environmental Dependencies
-Setup Complexity

-Performance Variability
Hardware Constraints

PROPOSED MODEL
This section contains a diagram which has the proposed 
model of our application vedify. The activity diagram for 
our application is shown in this section.

Fig 1. Activity Diagram for Vedify

Reading Translated Vedas

At the start, the user is prompted to choose what they’d 
like to do. If they opt to read a translated Veda: They 
are presented with the four Vedas: Rigveda, Samaveda, 
Atharvaveda, and Yajurveda.The user selects one of the 
Vedas, which is then provided in a translated form (likely in 
English or another preferred language).Once the translated 
content is delivered, the process ends.This feature makes 
the ancient Vedic texts accessible to users who might not 
be familiar with Sanskrit. It’s a valuable tool for anyone 
interested in exploring the wisdom of these scriptures in a 
language they understand.

Sanskrit Pronounciation

If the user selects the Sanskrit pronunciation option.
They can input any word or phrase in Sanskrit that they 
want help pronouncing. The system, using a specially 
trained dataset, processes the input and provides an audio 
pronunciation. After the pronunciation is delivered, the 
process concludes. This functionality is incredibly useful 
for those learning Sanskrit or aiming to recite shlokas 
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and verses accurately. It ensures that users can focus on 
mastering the correct pronunciation, an essential aspect of 
engaging with Sanskrit texts authentically.

Shloka Translation

If the user chooses the shloka translation feature: They 
can enter a shloka, which is a verse or couplet written in 
Sanskrit. The system then performs a detailed contextual 
analysis	using Natural Language Processing (NLP) 
techniques. This step is critical since Sanskrit is a complex 
language, where meanings can change depending on the 
context.After analysis, the system translates the shloka 
into English (or another preferred language) and provides 
the  output. The process concludes once the translation is 
delivered.

This feature is designed to help users better understand 
the deeper meanings of Sanskrit verses. It ensures that the 
translation considers the context, making it as accurate 
and meaningful as possible.

WORKING OF THE PROPOSED MODEL

Fig 2: Flowchart for Vedify

Algorithm

User Authentication & Profile Management

To provide a secure and personalized experience, the app 
enables users to either sign up or log in.

• 	 New Users:

Select the “Register” option and input your name, email 
address, and password.

Once registered successfully, you’ll receive a confirmation 
message that reads, “Registration Successful!”

•	 Returning Users

Choose “Login” and enter your username and password. If 
the credentials match, you’ll be granted access to explore 
the app.

If there’s an error, the system will display a helpful 
message, “Invalid credentials,” prompting you to check 
your details.

Veda Selection and Reading Interface

Immerse yourself in the wealth of Vedic knowledge with 
an easy-to-navigate reading feature.

•	 At the start, you’ll see a list of the four Vedas: Rigveda, 
Samaveda, Atharvaveda, and Yajurveda. Select the 
one you wish to explore.

•	 Once chosen, the chapters in the selected Veda will be 
displayed. Pick a chapter of interest to proceed.

•	 The selected chapter, along with its translation, will 
then load on the screen.

You can enhance your experience with additional features 
like:

•	 Switching the language (e.g., Sanskrit, Hindi, or 
English).

•	 Bookmarking sections for quick access in the future.

•	 Highlighting important parts of the text to make 
your reading more engaging and tailored to your 
preferences.

Contextual Sanskrit to Hindi/English Translation

Unlock the meaning of Sanskrit texts effortlessly with this 
advanced translation feature.

•	 Enter or paste the Sanskrit text you wish to translate.

•	 The app uses Natural Language Processing (NLP) to 
analyze the context and meaning of the text before 
translating it.

•	 If the requested translation already exists in the app’s 
database, it will appear instantly.

•	 For new texts, the app’s translation engine will process 
the input and provide a precise result.

•	 Alternative translations may also be presented, 
offering a deeper understanding of the text.
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This feature ensures that translations go beyond literal 
meanings, preserving cultural and contextual nuances.

Pronunciation Guide for Sanskrit Words

Master the pronunciation of Sanskrit words and phrases 
with ease!

•	 Enter the word or phrase you want to learn how to 
pronounce.

•	 The app will search its database for the corresponding 
audio file.

•	 If an audio file is available, you can:

	 o	 Play it as many times as needed.

	 o	 Adjust the playback speed to match your learn-
ing pace.

•	 If the pronunciation isn’t in the database, the app 
will notify you politely with a message: “Audio not 
available.”

This feature is an excellent resource for anyone looking 
to refine their pronunciation skills, whether for reciting 
verses, studying, or personal interest.

RESULTS AND COMPARISON

Fig 3

Fig 4

Fig 5

Table 2: Comparison with Existing systems

Future work

1.	 Our app provides a range of tools designed to help 
users explore Sanskrit texts effortlessly.

2.	 It enables reading and translating all four Vedas into 
Hindi and English while maintaining the contextual 
accuracy of even the most complex verses.

3.	 Advanced algorithms ensure that subtle meanings are 
preserved, staying true to the original essence of the 
texts.

4.	 A pronunciation feature allows users to hear the 
correct pronunciation of Sanskrit words, making it 
easier to learn and recite accurately. 
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CONCLUSION
From a technical standpoint, the project is highly feasible, 
utilizing advanced technologies to meet its objectives 
effectively. Economically, it creates opportunities for 
revenue through premium features, collaborations with 
educational institutions, and partnerships with cultural 
organizations. The system is  designed for scalability 
and adaptability, ensuring long-term sustainability. Legal 
concerns are addressed with proper content licensing and 
robust data privacy measures, making it a trustworthy and 
dependable platform.
The Vedic Translation and Pronunciation System is a 
groundbreaking digital initiative that simplifies access to 
ancient Sanskrit texts, especially the Vedas. Featuring a 
user-friendly interface, it provides accurate Sanskrit-to-
Hindi and English translations, a pronunciation guide, and 
an intuitive Shloka search feature. By leveraging advanced 
NLP and machine learning technologies, the platform 
ensures translations are both authentic and contextually 
accurate.
This system empowers users, including those unfamiliar 
with Sanskrit, to delve into the timeless wisdom of 
the Vedas while fostering proper phonetic recitation. 
Scalable, economically sustainable, and compliant with 
legal standards, it also supports educational and cultural 
partnerships. Beyond bridging the gap between ancient 
knowledge and modern audiences, the platform lays the 
groundwork for future expansions, such as additional 
texts and advanced learning tools, encouraging global 
appreciation of  the spiritual, philosophical, and historical 
heritage of the Vedas.
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ABSTRACT
Because of their inherent reaction qualities, double integrating processes are difficult to regulate. The Ball & Beam 
system, a common benchmark piece of laboratory equipment, is an example of a double-integrating process with strong 
nonlinear unstable properties that offers important insights into the nature of response. A PID controller design is one 
method that is frequently used in process control to stabilize the closed-loop control system. However, there aren’t many 
methods for a double-integrating process where a PID can be easily applied. One such strategy that was developed using 
algebraic equations is the Coefficient Diagram Method (CDM). It is rather easy to create a controller that is reliable 
enough to stabilize the system and enhance time domain response characteristics by integrating CDM. 

This straightforward but unique technique is applied to the Ball & Beam system in order to analyze the system dynamics 
and determine a CDM-PID control structure. The Euler-Lagrange approach is used to create the mathematical model 
of the benchmark laboratory system, and the control algorithm is then applied to it. Both the setpoint tracking and 
disturbance rejection capabilities of the system are tested. In order to compare the outcomes and assess the controller’s 
performance, the Ziegler-Nichols conventional PID tuning approach is also used. It is demonstrated that in terms of 
stability and steady-state error reduction, the CDM-PID controller exhibits superior response characteristics.

KEYWORDS : Ball & beam system, CDM-PID, Double-integrating process, ZN-PID.

INTRODUCTION

Process controller design has its own set of difficulties 
and restrictions. PID controllers are commonly utilized 

for First Order Processes with Dead Time (FOPDT), 
but applying the same tuning technique to higher order 
processes presents considerable difficulties. When a basic 
PID structure was introduced, the process of creating 
controllers improved by incorporating sophisticated 
tuning methods for higher order systems. To minimize or 
eliminate steady state mistakes and adapt to the dynamics 
of higher order systems, the controller can be fine-tuned 
utilizing sophisticated techniques. The process used to 
put these algorithms into practice either uses model-
based approaches or entirely relies on non-model-based 
approaches. 

The benefit of employing these techniques is that they offer 
tuning values directly, making them easy to use. It is clear 
from the literature that model-based tuning techniques are 
more dependable than their non-model-based equivalents. 

Therefore, model-based controller design has always been 
the main focus for industrial processes and equipment, 
whether they are integrated in nature or unstable. 
Nevertheless, there is a dearth of research on model-based 
unstable systems, including the Ball & Beam Process, 
which is a double integrating transfer function. 
A strong control technique can be used to stabilize such a 
system and improve control response. The CDM Method 
is one such method that comes close to a robust control 
strategy. From classical control theory, this has been 
widely used to generate contemporary control methods. 
The method outlined in the literature that is currently 
available outlines a simple implementation. The controller 
and the process’s characteristic polynomial are first 
developed separately, and the coefficients for the controller 
design are established in accordance with the intended 
characteristics response. The system’s stability, transient 
response characteristics, and resilience can all be inferred 
from the coefficient diagram. A balance can be struck as a 
trade-off to modify the controller’s parameters using this 
information.
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an incremental rotary optical encoder, which updates the 
location of the motor shaft. 

To determine the ball’s current position over the beam, a 
potentiometer is also employed as a sensor. The controller 
receives the two measurements and takes the appropriate 
tracking and error-reduction measures.

Fig. 1: Benchmark Laboratory Ball & Beam System

Maintaining the ball location at a single point over the beam 
on which it rolls freely is the major goal of the controller’s 
design. To keep the ball’s position at a single spot along the 
length of the beam, a controller automatically modifies the 
inclination angle. Its acceleration will alter to correct the 
position when the beam angle is changed by the controller. 

However, this change in acceleration still allows us 
to indirectly control the ball’s position. If the system is 
observed, we can conclude that the structure is an unstable 
open loop, meaning that the system output—in this case, 
the ball’s position—varies without regard to a fixed type 
of input, such as the beam’s inclination. In order to keep 
the ball in the desired location for the whole length of 
the beam, this system requires a feedback element. A 
controller must be created based on the dynamics of the 
system in order to continuously monitor the target position 
and the existing position. 

Table 1: Ball and Beam System Notations

Notation Description Quantity/Value
Lbeam Length of Beam Ball 

Mass
42.55 cm

mb Mass of the ball 0.064 kg
rb The ball's radius 1.27 cm

rarm The separation between 
the coupled joint and the 

output gear shaft

2.54 cm

Since the Coefficient Diagram Method (CDM) depends on 
the system’s polynomial, cancellations of poles and zeroes 
won’t be a problem. This method combines the state-
space and transfer function representation of a system. 
It is possible to arrive at a controller with zero overshoot 
in the prescribed settling time since the controller 
design primarily depends on the stability index and the 
equivalent time constant of the system. In order to verify 
setpoint tracking and disturbance rejection capabilities 
on benchmark process control equipment, including 
industrial heat exchangers, temperature control systems, 
inverted pendulums, and various other systems, CDM-
based controllers have been used.

Since the outcomes in each of the aforementioned 
situations were satisfactory, an effort has been undertaken 
to create a CDM-based controller for an unstable double 
integrating process. A double integrating system with 
unstable characteristics is accurately represented by a ball 
and beam laboratory benchmark system. As a result, the 
CDM-based PID controller has been implemented using 
this approach.

The following structure has been used to arrange the work 
that is discussed in the following sections: The CDM-PID 
controller design is explained in Section II. The simulation 
results are highlighted in Section III, and the work’s 
conclusions are wrapped up in Section IV.

Mathematical Modelling of the system

As mentioned in the previous system, the ball and beam 
system is shown in Figure 1. A base, load gear connected 
by a lever arm, a stainless steel ball, and a supporting 
foundation make up the system. The base is connected to 
one end of the fixed beam, while the movable lever arm 
is connected to the other end. A DC motor coupled with 
a pulley belt system regulates this movement. The ball’s 
speed is dictated by inclination and gravity, and it rolls 
lightly on the beam. It is possible to change the angle of 
the beam by giving the DC motor electrical input.

 The inclination of the beam is altered by the rotation of the 
DC motor, and by modifying the signal transmitted to the 
DC motor, we may alter the ball’s necessary stay position. 
In each instance, the tilted beam accelerates the ball in 
a precise proportion to the tilt angle. This acceleration 
causes the ball to roll over the entire length of the beam. 
The positioning data of the ball over the entire length 
of the beam is continuously updated in the controller 
through feedback. The feedback element of the system is 
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g Gravity-induced 
acceleration

9.8 m/s2

Jb The ball's moment of 
inertia

α Angle of beams -
θ Angle of the load gear -
R The ball's position 

coordinate
-

The system dynamics are subjected to forces due to 
gravity, moment of inertia and the centrifugal motion. The 
equation can be simplified using the Lagrangian approach 
for the motion of the ball over the beam:

		  (1)

Now the equation (1) shall be linearized by taking the beam 
angle as sinα = α for the smaller values of α. The system 
would be linearly approximated using this approach.

				    (2)

Now the arc distance can be equated to the gear angle as 
specified in the equation (3).

 					     (3)

Hence by substitution in equation (2), we get:

				    (4)

Using Laplace Transform, we can get an equation for the 
input as well as for the output which is given by:

				    (5)

				    (6)

The transfer function depicted in equation (5) is a function 
of the angle of gear θ(s) and the position of ball r(s). From 
the parameters mentioned in Table 1, we can substitute the 
value in equation (5) to arrive at:

					     (7)

By having a look at equation (7), its clear that the process 
is of double-integrating type which clearly depicts that its 
an unstable system which can pose significant challenges 
in designing a controller.

CDM-PID Controller Design 

Figure 2 shows the block diagram that illustrates the CDM 
technique. Often referred to as a SISO process, the system 
represents a single input and a single output. Figure 2 
illustrates this with y standing for the output, r for the 
setpoint, u for the controller output, and d for the process 
disturbance. A transfer function with the numerator (N(s)) 
and the denominator (D(s)) is how the plant has been 
represented. The forward denominator function is denoted 
by the term A(s), the reference function by the term F(s), 
and the feedback function polynomial by the term B(s).

Fig. 2: Block Diagram of CDM

From the figure (2), the CDM based control system can be 
depicted as:

			   (8)

In the equation (8), P(s) is a characteristic polynomial 
given by the equation:

		  (9)

Where A(s) and B(s) are defined as:

			   (10)

The polynomial function F(s) can be determined as:

				    (11)

Hence the closed loop system becomes of Type-1 
process and a good overall response can be expected 
from the system. From the equation (7), the system 
under consideration is of a double integrating type. The 
generalized model of the system can be represented as:

				    (12)
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The transfer function of the process is constituted from 
independent polynomials given by numerator (N(s)) and 
the denominator (D(s)) as CDM is a polynomial based 
approach. 

			   (13)

In this method, the system is designed for step inputs, 
which can be represented using the controller polynomial 
as:

	 (14)

In equation (14), the controller design parameters are 
described by the terms l1, l0, k1, k2, & k0. Here the 
consideration is such that the disturbance is a step signal 
which is having an impact on the system. Thus, the 
controller is selected by choosing the term with l0=0.

			   (15)

Substituting (13) & (14) in equation (9) results in:

	 (16)

By taking the values of time constant τ & stability indices 
γi = {γ1, γ2}, we get the characteristic polynomial as:

	 (17)

By equating equation (17) & (16), we can find the 
controller parameters given by:

	 (18)

F(s), which represents the pre-filter element can be 
computed as given by:

	 (19)

With the above stated approach, the CDM-PID control 
system can be developed as shown in Figure 3. The PID 
controller incorporated using the CDM approach is given 
by C(s) which acts as the main controller and a feed 
forward controller has been depicted as Cf(s). The main 
controller depicted by C(s) can be expressed as:

			   (20)

For determining the CDM variables, the CDM-PID block 
diagram given in Figure 3 has to be further modified to 
equivalent as shown in Figure 4.

Fig. 3: Block Diagram of CDM-PID Control System

Fig. 4: Equivalent Block Diagram of CDM-PID System

In comparison between Figure 3 and Figure 4, the 
following connections can be established.

					     (21)

					     (22)
By substituting equation (14) & (20) in equation (21) leads 
to:

	 (23)
After comparing the like power terms in the equation, the 
controller parameters of the CDM-PID controller can be 
obtained as given by:

			   (24)
After substituting equation (14) and (19) in equation (22), 
we get the forward controller as:

			   (25)
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Using the above equations, we can arrive at the CDM-PID 
controller for a ball and beam system. Using the model 
parameters described in equation (7) and by selecting 
the time constant τ=0.13 and index of sttability γ_1=2.5 
& γ_2=2, the controller parameters can be obtained by 
substitution in equations (24) & (25).

	 (26)

SIMULATION RESULTS AND 
DISCUSSION
The response of the controller parameters that were 
derived in the preceding section using the CDM-PID 
approach was simulated, and Figure 5 illustrates this for 
various ball position operating points. Additionally, the 
graphic compares the traditional ZN-PID method with the 
CDM-PID method. Table 2 displays the PID values that 
were acquired using the ZN-Method.

Table 2: PID controller parameters using ZN Method

Kc = 0.6Ku (Ku = 30) Ti = 0.5Pu Td = 0.125Pu

19 2.12 0.54

Fig. 4: Closed Loop Response of the System at 5 cm, 10 
cm and 20 cm ball-position

It is clear by examining the closed loop response that the 
CDM-PID outperforms the traditional ZN-PID approach 
in terms of response characteristics. Better setpoint 
tracking capabilities for servos and regulatory tracking 
are represented by the CDM-PID controller. When 
compared to the ZN-PID Control approach, the closed 
loop response showed that the system had the fastest rise 
time and the time needed for settling, together with a very 
low overshoot. It is also evident that the system’s robust 
response to the CDM-PID controller approach stayed 
constant across various operating points. Table 3 displays 
the error indices that were computed for the various ball 
positions from the response.

From the table it is clear that the error indices are minimum 
for the CDM-PID controller. From the values of error 
indices, we can confirm that the CDM-PID controller is 
capable of handling the disturbance rejection to provide 
reasonable consistent performance. This was verified by 
introducing a disturbance into the system at 20th second 
as shown in Figure 7.

Fig. 5: Disturbance rejection plot for ball position at 20 
cm

It is evident from the reaction shown in Figure 7 that the 
CDM-PID modified the controller output to reduce the 
disturbance and return the system to its stable state with 
a modest peak in a shorter period of time. Conversely, 
the non-linearities significantly suppress the ZN-PID 
approach, demonstrating the CDM-PID method’s ability 
to manage control system disturbances.

CONCLUSION
For the ball and beam system, which constituted an 
unstable double-integrating system, a CDM-PID controller 
was created. Servo and regulatory response mathematical 
modeling was used to test the controller’s effectiveness. In 
contrast to the traditional ZN-PID method, the controller 
was able to deliver comparatively superior performance 
by properly tuning it by fixing on a time constant and 
stability index. In contrast to the ZN-PID approach, the 
CDM-PID based controller’s response for the closed 
loop system offered the quickest rise time, settling time, 
and least amount of overshoot. In order to improve the 
overall system response, it is suggested that the CDM-PID 
approach be applied to the unstable double integrating 
process.
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ABSTRACT
In this paper, electro-myography is used to study human muscle movement and bionic hands. It comprises complicated 
signal processing, involving acquisition, pre-processing, feature extraction, and classification. A new feature extraction 
method was proposed for the study using correlation heat maps, which, in conjunction with PCA and SVM feature 
elimination, showed superior classification accuracy compared to traditional methods. The study investigated the 
possibility of using a Decision Tree algorithm to classify electromyography signals on feature extraction with correlation 
heat maps. Compared to traditional techniques, decision trees demonstrated better accuracy in classification. The 
findings have implications for describing its effectiveness in enhancing the performance of both EMG signal analysis 
and gesture recognition. The Decision Tree classifier achieved a training accuracy of 94 percent with 6 percent of error, 
using features extracted with the Correlation Heat Map method. In comparison, the model trained with KNN-extracted 
features achieved a training accuracy of 75.4 percent.

KEYWORDS : KNN, EMG, Correlation heat map, PCA and SVM.

INTRODUCTION

Electromyography is one of the kinds of bioelectric 
signals which are extracted from human muscle 

contraction by a certain method from the surface of the 
skin. EMG signals control the interface and the information 
devices obtained in two ways: embedded and surface- 
based. In the existing methodology, they used different 
models like SVM, KNN, Random Forest for training 
purposes. PCA, CHM had been used for feature extraction 
and gaining 81.6 percentage of precision with feature 
extraction using the correlated heat map and the training 
model in the Random Forest method. The features of EMG 
signals can be extracted generally using time frequency 
analysis, generating more detailed information. STFT and 
Wavelet Transform and Wavelet Packet Transform are 
techniques that create high dimensional feature vectors. 
This approach increases the complexity and hence is quite 
difficult to apply in real-time use in controlling prosthetic 
devices.

Here, the most important thing will be to extract the 
features from EMG signals and enhance the classification 
accuracy from multiple channels of complex hand 
motions. Hence, the feature extraction method of the 
correlation heat map method is introduced here, which 
may determine the correlation be- tween variables by 
the correlation coefficient between them. If it is smaller, 
the degree of correlation between variables is also small. 
These can be classified with different techniques such as 
K-Nearest Neighbors(KNN), Random Forest(RF), and 
Support Vector Machines(SVM), each guaranteeing a 
certain accuracy. In the KNN case, classification is made 
by the proximity of the data points in the feature space. 
Random Forest improves classification performance by 
using an ensemble of decision trees. SVM finds the optimal 
boundary separating the different gestures. Of course, each 
has its strengths, and different levels of accuracy can be 
achieved subject to the specifics of a data-set and applied 
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recognition demonstrate the efficacy of integrating 
multivariate classifiers with cloud-based processing for 
real-time data analysis. To provide remote visualization 
and classification of EMG Signals the system controls 
eight-channel measurement devices and Wi-Fi modules 
[2]. By using electromyogram signals by exploring 
literature on hand gesture recognition, and explore how 
the correlation heat map make use of feature selection 
and visualization of signal relationships, and as well as 
decision tree employed to classification [3]. Upper limb 
amputation restricts significantly the amputees to do daily 
duties. The myoelectric prosthesis employs the impulses 
from surviving muscles in the stump to slow revival 
function to such severed limbs [4]. Modern algorithms 
and machine learning techniques enhance the detection 
of signal abnormalities and enable timely notifications for 
better patient management [5]. Here introduction to feature 
extraction method for selecting the best EMG channels 
from eight channel recordings, using support correlated 
heat maps. The proposed approach demonstrates superior 
classification accuracy compared to traditional methods, 
emphasizing the effectiveness of the new feature extraction 
technique [6]. Recent research highlights the effectiveness 
of integrating Virtual Reality (VR), utilizing physiological 
data and convolutional neural networks for detection. VR 
interventions, including pleasant videos and music, have 
been shown to significantly reduce stress levels [7]. EMG 
of humans are used for various uses such to control devices 
via Bluetooth or controlling robot arm [8]. This paper 
evaluates a proposed EMG sensor for IoT and exoskeleton 
applications by comparing its Signal to Noise Ratio (SNR) 
with commercial sensors it results in less appropriate for 
musculoskeletal monitoring or diagnosis [9].Muscles 
and nerve cells are examined with electromyography 
signals. Electrical signals are transmitted by these cells 
which cause muscle contraction and relaxation [10]. 
This is necessary to improve the performance of recent 
research into EMG-based hand gesture classification 
in terms of classifying accuracy, generalization ability, 
and robustness. Some recent advances have even dealt 
with the augmentation of techniques through the fusion 
of convolutional autoencoders with convolutional 
neural networks and windowing and majority voting 
data-processing [11]. Muscle activation signals form an 
important part of biomechatronics systems for control 
purposes; therefore, EMG-based motion classification can 
prove to be quite a challenge due to signal characteristic 
variability. In this study, machine learning methods with 
regard to the classification of wrist and hand gestures 

feature extraction processes. The datasets has been taken 
from UC Irvine Machine learning repository. The problem 
involves classifying hand gestures using EMG signals, 
which includes distinguishing between states such as 
hand at rest, wrist flexed, wrist extended, and extended 
palm. Achieving high classification accuracy requires 
employing various machine learning methods, includ- ing 
Support Vector Machines (SVM), K-Nearest Neighbors 
(KNN), Random Forest (RF), and Decision Tree methods 
to enhance performance. The challenge lies in optimizing 
these techniques to accurately classify gestures, with 
a particular focus on applications like converting sign 
language into text. Addressing this problem has significant 
implications for im- proving communication and 
accessibility for individuals with hearing impairments, 
underscoring the importance of precise EMG signal 
analysis. Objectives of our paper are as follows:

1. Enhancing EMG signal processing to improve the 
analysis of muscle movements and applications like 
bionic hands and prosthetic limbs. 2. Develop and 
compare feature extraction methods like PCA and 
Correlation Heat Map to identify the most accurate and 
representative signal channels. 3. Evaluate and compare 
the accuracy of the Correlation Heat Map versus PCA in 
extracting meaningful features from EMG signal. 4. Apply 
classification algorithms, including Decision Tree and 
Regression methods,to classify EMG signals and assess 
their performance. 5. Identify the optimal combination of 
feature extraction methods and classification algorithms 
to surpass traditional methods in classification accuracy. 
6. Integrate EMG signals with virtual reality to enhance 
human-computer interactionby accurately identifying 
gestures and emotional responses.

RELATED WORK
This literature survey examines advancements in hand 
gesture classification using Electromyography (EMG) 
signals, focusing on a novel approach with the MYO 
Thalmic bracelet. The study highlights the successful 
application of an ensemble of decision trees to classify static 
hand gestures with high accuracy (98.0 percent validation). 
It reviews methods for capturing and analysing EMG 
signals, emphasizing the significance of accurate gesture 
recognition in human-computer interaction. Key aspects 
include dataset characteristics, recording techniques, and 
model performance, underscoring ongoing innovations in 
EMG- based gesture classification [1]. Prototype systems 
utilizing surface EMG (sEMG) for facial expression 
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were evaluated and compared[12]. Electromyography 
signals, which are of prime importance in applications 
such as prosthetic control and motion detection, are 
normally classified using techniques such support vector 
machines and artificial neural networks. In this paper, a 
CNN is used to improve the accuracy of the classification 
of hand movements by applying deep learning methods 
to learn intricate relationships in data[13]. Effective 
characterization of the EMG signal in neuromuscular 
disorders is much dependent on machine learning-based 
pattern classification. In this paper, classifiers for EMG 
signal characterization will be reviewed considering 
both accuracy and computational efficiency. This paper 
summarizes state-of-the- art techniques and their main 
findings related to the advance- ment of neuromuscular 
pathology [14]. This paper contrasts the performance of 
”Trainlm” and ”Trainscg” algorithms and finds that both 
of them have processing times less than 100 ms, while 
the ”Trainlm” algorithm is more accurate. Testing on five 
healthy subjects gave results that suggest these algorithms 
are efficient for hand motion recognition and could enhance 
volitional control of robotic assistive devices [15].

PROPOSED METHOD
This is the process of an experiment carried with pre- 
processing methods, feature extraction methods, and 
training model and finally we carried out validation 
process for the result and performed the methodology of 
project.

Fig. 1. Block Diagram of methodology

Feature Extraction

This refers to the process of extracting the specific 
features of the provided datasets which carried by the 
training model of machine learning. Correlation Heat 
map: A correlation heat map, also known as a correlation 
heated map (CHM), is a visual tool used to analyse and 
understand the relationships between multiple variables in 
a dataset and also useful for dimensionality reduction and 
improving classification accuracy.

The correlation coefficient X1X2 between two variables 
X1 and X2 is calculated using

 	 (1)

Classification algorithm

Decision tree: They work on the basis of splitting of the 
data into subsets based upon the values of given input 
features, this leads to a tree-like structure where each node 
is represented as a decision based on a feature and every 
node in the tree represent a class label.

Fig. 2. Decision tree method

1. Start at the Root Node: The entire dataset is represented 
by the root node. The algorithm will make decisions 
based on the feature values to split the data into subsets. 
2. The decision tree algorithm selects the feature that 
best separates the data into different classes. This is done 
using criteria such as Gini impurity, information gain, or 
variance reduction. 3. Based on the selected feature, the 
data is divided into subsets. Each subset is then used to 
create child nodes. 4. For each child node the process is 
repeated choosing the best feature to split on and dividing 
the data further, until stopping criteria are met. 5. Stopping 
criteria: The tree building process continues until one or 
more stopping criteria are reached, such as a maximum 
tree depth is reached, minimum number of samples is 
reached in a node and no further information gain can be 
achieved. 6. Once the tree is fully grown, each leaf node 
will represents class label. The class label assigned to a 
new instance is determined by following the path to leaf 
node from the root node, based on the feature values of 
the instance.

RESULTS AND DISCUSSIONS
The Decision Tree algorithm was used to classify hand 
gestures from electromyography (EMG) signals and 
trained the classification model on a dataset of EMG 
signals representing different hand gestures including 
hand at rest, wrist flexed, wrist extended, and extended 
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palm. Then, split the dataset into training and testing sets 
to assess the Decision Tree classifier’s performance.

Discussion

Performance comparison: By classifying hand 
gestures Decision Tree classifier demonstrate dynamic 
performance, and utilizing the Correlation Heat Map 
method for feature extraction with a 94 percentage of 
higher accuracy. This shows that the Correlation Heat 
Map arrives more effective in capturing and representing 
the closer features of EMG signals compared with PCA. 
B. Feature Extraction Impact: The better representation of 
relationships between different EMG signal is provided 
by Correlation Heat Map method, leading to improved 
classification accuracy. By analysing and visualizing the 
correlations between variables, the Correlation Heat Map 
approach facilitate reduced redundancy and better feature 
selection. PCA, despite the fact that effective in reducing 
dimensionality, it has removed some of critical information 
similar to the patterns and variability in the EMG signals, 
which can also explain the slightly lower accuracy.

C. Decision Tree Effectiveness: Decision Tree algorithm’s 
high accuracy emphasize its relevant for complex 
patterns in EMG data by classifying . Its ability to handle 
non- linear relationships and make conclusion based 
on hierarchical splits contributed its effectiveness in 
difference with different hand gestures. The interpretability 
of Decision Trees proves especially advantageous in 
contexts requiring transparency in decision-making, 
as it facilitates insight into how feature splits influence 
classification outcomes. D. Implement for applications: 
The high accuracy achieved with the Correlation Heat 
Map method and Decision Tree classifier suggests that this 
approach is promising for applications requiring precise 
gesture recognition, such as prosthetic control and human- 
computer interaction. Future work could explore further 
optimization of feature extraction and classification 
methods to enhance performance, particularly in real-time 
or complex scenarios. The above one visualize the result 
of the experiment with descent accuracy of training and 
validation of datasets. This explains the approachable 
feature extraction method that is correlated heat map 
which extracts the features of different hand gestures from 
8 different hand gestures. The confusion matrix explains 
the result of the trained model to predict the different hand 
gestures and classify them.

Fig. 3. Training and validation plot

Fig. 4. EMG plot from channel

Fig. 5. Correlation Heat Map

Comparison Table

FUTURE SCOPE
From this study, at least three more promising leads were 
found that could further optimize in their pursuit for 
efficiency in EMG-based gesture recognition systems. 
The most immedi- ate direction where further fine-tuning 
is needed is with regard to the general approach in feature 
extraction techniques, or the Correlation Heat Map, per 
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se, so that it can be optimized better and more effectively 
catch and represent the most relevant and discriminative 
EMG data. More advanced or hybrid methods of feature 
extraction may be attempted by researchers for increased 
accuracy on classification and the performance of the 
system overall. Further work would also include applying 
other machine learning models or even ensemble 
methods that may perhaps achieve better accuracy or 
more generalization in a variety of real-world conditions. 
Promising directions are along lines such as combining 
multiple classifiers or an approach through deep learning 
in order to further strengthen gesture recognition systems. 
Another challenge is to apply real-time, more practical 
uses of the research into prosthetics, rehabilitation, and 
human-computer interaction. The integration of this 
real-time classification along with feedback mechanisms 
may allow for immediate response to a detected gesture, 
further increasing user interactivity with assistive devices 
as well as interactive systems. It could also expand the 
scope of real-time applications concerning telemedicine, 
remote monitoring, and long-distance rehabilitation, if 
they are made via communication protocols. This brings 
about the possibility of the development of new systems 
that can offer particular functions based on each gesture 
rendered. In this regard, newly designed systems would 
now be used for recognizing any specific gesture and 
then activating the previously defined actions in the 
system. Such systems can be implemented in prosthetic 
devices, rehabilitation applications, and other interactive 
systems where personalized functionality becomes more 
important. Further development and refinement of these 
technologies will be essential for further progress in 
future EMG-based applications along with ideas about 
innovating neuromuscular rehabilitation, human-computer 
interaction, and more.

Fig. 6. Confusion Matrix

Table 1 Comparison of Proposed Work with Related 
Work
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ABSTRACT
New security issues have arisen as billions of smart devices are connected via the Internet of Things (IoT). The 
proliferation of cyberattacks has rendered the privacy of network traffic an urgent issue over the past decade. The 
intrusion detection system (IDS) is the most promising method for identifying anomalous network behavior patterns 
and preventing hostile intrusions. Despite the tremendous efforts of the researchers, IDS continues to experience 
challenges in identifying new intrusions and enhancing detection accuracy while simultaneously reducing false alarm 
rates. Intrusion detection systems that are based on machine learning (ML) have recently been implemented as a viable 
method of identifying network breaches. We examine the efficacy of several machine learning techniques, such in the 
detection of network intrusions. This part is devoted to the evaluation of these techniques.

KEYWORDS : Intrusion detection system (IDS), SVM, RF, KNN, DT, LR.

INTRODUCTION

The world is shifting toward intelligence, networking, 
and digitalization. The internet’s rapid development 

has sped up the flow of data assets. Specifically, the 
proliferation and interchange of data has been facilitated 
by the Internet of Things (IoT), which consists of a 
number of networked gadgets. People will find this 
transformation convenient, but there are also unspoken 
risks to digital data. As a result, safeguarding data assets 
from theft or infringement is a crucial problem that has 
drawn the attention of security researchers. against the 
Internet and the Internet of Things, there are innumerable 
attacks against commercial gaming and private interests. 
Both the assault technique and the quantity of attacks have 
significantly grown in recent years. This poses unforeseen 
hazards to the Internet’s and the Internet of Things’ steady 
and secure operation. Thus, there is an immediate need for 
a strong tool to recognize different network security risks 
and fend them off. IDS is a type of security technology 

that may thwart unauthorized external assaults and stop 
unauthorized connections. IDS can offer the Internet and 
IoT usability, secrecy, and integrity. IDS is unquestionably 
necessary to safeguard the Internet and the Internet of 
Things [1].

In response to the growing number of cyberattacks that 
are being launched against governments and commercial 
companies all over the world, fast development of intrusion 
detection systems (IDS) has taken place in both research 
and industrial institutions. There has been a consistent 
rise in the annual expense of combating cybercrime. 
Cybercrimes that are caused by malevolent insiders, 
denial of service attacks, and web-based assaults are the 
most catastrophic instances of cybercrime. In the event 
that these hostile assaults are launched against the system, 
industries or corporations may suffer the loss of their 
intellectual property. Organizations implement a firewall, 
antivirus software, and an intrusion detection system in 
order to combat the occurrence of such activities [2].
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extrapolating to identify fresh assaults. The integration 
of machine learning methods with feature selection, data 
preprocessing, and hybrid methodologies has shown 
encouraging outcomes in enhancing the dependability of 
network intrusion detection systems.

Fig. 1. Architecture of Intrusion Detection System

LITERATURE SURVEY
To prevent attacks on networks, Network Intrusion 
Detection Systems (NIDS) are essential. To keep up 
with complex and new threats, traditional methods like 
signature- based and anomaly-based detection often break 
down. One viable alternative is machine learning (ML), 
which improves the ability of Network Intrusion Detection 
Systems (NIDS) to detect intrusions by analyzing 
patterns in network data. This investigation takes a look 
at how NIDS has been improved using machine learning 
techniques and how well it can handle the growing number 
of cyber threats.

Decision Tree

Dasheng Chen et al. [5] created a better decision tree 
classifier to identify intrusions in networks. The data 
normalization procedure was enhanced via a series of 
tests, and an improved MaxAbs-DT classifier model 
was suggested by integrating the PCA feature selection 
approach. We train and validate our model using the 
widely- used NSL-KDD dataset, which is considered a 
gold standard in intrusion detection research, to see how 
well it performs.

Ranjit Panigrahi et al. [6] provide a host-based intrusion 
detection system that makes use of a C4.5-based detector. 
This system is based on the well-known Consolidated 
Tree Construction (CTC) methodology. This method 
consistently yields satisfactory results, regardless of 
whether or not the data are slanted toward a certain class. 

Intrusion detection is the secondary safeguard for a 
secure network. Intruder assaults are not a problem for an 
intrusion detection system (IDS) since it can learn from 
past attempts and strengthen its defenses accordingly. 
Based on the information gathered, intrusion detection 
systems may be grouped into three types: (1) Intrusion 
detection systems that run on individual hosts without 
access to external network data and instead rely on an 
internal library of suspicious data to identify potential 
threats. Not only do these systems not function well for 
real-time network data collecting, but they also squander 
a lot of CPU resources, making them unsuitable for tiny 
dispersed devices. (2) a network-based intrusion detection 
system may build an associated intrusion detection library 
and gather data packets in real-time from the network. (3) 
DISDS, which can detect both host and network data, are 
intrusion detection systems. Reliable and inexpensive, 
WSNs are distributed devices. To make sure the whole 
system is secure, they may be extensively used on the edge 
of the Internet of Things [3].

All network traffic, both incoming and outgoing, from 
Internet of Things devices is monitored by the Intrusion 
Detection System in order to identify any intrusions. Two 
methods exist for identifying malicious activity: signature- 
based and anomaly-based. Potential security risks that 
might jeopardize the communication connection between 
IoT devices include data integrity attacks, man-in-the-
middle attacks, session hijacking, and Distributed Denial 
of Service (DDoS) assaults. The increase of Internet of 
Things (IoT) vulnerabilities is directly linked to the fast 
advancement of IoT hardware, software, and services. 
Hackers and thieves may readily exploit IoT devices due to 
their insufficient security measures. An instance is the use 
of botnets to execute distributed denial of service (DDoS) 
assaults against the Internet of Things. Cyberattacks have 
increased due to the extensive deployment of IoT devices 
on the internet. The primary purpose of the technology is 
to ensure that IoT devices operate with little processing 
burden [4].

Network Intrusion Detection Systems (NIDS) have 
advanced considerably with the use of machine learning 
(ML) methods, allowing enhanced detection of both 
recognized and unidentified threats. Conventional 
techniques like as signature-based detection are 
ineffective against zero-day assaults, but anomaly-based 
approaches often encounter elevated false positive rates. 
Machine learning methodologies tackle these difficulties 
by discerning trends from network traffic data and 
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For the purpose of generating a balanced sample from 
a dataset that was very skewed, an enhanced version 
of the random sampling method known as Supervised 
Relative Random Sampling (SRRS) was used during the 
pre-processing stage of the detector. For the purpose of 
enhancing the intrusion detection capabilities of the IDS 
dataset, we developed an enhanced multi-class feature 
selection technique and used it as a filtering component.

K-Nearest Neighbour

Using a machine learning strategy based on the K-Nearest 
Neighbors (KNN) method, Ghanshyam et al. [7] presented 
an intrusion detection system. The system effectively 
detects and categorizes network irregularities by 
preprocessing extensive data streams, choosing pertinent 
features, and enhancing classification processes. the 
model has shown a notable enhancement in its capacity 
to adjust to different network conditions and identify 
anomalies while maintaining a low rate of false alarms. 
The results highlight the significance of incorporating 
sophisticated machine learning methods into intrusion 
detection systems, setting the stage for enhanced security 
in industrial settings.

An approach to NIDS based on HOA is presented by Reza 
Ghanbarzadeh et al. [8]. The novel method takes use of 
herd- level horse behavior analysis to determine effective 
intrusion detection traits and the interplay between 
those traits. The new method begins with using the floor 
function to transform HOA into a discrete algorithm. 
The binarized algorithm is transformed into a quantum-
inspired optimizer to improve the social dynamics of 
the herd’s horses by combining HOA with quantum 
computing concepts. A novel technique called MQBHOA 
is used to identify intrusions in computer networks; it 
represents the multi- objective optimization challenge. 
The K-Nearest Neighbor (KNN) classifier is used to carry 
out the classification method.

Logistic Regression

An Ensemble Classifier based on Logistic Regression 
(LREC) is introduced by Silpa Chalichalamala et al [9] 
with the objective of improving the implementation of 
Intrusion Detection Systems. The LREC employs an 
iterative ensemble methodology to construct a robust 
classifier by integrating Random Forest (RF) and 
AdaBoost. The adaptive synthetic sampling (ADASYN) 
method is employed to resolve the issue of data imbalance. 
Furthermore, the process of recursive feature elimination 

(RFE) is employed to eliminate features that are not 
appropriate. The proposed RFE-LREC method is analyzed 
using two distinct datasets, BoT-IoT and TON-IoT.

Burak Kolukisa et al. [10] introduced a very effective 
approach using the LR model, which was trained with a 
parallel ABC algorithm. This method’s training algorithm 
enables the learning of complex nonlinear and high- 
dimensional data by allowing local and global searches 
inside the solution space. Notwithstanding its remarkable 
performance results, the LR-ABC algorithm is impeded 
by protracted training durations. This is a significant 
issue, particularly for cybersecurity. Rapid training 
facilitates regular model updates and iterations, enabling 
the system to swiftly adapt to the constantly evolving 
landscape of intrusion techniques and network traffic. In 
response to evolving threats, it is essential to maintain 
current protections by routinely updating models. LRABC 
models are now available in both CPU and GPU variants, 
significantly reducing training time and mitigating the 
problem of extended computational duration.

Random Forest

Mhamad Bakro et al. [11] proposed a hybrid feature 
selection methodology that integrates the genetic algorithm 
(GA) with the grasshopper optimization algorithm 
(GOA). By integrating these two methodologies, we 
can expedite the identification of optimal solutions. An 
optimal set of attributes is used to train a random forest 
classifier. The approach employs a hybrid technique to 
address imbalanced data: it utilizes an adaptive synthetic 
(ADASYN) algorithm for over-sampling minority classes 
and random under- sampling (RUS) for the majority 
class as required. This integrative technique improves 
the system’s overall performance by increasing the true 
positive rate (TPR) and decreasing the false positive rate 
(FPR) across all categories.

Muhammad Azhar et al. [12] provide an innovative 
approach to intrusion detection called “IDRandom-Forest.” 
This technique utilizes a random forest model. Improving 
real-time detection capabilities while optimizing accuracy 
and reducing testing length is the goal of this technique. 
This method use stratified feature sampling to extract 
the optimal sub-ensemble from the conventional random 
forest model by integrating an accuracy sliding window 
with feature weighting.

A method was introduced by Majidian, et al [13] that 
enhances the effectiveness of intrusion detection systems 
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by leveraging the benefits of software-defined networking, 
including its adaptability and centralized management. 
Two stages comprise the proposed methodology: At the 
outset, the network’s topology is divided into numerous 
subdomains, with a controller node assigned to each 
subdomain. In the subsequent phase, a random forest-based 
ensemble classification model is implemented to detect 
intrusions within each subdomain. A genetic algorithm 
(GA) is used to fine-tune each element of this learning 
model, which is composed of a collection of classification 
and regression trees (CARTs). This classification 
model can be employed by controller nodes to identify 
intrusions independently or collaboratively. This work 
is distinguished by its collaborative pursuit of intrusion 
detection objectives through the enhancement of a variety 
of learning models. The efficacy of this model in detecting 
intrusions was assessed in an experimental setting using 
MATLAB software, with a particular emphasis on two 
databases: NSW-NB15 and NSLKDD.

Support Vector Machine

Chao Liu and associates [14] Created a model that 
integrates deep learning methodologies with machine 
learning approaches for intrusion detection. The model 
utilizes distributed computing on the Spark platform, 
using k-means and random forest algorithms for binary 
classification, efficiently distinguishing between normal 
and attack events. Consequently, several deep learning 
methodologies, are used to systematically categorize the 
identified anomalies into various attack classifications.

Mohammed Amin Almaiah et al. [15] studied an intrusion 
detection system model that uses a number of Support 
Vector Machine kernel classifiers in combination with the 
Principal Component Analysis feature selection approach. 
Then the performance is analysed on different kernel 
functions.

To enhance the detection capabilities and decrease the 
number of false positive alerts in host-based intrusion 
detection systems, Elsedimy et al. [16] created a new 
model for intrusion detection called QSVM-IGWO. 
Quantum Support Vector Machine (QSVM) performance 
is the target of this model, which incorporates IGWO 
algorithm-derived parameters. The idea of IGWO is to 
improve upon GWO by mimicking the social structure 
seen in grey wolves, which improves the search process. 
Binary classification also makes use of the QSVM concept, 
with the right kernel function chosen to provide the best 
possible outcome.

The bar chart in fig.2 illustrates the accuracy levels of 
five different machine-learning methodologies. Among 
the methods evaluated, K Nearest Neighbour achieved 
the highest accuracy at 99.8%, with Logistic Regression 
closely following at 99.44% and Random Forest at 98.98%. 
The SVM demonstrates the least accuracy, recording a 
value of 85.24%.

Table 1. Machine Learning based algorithms for intrusion 
detection system with NSL-KDD dataset

REF Algorithm IDS Accuracy
[1] Random 

Forest
HIDS 97.5

[8] K Nearest 
Neighbour

SIDS 99.27

[14] Support 
Vector 

Machine

HIDS 85.24

[17] Decision 
Tree

SIDS 98.4

[18] Logistic 
Regression

HIDS 99.44

Fig. 2. Machine Learning based state-of-the-art techniques 
for intrusion detection system.

Table 2. Precision Recall and Fscore comparison of 
Machine Learning based algorithms for intrusion 
detection system

Algorithm Precision Recall Fscore
RF[1] 97.85 94.67 97.48

KNN [8] 98.41 97.95 97.57
SVM [14] 82.45 84.12 83.84
DT [17] 97.64 97.89 98.21
LR [18] 99.61 99.32 99.12
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Fig. 3. Precision comparison of state-of-the-art techniques 
for intrusion detection system with NSL-KDD

Fig. 4. Recall comparison of state-of-the-art techniques 
for intrusion detection system with NSL-KDD

Fig. 5. Fscore comparison of state-of-the-art techniques 
for intrusion detection system with NSL-KDD

The algorithms for intrusion detection systems are 
compared in this table II and fig. 3-5. Overall, Logistic 
Regression (LR) has the highest Precision (99.61) and 
Recall (99.32). DT, which excels in F1-score (98.21), 

comes in second. Additionally, K-Nearest Neighbors 
(KNN) performs well and in balance. While Random 
Forest (RF) is competitive, Support Vector Machine 
(SVM) performs the worst.

CONCLUSION 
Intrusion detection systems serve as a critical security 
element within today’s technology-driven organizations. 
Nonetheless, delivering an effective and high-performance 
intrusion detection system to address a diverse range of 
security threats presents a significant challenge. The study 
showcases various advanced methods utilized within the 
realm of security for computer networks, specifically 
focusing on intrusion detection. These methods aim to 
enhance recognition rates in intrusion detection; however, 
it is widely acknowledged that the false positive rate 
remains a significant issue to be tackled in all research 
efforts. The methods evaluated for comparison include 
SVM, DT, KNN, RF, and LR using the NSL-KDD dataset, 
with KNN and LR demonstrating superior performance 
relative to the other methods.

Future research might focus on scalability to huge 
datasets, adaptation to changing assault patterns, and real-
time detection efficiency. Lastly, resolving issues with 
unbalanced datasets and lowering false positive rates will 
improve the system’s dependability even further.
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ABSTRACT
Traditionally fragile carbon nanoparticles (less than 10 nm in size) with a variety of special features, carbon quantum dots 
(CQDs, C-dots, or CDs) have been widely used in an increasing number of disciplines in recent years. With an emphasis 
on their synthetic techniques, size control, modification tactics, photoelectric capabilities, luminous mechanism, and 
applications in medical science, catalytic processes, and sensor concerns, Inherent many uses are made possible by these 
basic qualities, which enable accurate tweaking of their optical and electrical characteristics. Together with their water 
the ability to dissolve, biocompatibility, and different surface functional categories, CQDs’ photoluminescence makes 
them essential elements in the domains of materials science, nanotechnology, and medicine. This article so emphasizes 
the wide range of applications in which CQDs have contributed significantly in the twenty-first century. we outline the 
latest developments in the area of CQDs in this section of the paper. 

KEYWORDS : Novel materials, Carbon, Quantum dots, Nanomaterials, Engineering applications.

INTRODUCTION

A new type of zero-dimensional (0D) fluorescent 
carbon nanomaterials, Another name for carbon dots 

(CDs) is carbon quantum dots (CQDs), are often less than 
10 nm (1-3). The production of these CQDs nanoparticles 
was accidentally invented in the year 2004 while purifying 
single-walled carbon nanotubes (SWCNTs). The optical 
qualities of CQDs were then improved in 2006 by laser 
ablation of a carbon target made of a cement and graphite 
powder combination. Sun and his group came up with 
the acronym “carbon quantum dots.” Since then, CQDs 
have attracted a lot of interest because of their unique 
structure and intriguing qualities in a variety of domains. 
The unique characteristics of CQDs nanoparticles include 
exceptional photoluminescence and optical characteristics 
with a high quantum yield (QY), simple and economical 
production from biobased sources, adjustable excitation 

and emission characteristics, substantial thermal and 
optical stability, simple chemical functionalization, and 
negligible cytotoxicity with excellent biocompatibility. 
Thus, fluorescent CQDs are useful in many different areas, 
including energy storage and conversion, photocatalysis, 
electrocatalysis as, and bio-applications. The basic ideas 
that underpin CQDs and their top-down and bottom-
up synthetic processes are summarized in this article. 
Additionally, it underlines the key characteristics of CQDs 
that set them apart from semiconductor QDs. Their uses 
in a variety of research projects, including drug/gene 
delivery, energy conversion and storage, electrochemical 
sensing, biosensing, bioimaging, and more recently, 
corrosion inhibitions, are being emphasized.

CQDs are a unique class of photoluminescence nanoparticles 
that are distinguished by their tiny size (less than 10 nm) 
and a structure that is dependent on the particular synthesis 
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tactics, optical characteristics, luminescent mechanism, 
and applications in biomedicine, optronics, catalysis, and 
sensing concerns, we outline the latest developments in 
the area of CQDs in the aforementioned articles.

SYNTHESIS APPROACHES
Over the last ten years, a variety of techniques have been 
put out to construct CQDs; they may be broadly categorized 
as “Top-down” and “Bottom-up” techniques, and each of 
them can be altered either before or after intervention (Fig. 
1). Three issues with CQD planning should be noted: The 
use of electrochemical synthesis, restricted pyrolysis, or 
solution chemistry techniques can prevent (i) carbonaceous 
aggregation during carbonization; (ii) size control and 
uniformity are crucial for consistent characteristics and 
technological research and can be optimized through 
following treatment techniques like gel electrophoresis, 
centrifugation, and dialysis; and (iii) surface properties 
are crucial for solubility and specific applications and 
can be adjusted during preparation or post-treatment. The 
primary techniques for creating CQDs, controlling their 
size by restricted pyrolysis, and modifying them through 
functionalization, doping, and nanohybrids will all be 
covered. Table 1 provides an overview of the characteristics 
of the various artificial methods used to produce CQDs.

Fig.1. Synthesis techniques of Carbon QDs

techniques used. They have a quasi-spherical form, a 
low molecular weight, and the quantum confinement 
effect. The surface of CQDs usually contains a range of 
functional moieties, including -OH, -NH2, -COOH, etc. 
Their exceptional water solubility and biocompatibility 
are due to these functional moieties. A network structure 
made up of active moieties, especially oxygen and amino-
based groups, is visible on the surface of CQDs. CQDs are 
suitable for a variety of chemical alterations because to 
the large number of functional moieties on their surface. 
Furthermore, CQDs have exceptional polymerization 
properties that enable interactions with a variety of organic 
and inorganic components that are physiologically active. 
Surface passivation is an approach that may improve the 
physical and fluorescent characteristics of CQDs. Atom 
doping may be used to accurately control the optical 
characteristics of CQDs by changing their surface states. 
The luminescence characteristics of CQDs are mostly 
determined by their chemical structure. CQDs have been 
effectively characterized using a variety of analytical 
methods, including X-ray photoelectron spectroscopy 
(XPS), ultraviolet visible (UV-vis) spectroscopy, and 
Fourier transform infrared (FTIR) spectroscopy, among 
others. CQDs have a competitive edge over other carbon-
based nanomaterials thanks to their unique characteristics. 

Assessments by Lee et al., Zhu et al., and Baker et al. 
[3], [4] support this.[5] In the past few years, substantial 
progress has been made in the production, properties, and 
applications of carbon-based quantum dot particles. The 
excellent (aqueous) dissolution, robust chemical inaction, 
simplicity of alterations, and superior susceptibility to 
sunlight exposure make photoluminescent carbon-based 
quantum dots superior to both organic dyes and traditional 
semiconductor quantum dots. Carbon-based QDs are 
potential for application in biosensors, biomolecule/
drug delivery, and biophysical imaging because of their 
exceptional biological properties, which include minimal 
toxicity and exceptional biological suitability. Because of 
their remarkable electronic properties as electron donors 
and acceptors, which produce the technique of chemical 
and electrochemical luminescence, carbon-based quantum 
dots have a wide variety of potential uses in optronics, 
catalysis, and sensing.[1],[2]

Since GQDs’ characteristics and uses have already been 
thoroughly outlined elsewhere, we will concentrate on 
CQDs because of their special qualities and enormous 
potential for a wide range of uses. With an emphasis on 
their synthetic techniques, size control, modification 
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Table 1: Various Synthesis approaches of Carbon QDs

Synthetic 
Approaches

Pros Cons

Chemical 
ablation

Most easily 
available, several 

sources

extreme circumstances, 
extreme procedures, 

many stages, and 
inadequate size control

Electrochemical 
carbonization

Nanostructure 
and dimension are 
stable, controlled, 
and a single-step

A modest number of 
precursors for tiny 

molecules

Laser ablation Quick, efficient, 
and adjustable 

states of surface

Insufficient QY, 
inadequate size control, 

and the necessity for 
modification

Microware 
irradiation

Quick, scalable, 
economical, and 
environmentally 

friendly

Inadequate 
management of sizes

Hydrothermal/
solvothermal 

treatment

economical, 
environmentally 
benign, and non-

toxic

Inadequate 
management of sizes

PROPERTIES AND APPLICATIONS 
CQDs are often divided into three categories: GQDs, 
CQDs, and CPDs. These are defined by their “core-shell” 
nanostructure, which is made up of surface groups with 
functions and a nanoscale carbon centre. 

Fluorescent and electrochemical monitors represent both 
of the main types of sensors created recently using CQDs 
or CQD-based nanomaterials. CQDs’ exceptional optical 
and electrical qualities may explain why they are so 
widely used in the research profession as fluorescence and 
electrochemical analysers.

Fig.2. Benefits of CQDs in a variety of domains

For therapeutic reasons, it is crucial to quantify the 
biomolecules present in extracellular fluids like blood 

and urine samples. In order to determine the quantity of 
biomolecules present in these fluids at the lowest feasible 
cost, researchers have developed a number of instruments 
that can come into direct contact with the fluid. 

It is important to recognize the role that carbon quantum 
dots (CQDs) play in preventing corrosion in addition 
to their achievements to technology development. The 
ability of various metal substrates to withstand corrosion 
in extreme environments has been greatly enhanced by 
CQDs and heteroatom-doped CQDs . It’s interesting 
to note that doping CQDs with metal nanoparticles and 
heteroatoms like N and S has been identified as one of the 
elements influencing how well CQDs prevent corrosion.

CONCLUSION AND FUTURE 
PERSPECTIVE

CQDs seem to have limitless promise as we look to the 
future. They are attractive prospects for developments in 
industries including materials science, energy technology, 
and medicine because of their flexibility and versatility. 
The secret to opening up even more options lies in the 
continuous study into improving their qualities and 
broadening their uses. Furthermore, the environmentally 
benign method of synthesizing CQDs from renewable 
and sustainable sources is in line with the rising focus on 
sustainability and environmental awareness throughout the 
world. This feature guarantees that CQDs will continue to 
be a focus of study and innovation in the years to come, 
especially when combined with their affordability and 
scalability. Future medical research may concentrate on 
improving the ability to target certain illnesses, reducing 
toxicity, and investigating novel treatment and diagnostic 
approaches. New opportunities in material science and 
nanotechnology may arise from developments in the 
synthesis and functionalization of CQDs. Additionally, 
new uses are developing, such as in the creation of 
nanocomposites, sophisticated coatings, and smart 
detecting materials. Additionally, future studies in energy 
conversion and storage could focus on improving materials 
derived from CQDs for increased catalytic efficiency and 
storage capacity. To sum up, the fascinating development 
of CQDs from their basic ideas to their current uses is 
evidence of the astounding advancements in nanoscience 
and technology. We believe that as we go forward, CQDs 
will remain essential in determining the direction of 
technology, materials science, and many other scientific 
fields.
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ABSTRACT
Trust and transparency are paramount in the digital era. The process of exchanging books with people you meet on the 
internet always carries the risk of repudiation of origin. In a digital age where trust and transparency are at a premium, 
blockchain emerges as a game-changer. Blockchain provides a decentralized, tamper tamper-proof ledger which can 
help to foster trust by creating a secure and transparent ecosystem. With blockchain, every book exchange becomes a 
verifiable transaction, recorded permanently on the ledger. Users can confidently trade books, knowing that ownership 
history is beyond dispute. Smart contracts are self - executing agreements that automate and enforce book exchanges. 
By eliminating intermediaries and establishing a trust layer, smart contracts play a pivotal role in enhancing security, 
accountability, and efficiency within our book exchange platform. To facilitate the development and testing of these 
smart contracts, we’ve integrated Ganache, a local Ethereum blockchain emulator. Ganache streamlines the development 
process by providing a lightweight and customizable local blockchain environment, ensuring that our platform’s smart 
contracts function seamlessly. The Truffle Suite complements our local blockchain network development by offering a 
suite of tools that simplifies smart contract development and deployment. Our project aims to provide users with secure, 
cost-effective, and transparent book exchanges by harnessing blockchain’s transformative power and utilizing tools like 
Ganache and Truffle Suite.

KEYWORDS : Blockchain, Trust, Transparency, Book exchange, Ethereum, Smart contract, Ganache.

INTRODUCTION

In the traditional book exchanges, people who wanted 
to exchange books with one another often relied on 

manually searching people who would be willing to 
exchange books with them. In this system there may not 
be a robust system for tracking book ownership or the 
history of exchanges.

Book-Exchange is a web application, where users can 
purchase from the site and exchange their books with 
other users on the platform. Book enthusiasts can discover 
like- minded individuals in their vicinity who are open to 
book exchanges. The power of blockchain ensures that 
each exchange is transparently recorded, establishing an 
immutable history of book ownership. [1].

Existing book exchange platforms are susceptible to 
encounter cases of repudiation of origin. Books offered for 
exchange have no real track of ownership. Blockchain’s 
tamper-proof record-keeping empowers users to 
confidently trade books while maintaining a reliable 
record added transactions.[2].

By conducting a blockchain transaction before the user 
adds their book for exchange, a tamper-proof immutable 
record ofthe book being put for exchange is created 
with the help which, once an exchange is displayed, all 
proof of it is maintained.[1]. Ethereum is a decentralized 
blockchain platform that works with smart contracts. [3]. 
These smart contracts are programs that automatically 
execute a transaction based on the criteria that specified 
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will revolutionize how books are exchanged by 
providing an unequivocal, tamper-proof record of all 
transactions, setting a new standard in reliability and 
accountability within the exchange process.

2.	 Furthermore, a key aspect of this venture involves 
the development of an intuitive and user-friendly 
interface that empowers users to effortlessly list their 
books for exchange, execute transactions with ease, 
and engage with smart contracts in a straightforward 
manner. By streamlining the entire exchange process, 
this interface aims to enhance user convenience and 
satisfaction, ultimately making book exchanges more 
efficient and engaging for all participants.

3.	 To fortify the system’s integrity and safeguard users’ 
data, a robust and secure platform will be built 
leveraging the advanced security features inherent 
in blockchain technology. By harnessing these 
cutting-edge security mechanisms, the platform will 
ensure that sensitive information remains protected 
and shielded from unauthorized access, instilling 
confidence in users and reinforcing the platform’s 
reliability.

4.	 Additionally, a vital functionality will be implemented 
to empower administrators with the ability to access 
and update the website’s data promptly and efficiently. 
This administrative capability will serve as a pivotal 
tool in maintaining the platform’s accuracy and 
relevance, enabling seamless management of content 
and information to meet the evolving needs of users 
and stakeholders effectively.

5.	 In line with enhancing user experience and 
facilitating secure transactions, the integration of the 
Metamask wallet into the website will enable users to 
leverage this trusted tool for blockchain transactions 
seamlessly. By providing users with this familiar 
and reliable means of conducting transactions, the 
platform seeks to streamline the exchange process, 
promoting user adoption and confidence in utilizing 
blockchain technology for their book exchanges 
efficiently.

METHODOLOGY
Proposed System
If a person wishes to engage in a book exchange the first 
step is to identify a community of like-minded individuals 
who share an interest in sharing and exchanging literature. 
However even within such communities concerns about 
security and the authenticity of exchanges can often arise.

conditions are met. This allows smart contracts to conduct 
transactions without the need of any central authority.[4]. 
By allowing participants to conduct transactions between 
each other when they want to initiate an exchange, we can 
create a tamper proof ledger on the ethereum blockchain. 
Ganache is a tool useful for creating ethereum based 
blockchain networks and smart contracts that the ethereum 
blockchain can deploy can be built using Remix IDE[5].
The users need a Metamask wallet to conduct the 
transaction.[8].
The application also allows the users to make use of a 
user friendly interface that can allow them to buy books 
and initiate transactions. The backend of the application is 
handled by PHP and MySQL database and Xampp server 
is used to host the site on the local machine.[9].
LITERATURE REVIEW
Kushwaha, Satpal Singh, et al [2] highlight the 
vulnerabilities faced by an Ethereum Smart Contract. As 
these Smart Contracts hold huge amount of cryptocurrency, 
it can lead to huge losses. Real life attacks and threats are 
explored which can be faced by systems employing these 
contracts. Afterward, preventive measures are given to 
avoid being exposed to the various vulnerabilities.
Hassan HS, Hassan R, et al [3] explore how an Ethereum 
Blockchain can be used for developing a Voting system. 
The immutability of blockchain allows it to host fair 
elections where the votes cannot be tampered. The paper 
explores how a local Ethereum network using Ganache 
can be configured and used with smart contracts deployed 
on Remix IDE.
Jain, SM [5] elaborates on the functionality of Remix 
IDE. Remix IDE provides an Integrated development 
environment to develop smart contracts and then manage 
the lifecycle of those contracts—like compilation, testing, 
deployment, and updates. Remix comes with a full suite 
of development and deployment tools integrated for 
developing and managing the lifecycle of smart contracts. 
And, as Remix is web-based no software installation is 
required. To use the smart contracts, we can make use of 
the contract address and contract ABI and make use of 
them in the web3,js driver file.
OBJECTIVES
1.	 The primary objective is to establish a cutting-edge 

blockchain-driven system tailored specifically for 
book exchanges, promoting transparency through a 
meticulously designed framework that guarantees 
users a seamless experience. This innovative solution 
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To address these pressing issues the Blockchain-based 
Book Exchange emerges as an innovative solution 
offering a seamless and user-friendly interface that caters 
specifically to book enthusiasts. This platform allows 
users to buy books and facilitate exchanges directly with 
one another fostering a vibrant community of readers 
and collectors. Utilizing an Ethereum-based blockchain 
network not only enhances the overall experience but 
also ensures the integrity of the transactions. When 
users decide to engage in an exchange they can list their 
books by executing a transaction on the platform. This 
transaction process guarantees that the exchange listing 
is legitimate tamper-proof and immutable significantly 
alleviating concerns about fraud. By leveraging the power 
of blockchain technology the Book Exchange creates a 
secure environment where users can confidently explore 
and exchange their literary treasures fostering a culture of 
sharing and collaboration among book lovers. Ultimately 
this innovative approach revolutionizes the way people 
connect over books enriching the literary community as 
a whole.

Block Diagram for Blockchain functionality

Fig. 1. Block Diagram for Blockchain functionality

1.	 First, the user sets up a workspace on Ganache, a 
personal blockchain for Ethereum development, and 
configures the RPC server to communicate with their 
local environment.

2.	 Next, the user links their Metamask wallet to the 
local host and imports their Ganache account into 
Metamask, enabling them to interact with the 
blockchain.

3.	 The user then creates a smart contract using Remix, 
an online web-based Integrated Development 
Environment (IDE), to handle the listing of books 
on the blockchain. This smart contract will contain 
the necessary functions for adding, updating, and 
retrieving book information.

4.	 After creating the smart contract, the user compiles it 
and deploys it to the blockchain network, making it 
ready for interaction.

5.	 The user copies the ABI (Application Binary Interface) 
and contract address from the deployed smart contract 
and utilizes it in their web3-config.js file. This allows 
their frontend application to communicate with the 
smart contract.

6.	 Within the web3-config.js file, the user creates an 
onClick function that triggers interactions with the 
smart contract when a form submission occurs on 
their Exchange.PHP webpage. This function handles 
the processing of book listings and transactions.

7.	 Upon submission of the form, a Metamask pop-
up window appears, prompting the user to confirm 
the transaction. Once confirmed, the transaction 
is executed on the blockchain network through 
Metamask.

8.	 The transaction details are then stored on the Ganache 
blockchain, providing a secure and immutable record 
of the book listing activity. This ensures transparency 
and traceability of all interactions within the 
blockchain ecosystem.

User Interface
1.	 In the backend of the website, PHP is utilized to 

handle the server-side operations and manage the 
database interactions effectively.

2.	 On the front end, the user interface is developed using 
a combination of HTML, CSS, and Javascript to 
create a visually appealing and interactive experience 
for the users.

3.	 Upon visiting the website, individuals have the option 
to register either as an Admin or a regular user, based 
on their specific needs and requirements.

4.	 As an Admin, a dedicated dashboard is provided that 
displays all the vital activities and operations of the 
website, offering a comprehensive overview of the 
platform.

5.	 The Admin has the ability to perform key tasks such 
as adding new products, reviewing customer feedback 
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messages, verifying payments, and monitoring the 
active user base to ensure smooth operations.

6.	 Users logging into the platform are greeted with 
a user-friendly home screen that features intuitive 
navigation elements, enabling seamless access to 
various functionalities and resources available on the 
website.

7.	 The integration between the frontend and backend 
systems is facilitated through PHP, allowing for the 
efficient transfer of data generated on HTML pages 
to the MySQL database and enabling seamless data 
retrieval as needed.

8.	 The website is currently hosted locally using the 
Xampp server environment, ensuring a stable and 
secure platform for users to access and interact with 
the website’s features and functionalities seamlessly.

9.	 The website is hosted on local host using Xampp 
server.

REQUIREMENTS
1.	 The objective is to design and implement a 

blockchain-based system that ensures transparency 
and accountability in book exchanges. By leveraging 
the immutable nature of blockchain technology, users 
can have a clear and tamper-proof record of books put 
up for exchange. This will instill trust among users 
and promote fair and secure transactions within the 
platform.

2.	 In order to enhance user experience, a user-friendly 
interface must be developed that simplifies the process 
of listing books for exchange, initiating transactions, 
and interacting with smart contracts. This interface 
should be intuitive and easy to navigate, making 
it convenient for users to engage with the platform 
without encountering any complications.

3.	 Security is paramount in any online platform, and 
leveraging blockchain’s inherent security features 
is essential to build a secure environment for book 
exchanges. By utilizing encryption techniques, 
decentralization, and consensus mechanisms, the 
platform can effectively safeguard user data and 
transactions from unauthorized access and fraudulent 
activities.

4.	 A key requirement is to create a functionality that 
allows the Admin to access and update the data of 
the website. This will enable the Admin to manage 
and oversee the platform effectively, ensuring that 
the information displayed is accurate and up-to-date. 

By providing the Admin with the necessary tools 
and permissions, they can maintain the integrity of 
the platform and address any issues that may arise 
promptly.

5.	 Integration of the Metamask wallet into the website 
is crucial to enable users to conduct blockchain 
transactions seamlessly. By incorporating this feature, 
users can securely store their digital assets, manage 
their transactions, and interact with smart contracts 
directly through the website. This integration will 
streamline the exchange process and provide users 
with a convenient and secure way to engage with the 
platform.

RESULTS
To create a smart contract, go to the Remix IDE website. 
There we can create our smart contract defining the 
functionality to add the details of the book exchange on 
our blockchain with the help of a transaction. Once we 
have coded the smart contract we can then deploy the 
smart contract. When we deploy the contract, we get our 
contract address and the contract ABI. To integrate the 
smart contract into our website, we need to note down the 
contract address and contract ABI of our smart contract on 
Remix IDE. We can also test the smart contracts working 
on remix IDE by conducting transactions to verify. Then 
in ouir project directory we need to create a web3.js file 
which will connect the smart contract to our project using 
the contract address and contract ABI. We also create the 
instance to load up Metamask when we want to conduct a 
transaction.

The website uses PHP and MySQL for the backend 
and HTML, CSS, javascript are used to create the user 
interface.

Lastly we set up a workspace on ganache and define a 
connection to the local network. The RPC server address 
from the workspace can be used in the web3.js file to 
connect ganache to our local network.

Xampp server is used to host the project on the local 
machine. With the help of Xampp we also get access to 
phpMyadmin, we can access our database and all the 
tables of the database on it. 

The exchange page allows users to enter the details of the 
book they want to put up for exchange. When the user 
presses the button to perform the action, the web3.js driver 
will create the instance that prompts the user to log in to 
their mettamask wallet account. Once logged in the user 
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can perform the transaction to list the book for exchange. 
The details of the listing will be stored in the blockchain 
where they will be immutable and transparent.

Fig. 2. Metamask Wallet Popup during transaction

Fig. 3. Blockchain Network on Ganache

This is the ganache workspace which shows the 
blockchain network that includes all the blocks for the 
various transactions conducted on our website. Using an 
Ethereum blockchain network allows us to incorporate 
trust and transparency into our website.

CONCLUSION
Books are valuable sources of knowledge and at times 
when people are done with reading them, they might serve 
no use to the reader and so they might end up lying around 
collecting dust. To foster the creation of a community who 
is willing to aid one another and keep the cycle of gaining 
knowledge ongoing, exchanging books with one another 
is a valuable technique. Blockchain based  book exchange 
aids the creation of this community. By providing an 
easy to use user interface, people can have more success 

in finding people who are willing to conduct book 
exchange with them. With the help of Ethereum based 
blockchain network and smart contracts, we managed to 
create a system that can keep an immutable ledger of the 
transaction which contains details of the book exchange, 
leading to better trust and transparency between the users.
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ABSTRACT
This paper explores the enduring significance of Chanakya’s Arthashastra in relation to modern management principles, 
particularly in the areas of leadership, strategy, governance, ethics, and crisis management. Although originally crafted 
for rulers, Chanakya’s teachings align closely with contemporary management frameworks, offering practical insights 
for today’s business leaders. His focus on transformational and servant leadership highlights the importance of ethical, 
empathetic, and adaptive leadership. Likewise, his emphasis on strategic foresight and meticulous planning parallels 
modern methodologies such as SWOT analysis. Chanakya’s principles on governance stress accountability, transparency, 
and delegation, reflecting the pillars of modern corporate governance. His pragmatic yet ethical stance on decision-
making underscores the importance of values in business ethics and corporate social responsibility. Additionally, his 
foresight-driven crisis management strategies find parallels in modern risk management practices. The Tata Group 
is presented as a case study, demonstrating the practical application of Chanakya’s principles in handling the 2008 
financial crisis and challenges surrounding the Tata Nano project. The group’s adaptability, ethical governance, and 
strategic foresight illustrate how Chanakya’s teachings can guide organizations in navigating complex challenges and 
achieving long-term success. The findings highlight the enduring wisdom of the Arthashastra and its profound influence 
on modern management practices, offering timeless lessons for leadership, strategy, and governance in today’s dynamic 
business environment.

KEYWORDS : Leadership, Strategy, Governance, Business ethics, Crisis management.

INTRODUCTION

The Arthashastra, written by the ancient Indian scholar 
and strategist Chanakya (also known as Kautilya) in 

the 4th century BCE, remains one of the most influential 
texts on governance, economics, military strategy, and 
statecraft. Although primarily aimed at kings and rulers, 
its core principles have enduring relevance in today’s 
rapidly evolving global business environment. Chanakya’s 
teachings on leadership, strategy, governance, and ethics 
are not confined to the political sphere but provide 
invaluable insights for modern management practices. This 
paper explores how the wisdom contained in Chanakya’s 
Arthashastra aligns with contemporary management 

practices, particularly in the areas of leadership, strategy, 
governance, and ethics.

LEADERSHIP IN CHANAKYA’S 
ARTHASHASTRA AND MODERN 
MANAGEMENT
Leadership in the Arthashastra

In the Arthashastra, Chanakya describes several qualities 
that an ideal leader should possess. These traits, though 
intended for rulers, are equally applicable to modern 
corporate leaders. Chanakya emphasizes that a leader must 
be wise, patient, and have a deep understanding of human 
psychology. He stresses the importance of balancing 
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be interpreted as a call for businesses to understand the 
motivations behind partnerships and competition.

Modern Strategic Frameworks

Modern strategic frameworks like SWOT analysis 
(Strengths, Weaknesses, Opportunities, Threats), Porter’s 
Five Forces, and Blue Ocean Strategy closely align 
with the strategic principles outlined by Chanakya. For 
example, Porter’s Five Forces, which assess factors 
such as competitive rivalry, the threat of new entrants, 
and the bargaining power of suppliers and customers, 
echo Chanakya’s focus on analyzing competitors and 
maintaining a strategic advantage. Similarly, contemporary 
approaches like scenario planning and contingency 
strategies embody Chanakya’s teachings on anticipating 
challenges and preparing for worst- case scenarios while 
striving for the best possible outcomes.

GOVERNANCE AND ORGANIZATIONAL 
STRUCTURE IN CHANAKYA’S 
ARTHASHASTRA
Governance in the Arthashastra

Chanakya outlines a well-structured system of governance 
in the Arthashastra, emphasizing transparency, 
accountability, and the importance of delegating authority 
to capable individuals. He asserts that a ruler must ensure 
that the state’s operations are efficient and in service of 
the people. His emphasis on responsible governance 
is illustrated by his statement, “A person should not be 
afraid of the consequences of doing the right thing” 
(Arthashastra, Book 10, Chapter 3), underscoring the 
ethical obligations of leadership.

Modern Governance Practices

In the corporate world, governance concerns ethical 
management practices, transparency, accountability, 
and the efficient use of resources. Corporate governance 
ensures that companies are run responsibly, taking 
into account the interests of all stakeholders, including 
employees, shareholders, and the broader community. 
The role of a modern CEO or Managing Director is 
comparable to that of the ruler in Chanakya’s model, where 
leadership involves delegating tasks to trusted individuals 
while maintaining overall responsibility for ensuring 
accountability and ethical conduct. Chanakya’s model 
of governance, which relies on a clear organizational 
hierarchy and transparent decision-making processes, is 

firmness with compassion, advising that a leader should 
be both strong and empathetic.

Chanakya writes, “A person should not be too rigid in 
his approach, nor should he be too lenient. He should 
be firm but not harsh” (Arthashastra, Book 1, Chapter 
3). This philosophy reflects a leadership style akin to 
transformational leadership, which focuses on inspiring 
and motivating followers while maintaining discipline and 
setting clear expectations.

Modern Leadership Theories

Chanakya’s leadership principles strongly resonate 
with modern frameworks such as transformational and 
servant leadership. Transformational leadership focuses 
on empowering individuals, inspiring them to reach their 
highest potential, and promoting growth on both personal 
and professional levels. In contrast, servant leadership 
prioritizes addressing the needs of others and ensuring 
the well-being of followers. In the contemporary business 
environment, the ability of leaders to embrace change, build 
trust, and uphold ethical practices is crucial. Chanakya’s 
advocacy for adaptability and strategic foresight closely 
aligns with adaptive leadership, a modern approach 
that equips leaders to steer their organizations through 
uncertainty and ongoing transformation.

STRATEGIC THINKING AND 
PLANNING: PARALLELS BETWEEN 
THE ARTHASHASTRA AND MODERN 
BUSINESS STRATEGY
Strategic Thinking in the Arthashastra

The Arthashastra underscores the importance of strategic 
foresight, careful planning, and risk evaluation. Chanakya, 
a master strategist, teaches rulers to make decisions after 
evaluating resources, opportunities, and risks. His famous 
quote, “Before you start some work, always ask yourself 
three questions – Why am I doing it, what will the results 
be,and how can I do it?(Arthashastra, Book 1, Chapter 
14), encourages thorough strategic thinking, a practice 
still relevant in today’s decision-making processes.

Chanakya also highlights the importance of understanding 
the competitive landscape. He advises rulers to know 
their competitors, recognize market dynamics, and 
continuously adapt their strategies. For example, he states, 
“There is some self-interest behind every friendship. 
There is no friendship without self-interest. This is a 
bitter truth” (Arthashastra, Book 6, Chapter 2), which can 
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reflected in modern organizational structures, whether 
hierarchical, matrix-based, or flat, ensuring clarity of roles 
and smooth operations.

ETHICS AND VALUES IN CHANAKYA’S 
ARTHASHASTRA AND MODERN 
CORPORATE ETHICS
Ethics in the Arthashastra

Chanakya places great emphasis on ethics, even while 
advocating for pragmatic statecraft. He advises rulers to 
act with integrity, fairness, and a sense of responsibility 
toward the people they govern. For example, he asserts that 
cruelty and injustice will lead to rebellion and undermine a 
leader’s legitimacy. Chanakya’s ethical leadership is also 
grounded in diplomacy and mutual benefit, as reflected in 
his statement, “There is some self-interest behind every 
friendship. There is no friendship without self- interest. 
This is a bitter truth” (Arthashastra, Book 6, Chapter 
2), suggesting that all relationships should be based on 
fairness and mutual benefit.

Modern Corporate Ethics

Ethics and values play a vital role in fostering trust among 
stakeholders and achieving sustainable success in the 
modern corporate landscape. Business leaders are expected 
to uphold strong ethical standards, follow legal regulations, 
and make decisions that benefit society. Corporate Social 
Responsibility (CSR), which promotes accountability for 
a company’s environmental and social impacts, reflects 
Chanakya’s ethical philosophy. Contemporary practices 
like implementing codes of conduct, adhering to corporate 
governance principles, and ensuring financial transparency 
are firmly grounded in the ethical concepts articulated in 
the Arthashastra.

CRISIS MANAGEMENT: LESSONS 
FROM THEARTHASHASTRA
Crisis Management in the Arthashastra

Chanakya’s teachings on crisis management emphasize the 
importance of foresight, preparedness, and swift action in 
times of adversity. He advises rulers to anticipate internal 
and external threats and act decisively when crises arise. 
He writes, “A wise leader knows how to anticipate threats 
and prepare for them in advance” (Arthashastra, Book 7, 
Chapter 13), illustrating the need for proactive leadership 
in managing crises.

Modern Crisis Management

In today’s business environment, crisis management has 
become a core component of risk management strategies. 
Businesses must prepare for financial downturns, 
reputation damage, natural disasters, and market 
disruptions. Modern organizations employ contingency 
planning, risk assessment, and disaster recovery strategies 
to ensure resilience during crises. Chanakya’s emphasis 
on anticipating and preparing for challenges is reflected 
in contemporary business practices, where leaders take 
a proactive approach to risk management and crisis 
preparedness.

Case Study: Crisis Management at Tata Group

The Tata Group, one of India’s leading and most 
accomplished  conglomerates,  has  demonstrated 
exceptional resilience and strategic vision in navigating 
crises. The principles of Chanakya, an ancient Indian 
philosopher and strategist, are evident in the Group’s 
approach to handling complex challenges. His teachings, 
such as adaptability, strategic foresight, resilience, and 
the importance of strong leadership, are mirrored in the 
Tata Group’s responses to significant crises, particularly 
during the 2008 global financial crisis and the challenges 
surrounding the Tata Nano project.

The 2008 Financial Crisis: A Test of Resilience and 
Adaptability

The 2008 global financial crisis created significant 
turbulence in the global economy, with stock markets 
crashing, banks collapsing, and a widespread recession 
affecting businesses worldwide. The Tata Group, with its 
vast portfolio spanning multiple industries—automobile, 
steel, IT services, chemicals, telecommunications, 
and more—was inevitably impacted. However, Tata’s 
response during this crisis is an excellent example of how 
Chanakya’s principles of adaptability and foresight played 
a role in navigating a complex and evolving crisis.

Key Actions Taken

Strategic Divestment and Focus: In line with Chanakya’s 
advice to anticipate changing circumstances and act 
accordingly, Tata Group streamlined and refocused its 
investments. For instance, Tata Steel, the largest steel 
producer in India, was facing immense pressure due 
to the global downturn in demand. However, instead of 
retreating, Tata Steel continued its global expansion, even 
successfully acquiring Corus Group in 2007, despite the 
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financial turmoil. This strategic move was in line with 
Chanakya’s principle of using crises to strengthen one’s 
position.

Crisis Communication and Leadership: Ratan Tata, the 
chairman of the group, demonstrated Chanakya’s principle 
of strong leadership during the financial crisis. His calm 
and transparent communication ensured that stakeholders, 
including employees, investors, and customers, were kept 
well-informed. He reassured them that the group would 
navigate the difficult times with resilience and a long-
term focus, reinforcing the group’s commitment to ethical 
leadership and strategic flexibility.

Diversification and Cost Control: The Tata Group’s 
diverse portfolio helped cushion the financial blow during 
the crisis. It applied Chanakya’s principle of building 
multiple streams of income (or resources) to manage risk. 
While sectors like automotive and steel were negatively 
impacted, other businesses, particularly Tata Consultancy 
Services (TCS), which had a significant global presence, 
performed well and provided much-needed stability to the 
group.

The Tata Nano Project: Strategic Foresight and 
Resilience in the Face of Failure

The Tata Nano, introduced in 2008, was designed to be 
the world’s cheapest car. The project represented a bold 
and ambitious move to revolutionize the automotive 
industry in India and cater to the country’s middle-class 
market. However, it faced a series of challenges that 
threatened its success. The Tata Nano project exemplifies 
how the principles of resilience, adaptability, and strategic 
foresight, as laid out by Chanakya, can be applied when 
confronting setbacks.

Key Challenges Faced

Production and Design Issues: Initially, the Nano’s appeal 
as a cheap and accessible car was a strong selling point, 
but it soon became associated with poor quality. Many 
consumers perceived the car as “too cheap,” which 
caused a decline in its perceived value and marketability. 
Additionally, the project faced production issues, and there 
were concerns about safety and customer expectations, 
which posed a significant threat to the brand image of Tata.

Political and Social Challenges: The initial production 
plan was set in Singur, West Bengal, but it encountered 
political opposition. The land acquisition process for the 
factory was highly contentious, leading to protests and 

public unrest. This setback forced Tata Motors to relocate 
the factory to Sanand, Gujarat, creating further delays and 
costs.

Economic Crisis Impact: By the time the Nano was 
launched, the world was experiencing the financial 
downturn of 2008, which further dampened the demand 
for an affordable vehicle, especially in a market that was 
seeing declining consumer confidence.

How Chanakya’s Principles were Applied?

Resilience and Adaptability in Leadership: Ratan Tata 
demonstrated resilience, a key Chanakyan virtue, by 
refusing to abandon the project despite its setbacks. 
Although the Nano project faced multiple challenges, 
Tata believed in its long-term potential and remained 
committed to finding solutions. He showed flexibility by 
moving production to a new location and being open to 
redesigning and improving the car.

Strategic Foresight and Long-Term Vision: Despite the 
hurdles, Tata Group did not abandon the project. This 
mirrors Chanakya’s teaching that long- term success 
requires patience and the ability to foresee future potential 
even in the face of short-term failures. The Tata Nano 
was never intended to be a short-term success but rather 
a means to push the boundaries of affordable engineering 
and meet India’s aspirations for personal mobility. Tata 
Motors used feedback and learning from the Nano’s initial 
failure to improve the vehicle’s design and production 
process in later years. Learning from Setbacks and 
Pivoting: When the initial version of the Nano didn’t meet 
expectations, Tata Motors pivoted by reengineering the 
model, including upgrading its features and revising its 
marketing strategy.This adaptation reflected Chanakya’s 
principle of learning from failure and using those lessons 
to fortify future decisions.

CONCLUSION
Chanakya’s Arthashastra offers timeless wisdom that 
remains highly relevant to modern management principles. 
His teachings on leadership, strategy, governance, ethics, 
and crisis management provide invaluable insights for 
today’s business leaders. By aligning these ancient 
principles with contemporary business practices, 
organizations can not only thrive in a competitive and 
rapidly changing environment but also ensure they operate 
ethically and responsibly. The Tata Group serves as a 
case study for the successful application of Chanakya’s 
principles in modern business. With its strong leadership, 
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strategic foresight, ethical governance, and effective crisis 
management, the Tata Group exemplifies how ancient 
wisdom guide contemporary business practices. This 
enduring relevance of the Arthashastra underscores the 
timeless nature of Chanakya’s insights, which continue to 
inform and inspire leaders worldwide.
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ABSTRACT
With rising oil prices and growing concern for the environment, cleaner and more compatible energy solutions are 
needed. Current transportation provides a great deal of energy consumption and pollutant emissions. The combined 
effect of the driving forces of an IC engine and electric motor in a hybrid vehicle is examined and reviewed here. As 
per structural design with module of HEV such as the motor, engine, battery, bi-directional converter and maximum 
power point tracker (MPPT). This paper shows a comprehensive review of the main components used in HEV, such 
as their structural designs with pros and cons. Hybrid electric vehicles (HEV) are in trend for their capability to attain 
performance relative to gasoline vehicle. Significantly gives less emissions and enhanced efficiency in terms of fuel 
consumption.

KEYWORDS : Hybrid electric vehicle, HEV architecture, MPPT algorithms.

INTRODUCTION

Green technology innovations have placed an emphasis 
on green technology and are poised to change the 

demand for urban and suburban areas. The rapid expansion 
of urban and suburban areas has led to a significant increase 
in transportation usage, resulting in heightened pollution 
levels and various environmental challenges. It is essential 
to regulate vehicle emissions and implement proactive 
strategies to reduce their impact on the environment. Zero-
emission vehicles are the vital goal and major target for 
researchers working in this field. [1]

For propulsion Hybrid electric vehicles use two or more 
energy converters. A hybrid electric vehicle (HEV) 
consists of an IC engine with one or more electric M-G set.  
Fossil Fuel energy gets converted into mechanical energy 
by engine; whereas mechanical energy is obtained by 
converting electrical energy from battery by electric motor 
[2]. To attain a better fuel economy traditional drive train 
is needed to be replaced by electric drive [3]. Here, it offers 
a series of HEV configuration, such as serial, parallel and 

combined series-parallel. Within each configuration, there 
are several variations. The advantage that the internal 
combustion engine (ICE) has improved mileage and 
low emission at high speed is combined with an electric 
motor that does not pollute and offers high power even 
at low speed in the parallel transmission unit of the HEV 
series, with a consequent increase in the efficiency of the 
transmission train and pollution reduction, tested in the 
latest Toyota Prius car.

REQUIREMENT OF HYBRID ELECTRIC 
VEHICLE
As the fuel is scarce and sooner or later it runs out. 
According to logistics for the year 2037, it is estimated 
that one billion oil dependent vehicles will be there on the 
world road maps,  petrol will be tremendously costly. The 
world should be having solutions for the rest 400 million 
vehicles.

Therefore, to cope with this H.E.V. is the solution fully 
electric vehicles face limitations, such as short driving 
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Fig. 2: Series hybrid vehicle system

These components can be integrated differently, resulting 
in a variation in the vehicle design. In component 
integration, the transmission trains mainly include serial, 
parallel and parallel serial combination projects. In [6], the 
architecture of the HEV is classified in various categories, 
which are paralleled hybrid vehicles, serial hybrids and 
combined and parallel series.

In the HEV series, energy sources provide electricity on the 
DC bus bar, then converted into traction energy [7]. The 
controls and electric traction motors are placed in place 
of all the mechanical transmissions b/w ICE and wheels 
having the advantage that the ICE not directly connected 
to the demand.

In parallel hybrid electric vehicles (HEVs), the traction 
power can come from either the electric motor, the internal 
combustion (IC) engine, or both working together. This 
type of hybrid system incorporates both an electric motor 
and an IC engine, which can operate independently to 
propel the vehicle or work in unison. A parallel HEV 
strikes a balance between vehicle performance and cost 
effectiveness. When the two power sources are aligned on 
the same axis, their speeds must be synchronized, and their 
torques are combined. This configuration is commonly 
seen in most electric bicycles. If only one power source 
is active, the other must either rotate simultaneously, be 
disengaged using a one-way clutch, or operate with a 
freewheel mechanism.

Complexed HEVs integrate functions of both parallel 
and also series architecture. The main difference is in 
the variance in power flow of motor of series–parallel 
hybrid, which is bi-directional in complicated hybrid 
and uni-directional for series–parallel combination of 
electric hybrid vehicle. Complexity in design is the main 
disadvantage of complex hybrid vehicles.

ranges and the inability to supply energy over extended 
periods compared to internal combustion engine (ICE) 
vehicles. Traditional ICE vehicles, however, contribute 
significantly to environmental pollution. Hybrid electric 
vehicles address these challenges by optimizing the use 
of both power sources. On highways, where ICE engines 
operate most efficiently and batteries in electric vehicles 
would deplete rapidly, the ICE is utilized. Conversely, for 
short trips and urban driving, the electric motor is either 
exclusively used or works in tandem with the ICE to 
ensure maximum efficiency.

Fig. 1: Global primary Energy Consumption by Energy 
Sources (2010-2050)

There is potential for a market focused on small electric 
vehicles, such as golf carts or scooters. However, for 
larger vehicles like trains and buses, hybrid technology 
plays a more critical role. One significant advantage of 
hybrid cars over traditional gasoline-powered vehicles is 
their improved fuel efficiency and reduced environmental 
impact, making them a better choice for sustainability. 
Hybrid vehicles combine a gasoline engine with an electric 
motor, allowing for lower fuel consumption and increased 
energy efficiency. Figure 1 shows the world consumption 
of primary energy from energy sources (2010-2050).

TYPES OF MODEL
The main components in a Hybrid Electric Vehicle 
are electric motor, IC Engine, a tank of fuel, convertor, 
controlling  board and battery. They are divided into three 
classifications:

1.	 Drive train is combination of electric drive 
&physically integrated ICE power source.

2.	 Battery/energy storage system —stresses cheap and 
easy energy storage and capacities. 

3.	 Control system—guides the electric systems and ICE. 
Plus it handles the HESS.
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Fig. 3: Paralleled HEV 

Fig. 4: Series Parallel Hybrid electric vehicle

Architecturally, PHEVs (plug-in hybrid vehicles) are 
similar to HEVs, with the exception of a large on-board 
battery, which has elevating energy density and output. 
Combination of CS (load maintenance) and CD (load 
reduction) modes requires a complex strategy of controlling 
as compared to a HEV. The P-HEVs start operating in CD 
mode (load exhaustion); and when battery reaches a SOC 
thres-hold value (state of charge), the battery changes 
to the charge maintenance mode when vehicle is in the 

parking and simultaneously recharged. The architecture of 
(PVHEV) a HEV powered by solar energy is very much 
like PHEV (plug-in hybrid vehicles), with the addition of 
an extra photovoltaic panel (PV), and it charges the battery 
during a day which is cloudless. To extract the maximum 
power of the photovoltaic panels, the algorithms for 
monitoring MPPTis applied. The figure shows the block 
diagram of PV-HEV.

For acceptable initial acceleration, traditional vehicles 
has increased engine size. Usually the larger engines has 
more power as compared to what is needed for traveling. 
At standstill full torque is produced by Motors (Electric) 
at stand-still and is well-adapted to support IC Engine 
torque decrementespecially at low RPMs. Power-split 
hybrid vehicles utilize a smaller, more efficient engine 
with reduced flexibility.

Fig. 5: Block Diagram of PVHEV

There is lot of Future Scope in improving the performance 
of power electronics-based drives by using Artificial 
intelligence Neural Network (ANN), hybrid networks, 
Fuzzy Logic etc. in the industrial sector. Presently 
combination of adaptiveness with this smart control looks 
like the maximum advantageous research area in control 
and the implemented electrical drives.

Table 1: Architectures and their Application

Architecture Complexity Efficiency Hybridization Computation time/
Mathematical Complex

Series 1 1 Complete HEV& plug-in HEV 1
Parallel 2 2 Micro- mild and complete HEV 2

Series-Parallel 3 3 Complete HEV & plug-in HEV 3
1—low, 2—medium, 3—high

INTEGRATION OF MPPT ALGORITHMS 
IN HEV’S
Hybrid vehicles have the advantage of lower fuel 
consumption, lower operating cost reduced noise pollution 
and emissions due to these numerous benefits they are 

preferred choice over the other alternatives. As there is 
only single point of maximum power and also the I-V 
characteristics of the photovoltaic cells are not linear [18]. 
Efficiency can be increased through the energy interface, 
electronic devices with the photovoltaic system, together 
with the MPPC. Different algorithms are presented to 
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monitor this MPP, to overcome the limitation of the 
temperature variation for the constant voltage tracking 
method (in conventional method), disturb and examine (in 
P&O) and the incremental conductance (in IC) methods 
are the mainly utilised. The load impedance varies 
periodically in the case of P&O and detects the direction 
change of the power, but has increased conductance, dP 
/ dV is examinedto check if MPP is achieved. Even in 
P&O, the system fluctuates close to MPP, hence system 
works ineffectively [19]. For IC algorithm process, the 
voltage -current curves gives the max power level [20]. 
The main advantage of IC is its sensitivity to changing 
weather conditions, while P&O benefits from a simpler 
implementation [21].

In [22] an algorithm for loading the P&O based MPPT 
for PV-HEV is proposed. Normally, a pulse converter 
extracts maximum powerSimilarly, the charging algorithm 
adjusts the converter to operate in either constant current 
or constant voltage mode as needed. The P&O algorithm 
was also suggested for PV-HEVs in [23].

MPPT controlled algorithm which do not require aI 
detection device mechanism explained for HEV based 
applications [24]. MPP is estimated by the photo-voltaic 
voltage and the converter working ratio of this algorithm. 
In [25], a relatively small photovoltaic cell and some extra 
h/devices were finalized to decrement the energy loss and 
costs and to achieve high efficiency. In [26], the ANN-

based MPPT in PVHEV is used and trained using the 
gradient propagation and descent recoil pulse algorithm. 
It is proposed to take in consideration P&O algorithm 
when vehicle is parked and the voltage dependent MPPT 
algorithm is suitable while driving [27].

To manage variable solar irradiation, P&Oand IC-based 
techniques are used. Both of the techniques provide a 
solution which is optimal. Battery life can be extended 
to charge efficiently, primary inductor converter and 
approximated P&O have been used. MPPT algorithms 
which are dependent on the optimization of ant colonies, 
the widespread logic, the genetic algorithm, the artificial 
neural network and the optimization of the particle bath, 
is applied to PV systems in varying irradiation conditions 
[28].

Photovoltaic panels and battery packs are generally 
connected in cascade to power the load. PHEV loads are 
also taken into action while designing a residential PV 
system connected to the grid. Voltage regulation is by the 
DC / DC converter of the PV sets using Maximum Power 
Point Tracking with IC method [29]. Both EV and PV are 
expected to give active as well as reactive power to power 
loads when the micro network is isolated from the public 
network [30].Table 2gives comparison indifferent MPPT 
algorithms used in HEV. Advantages of ANN and FLare 
more over others and thus they are in trend nowadays as a 
result of their advantages.

Table 2: MPPT Algorithms Comparison for HEVS

MPPT technique Convergence speed Implementation 
complexity

Periodic tuning Sensed parameters

P&O Modifies L N V
IC Modifies M N V and C

Fractional Voc M L Y V
Fractional Isc M M Y C

F.L.C F H Y Modifies
Neural network F H Y Modifies

BENEFITS OF HYBRID ELECTRIC 
VEHICLE
A.	 Eco-Friendly: Even though hybrids produce some 

emissions, it is comparatively less than the gasoline-
powered vehicles which still produce up to 50% more 
pollutants than hybrids and EVs. Research indicates 
that hybrid vehicles produce fewer emissions 
compared to traditional gasoline-powered vehicles. 
Since they operate using a dual-powered system that 

combines a gasoline engine and an electric motor, they 
reduce fuel consumption, thereby promoting energy 
conservation. Additionally, the electricity used to 
charge these vehicles, even when generated by power 
plants, results in lower overall pollutant emissions.

B.	 Advantages for saving money from a hybrid car: 
Financing a hybrid vehicle is often more cost-
effective than financing a conventional car, as 
hybrids come with various incentives and tax credits. 
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Additionally, the energy regeneration feature during 
braking extends the lifespan of hybrid car brake pads, 
making them three times more durable than those 
in traditional cars and reducing the cost of frequent 
replacements. In automatic hybrid cars, a battery 
paired with an electric-petrol engine can reduce fuel 
consumption significantly, contributing to improved 
efficiency over the vehicle’s lifespan.

C.	 Long term Benefits: Driving and comparing 
conventional with a hybrid one for equal distance, the 
former vehicle will require much of the energy to run 
and produce huge amount of greenhouse gases in its 
complete lifetime whereas latter one is cleaner and 
requires lesser quantity of  fuel to run resulting in low 
emissions and not much dependence on fossil fuels.

D.	 Regenerative Braking System: For Hybrid vehicle, 
each time you apply break it regenerates energy by 
capturing the vehicle’s momentum (kinetic energy) 
and turning it into charge that regenerates the 
onboard battery in case the vehicle is slowing down 
or stopping. This results in eradication of the excess 
time and requirement for halt to re-charge battery.

E.	 Higher Resale Value:Increasing quantity of people are 
inclining towards cars which are hybrid, with increase 
in price of gasoline. Thus hybrids are holding their 
value better than non-hybrids; they could end up 
being the better investment.

CONCLUSION
Hybrid electric vehicles are evolving as a promising 
substitute for the current state of transportation due to 
their low oil consumption, battery technology, control 
techniques and reduction of toxic emissions. Due to 
continued support and motivation from the government 
and automakers, hybrid vehicles are expected to be more 
popular. Movement energy is used to charge the battery 
with I.C.E. A controller assists in continuous supply when 
you accelerate / climb or need full power. The variations 
in the different components and their architecture magnify 
the efficiency of complete system. The suitability of 
the MPPT methods which are being utilized for solar 
power based HEVs are analyzed additionally in this 
document. Components with not just parallel and series 
but also combination architecture of HEV, ESS, motors, 
bidirectional converter and MPPT have been revised and 
the results are summarized at the end in the form of a table.
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ABSTRACT
The most economic and appropriate inverters for high and medium power application are multilevel inverters (MLI). 
The overall harmonic distortion is decreased by these inverters. The primary problem with these multilevel inverters is 
the overuse of switches, which adds in-system losses, circuit complexity, size, cost, and other factors. To overcome this 
difficulty, this paper proposes a three-phase, five-level cascaded H-bridge inverter with a boost converter.

The new cascaded multilayer inverter with six switches is allowed in the suggested technique to reduce loss, save 
money, and enhance voltage stability. The modalities of operation of this unique topology are also defined to verify its 
detailed operation. The input side of this design has a boost converter, which reduces overall harmonic distortion while 
increasing the basic output voltage. Compared to current topologies, the suggested topology requires fewer switching 
devices. Finally, the design processes and MATLAB/Simulink simulation results of the suggested strategy are presented 
in this work.

KEYWORDS : Multilevel inverter, Boost converter, Asymmetric voltage sources, Cascaded H-bridge, Decreased 
switches.

INTRODUCTION

For the specific load, an electrical circuit of a power 
converter transforms electrical energy into a different 

structure. A converter performs additional processes and 
provides an output voltage that differs from the input [1]. 
In the computer power supply unit, a converter is used to 
increase or decrease the input voltage’s magnitude and 
transmit various output voltages with the same or different 
polarity [2–3]. Direct current (DC) is converted to 
alternating current (AC) using an electronic device called 
a power inverter. The inverter regulates the frequency, 
total power, input, and output voltage based on the precise 
circuitry or device design [4]. The DC source will produce 
power, but the inverter will not. A power inverter may be 
entirely electronic or may combine electronic circuitry 
with mechanical effects. Static inverters do not use moving 
parts throughout the conversion procedure [5–6].

The inverter generates a few voltage levels for the 
capacitor banks connected in series using the disparate 
phases method. This inverter’s purpose is to use a variety 
of diodes. By transferring a limited amount of voltage, a 
diode reduces the strain on other electrical equipment. The 
maximum output voltage of the diode   clamped multilevel 
inverter is half of the input DC voltage, which is a barrier 

[7-8]. The previously described problem has been resolved 
by making improvements to the capacitors, switches, and 
diodes. These are limited due to the three-level capacitor 
balancing problems. The basic frequency is used for all 
switching devices. This type of inverter produces excellent 
efficiency as the outcome.

A fundamental concept of back-to-back power transfer 
systems is this [9]. MLI has numerous power switching 
devices and capacitor voltage sources. The capacity of MLI 
to provide output voltage waveforms with an enhanced 
harmonic spectrum for high voltage applications and to 
generate high voltages with a constrained most extreme 
device rating makes them reliable.

There are three types of MLIs: cascaded, diode clamped, 
and capacitor clamped H-bridge inverters [10–11]. 

The advantages of multilevel converters (MLC) include 
controllable active and reactive power and reduced output 
harmonics. It uses switches that are completely controlled. 
In the past several years, modular MLC has shown an 
invention and paved the way for lucrative high-power 
applications. Modularity is commonly used to describe 
a process that combines smaller subsystems to advance 
relatively large systems [12]. 
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Five level cascaded H-bridge inverter

For the inverter model to produce a sinusoidal voltage 
output, H-bridge inverters must be connected in series. 
The total of the voltages produced by each cell is the 
output voltage. It is possible to limit the overall harmonic 
distortion by selecting the switching angles. The switching 
devices that determine the number of output voltage levels 
are necessary for the level cascaded H-bridge multilevel 
inverter. The figure depicts a five-level, single-phase 
cascaded inverter. 

Vdc1

Vdc2

S1

S2

S3

S4

S5

S6

S7

S8

Lo
ad V

Fig. 1: Single phase five level CHB MLI

Each full-bridge inverter level’s ac output is coupled 
in series with the others so that the total of the inverter 
outputs creates the

synthesized voltage waveform. The single phase, five level    
inverter’s switching action is shown in Table 1.  

Table 1: Switching values for single phase five level CHB 
MLI

Five-level cascaded three-phase H-bridge inverter 

The proposed converter has two cascaded H-bridge 
multilevel inverters with asymmetric sources. It produces 
a five-level output and has six switches instead of twenty-
four. Two cascaded H-bridge (CHB) cells are used. These 
two CHB cells have different DC supplies. Because a 
five-level square wave more closely resembles a sine 

A cascaded connection of converter cells appears to 
be an exciting way to get high voltage and high-quality 
waveforms for power converter topologies with the least 
amount of complexity. Input current, switching frequency, 
common mode voltage, and harmonic distortion reduction 
are a few advantages of MLIs. Like this, MLCs have 
the advantages of only requiring one isolated DC link 
and having equal capacitor voltage in the main DC link. 
No current or voltage sensor is required, and the FC’s 
self-balancing feature and modular design eliminate the 
requirement for feedback control [13–14]. High voltage 
AC and DC transmission lines, variable speed motor 
drives, static VAR compensation, high voltage system 
interconnections, sinusoidal current rectifiers, converters 
with harmonic distortion capability, and both AC-DC and 
DC-AC conversion applications are a few examples of 
uses. [15]

MLC has been under investigation and growth for over 
three years and has found effective industrial application. 
However, this is still a technology below improvement, 
and several new supports and advanced commercial 
topologies have been stated in the last few years. By 
using the multilevel of the converter inverter topology, 
the purpose of above issue had verified. With the reduced 
number of switches, the inverter design has been adopted 
by the five levels. To understand the operation of the 
cascaded converter along with the inverter, the state of 
switches has been defined.

PROPOSED TECHNOLOGY
One of the most significant topologies in the multilevel 
and multi-pulse inverter family is the conventional 
cascaded multilevel inverter. A desired AC voltage can 
be created by combining multiple DC voltage levels 
thanks to the cascade topology. Since they are all fuel 
cells, solar systems, batteries, etc., the DC levels have 
been seen as being the same. Isolation transformers are 
installed in H- bridge inverters, and H Bridge cascaded 
MLIS is used to isolate DC input sources. However, they 
do not require flying capacitors or clamping a diode. The 
primary benefit of cascaded MLI is the lack of voltage 
imbalance. CMLI uses fewer parts than diode-clamped 
and flying capacitors. The innovative switching topology, 
which reduces the number of switches, appears to improve 
inverter performance and voltage stability. The unique 
cascaded multilayer inverter with six switches is enabled 
in our suggested method to reduce loss, save money, and 
enhance voltage stability. 
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wave than a three-level square wave, it lowers harmonic 
distortion and power loss. The proposed three-phase, five-
level cascaded H-bridge inverter is shown in Figure 2.
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Fig. 2: Three phase cascaded H-bridge Multi level Inverter

Table 2: Switching states of proposed three phase five 
level cascaded H-bridge MLI

The primary switching components of IGBTs (insulated 
gate bipolar transistors) can be switched ON or OFF to 
produce the five voltage levels at the inverter’s output 
as displayed in Table 2. The current flow in all operating 
modes indicated by active connections of components as 
shown in figure 3 to 10. 
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Fig. 3: Mode 1
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Fig. 4: Mode 2
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Fig. 5: Mode 3
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Fig. 6: Mode 4
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Fig. 7: Mode 5 
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Fig. 8: Mode 6
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Fig. 9: Mode 7
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Fig. 10: Mode 8

DC/DC BOOST CONVERTER
A boost converter converts the input voltage to the required 
output voltage without the usage of a transformer. Figure 
3 shows the key components of a boost converter, which 
are an inductor, a diode, a capacitor, and a high frequency 
switch. When combined, they provide load power at a 
voltage larger than the input voltage. Table 3 shows the 
components of the boost converter.

+
-

L

R
C

S

D

Fig. 11: Boost Converter

Table 3: Components for Boost converter

Components Description
Inductor 0.1mH
Capacitor 1µF
Resistor 1ohm

Input DC voltage 100V
Diode resistance 0.001Ω

MOSFET-FET resistance 0.1Ω

SIMULATION RESULTS
The proposed topology implemented on MATLAB/
Simulink software. Figure 12 shows the Simulink model of 
three phase five level CHB inverter with boost converter.

Fig. 12: Simulink model of three phase five level cascaded 
H-bridge inverter with DC/DC Boost converter

The input pulse voltage’s MATLAB/Simulink model 
is displayed in Figure 13. Figures 14 and 15 display the 
output voltage of a three-phase, five-level inverter with 
and without a boost converter. Figures 16 and 17 display 
the AC voltage with and without a boost converter.

Fig. 13: Input pulse voltage  
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Fig. 14: Output voltage waveform of three phase five level 
cascaded H-bridge inverter with boost Converter 

Fig. 15: Output voltage waveform of three phase five level 
cascaded H-bridge inverter without boost converter

Fig. 16: AC voltage with boost converter

Fig. 17: AC voltage without boost converter

TOTAL HARMONIC DISTORTION (THD)
In a cascade multilayer inverter, the THD lowers as the 
number of levels rises; in a 5-level inverter, the THD is 
lower than in a 3-level inverter. When compared to the 
fundamental component of the voltage or current wave, 
THD is the total of all harmonic components of the 

waveform. The SIMULINK can be used to calculate THD. 
The THD performance of a three-phase, five-level inverter 
with a boost converter is displayed in Figure 18.

Table 4: Comparison of proposed topology with existing 
topologies

Five-level, 
three-phase 

inverters

Voltage 
Input(volt)

Voltage  
Output(volt)

THD 
(%)

6 switches 
(recommended)

100 180 (with 
a boost 

converter)
100 (without 

a boost 
converter)

27.34

9 switches [16] 100 120 28.46
12 switches 17] 100 120 67.12
15 switche[18] 100 110 43.91

The comparison between the suggested and current 
topologies is displayed in Table 4. With six switches, the 
suggested design performs well in terms of output voltage 
and THD. Six switches with a three-phase, five-level 
inverter without a cascading inverter produced a THD 
score of 145.92%. Compared with no cascading inverter, 
our suggested solution achieves a THD value of 27.34%. 
As a result, our suggested topology outperforms other 
topologies in terms of efficiency (72.66%). 

CONCLUSION
This study proposes the design of a three-phase, five-level 
cascaded H-bridge inverter with a boost converter. The 
design lowers switch losses and is more economical. There 
are fewer power components in the suggested design. 
When the number of power components is reduced, the 
system’s size, design, and cost all decrease. This topology 
demonstrates the switching modes of operation. The boost 
converter was then added to the input side, increasing 
the output voltage while lowering the overall harmonic 
distortion. MATLAB/Simulink is used to create a three-
phase, five-level CHB inverter using asymmetric DC 
voltage sources. When compared to alternative topologies, 
our suggested topology yields superior outcomes. 
Therefore, compared to current designs, our suggested 
three phase, five level inverter with a six-switch topology 
is more efficient (72.66%). Future research will look at 
proposed multilevel inverters as a replacement for the 
traditional inverters utilised in microgrid applications.
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ABSTRACT
This paper introduces a modified design for the Spherical Dipole Antenna, enhancing its performance over the 
conventional structure. While the traditional antenna offers narrow bandwidth characteristics, the proposed modification 
significantly expands the bandwidth and achieves gain levels comparable to those of a standard dipole antenna. This 
antenna is specifically tailored for repeatable shielding effectiveness measurements. Its design is both area-efficient and 
battery-powered, with an optical link for streamlined connectivity. The antenna operates within a frequency range of 30 
MHz to 4 GHz, delivering a bandwidth of 515 MHz in the lower frequency range and 1.88 GHz in the higher range. The 
electric field strengths at 0.835 GHz and 2.6 GHz are recorded at 2940 V/m and 3316 V/m, respectively. All simulations 
of the antenna were conducted using CST Microwave Studio (Computer Simulation Technology).

KEYWORDS : Spherical dipole antenna (SDA), Bandwidth, Gain, Shielding effectiveness, Optically linked, Area-
efficient, CST-MW studio.

INTRODUCTION

With the rapid growth of telecommunication devices 
and the increasing digitization of industries, there is 

an urgent need to mitigate the electromagnetic interference 
(EMI) generated by these technologies. Electromagnetic 
radiation from electronic equipment can lead to sensitive 
data leakage and disrupt neighboring devices. Conversely, 
external electromagnetic fields can induce disturbances 
and damage to the equipment. To address these 
challenges, it is essential to enclose such equipment within 
shielded environments. However, accurately assessing 
the performance of these shields is equally critical. This 
necessitates the design of specialized antennas for shielding 
effectiveness evaluation—antennas that can operate at high 
frequencies and offer a wide and offer a wide bandwidth to 
ensure precise and reliable measurements. Figure 1 shows 
the structure of conventional spherical dipole antenna 
[1]. The antenna design comprises two hemispheres 

electrically isolated by a threaded dielectric spacer. The 
lower hemisphere functions as a shielding enclosure for 
electronic components, including an optical-to-electrical 
(O/E) converter, a low-noise amplifier (LNA), and a battery 
power supply. The system utilizes optical feeding, which 
enables the transmission of both the optical information 
signal and optical power. This approach leverages the 
inherent immunity of optical fibers to electromagnetic 
interference, ensuring reliable signal transmission. After 
the optical-to-electrical conversion, the feed is delivered 
through a central post, ensuring efficient and interference-
free operation. 

The spherical dipole antenna is well-suited for evaluating 
shielding effectiveness. It provides the following 
advantages [5]:

1.	 The spherical geometry offers ample internal volume, 
enabling the integration of electronic components 
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2(a)

2(b)

Figure 2a & 2b: External and internal view of Shielded 
enclosures respectively.

SHIELDING EFFECTIVENESS
Shielding effectiveness is quantified as the ratio of the 
electric field detected by the antenna outside the shield to 
the electric field measured inside the shield. The following 
figures illustrate the procedure for assessing the shielding 
effectiveness of enclosures. In Figure 3.1, the antenna 
is positioned within an anechoic chamber [9], which is 
designed to prevent electromagnetic wave reflections, 
ensuring that the waves are absorbed by the chamber’s 
walls. In Figure 3.2, the spherical dipole antenna is placed 

within the antenna, thereby making it a self-contained 
system.

2.	 The spherical design eliminates sharp edges and 
ensures optimal symmetry for improved performance.

3.	 The circuitry and power sources are housed internally, 
preventing any interference with the established 
radiation field.

4.	 The compact size of the antenna makes it ideal for 
integration into small shielded enclosures.

Fig. 1: Conventional spherical dipole antenna

SHIELDED ENCLOSURES

In recent years, the loss of information due to 
electromagnetic radiation from electrical devices has 
become a significant concern. Additionally, the increasing 
vulnerability of electronic equipment to electromagnetic 
attacks further exacerbates the issue. One effective 
approach to mitigating these challenges is the use of 
electromagnetic shielded enclosures. Equally crucial is 
the accurate evaluation of the shielding effectiveness [8].

Electrical devices are housed within these shields to 
minimize the impact of electromagnetic interference 
(EMI). Shielded enclosures, typically constructed from 
metal, protect the internal components from external 
electric fields while preventing radiation from escaping. 
These enclosures are particularly essential in high-radiation 
environments such as military zones, aircraft, ships, and 
radar facilities, where they serve to safeguard the sensitive 
circuitry from harmful electromagnetic exposure.

Following figures shows the structure of shielded 
enclosures. 
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inside the shielded enclosure under test. The electric field 
measurements obtained in both scenarios are denoted 
as E1 (outside the shield) and E2 (inside the shield), 
respectively.

E1: electric field measured by the antenna without 
enclosure.

E2: electric field measured by the antenna with enclosure.

We can easily calculate the shielding effectiveness by 
following expression [3]:

Shielding effectiveness :  		  (1)

OR 				    (2)

Step1: 

Fig. 3: Electric field strength Reference Measurement 
(E1)

Fig. 4: Electric field strength with shielded enclosure 
Measurement (E2)

SIMULATION RESULTS OF 
CONVENTIONAL SPHERICAL DIPOLE 
ANTENNA
The proposed solutions were developed using CST 
Microwave Studio, with simulation results indicating a 
narrow bandwidth for a 15 cm diameter configuration. 
These results include the S11 parameter analysis over a 
frequency range spanning from 30 MHz to 4 GHz. 

Fig. 5: 3D model of conventional spherical dipole antenna 
in CST

As depicted in Figure 6, the S11 curve exhibits multiple 
resonances and lacks the desired wideband characteristics. 
To address this limitation, a wideband spherical dipole 
antenna model has been developed.

Fig. 6: S11 parameter

STRUCTURE OF WIDEBAND 
SPHERICAL DIPOLE ANTENNA
The wideband configuration is presented in Figure 5. To 
achieve the desired wide bandwidth, modifications to the 
conventional structure are required. One effective method 
to broaden the antenna’s bandwidth is by increasing the 
volume it occupies. However, expanding the diameter 
results in a larger overall structure, which may not be 
suitable for compact shielded enclosures. 
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Fig. 7: Wideband Spherical Dipole Antenna

Increasing the thickness of the sphere would complicate 
the accommodation of the internal circuitry. Therefore, 
expanding the area through these two approaches is not 
feasible. As a result, the only viable solution is to increase 
the separation between the hemispheres and incorporate 
cones on both ends. In this revised design, the gap between 
the hemispheres has been enlarged, and two cones are 
attached to facilitate the path for the feed signal. A dielectric 
spacer is used to electrically isolate the hemispheres. The 
circuitry, including the O/E converter, amplifier, and power 
supply, is housed within the lower hemisphere. Both solid 
and hollow cones yield similar simulation results. A final 
gap of 56 mm has been selected to achieve the desired 
performance, as smaller gaps favor higher frequencies, 
while larger gaps enhance lower frequency performance. 
This gap provides optimal performance across both 
frequency ranges. However, further increases in the gap 
would enlarge the overall structure, making it unsuitable 
for compact shielded enclosures.

SIMULATION RESULTS OF WIDEBAND 
SPHERICAL DIPOLE ANTENNA
The simulation results consist of S11 parameter, electric 
field in V/m and the polar plots.

Following figure shows the S11 parameter of the antenna. 

Fig. 8: S11 parameter

In the lower frequency range, spanning from 653 MHz 
to 1.16 GHz, the S11 parameter drops below -10 dB, 
reaching a minimum of -12 dB, resulting in an approximate 
bandwidth of  515 MHz. In the higher frequency range, 
from 2.11 GHz to 4 GHz and beyond, the S11 parameter 
decreases below -10 dB, reaching -22.5 dB, providing a 
bandwidth of 1.887 GHz or greater. Additionally, if the 
threshold is adjusted to -9 dB, the overall bandwidth spans 
from 653 MHz to 4 GHz and beyond, as illustrated in the 
Figure 6.1. Following figures 6.2 & 6.3 shows the electric 
fields at 0.835GHz and 2.6GHz respectively.

Fig 9: Electric field at 0.835 GHz

Fig. 10: Electric field at 2.6 GHz

The electric field obtained at 0.835GHz and 2.6GHz are 
2940V/m and 3316 V/m respectively. 

Following figures shows the polar plot at 0.835GHz and 
2.6GHz respectively.
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Fig. 11: Polar plot (f = 0.835GHz)  

Fig. 12: Polar plot (f = 2.6GHz)

CONCLUSION
The conventional spherical dipole antenna exhibits a narrow 
frequency response, while the wideband spherical dipole 
antenna is designed to cover a broader frequency range. 
This enhancement is achieved by modifying the traditional 
structure, specifically by increasing the gap between the 
hemispheres. Another method to achieve broadband 
characteristics is by expanding the volume occupied by 
the antenna, typically by increasing the sphere’s diameter. 
However, this approach is impractical for small shielded 
enclosures due to the resulting increase in size. The chosen 
structural modification effectively addresses the need for 

a wideband response without significantly enlarging the 
overall antenna size. Importantly, this modification does 
not alter the primary function of the spherical dipole 
antenna—shielding effectiveness measurement—ensuring 
that the antenna’s core purpose remains intact while 
extending its operational bandwidth. Future work could 
explore further optimization of the structure to enhance 
performance at both lower and higher frequency ranges, as 
well as investigate integration with advanced materials for 
improved shielding effectiveness and efficiency in various 
environments. 
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ABSTRACT
The ancient Indian medical system known as Ayurveda is where the idea of Prakriti first emerged. The balance of the 
three doshas—Pitta, Kapha, and Vata—determines each person’s distinct physical and mental makeup. An evaluation 
of Prakriti through pulse diagnosis, which offers information about an individual’s health, habits, and predispositions, 
is a common procedure in traditional Ayurvedic medicine. In order to ascertain an individual’s Prakriti, this research 
explores the design of a modern arterial pulse detection system. Based on arterial pulse data, the system classifies a 
person’s Prakriti using a combination of physiological measurements, machine learning algorithms, and signal processing 
techniques. The difficulties and possibilities of combining conventional Ayurvedic principles with contemporary 
diagnostic technology are covered in the study.

KEYWORDS : Ayurveda, Prakriti analysis, Pulse pattern detection, Feature extraction, MATLAB implementation.

INTRODUCTION

The ancient medical system known as Ayurveda has 
traditionally classified people according to their 

physical and psychological characteristics using the idea 
of Prakriti. Pulse examination is one of the indications 
that are typically observed in order to perform Prakriti 
assessment. According to Ayurveda, the arterial pulse, 
or Nadi, is a reflection of the dosha balance and can 
reveal information about a person’s personality and 
general health. Although Ayurveda has a long history of 
using pulse-based diagnostics, there hasn’t been much 
incorporation with contemporary medical technologies. 
The development of a system that can automatically detect 
Prakriti by measuring arterial pulses is made possible 
by recent developments in biosensors, data processing, 
and machine learning. In order to identify Prakriti, this 
research suggests designing a system that combines data 
analysis methods with sensors for measuring pulses. The 
intention is to provide an objective, non-invasive technique 
for determining Prakriti that may support individualized 
treatment and well-being.

The Concept of Prakriti

The term “Prakriti” in Ayurveda describes the special 
fusion of the three doshas—Pitta, Kapha, and Vata. A 
person’s health and behavior are thought to be determined 
by the balance or imbalance of these doshas, which 
are thought to regulate a number of physiological and 
psychological processes.

Pulse Diagnosis in Ayurveda: Nadi Pariksha, or pulse 
diagnosis, is a method in which medical professionals 
measure the pulse at several body locations, mostly the 
wrist. The dominance of each dosha is ascertained by 
analyzing the pulse’s rhythm, intensity, and frequency. 
Understanding the unique pulse rhythms produced by 
Vata, Pitta, and Kapha might reveal information about a 
person’s Prakriti.
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kapha positions. Figure 4 depicts the hardware circuitry 
architecture.

Fig. 1. Block Diagram

Force Sensitive Resistor

The amount of force or pressure given to FSRs causes 
them to alter their resistance. Three FSRs representing 
Vata, Pitta, and Kapha are positioned at the three wrist 
sites in this system. These sensors will provide real-time 
pulse amplitude data by measuring the pressure that the 
arterial pulse exerts at these points.

Converter from Analog to Digital (ADC)

The ADC then converts the analog signal produced by 
the FSRs into a digital signal for additional processing. 
Accurate measurements of the pressure changes over time 
are made possible by the ADC.

Microcontroller

The FSRs are interfaced with, the data is processed, and the 
results are displayed by a microcontroller, like as Arduino 
or Raspberry Pi. After processing the pulse amplitude 
data, it transfers the data to an LCD screen for real-time 
display after gathering it from the ADC.

LCD Screen

The amplitude of the pulse at each of the three locations 
appears on the LCD panel. Depending on the extracted 
data, it could include other parameters, including the pulse 
rate.

MATLAB for Signal Analysis

Using the RS232 communication protocol, the system 
transmits pulse data to a computer running MATLAB. 
MATLAB processes the pulse signals, visualizes the pulse 
waveforms, and computes various characteristics such as 
the pulse rate and amplitude. MATLAB can also be used 

LITERATURE SURVEY
The domains of biomedical engineering and wearable 
health technology have produced a number of techniques 
for identifying and evaluating the arterial pulse in recent 
years. To track pulse characteristics, these devices usually 
use pressure sensors, electrocardiography (ECG), or 
photoplethysmography (PPG). Various systems have been 
developed for acquiring wrist pulse measurements. These 
include force-sensitive resistors [1], Ultarsonic Sensor[2], 
pressure sensor[3], ultrasound transmitter-receiver pairs, 
[4] has proposed a pulse acquisition device employing 
a pulse sensor, which determines 17 feature parameters 
of the pulse image. For disease diagnosis, multiple 
kernel learning (MKL) and simple MKL algorithms [5] 
Author has proposed the use of both crisp and fuzzy 
clustering algorithms under supervised and unsupervised 
learning frameworks. They applied these methods using 
the impedance plethysmographic technique to identify 
complex regularities and relationships in radial pulse 
patterns. Additionally, a piezoelectric film sensor.

SYSTEM ARCHITECTURE
Overview of the Proposed System By collecting pulse 
data and applying machine learning models, the proposed 
arterial pulse detection system seeks to classify a person’s 
Prakriti according to the features of their pulse. Three 
important wrist locations—representing the Vata, Pitta, 
and Kapha regions—are used to assess pulse pressure in 
this paper’s design for an arterial pulse detection system 
that uses force-sensitive resistors (FSRs). After being 
digitized and examined by an Analog to Digital Converter 
(ADC), the pulse data gathered by these sensors is shown 
on an LCD screen and subjected to additional analysis in 
MATLAB over the RS232 communication protocol. This 
method seeks to offer a more objective and consistent 
way to diagnose pulses, which could help with Prakriti 
classification and support applications for individualized 
treatment.
Pulse detection
Due to human body and mental movements, the wrist pulse 
is extremely weak and readily influenced by noise. These 
factors are taken into account while choosing a force-
sensitive resistor for pulse detection that is responsive to 
low frequency signals. A 10kohm resistor is connected 
to the FSR.Velcro is used to secure the sensor to the 
wrist, ensuring steady pressure. It keeps the sensor from 
shifting around and getting hurt. The wrist sensors are 
positioned in accordance with the proper vata, pitta, and 
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for advanced signal processing, including filtering, peak 
detection, and feature extraction, which are necessary for 
the classification of Prakriti based on pulse patterns. The 
system sends pulse data to a computer running MATLAB 
through the RS232 connection protocol. The pulse signals 
are processed using MATLAB, which additionally 
displays the pulse waveforms and calculates a number 
of parameters like the pulse rate and amplitude. In order 
to classify Prakriti based on pulse patterns, complex 
signal processing techniques including filtering, peak 
identification, and feature extraction can also be performed 
with MATLAB.

Protocol for RS232 Communication

Real-time pulse data transmission from the microcontroller 
to the computer for additional analysis is made possible 
by the system’s communication with a MATLAB 
environment using the RS232 interface. This protocol 
offers a dependable means of data transmission over small 
distances and is frequently used for serial communication 
between a microcontroller and a computer.

Feature Extraction

The cleaned pulse data will be used to extract important 
properties such pulse rate, pulse waveform, amplitude, 
and duration. Furthermore, calculations will be made for 
time-domain features like mean and variance as well as 
frequency-domain features like power spectral density. 
Adjust pulse characteristics to take individual and 
situational variability into consideration.

CLASSIFICATION VIA FUZZY LOGIC 
SYSTEM
A Fuzzy Logic System (FLS) is a computational 
framework based on the concept of fuzzy set theory, which 
allows reasoning with uncertain or imprecise information. 
Unlike traditional binary logic (true/false), fuzzy logic 
uses degrees of truth represented by values between 0 and 
1. There are two systems in Fuzzy interface system.

1. Mamdani system

2. Sugeno System

The Mamdani system is one of the most widely used fuzzy 
inference systems, especially for systems where human 
reasoning needs to be emulated. Here we have used this 
method for calculating Prakriti of a person based on their 
inputs. A Mamdani system, also known as the Mamdani 
fuzzy inference system (FIS), is a widely used approach in 

fuzzy logic for decision-making and control applications. 
Crisp (numerical) inputs are converted into fuzzy values 
using membership functions. The system uses the fuzzified 
inputs and applies the fuzzy rules to infer fuzzy output 
sets. Logical operations like AND, OR, and NOT are 
applied based on the rules. The fuzzy outputs of all rules 
are combined into a single fuzzy set. This process involves 
blending the consequences of individual rules.

RESULTS AND ANALYSIS
To determine a person’s prakriti, questionnaires are 
provided to gather relevant information. Pulse patterns 
specific to each prakriti are identified by categorizing 
individuals into groups based specific age ranges. Data has 
been collected using various individual parameters. For 
each age group, Pulse rate data is recorded for one minute 
for each individual. Based on their prakriti, pulse patterns 
are analyzed. Threshold values are established for pulse 
rate measurement, with amplitude and frequency spectrum 
used to identify irregularities. The results highlight the 
pulse patterns corresponding to Vata, Pitta, and Kapha 
prakriti types.
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CONCLUSION
This paper predicts a person’s prakriti based on their 
individual characteristics. An imbalance in the tridoshas 
leads to irregularities in the pulse, which can be used to 
detect diseases. The results indicate that normal health 
conditions exhibit consistent pulse patterns, whereas 
abnormal health conditions show broader variations in the 
pulse patterns. Future research can focus on enhancing 
prediction capabilities using fuzzy logic systems.
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ABSTRACT
This study explores an innovative combination of pre-trained Convolutional Neural Networks (CNNs) and Gradient-
weighted Class Activation Mapping (Grad-CAM) to improve both the effectiveness of image classification tasks and 
the interpretability of the underlying models. Pre-trained CNNs harness the powerful feature extraction capabilities of 
models trained on large-scale datasets, enhancing computational efficiency and minimizing the need for extensive data 
collection and training from scratch. Grad-CAM, on the other hand, complements this by creating intuitive heat maps 
that visually highlight the regions of input images most influential to the model’s predictions. These visual explanations 
not only clarify the neural network’s decision-making process but also foster greater trust in AI-powered systems. The 
proposed methodology is thoroughly evaluated using well-established benchmark datasets, demonstrating its ability to 
achieve cutting-edge classification performance while providing transparent and interpretable insights into the model’s 
behavior. By fostering trust and understanding in AI systems, this approach has the potential to support broader adoption 
and ethical deployment of image classification models across diverse applications.

KEYWORDS : Pre-trained CNNs, Grad-CAM, Explainable AI.

INTRODUCTION

The widespread adoption of deep learning in image 
classification tasks has revolutionized various 

domains, including healthcare, autonomous vehicles, and 
security. Pre-trained CNNs have emerged as a cornerstone 
for efficient and robust feature extraction. However, the 
opacity of deep learning models raises concerns about 
trust and accountability, especially in critical applications. 
Grad-CAM, an explainability tool, provides a mechanism 
to visualize model decisions, enabling stakeholders to 
interpret and validate predictions. This paper investigates 
the synergistic use of pre-trained CNNs and Grad-CAM 
for accurate and explainable image classification.

REVIEW OF LITERATURE
Pre-trained Convolutional Neural Networks (CNNs)

Pre-trained Convolutional Neural Networks (CNNs) are 
a cornerstone of modern computer vision. These models 
have been trained on massive datasets, often containing 
millions of images, to recognize a wide range of visual 
features. This pre-training process allows them to serve 
as powerful feature extractors and classifiers for a variety 
of tasks.

Transfer Learning with Pre-trained CNNs

Access to extensive datasets and high-performance GPU 
resources for training on large data batches is often 
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areas influencing predictions. This enhances user trust and 
facilitates debugging of models [2].

Comparison with Other Explainability Techniques: Grad-
CAM is often compared to techniques such as Local 
Interpretable Model-Agnostic Explanations (LIME) 
and SHapley Additive exPlanations (SHAP) and other 
techniques.

LIME: LIME creates surrogate models to approximate the 
behavior of the original model around a specific prediction. 
While LIME is model-agnostic and offers flexibility 
across various machine learning models, it operates on 
perturbed samples and does not directly visualize regions 
of interest within images, making it less intuitive for image 
classification tasks compared to Grad-CAM. [15]

SHAP: SHAP provides a unified measure of feature 
importance based on Shapley values from cooperative 
game theory. It is highly comprehensive and interpretable 
but is computationally expensive, especially for deep 
learning models. Unlike Grad-CAM, SHAP does not 
inherently provide spatial insights for image data [15].

Occlusion Sensitivity: Occlusion sensitivity involves 
systematically occluding parts of the input image and 
observing the impact on the model’s prediction. While this 
technique provides valuable insights into which regions of 
an image are critical for predictions, it is computationally 
intensive and lacks the visual immediacy of Grad-CAM 
heat maps [11].

Grad-CAM: Grad-CAM leverages the gradients of target 
outputs with respect to the final convolutional layer to 
produce heat maps. This approach is specifically designed 
for CNNs and provides spatially meaningful explanations, 
making it uniquely suited for image classification tasks. 
Additionally, Grad-CAM is computationally efficient and 
visually intuitive. [1]

This comparison highlights Grad-CAM’s unique capability 
to generate spatially localized visualizations, addressing 
the interpretability challenges specific to deep learning 
in computer vision. The template is used to format your 
paper and style the text. All margins, column widths, 
line spaces, and text fonts are prescribed; please do not 
alter them. You may note peculiarities. For example, the 
head margin in this template measures proportionately 
more than is customary. This measurement and others 
are deliberate, using specifications that anticipate your 
paper as one part of the entire proceedings, and not as an 
independent document. Please do not revise any of the 
current designations.

limited. As an alternative to training a CNN model from 
the ground up, the technique of transfer learning can be 
employed. [14].

It involves fine-tuning the pre-trained model on a new 
dataset, often with fewer layers frozen to allow for 
adaptation to the new task.

Pre-trained CNNs, such as GoogLeNet, ResNet50, and 
InceptionV3, have shown remarkable performance in 
image classification tasks by transferring learned features 
from large-scale datasets like ImageNet to target domains. 
Fine-tuning these models enables their adaptation to 
specific datasets, reducing computational requirements 
and improving accuracy

Authors in [11] demonstrated that leveraging features 
extracted from deep pre-trained CNNs trained on 
ImageNet can yield exceptional performance across a 
wide range of image classification tasks, often surpassing 
traditional classification methods. Their findings highlight 
that the representations learned by deep networks are 
highly versatile, enabling effective transfer learning 
across various domains. This approach proves particularly 
beneficial in scenarios with limited labeled data available 
for the target task. First, confirm that you have the correct 
template for your paper size. This template has been 
tailored for output on the A4 paper size. If you are using 
US letter-sized paper, please close this file and download 
the Microsoft Word, Letter file.

Explainable AI and Grad-CAM

The authors [12] discuss the importance of making AI 
systems more transparent and interpretable. The authors 
highlight the impressive performance of AI systems 
in various complex tasks but emphasize the need for 
explainability, especially in critical applications like 
medical diagnosis and self-driving cars.

Explainable AI (XAI) methods, including Grad-CAM, 
tackle the interpretability issues associated with deep 
learning models by visualizing the areas of input images 
that

are significant for class differentiation. The Grad-CAM 
technique generates a coarse localization map by utilizing 
the gradients of a specific target concept that pass through 
the final convolutional layer. This map emphasizes the 
crucial regions within the image that contribute to the 
prediction of that concept. [1].

Grad-CAM computes gradients of target outputs concerning 
feature maps to generate heat maps, highlighting critical 
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PROPOSED SYSTEM
We evaluate the proposed approach using benchmark 
datasets, including: ImageNet (subset): A large-scale 
dataset containing diverse image categories. Define 
abbreviations and acronyms the first time they are used in 
the text, even after they have been defined in the abstract. 
Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and 
rms do not have to be defined. Do not use abbreviations in 
the title or heads unless they are unavoidable.

A. Pre-trained CNN Architecture We utilize well-known 
pre-trained models such as GoogLeNet and ResNet-50. 
GoogLeNet is a convolutional neural network developed 
by Google, specifically trained on a subset of the 
ImageNet database, which plays a crucial role in the 
ImageNet Large-Scale Visual Recognition Challenge 
(ILSVRC). This model, which consists of 22 layers and 
has been trained on over a million images, is capable of 
categorizing images into 1,000 different object classes, 
including various tools, animals, and common household 
items. Its architecture is designed to efficiently extract 
detailed feature representations from a wide array of 
image inputs. Upon processing an input image, the 
model not only identifies the object but also provides a 
corresponding label along with the probabilities for each 
category. ResNet-50 is another pre-trained model, also 
trained on a subset of the ImageNet database. It achieved 
notable success by winning the ILSVRC competition in 
2015. This model features a 50-layer residual network 
with a total of 177 layers. ResNet-50 is designed to address 
the vanishing gradient problem in deeper networks by 
using residual connections. Like GoogLeNet, it classifies 
images into 1000 categories and has been trained on a 
dataset exceeding a million images.

In our particular application, we implement fine-tuning by 
locking the initial layers of the pre-trained models while 
retraining the subsequent layers using the target dataset. 
This approach allows us to customize the models for the 
specific task at hand.

EXPERIMENTAL ANALYSIS
Grad-CAM Integration

Grad-CAM visualizations are created for each classification 
task by calculating the gradients of the scores for the target 
class relative to the last convolutional layer. These heat 
maps are then superimposed on the input images to help 
interpret the model’s predictions.

Evaluation Metrics

Performance is assessed using classification Accuracy: To 
measure prediction performance. Precision, Recall, F1-
Score: For a detailed analysis of class-wise performance.

Grad-CAM Evaluation: Qualitative assessment of 
visualization relevance.

Results

The experimental results are discussed in terms of 
Classification Performance, Interpretability wit Grad-
CAM and comparative analysis.

Fig. 1. Input Image peppers [13]

Classification Performance

Pre-trained CNNs achieved significant improvement over 
baseline models:

GoogLenet was used as pre-trained network for the 
experimental work. The figure 1 show the input image and 
figure 2 shows the Grad-CAM heat map output.

Interpretability with Grad-CAM

Grad-CAM heat maps effectively highlighted class-
relevant regions, enhancing interpretability. For instance, in 
misclassified samples, visualizations revealed overlapping 
features causing ambiguity, aiding debugging.

Comparative Analysis

The figure 3 shows the graph for top five predictions.

It is clear from the graph probability for peppers is more 
than 95.50%.
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Fig. 2. GRAD-CAM heat map output image

Fig. 3. Top five Predictions

The proposed approach outperformed traditional training 
methods in both accuracy and explainability. Grad-CAM 
visualizations provided actionable insights, demonstrating 
the model’s focus on salient regions.

DISCUSSIONS
The use of pre-trained CNNs accelerates the training 
process and improves performance by leveraging learned 
features from extensive datasets. Grad-CAM serves as a 
valuable tool for visualizing model attention, aiding in 
the identification of potential biases and ensuring that the 
model focuses on relevant aspects of the input data. This 
combination enhances both the efficacy and transparency 
of image classification models.

CONCLUSION
This research validates a successful approach to image 
classification by combining pre-trained Convolutional 
Neural Networks (CNNs) with Gradient-weighted Class 
Activation Mapping (Grad-CAM). This integration utilizes 
transfer learning to expedite the training process and 
enhance model performance, while Grad-CAM provides 
crucial insights into the model’s decision-making process, 
thereby improving transparency and trust. Recognizing the 
importance of explainability in real-world AI applications, 
this study addresses a significant challenge in deploying 
reliable and trustworthy AI systems. Future research 
directions include refining Grad-CAM to generate more 
precise and nuanced explanations and exploring the 
applicability of this combined approach to other data 
modalities, such as video and text.
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ABSTRACT
Quantum Error Correction is the most important component in the realization of quantum computing. This article presents 
a chronological overview of key developments in QEC and quantum computing, tracing milestones from foundational 
theories in the 1990s to transformative advancements in the 2020s, culminating in groundbreaking progress in 2024. 
It highlights both theoretical breakthroughs and experimental validations, emphasizing QEC’s role in mitigating the 
fragility of quantum information. Finally, the paper outlines future directions toward achieving fault-tolerant quantum 
computation.

INTRODUCTION

Quantum computing possesses potential for solving 
problems that are beyond the reach of classical systems. 

Although classical computers have been instrumental in 
driving advancements in science, technology, and daily 
life, they are inherently limited when it comes to solving 
certain problems. Problems like factorisation of large 
numbers, simulating quantum systems, and optimization 
of complex processes often exceed their processing 
capabilities. These problems often scale exponentially 
with system size, rendering them impractical for classical 
computation. Quantum computing, on the other hand, 
leverages unique phenomena such as superposition 
and entanglement to offer exponential speedups in 
specific tasks, potentially revolutionizing fields like 
cryptography, materials science, and artificial intelligence 
[1]. Superposition gives power to the qubits to exist in 
multiple states at the same time, comparatively increasing 
computational capacity, and entanglement allows strong 
correlations between qubits, facilitating faster information 
processing. For example, the Shor’s algorithm enables 
the quantum computers for factorizing large numbers 

intractable time, a feat that classical computers can only 
achieve in factorial time. This capability has significant 
implications for cryptographic protocols, many of which 
rely on the difficulty of factoring large numbers[2]. 
Similarly, Grover’s algorithm allows quantum computers 
to search unsorted databases in O(√N) time, providing a 
quadratic speedup compared to the O(N) time required by 
classical computers[3]. However, quantum computing’s 
potential is matched by the formidable challenges posed 
by the fragility of quantum information. Qubits, which 
are known as the basic units of quantum information, are 
extremely prone to errors from noise in the environment, 
decoherence, and imperfections in the operations. Unlike 
traditional bits, which benefit from well-established error 
correction methods, quantum systems require entirely 
new approaches to protect their information. Quantum 
error correction (QEC) has emerged as a critical tool in 
addressing this issue, facilitating the implementation of 
quantum computing with error tolerance.

The evolution of quantum error correction has been 
marked by groundbreaking theoretical frameworks and 
experimental breakthroughs. From the initial formulation of 
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Stable and less prone to 
errors.

Highly sensitive to noise 
and decoherence, requiring 
advanced error correction 

techniques.
Well-developed technology 

with widespread 
commercial use.

Still in the experimental 
stage but shows promise 

for revolutionary 
advancements.

Classical computers remain essential for daily tasks, 
while quantum computers promise breakthroughs in 
cryptography, material science, and complex simulations. 
However, challenges like error correction and hardware 
stability mean quantum computing will complement, not 
replace, classical systems by tackling problems beyond 
their reach.

Limitations of Classical Computing

Classical computers can only process the information 
using binary bits (0 or 1), either sequentially or in parallel, 
but struggle with large-scale problems due to:

Exponential Complexity – Tasks like protein folding, 
financial modeling, and quantum chemistry require 
exponentially growing resources, making them 
computationally infeasible.

Slowing Moore’s Law – Transistor miniaturization is 
approaching physical limits, restricting performance 
improvements.

High Energy Consumption – Supercomputers demand 
vast energy, limiting their scalability and sustainability for 
future applications.

Quantum computing offers a potential solution to these 
challenges by leveraging quantum parallelism and 
entanglement for superior efficiency.

How Quantum Computers Overcome These 
Limitations 

Quantum computers make use of qubits, which are 
capable of existing in several states simultaneously 
because of superposition, allowing for parallel processing. 
Additionally, entanglement allows qubits to correlate 
in ways classical bits cannot, significantly enhancing 
computational efficiency.

Quantum Superposition in Computing: A Paradigm 
Shift  

Quantum superposition allows quantum computers to 
process vast information simultaneously. Unlike classical 

error correction codes like the Shor Code and Steane Code 
[4],[5] to the development of fault-tolerant architectures 
and topological codes [6] , QEC has fundamentally 
reshaped the trajectory of quantum computing research.

This paper explores the necessity of quantum computing 
over classical systems, explains how quantum phenomena 
contribute to computational advantages, discusses the 
challenges of quantum measurement, and outlines common 
error types. Furthermore, we review QEC techniques, 
including the bit-flip and phase-flip codes and Shor’s code, 
followed by an exploration of Shor code implementations 
in various quantum processors. This paper seeks to 
provide a thorough overview of how quantum computing 
is overcoming the intrinsic challenges posed by quantum 
systems, thus bringing us closer to realizing its complete 
potential.

CLASSICAL VERSUS QUANTUM 
COMPUTING
Differences between Classical and Quantum 
Computation 

Classical computers have advanced AI, cybersecurity, and 
high-performance computing but face limitations due to 
binary logic and sequential processing, hindering complex 
problems in cryptography, optimization, and material 
science.

Quantum computers overcome these constraints by 
leveraging superposition, entanglement, and parallelism, 
enabling exponentially faster computations and unlocking 
new possibilities beyond classical systems. 

A comparison table between classical and quantum 
computers in given below : 

Classical Computers Quantum Computers
Use bits (0 or 1) for data 

representation.
Use qubits, which can exist 

in superposition (0 and 1 
simultaneously).

Perform computations 
sequentially and follow 

classical logic.

Leverage quantum 
parallelism through 
superposition and 

entanglement, allowing 
faster problem-solving.

Efficient for general-
purpose tasks like 
databases, AI, and 

arithmetic operations.

Excel at solving complex 
problems in cryptography, 
optimization, and material 

science.
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bits (0 or 1), qubits exist in both states until measured, 
offering exponential computational advantages.

Real-World Analogy: The Coin Example

A classical computer is like a coin landing on heads (0) or 
tails (1), while a quantum computer resembles a spinning 
coin existing in both states until observed. This enables 
parallel evaluation of multiple possibilities.

Application in Problem Solving

For instance, searching a name in a million-entry database 
would take a classical computer 500,000 steps on average. 
A quantum computer, using superposition and Grover’s 
Algorithm, finds it in about 1,000 steps—a square-root 
speedup [7].

Computational Power & Experimental Evidence

Superposition drives quantum advantage by enabling 
quantum parallelism. Algorithms like Shor’s Algorithm 
exploit this to efficiently factor large numbers, a task 
infeasible for classical systems [8].

Fig. 1 : Graph Explanation: Brute Force vs. Quantum 
Search 

-The graph compares brute force search (O(N)) with 
quantum search using Grover’s Algorithm (O(√N)).

Brute Force (Red Line): Searches each contact one by one, 
resulting in a linear growth in steps.

Quantum Search (Green Line): Leverages Grover’s 
Algorithm, reducing search steps significantly.

For 100 contacts:

Brute force requires 100 steps.

Quantum search requires only 10 steps (√100).

This demonstrates that quantum search is exponentially 

faster, making it ideal for large-scale search tasks like 
databases and cryptography.

Classical Computer Approach (Step-by-Step Search) 

A classical computer can use different search methods

Linear Search (Brute Force)

The computer checks each contact one by one.

In the worst case, it has to check all 1,000 names.

Number of iterations (worst case): 1,000 steps.

Average case: 500 steps (half of 1,000).

Example:

Imagine you are looking through a printed phone book 
page by page, checking each name one by one.

Quantum Computer Approach (Grover’s Algorithm) 

Quantum computers use superposition and interference 
to search faster. Instead of checking names one by one, 
they use Grover’s Algorithm, which processes all names 
simultaneously in a quantum state.

The quantum computer puts all 1,000 contacts into 
superposition.

It applies a special quantum trick called amplitude 
amplification, increasing the chances of the correct name 
appearing.

After about √N (square root of N) steps, the quantum 
computer finds the correct name.

Number of iterations (worst case): √1,000 ≈ 32 steps.

Faster than linear search, but slightly slower than binary 
search if the contacts are sorted.

Example:

Instead of flipping through the phone book, imagine 
having a magic phone that instantly highlights the correct 
contact after just 32 tries!

Quantum Entanglement: A Gateway to Advanced 
Computing and Communication 

Quantum entanglement is an important theory in quantum 
mechanics, where two or more qubits are interconnected 
and linked together  regardless of the distance between 
them. If two qubits are entangled, this means that the 
state of one of them will instantly affect the  other qubit’s 
state, no matter how far apart they might be. This unique 
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property allows  for revolutionary applications in quantum 
computing and its various applications.

Role in Quantum Computing 

Entanglement enables quantum parallelism, allowing 
qubits to process multiple possibilities simultaneously. 
Unlike classical bits, which are independent, entangled 
qubits share correlated information, vastly expanding 
computational capabilities. A few of the many algorithms 
like the Shor’s algorithm (for prime factorization) and 
the Grover’s algorithm benefit from entanglement, 
significantly enhancing computational speed. Bhuyan and 
Dutta (2024) highlight its role in secure communication 
and error correction for scalable quantum networks [9].

Fig 2 : Graph Explanation: Classical vs. Quantum 
Entanglement-Assisted Communication

The x-axis in the graph represents the distance (in km).And 
the y-axis here represents the latency (in milliseconds).

Key Observations:  Classical Communication (Red 
Dashed Line)Increases with distance due to the physical 
limits of light speed in fiber optics (~200 km/ms).Longer 
distances lead to higher delays.🟢 Quantum Entanglement-
Assisted Communication (Green Line)Remains almost 
constant, regardless of distance.

This is because entanglement enables instantaneous 
correlations between particles, eliminating the need for 
classical signal transmission over large distances.

Impact on Quantum Computing

Entanglement accelerates computing in various ways:

Faster Communication – Enables near-instantaneous 
quantum information transfer.

Quantum Teleportation – Allows quantum state transfer 
between distant locations.

Quantum Cryptography – Ensures ultra-secure 
communication by detecting eavesdropping.

Parallel Processing – Entangled qubits collaborate, 
reducing computational complexity.

By leveraging entanglement, quantum computers achieve 
superior speed and efficiency, unlocking potential in AI, 
security, and complex problem-solving.

Real-World Example: Quantum Key Distribution 
(QKD)

Entanglement is crucial in Quantum Key Distribution 
protocolls–s, for example China’s Quantum 
Communication Satellite (Micius) which uses the BB84 
protocol, ensuring secure cryptographic key exchange. 
Any interception collapses entanglement, alerting the 
parties, making QKD foundational for the future Quantum 
Internet [9].

Entanglement’s Advantage Over Classical Systems

Entanglement allows instant state transmission, a feat 
impossible in classical communication. It also strengthens 
quantum error correction by encoding redundant states to 
combat decoherence [10].

Real-World Analogies

Twin Connection Analogy – Like twins mysteriously 
sharing emotions across distances, entangled qubits 
instantly influence each other upon measurement.

Entanglement is not just theoretical—it drives 
breakthroughs in computing, cryptography, and secure 
communication. As research advances, its impact on 
quantum technologies will continue to expand.

THE CHALLENGE IN MEASUREMENT 
IN QUANTUM COMPUTING
The measurement problem in quantum computing arises 
due to the fundamental principles of quantum mechanics, 
where the act of measurement collapses a quantum state 
into a definite outcome. This challenge affects both the 
accuracy and efficiency of quantum computations, as well 
as the interpretations of quantum mechanics itself.  

The Nature of Quantum Measurement

Unlike classical computers, where data exists in well-
defined states (0 or 1), quantum computers utilize quantum 
superposition, allowing qubits to exist in two different states 
concurrently. But there’s a catch, when a measurement is 
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performed, the superposition of the qubit collapses into 
one of the states, losing all other possible information. This 
irreversible collapse introduces fundamental difficulties 
in quantum computation, particularly in extracting 
meaningful results without disturbing the quantum system 
excessively [11][12].  

Decoherence and the Loss of Quantum Information

A major challenge in quantum computing is decoherence, 
where external interactions cause a quantum system 
to lose coherence and behave classically.Decoherence 
disrupts computations before completion, making error 
correction crucial for practical quantum computing.While 
decoherence theory explains why quantum states appear 
classical after measurement, it does not fully address the 
measurement problem, as quantum mechanics lacks a 
clear mechanism for wave function collapse [12].

Measurement-Based Quantum Computation (MBQC)  

Measurement-based quantum computation provides a 
potential solution to the measurement problem, where 
entanglement is used as a resource, and computations 
proceed via sequential measurements. Introduced by 
Raussendorf and Briegel, this model utilizes local 
measurements on an entangled state to guide computations. 
The randomness of outcomes is corrected through adaptive 
adjustments, ensuring deterministic results. MBQC has 
been experimentally tested in various systems, offering an 
alternative to circuit-based quantum computing [11]. 

TYPES OF QUANTUM ERRORS
Quantum errors arise in quantum computing due to 
imperfections in qubit manipulations and interactions 
with the environment. These errors can occur in different 
forms, namely bit-flip errors, phase-flip errors, and mixed 
errors. Each type affects quantum information differently, 
and understanding these is essential for the development 
of fault-tolerant quantum computing techniques.

Bit - Flip Error 

This type of error occurs when any qubit, intended to be in 
state |1〉, or vice versa flips into the other state. In classical 
computing, this would be analogous to the flipping of a 
binary bit. However, in quantum computing, such an error 
disrupts the quantum superposition, which is fundamental 
to quantum parallelism. This type of error is typically 
represented by the Pauli-X operator. Bit-flip errors are 
particularly problematic in quantum algorithms like 
Grover’s search algorithm, where the accuracy of qubit 
states is crucial for success [13].

Phase-Flip Error 

Unlike bit-flip errors, phase-flip errors affect the phase of 
the qubit’s quantum state without altering the bit value. 
A phase-flip error changes the relative phase between 
the |1〉 states, which can lead to wrong measurement 
outcomes. Mathematically, the Pauli-Z operator models 
this type of error. Phase-flips are often harder to detect 
because they don’t alter the bit value but can significantly 
affect quantum interference patterns in algorithms like the 
Quantum Fourier Transform [14].

Mixed Error 

A mixed error involves both bit-flip and phase-flip 
errors occurring simultaneously. This type of error is 
particularly challenging to correct because it affects both 
the computational basis and the relative phases between 
quantum states. The combination of Pauli-X and Pauli-Z 
operators describes mixed errors. Mixed errors are 
common in real-world quantum systems where both types 
of noise occur simultaneously due to imperfections in 
quantum gates and environmental interactions [15].

Error Correction in Quantum Systems

Quantum error correction techniques, like the surface 
codes and the Shor’s code, intend to conserve quantum 
information by using redundancy. This technique encodes 
the quantum information of one qubit into multiple 
physical qubits to identify and solve the errors without 
needing to measure the qubits directly. However, error 
correction comes with significant overhead, requiring 
additional qubits and resources. As quantum systems 
scale up, effective QEC will be vital for ensuring reliable 
computations. Research into error-correcting codes and 
noise-tolerant quantum architectures remains a major area 
of development [16].

Bit-flip, phase-flip, and mixed errors are fundamental 
obstacles in the field of quantum computing. Addressing 
these errors through these advanced techniques is very 
important for attaining functional quantum computation in 
the coming years. Research is ongoing to develop more 
efficient and scalable solutions for mitigating the effects of 
these errors in large quantum systems.

IMPORTANCE OF QUANTUM ERROR 
CORRECTION (QEC)
As quantum error correction (QEC) advances, fully fault-
tolerant quantum computers are becoming increasingly 
feasible. The future of QEC will focus on refining error 
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correction codes, integrating AI for adaptive correction, 
and expanding interdisciplinary applications to harness 
quantum computing’s full potential [17].

A key priority is improving error correction codes to 
enhance efficiency and scalability for large quantum 
systems. As qubit numbers grow, more robust and 
resource-efficient codes are needed to minimize overhead. 
Surface codes, concatenated codes, and topological codes 
will likely evolve, with hybrid approaches combining their 
strengths for better scalability [18].

AI and machine learning offer promising advancements 
in adaptive QEC. Traditional methods rely on fixed 
protocols, but quantum devices’ unique noise profiles 
require dynamic, real-time adjustments. AI-driven 
systems can predict and adapt to noise patterns, optimizing 
error correction on the fly. Google’s Alpha Qubit in 
2024 showcased AI-enhanced QEC, demonstrating how 
machine learning could revolutionize error correction 
strategies [19].

QEC also has far-reaching interdisciplinary applications. In 
quantum cryptography, fault-tolerant quantum computers 
could enhance encryption methods like quantum key 
distribution (QKD). In materials science, QEC-enabled 
quantum systems can simulate complex materials for 
clean energy, drug discovery, and advanced quantum 
technologies. Additionally, QEC will play a crucial role 
in quantum machine learning, improving optimization and 
data analysis for applications such as natural language 
processing and drug development [20].

The realization of fault-tolerant quantum systems will 
revolutionize various fields, enabling precise simulations 
of quantum systems and molecular structures. This will 
drive breakthroughs in materials science, pharmaceuticals, 
and energy-efficient technologies. Reliable quantum 
systems will also enhance logistics, optimization, and AI, 
surpassing classical systems in many domains [21].

As QEC continues to evolve, it will play a crucial role 
in harnessing the complete capabilities of quantum 
computing. The coming decades will bring groundbreaking 
innovations, making fault-tolerant quantum computers a 
transformative tool in cryptography, materials science, AI, 
and beyond [22].

QUANTUM ERROR CORRECTION 
TECHNIQUES
Quantum error correction (QEC) has evolved from a 

theoretical concept to a vital component of quantum 
computing. Early work by researchers like Peter Shor and 
Andrew Steane in the 1990s laid the groundwork for QEC, 
showing how quantum information could be protected 
from errors. The 1998 demonstration using nuclear 
magnetic resonance (NMR) and later developments like 
surface codes marked key milestones in turning theory 
into practice [23].

By the 2010s, scalable QEC techniques, particularly 
surface codes, provided practical solutions for large 
quantum systems. Advancements like Google’s Willow 
Processor and Microsoft-Quantinuum collaborations 
highlighted the feasibility of fault-tolerant quantum 
computing by 2024 [24].

The future of QEC promises significant breakthroughs, 
driven by advancements in error correction codes, AI, 
and quantum hardware. These developments will not only 
revolutionize quantum cryptography, materials science, 
and AI, but also enable quantum systems to solve problems 
beyond classical computing capabilities [25].

QEC will continue to be central to achieving fault-tolerant 
quantum systems, making previously unsolvable problems 
tractable. As the field matures, QEC’s interdisciplinary 
impact will drive scientific progress across multiple 
domains [26].

RESULTS AND CONCLUSION

Fig. 3. Nuclear Spin States in a Magnetic Field  

When an atomic nucleus is placed in a strong magnetic 
field, its spin aligns in one of two possible states:Low-
energy state (aligned with the field)High-energy state 
(aligned against the field)
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This behavior is seen in a travelling compass where the 
needle is always pointing north in correspondence to 
the Earth’s magnetic field. Here the energy difference 
between these two states is the basis for Nuclear Magnetic 
Resonance (NMR) and quantum computing.

Fig 4. RF Excitation Causing Spin Flip

This graph represents how an external radio frequency 
(RF) wave affects nuclear spins:

●	 The red wave shows the oscillating RF signal applied 
to the system.

●	 When the frequency of the RF wave matches the 
resonance frequency of the nucleus, it excites the 
nuclear spin, flipping it from the low-energy state to 
the high-energy state.

●	 This process is essential for both NMR spectroscopy 
and quantum computing, where controlled spin flips 
encode quantum information.

Fig 5. Spin Relaxation and Signal Emission

Shows how nuclear spins return to a lower-energy state 
after excitation in NMR-based quantum computing.X-
axis: Time (s) | Y-axis: Signal IntensityThe signal decays 
exponentially due to spin relaxation, with oscillations 
from spin precession.The emitted signal helps determine 
qubit states, enabling quantum computations.

Fig 6. Quantum State Measurement and Decoherence

Illustrates the loss of quantum coherence over 
time due to decoherence.X-axis: Time (s) | Y-axis: 
CoherenceCoherence decreases as quantum states interact 
with the environment, causing errors.Longer coherence 
times are crucial for practical quantum computing and 
error correction.
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ABSTRACT
Inhibition of corrosion in sulphuric acid and hydrochloric acid of mild steel were studied in absence and presence of 
plant extracts as a pleasant inhibitor. The outcome acquired that leaves extracts reduces the corrosion rate and serve as 
an inhibitor for metal (steel) in acid. As the concentration of inhibitor increases; the efficacy of inhibition was found 
to be increase whereas the temperature shows otherwise. The source of plants, the concentration of the primary active 
components in plants, and the method of preparation all affect how well plant corrosion inhibitors stop corrosion. The 
inhibitor is a mixed type showed by polarization measurements. The outcomes acquired from the various procedures 
are in good settlement. With the help of Scanning electron microscope as well as Fourier-transform infrared FTIR the 
morphologies of surface of mild steel have been observed.

KEYWORDS : Corrosion, Inhibitor, Polarization measurements.

INTRODUCTION

Corrosion constituents are one of the foremost issues in 
the trade that is related with serious economic losses. 

Many of organic compounds were analyzed as well as 
analyzed to study their potential of corrosion inhibition. 
All these investigations tell that organic compound 
specifically those with Nitrogen, Sulphur and Oxygen 
exhibited vital inhibition efficacy. But, unhappily most of 
these complexes are not only noxious to human beings, but 
expensive too. It is unneeded to pin point the significance 
of low-priced, safe inhibitors of corrosion.

Solutions of acid are normally used for the elimination 
of corrode in various industrial activity and an adverse 
scale. The extensively used acids are HCl and H2SO4 in 
the preserving methods of metals. The utmost practical 
approaches for protection against corrosion is usage of 
inhibitors mainly in acid solutions to avoid termination 

of metal and ingestion of acid. The usage of organic 
compounds comprising nitrogen, oxygen and Sulphur to 
diminish attack of corrosion on steel has been investigated 
in few details. The more effective are nitrogen and Sulphur 
containing compounds as an inhibitor of corrosion in 
H2SO4 and HCl [1]. The present data indicates that 
maximum organic inhibitors get adsorbed on surface of 
metal through relocating H2O molecules and set up a 
dense blockade film. Availability of ᴫ electrons and lone 
pairs in prohibitory molecules simplify electron imparting 
from the inhibitor to metal, making a coordinate covalent 
bond. The chemisorption bond’s strength depends on 
electron density on the donor atom of the functional group 
as well as also polarizability of the group.

ADVERSATIVE EFFECT OF CORROSION 
Corrosion of alloys and metals bring about massive 
commercial affect to metal-based structure works and is 
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B.	 Aleo vera- Aloe vera plant is from the family of 
Liliaceae. The ingredients of gel are, vitamins, 
glycoproteins, mineral, polysaccharides and enzymes, 
inhibition efficiency was decline with increase in 
temperature and rise with enhancing concentration of 
extract, 92%.

C.	 Cotula cinerea- Plant extracts were examined on the 
metal in aq. 20% (1 M) H2SO4. Mass loss method and 
electrochemical measurements were also executed, 
IE=67%.

D.	 Fenugreek- The impact of temperature were examined 
on metal corrosion in 1 M of HCl and H2SO4 without 
and with aqueous extract of plant leaves by the support 
of gravimetric approach, IE= 91.2%.

MATERIALS AND METHODS
Specimens Preparation

The mild steel specimen composition can be of minute 
percentage Carbon, Silicon, Phosphorus, and rest iron. 
Mechanically samples should be cut into small coupons 
and grazed by abrasive paper of distinct grades and 
ultimately furbished with abrasive paper to acquire mirror-
like finish. Each specimen has to follow some steps i.e. 
grease should be removed by washing with CH3COCH3, 
should be dried up at room temperature and well-preserved 
in damp free desiccators. 

Plant extract preparation

Dried the plant and crush it then Soxhlet will be used 
for extraction of plant. The solution was sieved and 
evaporated. This extraction was prepared to examine the 
properties of inhibition of corrosion. 

WEIGHT LOSS METHOD
Experiments of weight loss method were completed at 
several ranges of temperatures for two hours in acid. The 
specimens were dipped in the particular inhibitor and 
assessment solution in a thermo-stated bath. Before and 
after immersion the specimens were weighed. The change 
in weight was taking as the weight loss of metal. 

In triplicate, four-sided metal samples were dipped in 
electrolyte at particular temperatures with and without 
adding of different amounts of plant extract. Each 
experiment was conducted in triplicate, and the mean 
mass loss value is reported. The following formula was 
used to determine the surface coverage (θ) and inhibitory 
efficiency (%):

a possible danger to natural life. It can be described as 
an unprompted corrosion of metals and alloys upon an 
antagonistic onslaught of nearby surroundings. Many 
industries like petroleum, energy, gas and oil, heat trading, 
boilers, steel plant, etc. make usage of metals like copper, 
steels, zinc, aliminium etc. The surface of metal comes 
about into straight contact with strong acidic, alkaline, 
neutral atmospheres through diverse application purposes, 
which can give on to serious destruction of these surfaces 
because of corrosive attack. It’s about 3% to 6% of world’s 
GDP annual economic loss due to corrosion. National 
Association of Corrosion Engineers has brought out an 
analysis in a number of developing as well as developed 
nations and approximated the yearly global loss of 
corrosion to be about five percent of the total gross national 
product [2]. Apart from this financial declination, many 
misfortunes have been reported that occurred because 
of corrosion failure of metallic structures for examples 
buildings, bridges, as well as overpasses, etc. in which 
numerous demises are present. Moreover, corrosion badly 
disturbs the nearby environment through the contamination 
of corrosion products into the environment. The ruined of 
these stuffs badly influences the soil and aquatic life. So, 
the dealings for corrosion reduction are also likely to be 
examined [3].

IMPORTANCE OF GREEN INHIBITORS
Corrosion weakens the metal gradually by act of 
atmospheric gases, humidity and other harmful substances. 
To overcome that eradication of metal, extract of various 
plants can be used as corrosion inhibitors, which is 
commonly known as green corrosion inhibitors. Naturally 
occurring compounds comes from plants [4]. 

Naturally occurring compounds are ecologically suitable 
that is why they are widely used cost and active and 
have plentiful accessibility. The biological, chemical, 
and physical characteristics of any complex molecular 
structure include variations. To stop the interaction 
between the metal and the acidic medium, inhibitors are 
added to corrosive media in small amounts.

PLANTS USED AS NATURAL 
INHIBITORS
A.	 Lawsonia- The extract of leaves in aqueous of this 

plant suitably work as corrosion inhibitor which was 
stated in Carbon steel, Ni and Zn in alkaline, acidic, 
and neutral solutions, polarization method, IE= 94%.
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				    (1)

		  (2)

where 

W0 = loss in weight of metal without inhibitor

Wi = loss in weight of metal with inhibitor. 

Using this relationship, the corrosion rate (CR) of mild 
steel was intended:

		  (3)

Where,

Weight loss of sample (mg) = w

Density of sample (g cm-3) = D

Area of sample (cm2) = A

Time of exposure (hours) = t

During a three-hour absorption period, weight loss 
measurements were made at particular temperatures range 
with and without the extract at an ideal concentration in 
order to estimate the plant extract adsorption and the initial 
factors of the corrosion method of steel in acidic media. 
The inhibition efficiency decreases as the temperature rises 
at an ideal inhibitor concentration. This is due to both the 
partial sorption of the inhibitor from the metal’s surface 
and the increased rate of mild steel suspension.

POTENTIODYNAMIC POLARIZATION
Corrosion performance of metals, alloys and coverings in 
corrosive environments is determined by electrochemical 
method for corrosion. The approach examines the 
corrosion performance rapidly, as well as can correctly 
classify the corrosion rate. 

Investigation of the potentiodynamic polarization plots 
shows that the adding of plant extract reduces both the 
densities of anodic and cathodic current with increase 
in plant extract concentration [5]. The presence of plant 
extract in violent medium causes alteration in cathodic 
and anodic branches with no important trend in the shift of 
Ecorr  values in all verified concentrations, signifying that 

in general, the extraction acts as mixed type inhibitor with 
no alteration in corrosion approach happened because of 
the addition of inhibitor. When the content of plant extracts 
increases in solution, the Icorr decreases unconditionally. 
This value of Icorr headed to an increase in inhibition 
efficiency and approve that the extract is a good inhibitor 
against the corrosion of molecular surface in HCl medium. 

MECHANISM OF INHIBITION 
CORROSION
Consequently, the usefulness of stopping corrosion by plant 
extract might be imputed to adsorption of its phytochemical 
constituents on surface of mild steel. The composite 
chemical structure of the plant extract, it is pretty tough 
to assign the inhibitive effect to a specific component. 
Subsequently some of these components including 
oxides, alcohols, aromatic and esters this creates it hard 
to set the inhibitive effect to adsorption of an individual 
component. The occurrence of π-electrons of the aromatic 
ring, heteroatom oxygen in functional groups (C=O, C–O, 
O–H) and the double bonds in their arrangement (C=C) 
of these compounds, which meet the overall features of 
classic corrosion inhibitors. Additionally, these organic 
compounds are found in plant extracts either as protonated 
organic molecules (cations) in aqueous acid solution or as 
neutral molecules [6]. Thus, the significance of an inhibitor 
of corrosion can be associated to its molecular electronic 
arrangement. Usually, two methods of adsorption are 
examined in acid media on surface of metal. 

ANALYSES
Fourier-transform infrared analysis

This analysis has been made to acquire some assimilation 
into the possible interfaces between the surfaces of mild 
steel as well as adsorbed inhibitor in acidic environment. 
The inhibition strength generally depends on the molecular 
assembly of inhibitor. The spectrum of FTIR of mild steel 
dipped in inhibited solution containing natural corrosion 
inhibitor. Extraction of plant was examined to estimate the 
foremost functional group [7]. 

Scanning electron microscope surface analysis

The mild steel samples were carried out for morphological 
studies by using scanning electron microscope inspections 
of exposed surfaces to diverse test solutions, using SEM 
which is working with a tungsten filament which works 
as electron source. The cleaned coupons were dipped for 
3 hours in acid solution in the absence of and presence 
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of plant extract at suitable temperature, and then splashed 
with distilled water, dried out in warm air, and give in to 
for surface examination by SEM.

Electrochemical impedance analysis

At the open-circuit potential in this spectroscopy the 
process of electrochemical taking place which observed 
by electrochemical impedance spectroscopy (EIS), in 
direction to get data about the kinetics of iron corrosion 
which is present in extracts of plant. The steel electrode 
of electrochemical impedance spectroscopy at its open 
circuit potential were immersed in the solution of sulphuric 
and hydrochloric acid for 15 minutes and in existence of 
several concentrations were accomplished over from 10 
kHz to 10 MHz of frequency range. 

DENSITY FUNCTIONAL THEORY
DFT is the theoretical method which is one of significant 
methods used in describing the chemistry and solids in 
science. Within the frame of DFT a many chemical concepts 
have been associated.  Electron density ρ(r) is the primitive 
parameter in Density functional theory in positions of which 
all the chemical measures are exhibit [8]. The calculation 
of structural factors done via the electronic density and it 
compared fine with factors intended by the Schrodinger 
equation in relations of the single-electron wave function 
(Ψ), where the outcome can be functional. As the theory is 
simpler in comparison classical quantum mechanics, which 
depend on resolving the many Schrodinger equations with 
imperfectly investigated the electron interconnection 
causes, attentiveness has developed in assimilating the 
properties, arrangement, dynamics, reactivity of atoms, 
particles and clusters using Density Functional Theory, 
and large systems including many molecules or atoms are 
now replicated on a consistent basis. Just, as noted above, 
Density Functional Theory has been used to examine 
the surface interaction/features of inhibitor and therefore 
inhibitor mechanisms and to define the consequence of 
the physical nature of an inhibitor on oxidation process. 
The persistence of this matter is only to dealing with all 
elements, but not in-depth, with importance on inhibition 
of chemical corrosion. 

CONCLUSION
The utmost current reports on natural occurring compounds 
that have been assessed to serve as corrosion inhibitors on 
surface of steel or metal are briefly calculated. A number 
of factors, including concentration, extraction solvent, 

concentration, temperature, and immersion time, can 
be found to evaluate a naturally occurring compound’s 
ability to inhibit corrosion. A corrosion inhibitor’s 
effectiveness must be evaluated using a minimum of 
two electrochemical methods, including electrochemical 
impedance spectroscopy, weight loss, and potentiodynamic 
polarization. 

Phytochemicals will be obtained from extracts of plants; 
in general, heterocycles are suitable for beneficial 
interaction with surface of the metal. Finally, natural 
chemicals derived from plants have also been found to 
contribute to the suppression of corrosion in steel. The 
investigation team may be inspired to obtain novel green 
corrosion inhibitors by this compilation. Metal structures 
will survive longer and corrosion on metal surfaces will be 
lessened by creating new, better natural inhibitors. The last 
essential component in stopping metal corrosion is green 
corrosion inhibitors.

FUTURE OUTLOOKS
Green corrosion inhibitor development is gaining traction 
due of worries about the effects chemical inhibitors have 
on the environment. These inhibitors are less harmful 
to the environment, biodegrade, and are derived from 
sources that are renewable. As possible green inhibitors, 
researchers are examining natural sources such plant 
extracts, biopolymers, and essential oils.

ACKNOWLEDGEMENT
Authors are grateful to Atharva college of engineering, 
India to provide necessary support for compilation of 
work.

REFERENCES
1.	 Avdeev, Y. G., & Kuznetsov, Y. I. (2021). Nitrogen-

containing five-membered heterocyclic compounds as 
corrosion inhibitors for metals in solutions of mineral 
acids-An overview. International Journal of Corrosion and 
Scale Inhibition, 10(2), 480-540.

2.	 Shekari, E., Khan, F., & Ahmed, S. (2017). Economic 
risk analysis of pitting corrosion in process facilities. 
International Journal of Pressure Vessels and Piping, 157, 
51-62.

3.	 Masroor, S. (2023). An overview of corrosion. Smart 
Anticorrosive Materials, 3-17.

4.	 Shang, Z., & Zhu, J. (2021). Overview on plant extracts as 
green corrosion inhibitors in the oil and gas fields. Journal 
of Materials Research and Technology, 15, 5078-5094.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 251

Green Corrosion Inhibition of Mild Steel: Insights from Plant........ Singh, et al

5.	 Ohunene, Y. M., Joseph, O., Maia-Obi, L. P., faks Mtunzi, 
F., Ojo, F., & Bamidele, O. J. Corrosion Inhibition of 
Mild Steel With Phenol-Based Anticorrosion Fraction: 
Preparation, Phytochemistry, and Potentiodynamic 
Polarization.

6.	 Harvey, T. J., Walsh, F. C., & Nahlé, A. H. (2018). A 
review of inhibitors for the corrosion of transition metals 
in aqueous acids. Journal of Molecular Liquids, 266, 160-
175.

7.	 Kokilaramani, S., Rajasekar, A., AlSalhi, M. S., & 
Devanesan, S. (2021). Characterization of methanolic 
extract of seaweeds as environmentally benign corrosion 
inhibitors for mild steel corrosion in sodium chloride 
environment. Journal of Molecular Liquids, 340, 117011.

8.	 Li, S., Li, C., & Wang, F. (2024). Computational 
experiments of metal corrosion studies: a review. Materials 
Today Chemistry, 37, 101986.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 252

Enhanced Modelling and Control of Dual Active Bridge............... Striney J, et al

Enhanced Modelling and Control of Dual Active Bridge 
Converters: A Unified Approach

Ammu Striney J
Department of Electronics & Telecommunication Engg.
Atharva College of Engineering
Mumbai, Maharashtra
 ammustriney@atharvacoe.ac.in

Purvi Agarwal
Department of Electronics & Telecommunication Engg.

Atharva College of Engineering
Mumbai, Maharashtra

 purviagarwal@atharvacoe.ac.in
Vivek Ramakrishnan

Department of Electronics & Telecommunication Engg.
Atharva College of Engineering

Mumbai, Maharashtra
 vivekramakrishnan@atharvacoe.ac.in

ABSTRACT
Dual active bridge (DAB) converters are crucial for high-efficiency isolated DC-DC power conversion in applications 
such as electric vehicles and micro grids. This paper presents a unified framework for enhanced modelling and control 
of single-phase and three-phase DAB converters. A hybrid modelling approach combining state-space and generalized 
averaging methods is proposed to improve small-signal stability analysis. Additionally, a fast recovery control strategy 
with feedforward compensation effectively suppresses DC-bias currents and mitigates magnetic saturation during 
transients. Exact solutions for zero-voltage-switching (ZVS) boundaries and AC-port currents are derived to optimize 
efficiency. Simulation and experimental results validate the proposed methods, showcasing enhanced stability, efficiency, 
and dynamic performance.

KEYWORDS : Unified framework, Hybrid modelling approach, Fast recovery control strategy, Zero-voltage-switching 
(ZVS) Boundaries, AC-port currents.

INTRODUCTION

Dual active bridge (DAB) converters are widely 
recognized for their bidirectional power transfer, high 

efficiency, and compact design, making them suitable for 
electric vehicle charging, renewable energy integration, 
and DC micro grids. With features like flexible control 
options and galvanic isolation, they are a cornerstone of 
modern power systems.

DAB converters operate under modulation strategies such 
as single-phase shift (SPS), dual-phase shift (DPS), and 
triple-phase shift (TPS), which impact their efficiency 
and performance. However, challenges persist in accurate 
modelling and control across varying conditions and 
modes. A unified modelling approach can address these 
challenges by streamlining design and optimizing 
performance.

Prior research offers critical insights. Shah et al. explored 

zero voltage switching (ZVS) boundaries and AC-port 
currents in single-phase DAB converters, deriving closed-
form expressions for peak and RMS currents. While 
effective, their scope was confined to single-phase systems. 
proposed feedforward control to mitigate DC-bias currents 
and transformer saturation during transients, enhancing 
system stability advanced hybrid modelling for three-
phase systems, addressing small-signal stability but with 
limited focus on unified control strategies demonstrated 
the potential of hybrid modular DAB converters for high-
voltage applications by integrating resonant and non-
resonant modules.

Despite these advancements, a comprehensive framework 
uniting advanced modelling and unified control strategies 
for diverse DAB configurations is yet to be fully realized. 
This paper aims to bridge this gap by presenting a robust 
modelling and control framework that adapts to both 
single- and multi-phase systems. Through simulations and 
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modeling. It emphasizes scalability and standardization 
to streamline the design of both single-phase and multi-
phase DAB converters. The framework’s core objectives 
include:

Comprehensive Modeling 

Encompassing system-level dynamics, loss components, 
and transient effects for enhanced precision.

Advanced Control: Implementing fast-response strategies 
to manage performance under dynamic conditions while 
maintaining system stability.

Design Simplification: Creating a platform for easily 
extending insights across various topologies and 
applications

Hybrid Modeling Approach

The proposed hybrid modeling approach combines 
mathematical derivation and state-space averaging with 
behavioral simulations for accuracy and efficiency.

State-Space Averaging for System Dynamics:

A general state-space representation is developed to 
capture the nonlinear behavior of DAB converters across 
switching cycles. This allows for seamless analysis of 
steady-state and transient operations, enabling rapid 
design evaluations.

i.	 Time-Domain and Frequency-Domain Representation:

Leveraging time-domain equations and frequency-domain 
insights, the model captures high-frequency switching 
phenomena, core losses, and transformer dynamics.

ii.	 Multi-Phase Extension via Modular Representation:

By adopting a modular approach, the framework extends 
to multi-phase configurations. Phase interactions are 
captured through coupling coefficients, ensuring scalability 
for high-power systems.

iii.	 Integration of Loss Models:

The model includes detailed quantifications of conduction 
and switching losses, incorporating zero-voltage-
switching (ZVS) boundaries to determine high-efficiency 
operating zones.

Fast Recovery Control Strategy

The fast recovery control strategy ensures rapid response 
during transient events, minimizing energy losses and 
avoiding instability. Key components of the strategy 
include:

experimental validation, the framework seeks to improve 
scalability and reliability in modern power systems.

The paper is organized as follows: Section 2 presents 
the proposed approach and its contributions. Section 3 
details the modelling framework, emphasizing control 
and performance. Section 4 discusses results and practical 
implications, while Section 5 concludes with insights and 
future directions.

A DUAL ACTIVE BRIDGE CONVERTER
Proposed System and Assumptions

The block diagram of the proposed DAB converter is 
shown in Fig. 1.

Fig. 1 Block diagram of proposed system with the 
modelling & Control

The block diagram comprises four main components: The 
Voltage Source, the Proposed system, various outputs and 
controller part and a driver circuit.

To address the challenges of accurate modeling and 
efficient control in Dual Active Bridge (DAB) converters 
across varying operating conditions, this paper introduces 
a unified framework that integrates advanced modeling 
methodologies with robust control strategies. This 
approach is designed to improve scalability, adaptability, 
and reliability in both single-phase and multi-phase DAB 
systems.

Fig. 2 Circuit diagram of DAB converter

OPERATING PRINCIPLES
The unified framework integrates the strengths of analytical 
and simulation-based methods for accurate and efficient 
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i.	 Dynamic Feedforward Control

Feedforward control dynamically adjusts phase-shift 
angles and duty cycles based on load fluctuations and 
input variations. This anticipatory adjustment minimizes 
delays in power transfer corrections.

ii.	 Fast Zero-Crossing Detection

Utilizing fast detection algorithms, the control scheme 
accurately identifies zero-crossing points in the AC-port 
currents, ensuring precise control of phase transitions.

iii.	 Predictive Algorithms

Predictive control algorithms forecast power fluctuations 
to optimize control actions during load transients. This 
reduces settling times and enhances reliability.

iv.	 Dead-Time Optimization

The control strategy compensates for dead-time effects 
caused by switching delays, minimizing distortions in 
current waveforms while maintaining ZVS conditions.

Zero-Voltage-Switching (ZVS) Boundaries and AC-
Port Currents

A critical component of the framework involves ensuring 
ZVS conditions to minimize switching losses and enhance 
system efficiency.

i.	 ZVS Boundary Analysis

The framework derives boundary conditions for achieving 
ZVS by analyzing the energy stored in the transformer’s 
leakage inductance. By establishing operating regions 
where the stored energy is sufficient to commutate 
switches, the model identifies optimal phase-shift angles 
for minimizing losses.

ii.	 AC-Port Current Dynamics

Precise modeling of AC-port currents accounts for:

Peak and RMS Currents: Derived closed-form expressions 
quantify peak and RMS current values for each operating 
mode, ensuring accurate thermal management and device 
selection.

Transient Behavior: Transient current dynamics are 
modeled to prevent transformer saturation and to ensure 
smooth power flow transitions under variable load 
conditions.

iii.	 Power Flow Optimization

Modulation strategies such as single-phase shift (SPS), 

dual-phase shift (DPS), and triple-phase shift (TPS) 
are fine-tuned to optimize power flow. Each strategy is 
matched with ZVS boundary criteria to maintain efficiency 
across load conditions.

Fig. 3 Circuit diagram of DAB converter modelling 
topology

FEATURES ANALYSIS CONTROL 
STRATEGY
The unified modeling framework is centered on the 
generalization of DAB converter behavior across various 
topologies and operating modes. It incorporates the 
following elements:

Energy-Based Modeling 

By utilizing an energy-based modeling approach, the 
proposed framework derives system equations that 
represent power transfer in the time and frequency domains. 
The approach captures dynamic interactions between 
primary and secondary converter sides, accounting for 
transformer leakage inductances, switching sequences, and 
modulation techniques. This method ensures compatibility 
with both single- and multi-phase configurations.

Generalized Averaged Model

A generalized averaged model is formulated to characterize 
steady-state and dynamic behaviors effectively. This 
model extends the applicability of traditional single-phase 
models to multi-phase systems by considering phase-
to-phase interactions, small-signal disturbances, and 
system nonlinearities. The resulting equations simplify 
design optimization while maintaining high accuracy 
in representing the converter’s behavior across a wide 
operational range.

Loss Modeling and Efficiency Optimization

The framework integrates loss modeling to quantify 
conduction, switching, and transformer losses, enabling 
efficiency optimization across modulation strategies. 
By including zero-voltage switching (ZVS) boundary 
analysis, the model determines optimal operating regions 
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for minimizing losses while enhancing the overall system 
performance.

The proposed control strategy combines feedforward and 
feedback control to address challenges such as system 
stability, DC-bias current mitigation, and performance 
optimization during transients. It provides robust control 
under diverse load conditions and switching schemes.

Adaptive Feedforward Control

Adaptive feedforward control is implemented to counteract 
transformer saturation and suppress DC-bias currents 
during transient conditions. By dynamically adjusting 
the reference signals based on operating conditions, 
this technique ensures stable operation and preserves 
transformer integrity.

Phase-Shift Modulation Strategies

The proposed system supports a range of phase-shift 
modulation strategies:

Single-Phase Shift (SPS): Simplifies control and minimizes 
switching losses in single-phase systems.

Dual-Phase Shift (DPS): Offers enhanced controllability 
by decoupling power flow and ripple characteristics.

Triple-Phase Shift (TPS): Provides the highest degree 
of flexibility for multi-phase systems, enabling optimal 
operation across a broader load range.

Each modulation scheme is incorporated into the 
framework through mathematical derivations that ensure 
seamless switching between strategies, depending on the 
operating conditions and system requirements.

Small-Signal Control Design

A small-signal control model is developed to enhance 
stability and performance under varying load conditions. 
By employing state-space analysis, the model designs a 
proportional-integral (PI) controller that ensures closed-
loop stability while responding swiftly to external 
disturbances and system transients.

Dead-Time Compensation

To further improve system accuracy, dead-time 
compensation algorithms are included. These compensate 
for timing inaccuracies caused by switching delays, 
minimizing distortion in current waveforms and reducing 
associated losses.

EXPERIMENTAL VALIDATION
The proposed framework is validated through 
comprehensive simulations and experimental tests. 
Simulations evaluate the framework’s performance under 
different load conditions, phase-shift strategies, and 
dynamic operating modes. Experimental validation on 
hardware prototypes verifies scalability, efficiency, and 
real-world applicability.

This unified modeling and control framework offers 
a robust foundation for enhancing DAB converter 
performance across single-phase and multi-phase systems, 
providing an essential tool for advancing power systems in 
electric vehicles, renewable energy, and DC microgrids.

Practical Implications of the Unified Framework

This unified framework offers a robust solution to enhance 
the efficiency, stability, and reliability of DAB converters:

Improved Scalability: The framework is compatible 
with single-phase and multi-phase systems, enabling its 
application in high-power systems like renewable energy 
grids and EV fast chargers.

Enhanced Efficiency: By maintaining ZVS conditions 
and optimizing phase-shift angles, the framework reduces 
losses and maximizes system performance.

Streamlined Design Process: The hybrid modeling 
approach simplifies design workflows and accelerates 
development for complex DAB configurations.

Robust Control: Fast recovery control ensures stability 
under varying load conditions, providing superior transient 
performance.

CONCLUSION
This paper presents a comprehensive framework for 
modeling and controlling DAB converters, addressing 
critical challenges such as stability, efficiency, and soft-
switching operation. By leveraging a hybrid SSA and GSSA 
approach, the small-signal characteristics of 3p-DAB 
converters are accurately determined, enabling reliable 
stability analysis and effective impedance prediction. 
Furthermore, an exact ZVS boundary and AC-port current 
model, based on the principle of superposition, provides 
precise closed-form expressions for current peaks, RMS 
values, and switching instants, ensuring optimal operation 
across all modes and modulation strategies.  	
Additionally, a fast recovery control strategy with 
feedforward compensation effectively eliminates DC-bias 
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current, dynamically adjusting duty cycles and phase-shift 
ratios to achieve rapid stabilization and minimal overshoot, 
even under significant load variations. Simulation and 
experimental validations confirm the robustness and 
adaptability of the proposed framework, demonstrating 
its potential to enhance the performance and reliability of 
DAB converters in next-generation power systems.
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ABSTRACT
Cloud computing has emerged as a dominant technology, providing scalable and flexible computing resources over the 
internet. However, security concerns, especially related to data privacy and protection, pose significant challenges to 
cloud adoption. The RSA (Rivest-Shamir-Adleman) algorithm, one of the most widely used public-key cryptosystems, 
plays a crucial role in enhancing cloud security by enabling secure data transmission and storage. This paper provides 
an overview of the RSA algorithm’s application in cloud computing environments, focusing on its role in securing data 
through encryption, digital signatures, and key exchange protocols. RSA’s reliance on the computational difficulty of 
factoring large prime numbers ensures robust security, but its performance limitations in handling large datasets and 
potential vulnerabilities in the face of quantum computing are discussed. The integration of RSA in cloud security 
protocols like SSL/TLS and its use in hybrid cryptosystems for balancing performance and security is explored. The 
paper concludes by addressing current challenges and the future outlook of RSA in cloud security, including the shift 
toward post-quantum cryptographic solutions.

KEYWORDS : Cloud computing, RSA algorithm, Encryption and decryption.

INTRODUCTION

Cloud computing refers to the delivery of computing 
services—such as storage, servers, databases, 

networking, and software—over the internet. It allows 
individuals and organizations to access and store 
data remotely, eliminating the need for on-premise 
infrastructure[3]. Cloud computing offers flexibility, 
scalability, cost-efficiency, and global access, making it a 
critical technology for businesses and consumers. However, 
security concerns like data breaches and unauthorized 
access are significant challenges in cloud environments, 
necessitating strong encryption mechanisms to protect 
sensitive information.

The RSA algorithm plays a crucial role in securing cloud 
computing environments. As a public key cryptosystem, 
RSA enables secure data exchange between cloud users 
and service providers [5]. RSA encryption ensures that 
data stored or transmitted in the cloud remains confidential, 
even if intercepted. It uses a pair of keys: a public key 
for encryption and a private key for decryption [1]. This 
ensures that only authorized parties with the private key 
can decrypt and access the data.

In addition to encryption, RSA is also employed in digital 
signatures, providing authentication and integrity of data 
in cloud transactions. Despite RSA’s widespread use, its 
performance in cloud systems is often optimized using 
hybrid encryption schemes to address its computational 
complexity for large data sets.

The Rivest-Shamir-Adleman (RSA) algorithm, one of 
the earliest public-key cryptosystems, was developed in 
1977 by Ron Rivest, Adi Shamir, and Leonard Adleman 
[2]. It is widely used for secure data transmission, digital 
signatures, and encryption. The RSA algorithm is based on 
the mathematical challenge of factoring large composite 
numbers, making it one of the most important methods in 
cryptography. 

LITERATURE SURVEY 
Historical Development and Foundations of RSA

Several key works trace the origins and theoretical 
foundations of RSA encryption. The original paper by Rivest, 
Shamir, and Adleman in 1978 laid out the mathematical 
principles of RSA encryption, focusing on public-key 
cryptography. Their approach was groundbreaking in its 
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Kocher (1996): One significant contribution was Kocher’s 
work on timing attacks, which revealed that RSA 
implementations could be vulnerable to side-channel 
attacks that exploit variations in processing time. This 
research led to the development of countermeasures, such 
as constant-time algorithms, to mitigate the risk.

Lenstra et al. (2012): Their study on weak RSA 
keys demonstrated that improper key generation and 
implementation flaws could compromise RSA’s security. 
They found that certain keys, especially those generated 
with insufficient randomness, are vulnerable to attacks, 
necessitating stricter standards for secure key generation.

RSA in the Age of Quantum Computing

A growing area of concern in the cryptographic community 
is the advent of quantum computing. Shor’s algorithm, 
introduced in 1994, showed that quantum computers could 
efficiently factor large numbers, which would render RSA 
insecure once large-scale quantum computers become 
practical.

Shor (1994): Peter Shor’s discovery was a turning point 
for RSA encryption. His algorithm demonstrated that 
RSA’s security, which relies on the difficulty of factoring 
large numbers, would be broken by quantum computers. 
This has led to significant research efforts in the field of 
post-quantum cryptography.

Chen et al. (2016): The National Institute of Standards 
and Technology (NIST) initiated a study on post-quantum 
cryptography, evaluating alternatives to RSA that could 
withstand quantum attacks. Their report identified 
promising candidates, such as lattice-based and hash-
based cryptography, signaling a future shift away from 
RSA as the dominant encryption standard.

Performance Optimizations and Alternatives

To address RSA’s computational inefficiency, especially for 
large key sizes, researchers have proposed optimizations 
and alternative algorithms.

Hoffstein et al. (1998): Their development of the NTRU 
algorithm provided an efficient alternative to RSA, 
especially in terms of performance. NTRU is a lattice-
based algorithm that offers similar security but is much 
faster than RSA in both encryption and decryption, 
especially with larger key sizes.

Blömer et al. (2003): Research on RSA acceleration 
techniques, such as the Chinese Remainder Theorem 

ability to allow secure communications over untrusted 
networks.

Rivest, Shamir, Adleman (1978): The authors introduced 
the idea of public and private keys, providing the 
foundation for RSA. This paper discusses how large prime 
numbers are used to generate a key pair and emphasizes 
the security advantages of the system’s reliance on the 
difficulty of factoring large integers.

Following this seminal work, researchers delved deeper 
into the cryptographic strength of RSA and its applicability 
in practical systems. Many studies have explored RSA’s 
robustness and evaluated the conditions under which it 
remains secure.

Menezes, van Oorschot, and Vanstone (1996): Their book 
Handbook of Applied Cryptography provided a detailed 
explanation of RSA’s algorithm, its security assumptions, 
and its limitations. They explored the modular 
exponentiation used in RSA encryption and analyzed its 
computational complexity.

RSA APPLICATIONS IN SECURITY 
PROTOCOLS
RSA has been extensively applied in various security 
protocols, such as Secure Socket Layer (SSL)/Transport 
Layer Security (TLS), email encryption (via PGP), 
and digital signatures. Research on these applications 
has focused on its integration and practical challenges, 
especially in terms of computational overhead.

Boneh (1999): Boneh’s work on RSA digital signatures 
demonstrated the feasibility of RSA for digital signatures, 
which are used for data integrity and non-repudiation. 
His research showed that while RSA offers high security 
for signing, it is computationally expensive compared 
to alternative methods like Elliptic Curve Cryptography 
(ECC).

Rescorla (2000): Rescorla’s studies on SSL/TLS protocols 
illustrated RSA’s role in securing communications over the 
web. RSA is often used to exchange symmetric encryption 
keys during the handshake process, ensuring that the actual 
data transmission is faster while maintaining high security.

Challenges and Vulnerabilities of RSA

As RSA encryption became widely adopted, several 
challenges emerged. Key studies have highlighted 
potential vulnerabilities, including attacks based on 
advances in computational power, side-channel attacks, 
and the emergence of quantum computing.
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(CRT), showed that the decryption process could be 
made more efficient using mathematical tricks. These 
optimizations are critical in resource-constrained 
environments like IoT devices or mobile systems.

Key Generation

1. Choose two distinct prime numbers p and q.

Example: p = 61, g = 53.

2. Compute n=p×q.

n = 61 × 53 = 3233.

n is used as the modulus for both the public and private 
keys.

* n is used as the modulus for both the public and private 
keys.

3. Compute Euler’s Totient Function ∅(n).

* ∅(n). = (p - 1) × (q - 1).

* ∅(3233) = (61 - 1) × (53 - 1) = 60 × 52 = 3120.

4. Choose an encryption exponent e such that 1 < e < ∅(n). 
and gcd e, ∅(n). = 1.

* Common choices for e are 3, 17, or 65537 because they 
have properties that make t encryption process efficient.

* Let’s choose e = 17.

5. Compute the decryption exponent d such that:

* e×d=1(mod∅(n).)= 1.

* In other words, find d such that 17 x d = 1 (mod3120).

* By using the extended Euclidean algorithm, we find d 
= 2753.

 CURRENT AND FUTURE TRENDS IN 
RSA RESEARCH
Despite the potential threats posed by quantum computing, 
RSA continues to be a subject of active research. One key 
area of focus is the development of hybrid systems, where 
RSA is used in conjunction with other cryptographic 
schemes to enhance security.

Hybrid Cryptosystems: Several recent papers have 
explored the combination of RSA for key exchange and 
symmetric encryption algorithms like AES for actual data 
encryption[8]. This approach aims to balance the security 

provided by RSA with the performance of symmetric 
encryption.

Post-Quantum Cryptography: Research efforts are 
increasingly focused on identifying encryption schemes 
that can replace RSA in the post-quantum era. While 
RSA remains viable for the time being, the transition to 
quantum-safe algorithms is a priority for many researchers.

CONCLUSION
RSA has played a foundational role in modern 
cryptography, offering a robust and flexible solution for 
secure digital communication. However, its vulnerabilities 
to emerging technologies like quantum computing and its 
computational inefficiency have prompted researchers 
to explore alternatives and optimizations. The future of 
cryptography may see a shift toward quantum-resistant 
algorithms, but RSA remains an essential tool in the 
cryptographer’s toolkit for the foreseeable future.
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ABSTRACT
The Internet of Things (IoT) is a transformative technological paradigm that enables physical devices to communicate, 
share data, and perform coordinated actions through interconnected networks. This paper explores the current use 
cases, emerging trends, and challenges associated with IoT across various industries, such as healthcare, manufacturing, 
transportation, agriculture, and smart cities. IoT revolutionizes these sectors by improving operational efficiency, 
enhancing decision-making, and driving innovation. However, the widespread adoption of IoT faces significant 
challenges, including security vulnerabilities, data privacy concerns, interoperability issues, and scalability limitations. 
Integrating emerging technologies like 5G, artificial intelligence (AI), blockchain, and edge computing is pivotal in 
overcoming these obstacles and unlocking IoT’s full potential. This paper synthesizes insights from existing research, 
providing a comprehensive analysis of IoT’s capabilities and limitations, while identifying opportunities for further 
advancements. By examining the evolving landscape of IoT, this research highlights its transformative potential and 
offers a roadmap for realizing its long-term societal and economic benefits.

KEYWORDS : IoT, Healthcare, Egriculture, Smart cities.

INTRODUCTION

The Internet of Things (IoT) has emerged as a 
transformative technological paradigm, enabling 

physical devices to communicate, share data, and perform 
coordinated actions through interconnected networks. By 
integrating sensors, software, and connectivity, IoT bridges 
the gap between the physical and digital worlds, creating 
new opportunities across industries such as healthcare, 
manufacturing, transportation, and agriculture [1]. As 
global IoT adoption accelerates, its impact on industries 
and daily life is becoming increasingly profound, reshaping 
traditional business models, enhancing operational 
efficiency, and fostering innovation.

IoT use cases are expanding rapidly, driven by 
advancements in wireless communication, edge 
computing, and artificial intelligence (AI). For instance, in 
healthcare, IoT-powered wearable devices enable remote 

patient monitoring, improving health outcomes while 
reducing costs [2]. In manufacturing, smart factories 
equipped with IoT sensors optimize production processes 
and predictive maintenance, minimizing downtime and 
maximizing productivity [3]. Similarly, the integration 
of IoT in transportation and smart cities enhances traffic 
management, reduces energy consumption, and improves 
urban planning [4].

Despite its transformative potential, IoT also presents 
challenges, including security vulnerabilities, data privacy 
concerns, and interoperability issues. Addressing these 
obstacles is essential to fully realize IoT’s potential 
and ensure its sustainable growth [5]. Moreover, as 
IoT continues to evolve, emerging trends such as 5G 
connectivity, blockchain integration, and environmental 
sustainability are expected to shape its trajectory, creating 
new possibilities and reshaping existing paradigms [6].
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resource utilization, increases crop yields, and reduces 
environmental impact [12]. For instance, automated 
irrigation systems powered by IoT sensors ensure optimal 
water usage by adjusting to real-time soil moisture levels, 
conserving water and promoting sustainable farming 
practices [13].

Smart cities represent another critical use case for IoT, 
with applications aimed at enhancing urban living. 
IoT-enabled systems for energy management, waste 
disposal, and public safety contribute to sustainable urban 
development. For example, smart grids equipped with IoT 
sensors optimize energy distribution and consumption, 
reducing power outages and promoting renewable energy 
integration [14]. Similarly, smart lighting systems adjust 
brightness based on real-time environmental data, reducing 
energy consumption and operational costs [15].

These diverse use cases illustrate IoT’s potential to address 
industry-specific challenges while driving innovation 
and efficiency. By analyzing these applications, this 
paper aims to highlight the opportunities and challenges 
associated with IoT adoption, paving the way for future 
advancements and broader implementation.

RELATED WORK
Research in the field of IoT has made significant strides 
in recent years, offering insights into its technological 
capabilities and diverse applications. Gubbi et al. [1] 
provided an early and comprehensive vision of IoT, 
outlining its architectural elements and identifying 
future directions. Their work laid the foundation for 
understanding how IoT integrates sensors, networks, and 
cloud computing to enable smart environments.

Subsequent studies have delved into specific IoT 
applications and challenges. For instance, Perera et al. [4] 
conducted an extensive survey on context-aware computing 
within IoT, emphasizing the importance of real-time data 
processing and decision-making. Their work highlighted 
the role of contextual information in enhancing IoT 
system intelligence and adaptability. Similarly, Weber [5] 
explored the legal and security challenges posed by IoT, 
addressing critical issues such as data privacy, regulatory 
frameworks, and cybersecurity risks.

Recent research has focused on advancements in IoT 
technologies and their applications in various domains. 
For example, Xu et al. [7] investigated the role of AI in 
improving IoT-enabled predictive analytics, particularly 
in healthcare and smart city implementations. In addition, 

This paper explores the future of IoT by analyzing its 
current use cases, identifying emerging industry trends, 
and examining the opportunities and challenges that lie 
ahead. By providing a comprehensive understanding of 
IoT’s potential, this research aims to contribute to the 
ongoing dialogue on how this technology can be harnessed 
to drive innovation and societal progress.

EXPLORING CURRENT USE CASES OF 
IOT
The application of IoT across various industries 
demonstrates its versatility and potential to transform 
traditional systems into intelligent, connected networks. 
One of the most prominent use cases is in healthcare, where 
IoT-enabled wearable devices and remote monitoring 
systems are revolutionizing patient care. Devices such 
as smartwatches and biosensors can continuously track 
vital signs, enabling early detection of health anomalies 
and reducing hospital readmissions [7]. Moreover, IoT 
facilitates the creation of smart hospitals that integrate 
interconnected devices to enhance operational efficiency 
and patient experience [8].

In the industrial sector, IoT forms the backbone of 
Industry 4.0, enabling smart manufacturing and predictive 
maintenance. Through the deployment of IoT sensors, 
manufacturers can monitor equipment performance in 
real time, anticipate potential failures, and schedule 
maintenance proactively, thus minimizing downtime 
and reducing costs [3]. Additionally, IoT-driven supply 
chain management enhances visibility and traceability, 
optimizing inventory levels and logistics operations [9].

The transportation industry also benefits significantly 
from IoT through the development of smart transportation 
systems. IoT enables real-time traffic monitoring, 
predictive maintenance of vehicles, and enhanced safety 
through autonomous driving technologies. Connected 
vehicles equipped with IoT sensors can communicate 
with each other and with infrastructure, improving 
traffic flow and reducing the likelihood of accidents [10]. 
Furthermore, IoT-powered public transportation systems 
improve operational efficiency and passenger convenience 
by providing real-time updates and dynamic scheduling 
[11].

In agriculture, IoT is driving the adoption of precision 
farming techniques, allowing farmers to monitor soil 
conditions, weather patterns, and crop health through 
connected sensors. This data-driven approach improves 
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Sharma et al. [8] reviewed the integration of blockchain 
with IoT, emphasizing its potential to enhance data 
security, transparency, and scalability in industrial and 
consumer settings. Moreover, Javed et al. [9] highlighted 
the significance of 5G in supporting massive IoT 
deployments, enabling low-latency communication and 
enhanced network reliability for critical applications.

In the industrial domain, Sung [3] examined the 
implications of IoT within Industry 4.0, discussing how 
smart manufacturing leverages IoT to improve operational 
efficiency and product quality. Vermesan and Friess 
[2] expanded on this perspective by exploring how IoT 
connects the physical, digital, and virtual worlds, driving 
innovation across various sectors. Furthermore, recent 
advancements in edge computing, as explored by Shi et 
al. [10], have demonstrated the potential of decentralized 
data processing to reduce latency and improve IoT system 
performance.

Emerging trends and enabling technologies have also been 
a focal point of IoT research. Al-Fuqaha et al. [6] provided 
a comprehensive survey of enabling technologies, 
protocols, and applications, shedding light on the role 
of advancements such as 5G, edge computing, and AI 
in shaping the future of IoT. Their work underscores the 
need for scalable and interoperable solutions to support 
the growing number of connected devices. Recent 
developments in sustainability practices, as discussed by 
Birkel et al. [11], have also emphasized the role of IoT 
in promoting environmentally conscious solutions across 
industries.

This paper builds upon these foundational studies by 
integrating insights from diverse research efforts, offering 
a holistic view of IoT’s potential, current limitations, and 
future directions. By synthesizing existing knowledge, 
this research aims to identify gaps and opportunities for 
advancing IoT adoption and innovation.

IDENTIFYING EMERGING INDUSTRY 
TRENDS
As IoT adoption continues to grow, several emerging 
industry trends are shaping its trajectory and expanding 
its potential applications. One significant trend is the 
integration of 5G technology, which provides ultra-
low latency and high bandwidth for IoT devices. 
This advancement enables real-time data processing, 
supporting applications such as autonomous vehicles, 

remote surgeries, and smart city infrastructure [6], [9]. The 
convergence of AI with IoT is another transformative trend, 
allowing for advanced analytics, pattern recognition, and 
decision-making capabilities in IoT systems. For instance, 
AI-powered IoT solutions are being utilized in predictive 
maintenance, personalized healthcare, and automated 
supply chains [7].

The adoption of blockchain technology in IoT is also 
gaining momentum due to its ability to enhance data 
security, transparency, and trust among connected 
devices. Blockchain ensures tamper-proof data storage 
and facilitates secure peer-to-peer communication, 
making it particularly valuable for applications in supply 
chain management, finance, and energy distribution [8]. 
Moreover, edge computing is becoming increasingly 
important in IoT deployments, enabling decentralized 
data processing and reducing the dependency on cloud 
infrastructure. This trend addresses latency issues and 
enhances data privacy by processing sensitive information 
closer to the data source [10].

Sustainability is another critical trend influencing IoT 
development. With growing environmental concerns, 
IoT applications are being designed to promote energy 
efficiency, reduce waste, and minimize carbon footprints. 
For example, IoT-enabled smart grids and precision 
agriculture systems optimize resource utilization, 
contributing to sustainable practices [11], [13]. As 
industries prioritize sustainability, IoT is poised to play 
a pivotal role in achieving environmental and social 
governance (ESG) goals.

EXAMINING OPPORTUNITIES AND 
CHALLENGES
The rapid growth of IoT presents numerous opportunities 
across industries, offering enhanced operational 
efficiency, cost savings, and innovative business models. 
In healthcare, IoT enables personalized and preventive 
care through remote monitoring and data-driven insights 
[7]. For example, connected health platforms integrate 
wearable devices and AI-driven analytics to improve 
patient outcomes while reducing medical costs [15][22]. 
Similarly, smart manufacturing powered by IoT enhances 
productivity and quality control, fostering competitiveness 
in global markets [3]. Emerging IoT-driven solutions, 
such as digital twins, allow manufacturers to simulate and 
optimize production environments in real time, reducing 
waste and increasing efficiency [16].
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The transportation sector benefits from IoT-enabled safety 
systems, efficient logistics, and sustainable urban planning. 
Connected vehicle ecosystems powered by IoT sensors and 
5G enable real-time traffic management, automated tolling 
systems, and enhanced vehicular safety, paving the way for 
fully autonomous driving systems [10], [17]. Additionally, 
IoT facilitates the development of smart cities, creating 
interconnected ecosystems that improve quality of life 
and resource management [14]. Smart waste management 
systems and IoT-enabled water conservation initiatives 
further contribute to environmental sustainability in urban 
settings [18].

However, the widespread adoption of IoT is not without 
challenges. Security vulnerabilities and data privacy 
concerns remain significant barriers, as interconnected 
devices are susceptible to cyberattacks and unauthorized 
access [5]. According to recent studies, the proliferation 
of IoT devices increases the attack surface, making it 
imperative to adopt end-to-end encryption and robust 
authentication protocols [19]. Interoperability issues 
among IoT devices and platforms further complicate 
seamless integration, hindering the realization of IoT’s full 
potential [6]. Efforts to develop global IoT standards, such 
as those spearheaded by the IoT Alliance, aim to address 
these compatibility challenges and ensure cohesive 

implementation across industries [20].

Furthermore, the cost of IoT infrastructure and maintenance 
can be prohibitive for small and medium-sized enterprises, 
limiting its accessibility and scalability [11]. Advances 
in edge computing and open-source IoT platforms are 
helping to mitigate these costs by enabling decentralized 
data processing and reducing dependency on expensive 
cloud services [10]. As IoT ecosystems expand, ethical 
concerns around data ownership, consent, and algorithmic 
biases are gaining prominence, necessitating frameworks 
that prioritize accountability and user rights [21].

Despite these challenges, the future of IoT is promising, 
with advancements in enabling technologies and emerging 
trends driving its evolution. As industries increasingly 
prioritize sustainability and digital transformation, 
IoT has the potential to create innovative solutions that 
bridge technological and societal needs. By leveraging 
opportunities and addressing barriers, IoT can transform 
industries, improve quality of life, and contribute to a 
sustainable and connected world. Table 1 discusses the 
comparative analysis of the references based on common 
parameters such as focus area, technology discussed, 
applications explored, and challenges addressed. This 
analysis provides insights into the recurring themes and 
gaps across the various studies in the context of IoT.

Table 1: Comparative Analysis of Key Parameters Across IoT Research Studies

Ref. 
NO.

Focus Area Technology 
Discussed

Applications Explored Challenges 
Addressed

Emerging Trends

 [1] IoT architecture IoT architecture, 
cloud

Smart environments Scalability, security Cloud, 
standardization

 [4] Context-aware systems Real-time data Healthcare, IoT systems Data processing Context-awareness
[5] Privacy, security Security, privacy Privacy, regulations Security concerns Data privacy
 [7] AI in IoT AI, predictive 

analytics
Healthcare, smart cities Healthcare 

scalability
AI in healthcare

 [8] Blockchain in IoT Blockchain, 
security

Industrial IoT Security, integrity Blockchain 
integration

 [9] 5G in IoT 5G, low-latency Autonomous vehicles Connectivity, 
latency

5G, IoT reliability

 [3] Smart manufacturing Smart sensors, 
maintenance

Predictive maintenance Downtime, 
efficiency

Smart 
manufacturing

 [2] IoT ecosystems IoT protocols Digital twins Interoperability IoT standardization
 [6] IoT enabling 

technologies
Edge computing IoT solutions Latency, privacy Sustainability, edge

 [10] Edge computing Edge computing Energy management Cost, resource 
usage

AI, automation
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 [11] Sustainability in IoT Sustainability, 
energy

Farming, agriculture Sustainability Precision farming

 [12] Precision agriculture IoT farming Water conservation Water usage Smart irrigation
 [13] Smart irrigation IoT irrigation Traffic management Traffic, accidents Autonomous 

driving
 [17] Traffic, smart cities Traffic sensors Smart cities Waste, energy use Smart cities
 [18] Waste, resource 

management
Waste systems Smart cities Waste, energy use Cybersecurity

[19] Cybersecurity in IoT Cybersecurity risks Security vulnerabilities Security 
vulnerabilities

Ethical standards

 [21] IoT ethics Ethical frameworks User rights Accountability Ethical standards

Fig. 1 

Figure 1 represents the four bar charts representing the 
analysis based on the parameters from the comparative 
table: The Focus Area Distribution shown in the left 
upper corner shows the frequency of different focus areas 
across the research studies. The Technology Discussion 
Frequency shown in the upper right corner illustrates 
which technologies are most frequently discussed in 
the papers. The challenges Addressed in IoT Research 
lower left corner highlights the key challenges identified 
in the studies, such as security, scalability, and privacy 
concerns. The Emerging Trends in IoT Research right 
lower corner shows the most common emerging trends, 
including AI integration, blockchain, and the focus on 
sustainability. These visualizations help in analyzing the 
trends, challenges, and technologies discussed in the IoT 
research papers. 

Table 2: Heatmap Data (Hypothetical) with References

Device Type Energy 
Consumption 

Before IoT

Energy 
Consumption 

After IoT

Cost Savings Device Uptake 
Rate

Environmental 
Impact 

Reduction

References

Smart Home 500 kWh 300 kWh $200 70% 10% [1], [5], [15]
Smart Grids 2000 kWh 1500 kWh $500 60% 15% [6], [9], [14]

Smart 
Agriculture

1000 kWh 800 kWh $150 80% 5% [12], [13]

Smart 
Healthcare

800 kWh 600 kWh $100 50% 8% [7], [11]

Table represents the Heatmap Data (Hypothetical) 
with References. Gubbi et al., 2013 represents energy 
consumption before IoT is high (500 kWh), and after IoT 
deployment, it decreases significantly (300 kWh). This 
aligns with findings that IoT-enabled devices like smart 
thermostats and lighting systems lead to substantial energy 
savings in residential buildings.

Zhang et al., 2016, IoT-enabled smart grids have been 
shown to reduce energy consumption and improve grid 
management. The data reflects a 500-kWh reduction 
in energy use after IoT deployment, aligning with the 
literature that highlights the efficiency improvements IoT 
can bring to energy distribution.
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Zhang et al., 2019 worked on IoT applications in 
agriculture, such as precision irrigation, show a moderate 
reduction in energy use (200 kWh). This reflects the ability 
of IoT to optimize resource use in farming, contributing to 
sustainable practices.

Xu et al., 2019 discusses Smart healthcare systems lead 
to cost savings, but the energy reduction is moderate. 
IoT-enabled devices that monitor patient health remotely 
contribute to cost reductions, as shown by the data 
reflecting $100 in savings. The findings and provide a 
solid foundation for understanding the impacts of IoT in 
various sectors, including smart homes, grids, agriculture, 
and healthcare. 

Fig. 2: Correlation heatmap of IoT Device impact on 
energy and cost matrices

CONCLUSION
The Internet of Things (IoT) has emerged as a powerful 
force for transformation across industries, offering 
unprecedented opportunities to improve operational 
efficiency, enhance decision-making, and create more 
connected, intelligent environments. The use cases 
explored in this paper, from healthcare and manufacturing 
to transportation and agriculture, highlight IoT’s vast 
potential to revolutionize various sectors, creating new 
business models, improving resource utilization, and 
driving sustainable practices.

While IoT presents numerous opportunities, it also faces 
significant challenges, including security vulnerabilities, 
privacy concerns, interoperability issues, and scalability 
barriers. These obstacles must be addressed through robust 
solutions such as advanced encryption, decentralized data 
processing, and the development of global IoT standards. 

The integration of emerging technologies like 5G, AI, 
blockchain, and edge computing is poised to enhance 
IoT’s capabilities, enabling more reliable, secure, and 
efficient systems that will unlock new use cases and drive 
future growth.

As IoT continues to evolve, its role in shaping smart 
cities, healthcare, and industrial operations will become 
increasingly critical. However, the widespread adoption 
of IoT will depend on overcoming these challenges and 
creating frameworks that promote security, ethical data 
usage, and interoperability. By addressing these issues and 
harnessing the power of emerging technologies, IoT can 
truly fulfil its transformative potential and pave the way 
for a more connected, sustainable, and efficient future.

The ongoing research and development in IoT are crucial 
in bridging the gap between its current capabilities and 
the future vision of a fully integrated, intelligent network 
of devices. As industries, governments, and academia 
collaborate to address the challenges and capitalize on 
the opportunities, IoT will continue to drive innovation, 
enhance quality of life, and contribute to a more sustainable 
and connected world.
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ABSTRACT
Recent improvements in non-contact physiological measurement methods have sparked a lot of interest in using face 
movies to get vital signs, especially heart rate. This method looks like a good way to watch health from afar; since it 
lets you get important information without using actual tools. This paper talks about the creation and testing of an AI-
powered system that can tell heart rate from small changes in face color recorded in video streams. The advanced signal 
processes and machine learning techniques, such as Fast Fourier Transform (FFT) and convolutional neural networks 
(CNNs), to look at the changes in skin color that show where the blood is flowing is part of the method. First, the video 
frames are pre-processed to make the face features stand out more. Next, they are split to focus on specific areas of 
interest, like the forehead and cheeks, where heartbeat causes strong color changes. We follow the changes in time in 
these areas across the movie clip to get a time-series signal that shows changes in blood volume. Then, FFT is used to 
break down this information and find the frequency that corresponds to the heart rate. The system has been tested on 
a set of face videos taken in different lighting conditions and with people moving around. It showed the same level of 
reliability and accuracy as standard contact-based sensors. Our findings suggest that face video-based heart rate tracking 
could be a useful tool for telemedicine and virtual health exams, making it easier to keep an eye on people’s health in a 
variety of situations all the time.

KEYWORDS : Non-contact heart rate monitoring, Facial video analysis, Signal processing, Machine learning, 
Telemedicine, Remote health monitoring.

INTRODUCTION

Heart rate monitoring is an important part of a lot of 
different tasks, from medical diagnosis and patient 

care to keeping track of exercise and dealing with stress. 
Contact- based devices, like electrocardiographs (ECG) 
or photoplethysmographs (PPG), which need to be 
physically touched, are usually used to measure heart rate. 
Even though these methods are very exact, they come 
with some drawbacks when it comes to comfort, ease of 
use, and the chance of allergic responses from the touch 
materials used. As a result, there is more interest in finding 
ways to measure heart rate without touching the person. 
This led to the study of face video analysis as a possible 
option. Digital video cameras are used in facial video-
based heart rate tracking to record the small changes in 
skin color that happen on the face because of the heartbeat. 
Utilizing the visual absorption properties of hemoglobin 
in the blood, this method changes the skin’s colour slightly 
as blood flows through the face veins. Though advanced 
image processing and analysis techniques can identify 

them and quantify them, these alterations are invisible 
with the unaided eye [1]. This approach appeals most as 
it does not call for unpleasant surgeries. This makes it 
pleasant and simple to use as well as it makes it simpler 
to monitor someone’s health whether they are far away 
or moving around. Commonly employed in finger sensors 
that you may wear, photoplethysmography forms the basis 
of this technology. Like PPG, the method of determining 
heart rate from facial videos also known as remote 
photoplethysmography rPPG involves observing how the 
skin absorbs and reflects light. RPPG tracks the minute 
variations in light reflection connected to blood flow 
patterns by use of frequent video recordings and robust 
algorithms instead of a specialized monitor [2].

The process of obtaining the heart rate from a movie 
requires numerous phases. The movie starts in a controlled 
environment with precisely regulated lighting to ensure the 
faces are clearly seen free from harsh shadows or too much 
light. Following that, the video images are analyzed to 
identify the facial areas most likely to exhibit the changes 
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also been very important in moving this area forward. 
Using convolutional neural networks (CNNs) [6], it was 
possible to automatically find and track the parts of the face 
that were most likely to give correct heart rate readings. 
These models could adapt automatically to changes in 
lighting and subject movement, which made the number 
of mistakes much lower than they were in less controlled 
settings. More improvements have been made to remote 
photoplethysmography so that it can be used in more 
situations. Researchers who studied mobile health apps [7] 
came up with methods that work best on phones that don’t 
have a lot of processing power. This made it possible to 
measure heart rate in real time using smartphones, which 
made the technology available to more people.

A big focus of study has also been on how rPPG could 
work in different situations. Researchers looked into how 
conversations and changing facial expressions affected 
the accuracy of heart rate detection [8]. They found that 
dynamic facial expressions could cause errors, but these 
could be lessened by using advanced filtering methods and 
ensemble predictions across multiple areas of the face. In 
medical settings, tests have shown that video- based heart 
rate tracking is just as accurate as normal medical tools like 
an ECG [9]. The results show that video-based methods 
can be almost as accurate as standard contact-based sensors 
when used properly. This means that they can be used to 
keep an eye on patients in non-critical care settings. More 
recent work has also been done to make these systems 
better at using computers. It has been possible to make 
methods that use fewer computing resources [10], which 
is very important for real-time uses. Because of this, there 
are now more ways to use rPPG in integrated systems in 
smart healthcare settings.

Table 1: Summary of Related Work

Approach Method Used Finding Limitation
Initial 

exploration 
[11]

Ambient light 
PPG

Feasible to 
capture heart 

rate from facial 
videos.

Dependent 
on controlled 

lighting 
conditions.

Signal 
separation [12]

Independent 
Component 

Analysis (ICA)

Improved 
signal-to-noise 
ratio for heart 
rate detection.

Susceptible 
to noise 

from subject 
movement.

Adaptive pixel 
selection [13]

Machine 
learning 

algorithms

Enhanced 
accuracy by 
focusing on 
informative 

facial regions.

Requires high 
processing 

power for real-
time analysis.

in the body brought about by the heartbeat. Common 
sites for this include the face, lips, and neck. Following 
that, the selected locations undergo signal processing 
techniques to acquire the colour changes throughout 
time in the video series. After that, the modifications are 
examined using Fast Fourier Transform (FFT) to translate 
data from the time domain to the frequency domain. 
The heart rate is observed in the frequency domain as a 
peak within the spectrum. When machine learning and 
deep learning methods are used on rPPG devices, they 
get even better. Using methods like convolutional neural 
networks (CNNs), the systems can learn to better get rid 
of noise and improve the accuracy of heart rate tracking 
in less controlled situations, like when the person moves 
around or the lighting isn’t perfect. These improvements 
are very important for real-world situations where it’s 
hard to control surrounding factors. Although it has a lot 
of promise, face video-based heart rate recognition isn’t 
always accurate. This is because of things like lighting, 
movement, camera quality, and whether or not the person 
has makeup on or facial hair. To solve these problems, we 
need strong mathematical methods that can change with 
the situation and still give us accurate readings.

RELATED WORK
Face movies used for non-contact heart rate tracking 
have come a long way in the last ten years, thanks to 
progress in computer vision and physiological optics. 
Early researchers [3] laid the groundwork by showing that 
ambient light PPG could be recorded from videos of faces 
using simple cameras that most people already have. This 
early work proved that the face could indeed show minor 
bodily signs that could be picked up by video analysis. 
More research was done to make these methods more 
accurate and reliable. Early attempts [4] used well-known 
techniques like Independent Component Analysis (ICA) 
to separate the small changes in colour that are caused 
by blood flow from other noise in the video that wasn’t 
linked. This made the signal-to-noise ratio much better, 
which made heart rate readings from video more reliable.

Building on this, later study [5] used machine learning to 
come up with more advanced methods. Scientists came 
up with algorithms that could pick out the most useful 
bits in video frames based on changes in the amount of 
blood in the skin. This method not only made the system 
more accurate, but it also made it better able to handle 
motion artifacts and indirect lighting, which are common 
problems in real life. Adding deep learning models has 
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Dynamic 
tracking

Convolutional 
Neural 

Networks 
(CNNs)

Reduced 
error rates 
in variable 

lighting and 
movement.

Complex setup 
and calibration 

needed.

Mobile 
application

Optimized 
algorithms for 

mobile

Enabled real- 
time heart rate 
monitoring on 
smartphones.

Limited by 
mobile device 
capabilities.

Impact 
of facial 

expression [14]

Ensemble 
predictions

Errors from 
expressions 

can be 
mitigated 

by advanced 
techniques.

Not effective 
in highly 

dynamic facial 
expressions.

Clinical 
validation

Comparison 
with ECG

Video-based 
methods can 

match the 
accuracy of 

ECG in some 
settings.

Not suitable 
for critical care 
scenarios due 
to variability.

Computati onal 
efficiency

Streamlined 
algorithms

Suitable for 
real-time 

applications 
in embedded 

systems.

May 
compromise on 

accuracy for 
speed.

Robustness to 
artifacts

Advanced 
filtering 

techniques

Improved 
resilience 
to motion 

and indirect 
lighting 
artifacts.

Still prone to 
errors under 

extreme 
conditions.

Real-world 
application

Deep learning 
models

Achieved 
practical 

accuracy in 
less controlled 
environments.

Requires 
extensive 

training data.

Usability in 
telemedici ne

Remote 
photoplethys 

mography 
(rPPG)

Facilitates 
remote 

monitoring in 
telemedicine 
applications.

Affected by 
variability in 
internet and 

video quality.

Adaptation 
to varying 
conditions

Adaptive 
algorithms

Algorithms 
adjust to 

changes in 
subject and 

environment.

High 
computational 
demand and 

potential 
overfitting 

issues.

METHODOLOGY
Our suggested method aims to improve heart rate 
identification using face video systems by combining 
advanced image processing and machine learning 
techniques. It builds on the initial success described in 
the abstract. The idea is to get better at getting the blood 

volume pulse (BVP) signs from high-resolution face 
movies by analyzing them both spatially and temporally. At 
first, face films are recorded in lighting that doesn’t change 
much so that external differences are kept to a minimum. 
The system will use a region-based convolutional neural 
network (CNN) to find and separate important parts of 
the face, like the forehead and lips, which are known 
for having more blood flow clarity and being clear. This 
choice is very important for getting better at finding small 
changes in skin color caused by heartbeats.

The method uses a two-stage signal processing method 
after these areas are separated. In the first step, a band- 
pass filter is applied to the raw picture data to boost the 
signal related to the heart rate and lower the signal related 
to other noise. In the second step, Fast Fourier Transform 
(FFT) is used to change the time-series data into the 
frequency domain. The heart rate is then found to be the 
main frequency component. Our method aims to make 
heart rate identification from face movies more accurate 
and reliable by improving these steps and using real-time 
adaptable algorithms, as explained in the abstract. This 
could change the way online health tracking is done by 
making it easy for people to check on their health all the 
time without being bothered. To find the best method for 
detecting heart rate using face video analysis, you need to 
use both image processing and signal analysis. Handling 
both spatial information (face areas) and timing changes 
(color changes over time) is part of the job.

Fig. 1: Overview of proposed system architecture

CNN

To sort through and understand video data, especially in 
order to recognize and follow face features over time. The 
fact that CNNs are very good at picture classification and 
recognition means that they can be used to find particular 
parts of the face that change color when the heart beats.
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CNN-Based Heartbeat Detection Algorithm

Step 1: Preprocessing and Frame Extraction Extract 
individual frames from the video input. Preprocess frames 
to enhance image quality:

Where:

I_original = original image μ = mean pixel value

σ = standard deviation of pixel values Step 2: Convolution 
Layer

Apply convolutional filters to extract feature maps:

Step 3: Activation Function

Introduce non-linearity using ReLU to capture complex 
patterns:

Where:

g(z) = output after applying ReLU to convolution output z

Step 4: Pooling Layer

Reduce dimensionality of feature maps with pooling:

Where:

P_ij = pooled output for region W_ij

F = feature matrix from convolutional layer Step 5: Fully 
Connected Layer

Flatten pooled feature maps and connect every neuron:

Step 6: Output Layer and Heartbeat Detection

Classify regions using softmax for heartbeat-induced 
color changes:

Fast Fourier Transform (FFT)

To look at the time-series signal that was taken from the 
chosen face areas and finds the frequency components that 

relate to the heart rate. These data are in the time domain, 
but FFT changes them into the frequency domain. This lets 
you find patterns and, by extension, measure heart rate. 
After CNN processes the video to find places that might 
have heart rate signals, FFT is applied to these signals to 
find the heart rate’s frequency. This method works well to 
figure out the heart rate by looking at the frequency range 
of the changes in color over time.

FFT-Based Heart Rate Detection from Facial Regions

Step 1: Signal Acquisition

Step 2: Preprocessing

Where:

x’(t) = preprocessed signal,

h(t) = impulse response of a high-pass filter. Step 3: 
Windowing

Where:

w(t) = window function, e.g., Hamming window. Step 4: 
Continuous Fourier Transform

Where:

X(f) = Fourier Transform of x’’(t). Step 5: Discretization 
for FFT

Where:

Xₖ = discrete Fourier Transform of x’’(t), N = number of 
points in FFT,

T = sampling interval.

Step 6: Magnitude Spectrum
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Where:

|Xₖ| = magnitude spectrum,

Re(Xₖ), Im(Xₖ) = real and imaginary parts of Xₖ. Step 7: 
Peak Detection

Where:

f_{HR} = estimated heart rate frequency,

arg max = finds the index k that maximizes |Xₖ|.

C. Combining CNNs and FFT:

For this task, a method that uses both CNNs and FFT 
together works very well. First, CNN looks through the 
video frames to find and separate the parts of the face 
where blood flow is changing the colour. The CNN result 
is then looked at with FFT to get the heart rate from the 
time series data of the face areas. This mix uses the best 
parts of both spatial feature recognition and temporal 
frequency analysis to make a heart rate monitoring system 
that is both reliable and accurate.

Combined CNN and FFT Algorithm for Heart Rate 
Detection

Step 1: Frame Extraction and Normalization

Step 2: CNN-Based Facial Region Segmentation

Where:

F(i, j) = feature map from convolution, I = normalized 
frame,

Step 3: Activation and Pooling in CNN

ReLU activation

Step 4: Time-Series Extraction for FFT

Step 5: Discrete Fourier Transform (FFT)

Where:

Ŝ(f) = frequency domain representation, T = total time 
points.

Step 6: Heart Rate Frequency Identification

RESULT AND DISCUSSION
Table II presents the outcomes of the heart rate recognition 
technique performance assessment. It displays individually 
the advantages and disadvantages of the CNN and FFT 
models as well as of the CNN+FFT technique used in 
tandem. In crucial areas like accuracy, dependability, and 
processing efficiency, the measurements provide a whole 
picture of how each approach performs. In many respects, 
the CNN+FFT model is clearly much superior to the single 
models. One important indicator of program estimation of 
heart rate is the Mean Absolute Error (MAE). CNN+FFT 
model has lowest MAE at 2.0 beats per minute (BPM). It 
performs above both the FFT model (2.8 BPM) and the 
CNN model (3.4 BPM). This improvement shows how 
well the two approaches complement one other.

Table 2: Performance Evaluation Results of the Heart 
Rate Detection Algorithm

Metric CNN FFT Combined 
CNN+FFT

Mean 
Absolute 

Error (MAE)

3.4 2.8 2.0

Performance 
Deviation

±2.5 ±2.0 ±1.5

Signal Noise 
Ratio (SNR)

18.7 22.1 25.6

Per Frame 
Analysis Time

0.015 0.012 0.020

Success Rate 92.5 94.3 97.5
Detection 

Consistency
89.4 91.2 94.8

While FFT is excellent in analyzing temporal frequency 
components, CNN is excellent at spotting spatial 
characteristics and accurately determining parts of the face 
where blood flow varies. Particularly in cases of signal 
noise or other issues, combining them enables one to get 
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a more precise heart rate signal. The combined approach 
is even better according to the performance deviation 
measure, which gauges the accuracy of something in 
many contexts. The CNN+FFT model is the most accurate 
among variations of just ±1.5 BPM. Conversely, CNN and 
FFT both exhibit variations of ±2.5 BPM. Less difference 
means that the merged model is more suited to handle 
challenging scenarios such subject movement, changing 
illumination, and facial expressions. CNN can readily 
adjust to changes in space and FFT is effective at filtering 
out noise, hence the combined approach is quite dependable 
in real-world settings. Figure 2 contrasts the errors and 
variations among the CNN, FFT, and CNN+FFT models. 
Comparatively to CNN and FFT models that operate on 
their own, the CNN+FFT model with the lowest Mean 
Absolute Error (MAE) and performance difference is 
more accurate and consistent.

Fig. 2: Compares the errors and deviations of Models

The Signal Noise Ratio (SNR) is a very important way 
to check how well the program can pull out useful signs 
from noisy data. The CNN+FFT model with 25.6 dB SNR 
has the best SNR, much higher than CNN (18.7 dB) and 
FFT (22.1 dB). This improvement comes from the CNN’s 
ability to clearly separate important signal regions and the 
FFT’s ability to get rid of unwanted frequency components.

This working together makes sure that the heart rate signal 
stays strong even when there are a lot of motion artifacts 
or changes in the light around the person. The amount 
of time needed to analyze each shot shows how well the 
models use computers. The success measurements of 
CNN, FFT, and CNN+FFT models have evolved over 
time shown in Figure 3. With the greatest success rate, 
detection accuracy, and SNR, the combined model boasts 
better overall performance than standalone models. The 
merged CNN+FFT model takes a little longer to process 

each frame (0.020 seconds) than CNN (0.015 seconds) 
and FFT (0.012 seconds), but this is worth it because it is 
more accurate and stable. For tasks that need to be very 
precise, like telemedicine or constant health tracking, 
the higher processing demand is a fair trade-off. The 
CNN+FFT model works better than its competitors in 
terms of success rate and accuracy of identification. The 
model is reliable in a wide range of situations, as shown by 
its 97.5% success rate and 94.8% recognition stability. The 
CNN and FFT models that work on their own are quite 
good (92.5% and 94.3% success rates, respectively), but 
they are not as reliable. This shows how important it is 
to combine methods for spatial and time research when 
trying to find heart rates.

Fig. 3: Representation of trends and relative performance 
differences

Table 3: Performance Evaluation for Models CNN, FFT, 
and the Combined CNN+FFT

Parameter CNN (%) FFT (%) CNN + FFT 
(%)

Heart Rate 
Detection 
Accuracy

85.6 78.4 94.2

Lighting 
Robustness

87.3 75.1 92.8

Motion 
Tolerance

83.2 72.5 90.5

Feature 
Detection 
Success

89.4 88.5 96.3

Frequency 
Identification

89.6 81.7 95.8

Overall 
Algorithm 
Accuracy

86.5 79.3 93.7
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Table 3 shows how well three models CNN, FFT, 
and CNN+FFT did across six important factors. The 
measurements show the benefits of combining spatial 
feature recognition (CNN) with temporal frequency 
analysis (FFT) to get more accurate and reliable heart rate 
monitoring. It is much more accurate to find heart rates 
with the CNN+FFT model (94.2% vs. 85.6% for CNN 
and 78.4% for FFT), showing a big improvement. This 
improvement makes the point that the two methods work 
well together. CNN does a great job of separating out areas 
of the face where blood flow changes and FFT is great 
at looking at frequency components to pull out repeated 
signs. When these factors are combined, noise and changes 
in the surroundings cause fewer mistakes, which leads to a 
more accurate estimate of heart rate.

Fig. 4: Compares the accuracies across different 
parameters using models CNN, FFT and combined 
CNN+FFT

When using video to find heart rates, lighting is one of 
the biggest problems. Figures 4 show CNN, FFT, and 
combined CNN+FFT models’ accuracy comparisons 
across many settings. With regard to heart rate detection, 
lighting robustness, and motion tolerance, the combined 
model routinely beats solo CNN and FFT. The CNN+FFT 
model has a lighting reliability of 92.8%, which is higher 
than both CNN (87.3%) and FFT (75.1%). CNN helps 
make this better by constantly adjusting to changing light 
levels while face area segmentation is happening, and FFT 
makes sure that frequency analysis stays the same even 
when signal quality is low because of bad lighting. This 
toughness is very important for real-life situations where 
controlled lighting isn’t always possible. Heart rate signs 
often get messed up when the subject moves. With a score 
of 90.5%, the CNN+FFT model does better at motion 

tolerance than both CNN and FFT alone (83.2% for CNN 
and 72.5% for FFT). This better performance is due in part 
to the CNN’s ability to correctly track moving face areas 
and the FFT’s ability to remove motion-related artefacts. 
Because of this, the mixed model works especially well in 
situations where there are natural moves, like video talks 
or home-based tracking.

Fig. 5: Comparison Accuracies across parameters for 
heart rate detection

Finding the important parts of the face, like the forehead 
and lips, where changes in blood flow are most noticeable 
requires a lot of feature recognition. With a success 
percentage of 96.3%, the CNN+FFT model finds features 
more effectively than CNN by itself (89.4% vs. 88.5%). 
Figure 5 emphasis the accuracy comparisons for heart rate 
detection among many criteria. Over all measures, the 
combined CNN+FFT model shows better performance 
than single models as it can more successfully manage 
frequency identification, motion artefacts, and lighting 
fluctuations than others. CNN’s sophisticated spatial 
feature extraction abilities which are enhanced even more 
by FFT’s emphasis on obtaining irregular signals from 
the observed areas are the key driver of this development. 
Another crucial consideration is the degree to which the 
appropriate frequency component can be detected to 
correspond with the heart rate. With a rate of 95.8%, the 
CNN+FFT model performs better than CNN (89.6%) and 
FFT (81.7%), in frequency recognition. This demonstrates 
how well FFT views time- series data in conjunction with 
CNN’s accurate area segmentation. With a score of 93.7%, 
the CNN+FFT model is the most accurate generally 
among CNN’s score of 86.5% and FFT’s score of 79.3%. 
Combining the two approaches fixes the issues with each 
one independently utilizing CNN’s spatial recognition 
and FFT’s timing analysis, thereby displaying how much 
better things are.
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CONCLUSION
The combined model performs better than CNN and FFT 
models working on their own according the findings. 
This qualifies it as a good option for non-contact medical 
monitoring applications. With a score of 94.2%, the 
CNN+FFT model outperformed both CNN (85.6%) and 
FFT (78.4%), in terms of heart rates. Showing that it 
may be used in real life for things like telemedicine and 
home- based care, it can adapt to changing illumination 
conditions (92.8% sturdiness score) and is rather effective 
in managing motion (90.5% motion tolerance). CNN’s 
spatial feature recognition and FFT’s temporal frequency 
analysis used together provide exact heart rate data 
extraction even in challenging environments. Additionally, 
the merged model had a much higher success rate for both 
feature recognition (96.3%) and frequency identification 
(95.8%), compared to CNN and FFT working separately. 
These improvements show that the two methods work 
well together because CNN is good at separating parts of 
the face and FFT is good at finding irregular signals that 
match to the heart rate. The CNN+FFT model was 93.7% 
accurate overall, while CNN was 86.5% accurate and 
FFT was 79.3% accurate. The CNN+FFT model needs a 
little more computing power because each frame analysis 
takes 0.020 seconds instead of 0.015 seconds for CNN and 
0.012 seconds for FFT. However, its better performance 
makes up for this. The combined method is more accurate, 
sturdy, and reliable, which makes it a useful tool for non-
intrusive, constant health tracking. It has the potential 
to greatly improve telemedicine and remote health 
assessment systems.
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ABSTRACT
Green and sustainable electricity is the need of the hour and due to the wide spectrum of supply and demand, power 
management has become one of the most important concerns worldwide. India’s electricity consumption is experiencing 
one of the fastest growths in the world. Therefore, we need to use substation automation systems to effectively control 
and distribute electricity in modern substations. We will monitor substation equipment with accuracy and reliability 
using high-quality, ergonomic sensors. The online systems we have created can be accessed and controlled remotely 
via a smartphone or desktop computer and an internet connection, allowing the daily activities and operations of 
the transformer center to be controlled, monitored and maintained remotely and digitally. When a problem occurs, 
the protection relay must be activated immediately. With the introduction of ESP32, it will be used for electronic 
communication and protection purposes within and between transformer centers. Substation Automation System 
(SAS) provides local and remote control and monitoring capabilities for all equipment in the substation. Supervisory 
control and data acquisition (SCADA) systems provide users with human-sourced time and help improve efficiency, 
performance, reliability, secure and honest information.

KEYWORDS : Internet of Things (IoT), ESP32, Sensor, Cloud.

INTRODUCTION

A substation automation system is a collection of 
hardware and software used to monitor and control 

local and remote electrical systems. Substation automation 
systems can also eliminate some of the repetitive, 
inefficient, and error-prone tasks to increase the overall 
efficiency and productivity of the system. More outages 
mean more outages and less revenue for customers, which 
is not good for a company. Since the beginning of the 
electric power industry, engineers and operators have 
been interested in collecting valuable data from different 
devices in substations to analyze operational processes, 
perform better, predict potential problems, and detect and 
resolve problems as they occur. Protect high-value assets 
and continuously improve customer service.Early adopters 
have electronic devices and equipment with little or no 
data communication. Fault recorders often record data in 
graphical form, so reading and analyzing data is not a simple 
process. Substations are often remote and hard-to-reach 
locations. New electronic devices (IEDs) can collect and 
store data on many different aspects of the system, process 
this data into complex logical structures in a fraction of 
a second, and identify abnormal conditions and send 

commands to switches and circuit breakers. Troubleshoot. 
IEDS can now send messages to local or remote users via 
various communication channels. This makes it easier for 
workers to decide how and when to make statements, thus 
reducing recovery time after a power outage. The different 
communication channels capture the data and then use 
various visualization technologies to manage and monitor 
it, even automatically performing monitoring tasks based 
on pre-measurement and algorithms. The operator has 
local control and supervision of the most frequently 
required tasks during the installation, commissioning or 
maintenance of the substation.

LITERATURE REVIEW
Below is a brief summary of some of the studies conducted 
in the last decade to get an idea of the level of research 
interest in this area. In this report, we provide details about 
various study schedules.

The system provides a clear view of automation and 
automation-related products. The system is cost- effective 
and reliable for substation automation. The study found that 
substation automation has lower operating costs, reduces 
energy consumption, is flexible and time-saving compared 
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procedures of the substation monitoring system. We can 
see a transformer with various sensors connected to it to 
measure various parameters. The sensor output goes to 
the ADC, which converts the analog value into a digital 
value that ESP32 can process. ESP32 measures the digital 
value and sends it to the Raspberry Pi server, which saves 
it to a file. However, if the measured value is greater than 
the threshold value, ESP32 sends a command to the relay, 
which activates the relay and closes the switch. This will 
both eliminate the fault and transfer the information about 
the fault occurrence to the database. This is an overview 
of the system’s capabilities. The device can also control 
the relay and therefore the transformer. This provides 
operational control for our system.

Fig. 1 Proposed Model

Backend programming Back end is the essential part of the 
whole system along with front end. The Figure 3.20 shows 
the ESP32 sending sensor data to the Raspberry pi server 
using HTTP POST request. The server needs to accept this 
data and store it into the database. Not only that but when 
requested by a desktop user, it should be able to present 
the data in the tabular format so that it can be conveniently 
viewed by the desktop user.

Figure 1 shows the system required to control the outputs 
of the ESP32, which will ultimately control the substation 
equipment. The front-end device is displayed as a desktop 
using a web browser with control buttons. These buttons 
control the values in the library table. This message is 
shared with the ESP32 server when it sends an HTTP 
GET request. ESP32 then reads the incoming message 
and changes the state of the output pins according to the 
table. Therefore, the desktop user cannot directly control 
the output of the ESP32.

A web page is needed in order to access the server. The 
home page of the web site is shown in Figure 2. below.

to traditional maintenance and management. Good work 
and good work in these areas. Remote monitoring can also 
provide a safe working environment to the employees. 
Substation Automation Systems Arun T V, Lathesh L, Suhas 
A R. This document introduces substation automation and 
explains the three levels of substation automation system 
(SAS). Then IED (Intelligent Electronic Device) and its 
types and different types of relays are explained. The book 
Substation Automation with PLC and SCADA written by 
Professors Dharita Patel, Keval Chauhan, Ankit Bhut and 
Sagar Dalia begins with an introduction to substations, 
substation automation and the tasks they perform such 
as data acquisition, monitoring and control. Then RTU, 
PLC and SCADA are explained through functional block 
diagrams. Then two variable speed transmission lines were 
constructed. Automation of 11kv Substation at GNDEC, 
Ludhiana Using PLC and SCADA: A Case Study, This 
article presents the use of SCADA (Supervisory Control 
and Data Acquisition) and PLC (Programmable Logic 
Controller) for automation in substations. The main 
objectives of this project are: (a) Automatically start the 
generator when the voltage in the substation is low. (b) 
Automatically monitor all abnormal electrical parameters 
of the station such as kilowatt- hour consumption, voltage, 
current etc. through a PC.

PROPOSED SYSTEM
The proposed system consists of two main parts:front-end 
development and back-end development.The hardware 
components of our project will be microcontroller card, 
RTC,ADC etc. The board will operate at the location 
of the transformer center. Another part of our system is 
the back-end server. Back-end.The backend consists 
of servers and databases that store sensor data. This is 
called job protection. Control functions are used by tables 
in the last returned data. The front-end microcontroller 
receives these messages periodically and activates or 
deactivates the relevant substation equipment accordingly. 
We need to create a front end that includes sensors and 
microcontrollers that monitor the equipment in the 
substation, perform certain tasks when a fault occurs, and 
regularly send sensor data to the back end of the system is 
used to store sensor data.

The management role is shown in the tables in the last 
declaration.

The microcontroller in the front end receives the temporary 
table and activates or deactivates the relevant substation 
equipment accordingly. This flow shows all the working 
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Fig. 2 Main Page of the Website

It includes instructions on how to access the server and 
view useful information about substation automation, as 
well as buttons to open other pages on the web site. Figure 
3.shows the web pages related to substation management.

Fig. 3 Web Page To Control the output

The table shows the device name, status and some buttons. 
Sliders are used to control the output of the hardware board. 
When the slider is set to user- defined, the “Change” button 
must be pressed to change it. These changes will be visible 
on the hardware output within 5 seconds. The “All On” 
and “All Off” buttons turn all outputs on or off. Results are 
displayed with timestamps. Red values indicate that they 
are at the upper or lower limit of the normal range.

Fig. 4 Periodic Readings from Sensor 

Fig. 5 Web Page showing Fault

Users can select the read channels they want to see from 
the tab selection that appears on this page earlier. This 
data is generated in storage when the ADC input exceeds 
certain limits. Error records comes with description and 
time

RESULT ANALYSIS
The transformer center automation system we developed 
also includes control and monitoring functions, which 
are the basic functions required for transformer center 
automation. When the data is examined in a tabular form, 
the energy consumption patterns of daily shipments can 
be seen. Data can be visualized to better understand the 
times when energy use is most intense. Learning these 
patterns can be useful in many ways. The most important 
is the automatic search and removal of tasks. Manual 
maintenance and correction of errors can take a long time, 
and if errors are not corrected in time, the system will 
suffer significant financial losses. The ability to manage 
the maintenance of transformer substation equipment is 
also important, and this can be achieved through project 
management. With the help of our web design, we can 
control the power input to the machine from the desktop 
and ensure automatic operation of the machine when 
necessary, and prevent the loud sound that occurs during 
activation when the transformer secondary current exceeds 
the 9A threshold limit. . The alarm rings. Erroneous 
information regarding the same error is also recorded on 
our web page. In general, the system works satisfactorily 
in every respect.

CONCLUSION
The main purpose of this project is to design and 
implement a transformer substation automation system 
that can effectively monitor and control transformer 
substation equipment. If some sensors, electronics and 
systems are modified and improved, the production 
process can be improved. This control can be used in 
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industrial transformer substations and other industries 
with appropriate modifications. We have gained extensive 
knowledge in transformer substations and automation. 
Since both the front and back surfaces are more robust, the 
whole system becomes more flexible. 3) We can improve 
our design with more usage. Of course, this will increase 
the costs, but since our current prices are in a reasonable 
range, we can increase the price a little.
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ABSTRACT
The proposed paper presents an approach to integrating a real-time inventory management system for businesses using 
Power BI, a robust business analytics tool. The system aims to streamline inventory tracking, enable better forecasting, 
and enhance overall operational efficiency. The paper demonstrates how Power BI can be utilized to visualize inventory 
data, create real-time reports, and provide actionable insights to vendors. The proposed solution promises to improve 
customer service, reduce operational costs, and optimize inventory control for businesses.

KEYWORDS : Inventory management, Real-time data, Power BI, Business Intelligence, Data visualization.

INTRODUCTION

In the digital age, businesses are increasingly relying 
on advanced technologies to improve their operational 

efficiency. Small vendors, especially in the retail sector, 
often face significant challenges in managing inventory due 
to limited resources, lack of technological infrastructure, 
and inefficient manual tracking methods. Effective 
inventory management is essential for optimizing stock 
levels, reducing wastage, ensuring product availability, 
and improving customer satisfaction.

This paper focuses on the integration of a real-time 
inventory management system using Power BI to help 
businesses, especially small vendors, better manage their 
stock levels and improve decision-making. Power BI, a 
powerful business intelligence tool, offers interactive data 
visualizations, real-time reporting, and advanced analytics. 
By leveraging Power BI, vendors can monitor inventory in 
real time, gain insights into demand trends, and enhance 
their overall service delivery.

 In order to improve customer service, reduce operational 
costs, and optimize inventory control for businesses, 
especially small vendors, various researches are carried 

out in this area with different approaches in the literature. 
Smith et al. (2020) and other studies explored how small 
businesses could benefit from implementing cloud-based 
inventory management systems. The study highlighted 
the importance of real-time data for minimizing stockouts 
and overstocking [1], [7], [8]. Johnson and Lee (2019) and 
other studies examined the role of data analytics in small 
business inventory management. Their findings indicated 
that predictive analytics could significantly enhance 
inventory forecasting, leading to better stock control [2], 
[10], [11]. Thompson (2021) and other studies discussed 
the advantages of integrating business intelligence tools 
like Power BI in small vendor operations. The research 
emphasized how Power BI’s ability to consolidate data 
from multiple sources can provide actionable insights 
that improve inventory decisions [3]. Kumar et al. (2020), 
real-time inventory tracking reduces machine downtime 
by ensuring that materials are available when needed, 
preventing delays in the production line [4]. Similarly, 
research by Zhang et al. (2021) indicates that incorporating 
data analytics and business intelligence tools like Power 
BI into automation systems leads to improved decision-
making and operational transparency. Power BI’s real-
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Setting Up Power BI

Once the relevant data is available, create relevant 
inventory dashboard in Power BI:

Import Data

●	 Open Power BI Desktop.

●	 Click Get Data and select the data source type (e.g., 
Excel, CSV, or an API if your system has it).

●	 Load the data into Power BI.

Data Cleaning

●	 Power BI will show the data in the Query Editor. 
Remove any irrelevant columns, filter out unnecessary 
rows, or perform transformations like merging tables, 
creating calculated columns (for example, calculating 
total sales), etc.

●	 Ensure that you have columns for product ID, stock 
levels, sales quantities, and dates for accurate tracking.

Data Modeling

●	 If multiple tables are available (e.g., products, sales, 
purchases), one can create relationships between these 
tables using common fields (such as Product ID).

●	 Create calculated columns or measures (DAX 
formulas) for things like:

	 ○	 Stock Remaining = Opening Stock - Sales 
Quantity

	 ○	 Reorder Level = Minimum stock threshold 
based on sales trends.

Creating Reports and Visuals

Now, as per the requirement, one can start building 
inventory reports and dashboards. Some useful visuals 
could be:

●	 Stock Levels by Product: Use a bar chart or table to 
show the current stock for each item.

●	 Sales Trends: A line chart showing sales over time 
(daily, weekly, or monthly).

●	 Top-Selling Products: A bar chart showing which 
products are selling the most.

●	 Stock Alerts: Create a KPI or table to highlight items 
that are low in stock or approaching the reorder point.

time reporting and dashboard capabilities allow for quick 
responses to inventory discrepancies, ultimately leading 
to smoother production flows [5]. Other studies, such as 
those by Johnson et al. (2022), highlight the benefits of 
integrating real-time data with factory systems to optimize 
manufacturing processes [6], [9].

TECHNICAL DESCRIPTION
The integration of a real-time inventory management 
system requires the collaboration of various technologies. 
The core components of the proposed system are as 
follows:

●	 Power BI Integration: Power BI is used to visualize 
inventory data, enabling businesses, especially small 
vendors to create customized dashboards that provide 
real-time insights.

●	 Inventory Database: A relational database that stores 
inventory data, including product details, quantities, 
sales, and purchase orders.

●	 Data Sources: Inventory data is gathered from 
multiple sources, including point-of-sale systems, 
purchase order records, and stock receipts.

●	 Data Transformation: Data is transformed and cleaned 
using Power BI’s data manipulation features to ensure 
accuracy and consistency.

To light on the efficiency of integrating real-time inventory 
management systems using Power BI, we consider a small 
grocery shop. Using Power BI for inventory management 
in a small grocery shop is a great way to track stock levels, 
monitor sales trends, and optimize ordering. The following 
key elements helps in better data visualization:

Data Collection

●	 Product Information: Name, category, supplier, cost, 
selling price, etc.

●	 Stock Levels: Current stock, restock date, reorder 
point, etc.

●	 Sales Data: Sales per product (daily, weekly, or 
monthly).

●	 Purchasing Data: Purchase orders, supplier names, 
purchase date, and quantities.

The above data can be input manually into an Excel sheet, 
or a POS system or an inventory management software, 
and can be exported to Excel or a CSV file.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 281

Optimizing Services with Power BI by Integrating Real-time........... Shah, et al

Key metrics to track

●	 Stock levels (how much you have in store).

●	 Stock turnover (how often products sell out).

●	 Sales volume (total sales for each product).

●	 Reorder point (when to reorder based on sales trends).

Setting Alerts

One can also set up alerts in Power BI to notify when stock 
levels for certain items drop below a predefined threshold.

Automation & Updates

●	 If the inventory numbers are manually updated, 
consider importing inventory and sales data regularly 
into Power BI to keep the dashboard current.

●	 One can set up a Power Automate flow (a Microsoft 
service that integrates with Power BI) to automatically 
refresh data from your system (if supported) or other 
data sources.

Sharing the Dashboard

Once the dashboard is ready, one can publish it to Power 

BI Service (the cloud version) and access it from any 
device. One can also share it with team members or others 
who need access to the data.

Important highlights of dashboard system using Power BI 
for Small Grocery Shop includes:

●	 Inventory Health: Showing how many items are 
running low and need reordering.

●	 Sales vs Stock Levels: Compare how many items sold 
versus current stock to decide when to restock.

●	 Profit Margin Analysis: Track product margins and 
identify your most profitable items. and not limited to

By using Power BI, one can turn raw inventory data into 
actionable insights, helping one run a more efficient and 
profitable grocery shop. The following illustrates the 
implementation of Power BI for small Grocery Shop:

Data Structure for Grocery Shop

The following data table plays a pivotal role in an effective 
dashboard system using Power BI. 

Table 1. Illustration of Products (Product Information)

Product ID Product 
Name

Category Supplier Cost Price Selling Price Stock Level Reorder 
Point

001 Apples Fruits A 1.00 1.50 120 50
002 Bananas Fruits B 0.80 1.20 80 30
003 Milk Dairy C 1.50 2.50 50 20
004 Bread Bakery D 0.90 1.80 200 70

Table 2. Illustration of Sales (Sales Data)

Sale ID Product ID Quantity Sold Sale Date

101 001 10 01/01/2025

102 002 15 01/01/2025

103 003 5 02/01/2025

104 004 20 02/01/2025

Table 3. Illustration of Purchases (Purchasing Data)

Purchase 
ID

ProductID Quantity 
Purchased

Purchase 
Date

P001 001 50 01/01/2025

P002 002 60 02/01/2025

P003 003 30 02/01/2025

Power BI Dashboard Design

Consider one wants to build a dashboard that provides 
insights into the following key areas:

Inventory Overview

●	 Stock Level by Product: Display how much stock you 
have for each product. You can use a bar chart or table 
to show each product with its current stock.

	 ○	 Example:

	 ■	 Apples: 120

	 ■	 Bananas: 80

	 ■	 Milk: 50

	 ■	 Bread: 200

●	Low Stock Alert: Show items that are below the reor-
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der point. You could use a KPI visual or a 
table highlighting which products need to 
be reordered.

	 ○	 Example:

	 ■	 Milk (50 < 20 reorder point)

	 ■	 Bananas (80 < 30 reorder point)

Sales Insights

●	 Total Sales by Product: Use a bar chart or pie chart to 
show total sales (quantity sold) by product.

	 ○	 Example:

	 ■	 Apples: 50 units sold

	 ■	 Bananas: 75 units sold

	 ■	 Milk: 5 units sold

	 ■	 Bread: 40 units sold

●	 Sales Trends Over Time: Display sales data on a line 
chart to visualize trends over a specific period (e.g., 
weekly or monthly sales).

	 ○	 Example:

	 ■	 Track sales for each product across weeks 
or months to see patterns in customer de-
mand.

Stock Turnover & Reorder Analysis

●	 Stock Turnover: Calculate how many times stock 
has sold out within a certain time frame. This can 
be calculated by dividing sales by stock levels (e.g., 
“Quantity Sold / Current Stock”).

	 ○	 Example:

	 ■	 Apples: 50 units sold / 120 in stock → 
Turnover Rate: 0.42

	 ■	 Milk: 5 units sold / 50 in stock → Turn-
over Rate: 0.1

●	 Reorder Point vs. Current Stock: Create a bar chart 
comparing each product’s current stock with its 
reorder point. Highlight products that are below the 
reorder point.

Profit Calculation

●	 Profit Margin by Product: Calculate profit margin by 
subtracting the cost price from the selling price and 
then dividing by the selling price.

	 ○	 Example:

	 ■	 Apples: ((1.50 - 1.00) / 1.50) = 33.33% 
margin

	 ■	 Bananas: ((1.20 - 0.80) / 1.20) = 33.33% 
margin

One can display this in a table or KPI visual to highlight 
the most profitable products.

Purchase Orders

●	 Purchase History: Show the purchase quantity and 
purchase dates in a table or line chart to track how 
often to restock certain products.

	 ○	 Example:

	 ■	 Milk: 30 units purchased on 02/01/2025.

Final Dashboard Example

The Power BI report may look something like this:

●	 Dashboard Header: “Grocery Shop Inventory & Sales 
Overview”

●	 Visuals:

1.	 Stock Levels (Bar Chart or Table)

2.	 Top-Selling Products (Bar Chart)

3.	 Sales Trends (Line Chart)

4.	 Low Stock Products (Table or KPI)

5.	 Stock Turnover (Bar Chart)

6.	 Profit Margin by Product (Table)

●	 Filters: Add slicers for date range, category, and 
supplier to allow detailed filtering.

Interactive Features

●	 One can add drill-through features, where clicking on 
a specific product will show more detailed data such 
as:

	 ○	 Detailed sales history

	 ○	 Purchase history for that product

	 ○	 Profit margins

●	 Refresh: One can set up automatic data refresh in 
Power BI so that when new sales or purchase data is 
entered, the dashboard gets updated automatically.
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Insights for Decision-Making

●	 Inventory Management: By viewing stock levels, 
reorder points, and low stock alerts, one can 
easily decide which products to reorder and avoid 
overstocking.

●	 Sales Monitoring: Track trends to see which products 
are selling well and which are not. This helps to make 
more informed decisions about which products to 
promote or discontinue.

●	 Profitability: Monitor profit margins for each product 
and adjust pricing strategies or purchasing decisions 
accordingly.

This example of a Power BI dashboard would help a 
small grocery shop owner make data-driven decisions 
and efficiently manage their inventory and sales and is not 
limited to small grocery shops, can be further explored to 
various small and large scale businesses for an effective low 
cost inventory management system. Below is a simplified 
flow diagram representing the process of integrating real-
time inventory management for businesses, especially 
small vendors:

Fig. 1. Flow  diagram representing the process of 
integrating real-time inventory management for 
businesses

Key Outcomes

The integration of real-time inventory management using 
Power BI for businesses, especially small vendors yields 
the following key outcomes:

●	 Real-time Insights: Vendors will be able to view real-
time stock levels, sales data, and product performance, 
reducing the likelihood of stockouts or overstocking.

●	 Improved Forecasting: Predictive analytics within 
Power BI will help vendors forecast demand more 
accurately, resulting in better stock planning.

●	 Time Efficiency: Vendors will save time by automating 
inventory tracking and reporting, which is  mostly a 
manual and error-prone process in most businesses.

●	 Cost Reduction: By minimizing excess inventory, 
vendors will be able to reduce storage costs and 
wastage. 

CONCLUSION
The proposed paper demonstrates the effectiveness of 
integrating a real-time inventory management system 
for businesses, especially small vendors using Power BI. 
The proposed system allows vendors to track inventory 
accurately, gain insights into product performance, and 
make data-driven decisions. By leveraging Power BI’s 
business intelligence capabilities, businesses, especially 
small vendors can streamline their operations, improve 
customer service, and reduce costs. Future research may 
focus on integrating machine learning algorithms to further 
enhance demand forecasting and automation. Fellow 
researchers with different approaches on integration of 
Power BI can carry out further research to achieve more 
optimum results with an effective dashboard system while 
maintaining low operational costs and providing valuable 
insights to help aid the businesses.
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ABSTRACT
This shift towards renewable energy resources has drastically changed the face of energy trading. The generally traditional 
markets of energy rely on centralized systems, with inherent inefficiencies, high operation costs, and a general lack of 
transparency. Here comes blockchain technology, which is a decentralized solution to these problems. Algorithms are 
an absolute necessity in order to achieve most applications for blockchain in relation to energy trading- topics like smart 
contract execution, market optimization, pricing mechanisms, and even energy prediction .This paper presents the 
critical algorithms in blockchain-based energy trading systems by classifying them according to specific functions and 
gauging their contributions toward enhancing market efficiency and reliability.

KEYWORDS : Energy trading, Conesus algorithms, Double auction.

INTRODUCTION
Blockchain Overview in Energy Trading

Blockchain technology is based on a decentralized 
ledger that ensures safe, transparent energy 

transactions. Some of its key features are:

Smart contracts: Automating the trading agreements. 
Consensus mechanisms: Verify the transactions.

Immutable records: Guarantee data integrity.

Blockchain application in energy trading focuses on peer-
to-peer (P2P) transactions, energy tokenization, and real-
time settlements.

The distributed nature of blockchain technology has the 
potential to revolutionize various industries, including the 
energy sector (Li et al., 2022). In the energy industry, the 
decentralized nature of blockchain can be leveraged to 
securely track and manage the distribution and dispatch 
of energy, which can be further enhanced by integrating 
with the Internet of Things. (Li et al., 2022) The 
disintermediation provided by blockchain applications 
has the capacity to disrupt traditional business models, 
as evidenced by the relatively mature understanding of 
blockchain-supply chain management integration in the 
electric power industry. (Queiroz et al., 2019)

Scholars and practitioners are increasingly aware of 
the transformative potential of blockchain technology, 
particularly in the context of energy trading. The use of 
smart contracts in the electric power industry demonstrates 
the industry’s progress in harnessing the capabilities of 
blockchain technology. (Queiroz et al., 2019) Moreover, the 
integration of blockchain with supply chain management 
has the potential to enhance transparency, traceability, and 
efficiency in the energy sector. (Queiroz et al., 2019) 

Despite the growing recognition of blockchain’s potential, 
there remains a scarcity of studies on blockchain-supply 
chain management integration in leading academic 
journals and databases. This underscores the need for 
further research to deeply explore the practical applications 
and implications of blockchain technology in the energy 
trading domain. 

As the vision of a decentralized Internet built on 
blockchain, commonly referred to as Web3, continues 
to gain traction, the energy sector stands to benefit 
significantly from the innovative capabilities of this 
emerging technology. (Li et al., 2022) The decentralized 
nature of blockchain can enable secure and transparent 
tracking of energy distribution and dispatch, which can 
lead to more efficient energy usage and reduced waste. (Li 
et al., 2022) Furthermore, the disintermediation provided 
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Proof of Stake (PoS): PoS selects validators based on the 
number of coins they hold, promoting energy efficiency 
and scalability compared to PoW(Sytnyk & Hnatushenko, 
2024)(Anus & Ngadi, 2024).

Proof of Authority (PoA): This algorithm relies on a 
limited number of trusted nodes, enhancing transaction 
speed but raising concerns about centralization(Sytnyk & 
Hnatushenko, 2024)(Wei, 2023).

Advantages and Challenges

Advantages

Enhanced security and trust in decentralized 
systems(Pineda et al., 2024). 

Improved transaction speeds and reduced costs in some 
algorithms like PoS and PoA(Anus & Ngadi, 2024).

Challenges

Issues of centralization, scalability, and energy 
consumption persist, particularly with PoW(Pineda et al., 
2024)(Anus & Ngadi, 2024).

The need for sustainable alternatives is critical as 
environmental concerns grow(Pineda et al., 2024).

Sustainability Considerations

The environmental impact of consensus algorithms, 
especially PoW, has prompted research into more 
sustainable options that minimize energy use while 
maintaining security and efficiency(Pineda et al., 2024)
(Anus & Ngadi, 2024).

While consensus algorithms are fundamental to 
blockchain’s operation, their varying characteristics 
necessitate careful selection based on specific project 
needs and sustainability goals. The ongoing evolution of 
these algorithms reflects the industry’s response to the 
challenges of decentralization and environmental impact.

OPTIMIZATION ALGORITHMS
Optimization algorithms are essential tools designed 
to identify the best solutions to complex problems 
across various fields, including IoT, machine learning, 
and engineering. These algorithms enhance efficiency, 
accuracy, and decision-making capabilities, making 
them invaluable in addressing real-world challenges. The 
following sections outline key aspects of optimization 
algorithms, their applications, and their significance.

by blockchain applications can disrupt traditional business 
models in the energy industry, paving the way for new and 
innovative approaches to energy trading. (Queiroz et al., 
2019)

Fig. 1. Decentralized peer-to-peer (P2P) energy trading

ALGORITHMS IN BLOCKCHAIN-BASED 
ENERGY TRADING
Consensus Algorithms

Consensus algorithms are essential mechanisms in 
blockchain technology that enable decentralized networks 
to achieve agreement on the state of the ledger without 
a central authority. These algorithms ensure the integrity, 
security, and reliability of transactions, playing a pivotal 
role in the functionality of various blockchain applications. 
The following sections outline the key aspects of consensus 
algorithms, including their types, advantages, challenges, 
and sustainability considerations.

Types of Consensus Algorithms

Proof of Work (PoW): Introduced by Bitcoin, PoW 
requires computational power to validate transactions, 
ensuring security but often criticized for high energy 
consumption(Pineda et al., 2024)(Sytnyk & Hnatushenko, 
2024).
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Types of Optimization Algorithms

Met heuristic Algorithms: These include genetic 
algorithms, particle swarm optimization, and simulated 
annealing, which are inspired by natural processes and are 
effective in exploring large search spaces (Ramalingam et 
al., 2024).

Specific Techniques: Algorithms like the Powell 
optimization algorithm excel in parameter estimation 
within mathematical modeling, demonstrating versatility 
across different scenarios(Hasan et al., 2024).

Applications in Various Domains

IoT Integration: Optimization algorithms improve 
resource allocation, energy efficiency, and data processing 
in IoT applications, enhancing smart city management and 
healthcare resource allocation(Dubey et al., 2024).

Machine Learning: Techniques such as Moth-Flame 
Optimization and Whale Optimization Algorithm are 
crucial for feature selection, improving model performance 
and reducing errors(Abdulrahman et al., 2024).

While optimization algorithms offer significant advantages, 
their effectiveness can vary based on the problem context 
and the chosen algorithm, necessitating careful selection 
to achieve optimal results.

Game Theory Algorithms

Game theory algorithms play a crucial role in optimizing 
peer-to-peer (P2P) energy trading by enhancing efficiency, 
profitability, and user satisfaction. Various models have 
been proposed, each leveraging different game-theoretic 
approaches to address the complexities of energy 
distribution among prosumers.

Motivational Game Theory and Profitability

The Motivational Game Theory (MGT) algorithm has been 
shown to outperform traditional ratio-based controllers in 
terms of profitability. In scenarios where energy demand 
exceeds production, the MGT controller achieved 9% 
higher profits and utilized 60% more energy produced 
compared to its counterpart(Azahari et al., 2024). This 
highlights the effectiveness of MGT in maximizing 
financial returns while minimizing energy wastage.

Two-Stage Game Theory Mechanism

A two-stage game theory approach classifies prosumers 
as buyers and sellers, optimizing their strategies through 
a Stackelberg game model. This mechanism not only 

improves economic benefits but also accommodates 
individual preferences, leading to more personalized 
energy trading experiences (Wang et al., 2024).

Double Auction Strategies

The integration of double auction strategies within a 
blockchain framework enhances transaction efficiency in 
P2P energy trading. This method allows for automated 
trading transactions, significantly increasing the number 
of processed transactions compared to traditional 
methods(Naik et al., 2024).

Hybrid Models and Network Constraints

Combining auction-based and bilateral negotiation 
approaches addresses market capacity underutilization. 
The proposed model incorporates network constraints, 
ensuring efficient energy distribution while maximizing 
social welfare(Izanlo et al., 2024).

Dynamic Pricing and Environmental Impact

Dynamic pricing mechanisms based on Stackelberg game 
theory have been shown to reduce operational carbon 
emissions significantly, promoting sustainable energy 
practices. This model also enhances the self-consumption 
of renewable energy, demonstrating the environmental 
benefits of P2P trading(Yu et al., 2024).

While these game-theoretic approaches offer substantial 
advantages, challenges remain in ensuring robust 
implementation and addressing uncertainties in energy 
demand and supply. Continuous research is essential to 
refine these models for long-term sustainability.

Machine Learning Algorithms

Machine learning algorithms play a pivotal role in 
enhancing peer-to-peer (P2P) energy trading systems by 
optimizing energy management, forecasting demand, 
and improving trading strategies. These algorithms 
facilitate efficient energy exchanges among consumers 
and prosumers, leading to cost savings and sustainability 
improvements. The following sections outline key 
contributions of machine learning in P2P energy trading.

Demand Forecasting

Deep Learning Models: Algorithms like Bidirectional 
Long-Short Term Memory (Bi-LSTM) and Gated 
Recurrent Unit (GRU) have shown superior performance 
in predicting energy consumption, which is crucial for 
effective trading strategies(Boumaiza & Maher, 2024).
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Accuracy Metrics: The use of Mean Absolute Error 
(MAE) and Root Mean Square Error (RMSE) indicates 
the reliability of these models in forecasting future energy 
demands(Boumaiza & Maher, 2024).

Trading Optimization

Reinforcement Learning: Techniques such as Deep 
Reinforcement Learning (DRL) enhance energy 
management by optimizing bidirectional energy transfers, 
particularly in systems involving electric vehicles and 
energy storage(Alghanmi & Alkhudhayr, 2024).

Cost Efficiency: Implementing DRL in P2P trading has 
resulted in significant cost reductions, exemplified by 
a 43% decrease in electricity expenses in dairy farm 
simulations(Shah et al., 2024).

Algorithmic Trading Strategies

Integration of Models: Combining Hidden Markov Models 
with neural networks has improved trading strategies in 
energy markets, achieving notable returns and optimizing 
portfolio performance(Monteiro, 2024).

Market Adaptability: The development of specialized 
algorithms for dynamic environments, such as dairy 
farms, demonstrates the adaptability of machine learning 
in various P2P contexts (Shah et al., 2024).

While machine learning significantly enhances P2P energy 
trading, challenges remain, such as the need for robust data 
and the complexity of integrating diverse energy sources. 
Addressing these issues is essential for realizing the full 
potential of P2P energy systems.

CASE STUDIES
A. PowerLedger (Australia)

PowerLedger is a blockchain-based platform that enables 
P2P energy trading. Using smart contracts and the PoA 
consensus mechanism, it facilitates transactions between 
prosumers and consumers. Algorithms like optimization 
models ensure equitable energy distribution, while 
machine learning forecasts energy demands to improve 
grid efficiency.

Brooklyn Microgrid (USA)

The Brooklyn Microgrid project is a pioneering example 
of blockchain-based energy trading. It uses a private 
blockchain and smart contracts to enable neighbors to 
trade excess solar energy. The platform employs game 
theory to balance supply and demand efficiently, ensuring 
fair pricing.

WePower (Europe)

WePower tokenizes energy as tradable digital assets on the 
blockchain. Using machine learning algorithms, it predicts 
market trends and optimizes trading strategies. The PoS 
consensus mechanism ensures sustainability, making it a 
viable option for large-scale renewable energy trading.

Enerchain (Germany)

Enerchain focuses on direct energy trading between 
utilities. It leverages BFT consensus algorithms for 
security and reliability. Optimization techniques are used 
to minimize trading costs and maximize grid stability.

COMPARATIVE ANALYSIS
The following table provides a comparative analysis of the key algorithms used in blockchain-based energy trading:

Table 1 Comparative Aalysis

Algorithm Type Examples Advantages Challenges Use Cases
Consensus Algorithms PoW, PoS, PoA, BFT Secure validation 

of transactions, 
decentralization

Scalability, energy 
consumption (PoW), 

trust issues

Blockchain platforms like 
PowerLedger, Enerchain

Optimization 
Algorithms

GA, PSO, LP Efficient energy 
distribution, cost 

minimization

Computational 
complexity

Energy scheduling, 
pricing models

Game Theory 
Algorithms

Nash Equilibrium, 
Cooperative, Non-

cooperative

Models strategic 
interactions, 

enhances pricing

May not capture real-
world complexities

Brooklyn Microgrid

Machine Learning 
Algorithms

Neural Networks, 
Reinforcement 
Learning, SVM

Predictive analytics, 
dynamic pricing, 
fraud detection

Data availability, model 
training complexity

WePower, PowerLedger
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CHALLENGES AND LIMITATIONS
Despite their potential, algorithms in blockchain-
based energy trading face challenges:Scalability: Many 
consensus algorithms struggle to handle high transaction 
volumes.Energy Consumption: While PoW is secure, it 
is energy-intensive .Regulatory Barriers: Energy markets 
are subject to strict regulations, which can limit algorithm 
adoption.Data Privacy: Balancing transparency with 
participant privacy remains challenging.

FUTURE RESEARCH DIRECTIONS
Blockchain-based energy trading algorithms are being 
developed rapidly. The future scope includes the following 
areas:
Hybrid Consensus Mechanisms: Combining PoS and BFT 
for scalability and security.
AI-driven Optimization: Improving efficiency and 
adaptability through advanced AI models.
Quantum Computing: Exploration of quantum algorithms 
for faster computation.
Interoperability Solutions: Development of algorithms for 
seamless integration with traditional energy systems.

CONCLUSION
The integration of blockchain technology and advanced 
algorithms could revolutionize the trading of energy 
with secure, transparent, and efficient transactions. There 
has been a tremendous amount of work done so far, but 
much remains to be addressed in terms of scalability and 
regulatory compliance. Cutting-edge algorithms will bring 
unprecedented efficiency and reliability to future energy 
trading systems.
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ABSTRACT
As 5G continues to be deployed worldwide, research teams across the globe have already begun to explore the future 
of the sixth generation (6G). The vision for 6G is centered around a data-driven society, with nearly instantaneous, 
unlimited wireless connectivity. A key driver of 6G development is the need to deliver specialized wireless network 
solutions for various industries. Machine-type communication, which includes both mission-critical and massive 
connectivity, is expected to play a crucial role in shaping 6G. This paper outlines the overarching vision for machine-
type communication in 6G networks, beginning with a discussion of relevant performance indicators and followed by 
an exploration of the key enablers.

KEYWORDS : 6G, MTC, URLLC, Energy harvesting, Mobile edge computing, Machine learning, Security.

INTRODUCTION

The fifth-generation New Radio (5G NR) is the first 
cellular network standard developed to deliver 

multi-service communication, catering to services with 
highly diverse requirements. Specifically, new service 
categories have been introduced, including ultra-reliable 
low-latency communication (URLLC) and machine-type 
communication (MTC), in addition to enhanced mobile 
broadband (eMBB). URLLC is designed for mission-
critical applications in various industries,. MTC, on the 
other hand, concentrates on offering spectrally and energy-
efficient connectivity for a large number of intermittently 
transmitting Internet of Things (IoT) devices.

There are two primary ways to approach modern solutions. 
In order to satisfy the demands of these new service classes, 
the first strategy concentrates on system architecture, 
improving current networks. Redesigning the physical 
layer, streamlining scheduling and resource distribution, 
and deploying IoT-specific radio technologies, such as 
narrowband IoT (NB-IoT), are all part of this.

The second approach, which is informed by information-
theoretic principles, involves techniques such as finite 
blocklength transmission and coded random access, 
addressing the fundamental communication challenges of 
these new service categories generation (6G)’ networks 
[5]–[8].

Both of these approaches still leave several gaps in fully 
meeting the envisioned requirements of 5G NR. At the same 
time, new demands are emerging due to the development 
of new vertical applications enabled by 5G NR. As a result, 
it is crucial to begin assessing 5G NR and forecasting the 
evolution of wireless networks leading up to 2030. With 
this goal in mind, several research initiatives worldwide 
have recently begun exploring the possibilities of “beyond 
5G” or the sixth generation of wireless technology. 

To realize the 6G vision of a data-driven society with near-
instant, unlimited wireless connectivity, future wireless 
networks will need to support a broad spectrum of diverse 
and sometimes conflicting requirements. The shift from 
human-type communication (HTC) to machine-type 
communication (MTC), which began in 5G, is expected 
to fully materialize in 6G networks. An MTC-optimized, 
cost-effective 6G network’s primary design objectives are 
to increase latency, scalability, and reliability while also 
increasing energy and spectrum efficiency.

This paper outlines a vision for MTC in 6G, forecasting 
key performance indicator (KPI) requirements for MTC 
and highlighting six essential features of a cost-effective, 
MTC-optimized 6G network, as shown in Figure 1 and 
discussed throughout the article. It is important to note that 
the features presented are not exhaustive but have been 
selected for their relevance to MTC.
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research issues is: How can the numerous information 
technology (IT) systems of the various parties 
involved maintain smooth operation

For instance, a number of individuals are involved 
in the automotive industry, including national or 
regional authorities, road owners or operators, spectrum 
management organizations, and automobile makers with 
their own vehicle-to-everything (V2X) methods 10]. A 
critical issue in this ecosystem is the ownership, privacy, 
and security of the generated data.

Sustaining connectivity while traveling is not just one 
aspect of seamless functioning in a multi-operator setting. 
It entails making certain the various IT systems used by all 
parties involved are able to communicate with one another 
in a particular vertical area. This challenge becomes even 
more complex for critical MTC (cMTC) applications, 
which require ultra-reliability and low-latency.

Vertical-Specific Connectivity Solution Facilitators

6G networks need to be flexible enough to accommodate 
different vertical industries’ needs while maintaining a 
single, clear framework. The unique demands of every 
vertical can be efficiently fulfilled by a radio access 
network that is modularly built and integrated to a 
dynamic network core.The modular design of the lower 
layers will facilitate this process, while technologies such 
as network slicing, network function virtualization (NFV), 
and software-defined networking (SDN) will provide the 
agility and adaptability needed to support different sectors’ 
needs.

The same core network may adapt to the demands of many 
verticals thanks to service-defined networks (SDN). In 
this regard, network slicing, multi-access edge computing 
(MEC), enhanced radio access technology (RAT), and 
cloud core utilization are some of the main drivers that 
allow the standard wireless communication sector to meet 
the communications demands in multiple vertical sectors.

IMMENSE, RAPID, AND POWERFUL 
ACCESS FACILITATORS
Rapid channel access is frequently necessary for critical 
MTC services in order to satisfy stringent latency 
specifications and insure high reliability. On the contrary , 
The conventional LTE access mechanism uses a four-way 
handshake process to grant users exclusive privileges. 
However, due to a large quantity of connected hardware, 
stringent latency and reliability requirements, and limited 

Fig. 1. Six key enablers for MTC in 6G and their respective 
solution components 

6G: A VERTICAL FOCUSED WIRELESS 
NETWORKS
A.	 Unlike earlier wireless network generations, which 

followed a largely user-agnostic approach, 5G NR 
introduced vertical-specific wireless connectivity 
solutions.. Scalability, adaptability, and cost-
effectiveness are restricted by the prior architecture, 
which called for distinct industry-specific networking 
standards for various sectors [9]. 6G will be the first 
wireless standard to completely replace existing 
industry-specific standards with a single, worldwide 
solution, allowing seamless connectivity across a 
variety of vertical industries, whereas 5G NR made a 
first step toward a market-driven vertical approach.

B.	 Essentially, 6G will propel digitalization across a 
range of vertical industries. 6G will open up a world 
of new economic and social potential by delivering 
dependable MTC connectivity. The telecom sector’s 
experience will also help vertical industries increase 
productivity. while the communications sector will 
have a chance to find new revenue streams and explore 
new business models inside these industries. Seamless 
Handling in a System with Different Operators

C.	 C. Delivering an international, vertically-market-
driven networking solution for 6G will be heavily 
dependent on connectivity in a multi-operator system, 
which involves not only traditional wireless carriers 
but also other vertical players. One of the main 
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payloads, this grant-based random access is not the best 
option for significant and huge MTC services [11].

Therefore, effective Radio Access Technology (RAT) 
solutions are essential for 5G and beyond. The latency and 
dependability of wireless networks can be improved at the 
physical layer (PHY) via the use of flexible numerology, 
such as mini-slots, which can be altered based on channel 
conditions.

One important method for reducing latency is to shorten 
the time required to gain access to the channel. When a 
data packet comes, user equipment (UE) can transmit 
right away without waiting for a Channel award thanks 
to grant-free (the GF) random access. In MMTC settings, 
this minimizes signaling overhead and reduces access 
latency for URLLC. In order to overcome the difficulties 
of effective and quick massive interaction and new unified 
solutions and further optimization of current technologies 
will be necessary as vital and huge MTC services become 
more interconnected throughout the 6G transition. One 
such example is proactive scheduling and resource 
allocation that takes advantage on the intrinsic features 
of MTC traffic. It is possible to figure out which nodes 
are most likely to transmit in the near future by looking 
at the present traffic arrivals and finding correlations in 
the transmission patterns of nearby nodes. This makes it 
possible to allocate radio tools to these planned nodes in 
advance, which decreases grant acquisition latency and 
enhances overall efficiency. Additionally, for particular 
technological applications requiring irregular traffic 
arrivals, semi-persistent scheduling might operate well. 

MTC SAFETY FACILITATORS
Future 6G networks will face an essential problem in 
ensuring the connectivity of numerous MTC devices, each 
with different service requirements. The boundaries of 
MTC devices further exacerbate the situation., which are 
typically delay-sensitive, low-cost, and limited in terms of 
hardware, processing power, and energy resources [12].

As a result, low-complexity security solutions are essential.

Effective and Affordable Authentication and Validation 

Significant signaling congestion may result from millions 
of connected MTC devices undergoing simultaneous 
authentication, authorization, and accounting (AAA) 
procedures. Scalable authentication solutions are required 
because to the short payloads, latency restrictions of 
MTC communication, and the devices’ low processing 
capabilities [13].

Promising techniques that are anticipated to be 
implemented in 6G networks include light-weight physical 
layer authentication, anonymous customer-focused the 
authentication process strategies to manage a high volume 
of requests, group-based authentication schemes, and the 
incorporation of authentication with access protocols [14]. 

These solutions aim to efficiently manage authentication 
while maintaining the scalability and low latency required 
for MTC services. Another significant challenge with 6G 
will be user identification. For billions of IoT devices, the 
traditional subscriber identity module-based approach 
is just not scalable or economical; as a result, new AAA 
mechanisms are required. One prominent example is the 
use of machine learning (ML) techniques in conjunction 
with radio frequency (RF) signature sensing to recognize a 
particular radio among devices that are essentially similar 
[15].

Better physical layer security methods

Since physical layer security (PLS) methods do not 
require complex encryption or decryption procedures, 
they have become a viable substitute for protecting MTC 
networks. But in order to satisfy the demands of energy 
efficiency, low latency, short payloads, high throughput, 
dependability, and suitability for use in MTC applications, 
it is imperative to create more stable, profitable, and helpful 
PLS strategies. Furthermore, going beyond conventional 
measurements like secrecy capacity or secrecy outage 
probability, additional meaningful secrecy metrics that 
depict real-world and realistic circumstances will be 
needed to assess the performance of secure systems for 
MTC.

Using AI and MEC to stop security breaches

MTC networks are quickly becoming highly varied 
systems, and as the consequence of the broad spectrum of 
devices, services, and abilities enhanced 

 AI-based malicious security threats. However, emerging 
network technologies like MEC (Multi-access Edge 
Computing) and SDN (Software-Defined Networking), 
which offer powerful computational resources at the edge, 
can play a crucial role in developing effective strategies 
to counter these attacks. By combining these technologies 
with advanced machine learning (ML) and data mining 
techniques, more robust security measures can be designed 
to prevent and mitigate potential threats. [16].
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Integrated authentication

Fig. 2. Network security solutions for core networks with 
network slicing architecture

ENERGY EFFICIENCY ENABLED BY 
WIRELESS ENERGY TRANSMISSION
By combining energy-efficient communication, advanced 
battery technology, offloading energy-intensive processing 
to the edge (as covered in Section VI), and energy 
harvesting (EH) techniques, it is possible to eliminate the 
need for mobile devices to be charged separately [16].

This approach will help ensure continuous, sustainable 
operation of devices while minimizing the need for 
traditional charging methods.

 Seamlessly integrating wireless information transfer (WIT) 
and wireless energy transfer (WET) poses a significant 
challenge due to the differing efficiency requirements of 
radio circuitry for each. Typical information receivers 
can operate with very low sensitivities, while energy 
harvesting devices require much higher levels of incident 
power. Consequently, separate RF systems are frequently 
required for energy and information transceivers. 
Equipping gadgets with distinct antenna systems for every 
purpose is one possible fix.

Energy and information transmissions can occur either 
out-of-band or in-band. The out-of-band approach 
avoids interference between the two, while the in-band 
method improves spectrum efficiency by allowing both 
information and energy to be transmitted over the same 
frequency band, using time-division or even full-duplex 
techniques. Integrating WET into communication 
architectures, as shown in Fig. 3, presents several important 
design challenges. Using hybrid WET+WIT access 
points and specialized energy beacons, for example, the 
system architecture must first guarantee the coexistence 
of heterogeneous WIT and WET. Second, WET’s design 
shouldn’t be thought of in a vacuum because it can 

interfere with other gadgets in the vicinity. WIT and 
WET must be jointly optimized while accounting for their 
unique properties and interactions.

wireless. Due to the different radio circuitry efficiencies 
for wireless information transfer (WIT) and wireless 
information transfer (WET), integrating WET as an energy 
harvesting (EH) source is extremely difficult. While an 
EH device needs a significantly larger incident power, 
information receivers usually have very modest sensitivity. 
Because of this, energy and information transceivers 
typically require different radio frequency systems.

Delay requirements are considered alongside transmission 
throughput, while The ratio of energy consumption (EC) 
to total power consumption is known as energy efficiency 
(EEE). Since EEE reflects both the efficiency of energy 
utilization and the limits on power consumption, it is 
especially well-suited to portray the energy-limited nature 
of WET systems and bursty traffic patterns in MTC.

Fig. 3. Integrating Integrating WET into communication 
architectures requires considering both WET and WIT 
together for optimal performance. 

MTC ENABLER: MULTI-ACCESS EDGE 
COMPUTING
The deployment and management of dispersed resources 
for network communication, computation, caching, and 
data analytics at the boundary of a network is known as 
multi-access edge computing, or MEC. As an intermediary 
layer that provides quick, localized data processing for 
crucial and resource-constrained applications, MEC will 
be critical for 6G. Security, energy efficiency, Vehicle-
to-Everything  communication, and offloading for Ultra-
Reliable Low-Latency Communications (URLLC) are 
some of the main purposes for MEC [18]. Figure 4 and the 
details that follow provide particular uses of the several 
MEC functions that allow multi-service communication 
for huge important MTC in 6G. 
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The The end-to-end (E2E) latency, which refers to the 
delay between the application layers at both ends of a 
communication link, is influenced by the quality of the 
access link and delays caused by both the transport and 
core networks. Emerging applications, such as augmented 
reality and cellular V2X, demand low E2E latencies. To 
address this need, MEC can offer processing capabilities at 
the network edge, effectively reducing the E2E latency by 
enabling faster data processing closer to the source.  [19].

The advanced capabilities of cloud/centralized data 
centers enable complex and detailed data analysis, but 
this comes at the cost of transport and processing delays. 
The introduction of MEC helps address this challenge by 
splitting data analytics into two steps. At the edge, fast and 
localized data processing, analytics, and content caching 
can support critical applications due to its proximity to 
end users. Meanwhile, more comprehensive and long-
term data analysis can be handled by the cloud core, which 
provides deeper insights over a larger time scale.

The incessant growth of MTC data volume not only 
increases the amount of data that needs to be processed, 
but also makes it more difficult to distinguish between 
useful and unnecessary data. A primary data analysis cycle 
at the edge,

Enabled by MEC servers, this approach will allow the 
vast amounts of MTC data generated by end devices to be 
processed, filtered, and simplified before being sent to the 
core/cloud network. This pre-processing step helps reduce 
the data load on the core network and ensures that only 
relevant information is transmitted, improving efficiency 
and reducing latency.

Fig. 4. Examples of different MEC functionalities as 
enablers for multi- service communication for massive 
and critical MTC in 6G.

MTC ENABLED BY ARTIFICIAL 
INTELLIGENCE AND MACHINE 
LEARNING

The 6G vision will require addressing complex, 
heterogeneous, and often conflicting design requirements. 
As the network grows in complexity and supports a wider 
range of configurations and multi-service applications, 
there will be an increased need for comprehensive network 
intelligence. Additionally, some 6G applications will 
require dynamic and/or multiple service-type allocations, 
moving beyond the static service class categories (eMBB, 
URLLC, and MTC) used in 5G NR. To support this, 
processes such as automatic provisioning for establishing 
network slices for dynamic service types, along with 
decentralizing the architecture through software-
defined networking (SDN) and MEC, can be efficiently 
implemented.

Adopting Adopting network intelligence involves 
continuously monitoring changes in the environment 
and estimating uncertainties, which can then be used to 
inform decision-making and network reconfiguration. 
AI techniques, designed to enable machines and systems 
with intelligence, have been employed for some time in 
specific scenarios to optimize heterogeneous network 
configurations [20]. These techniques are now emerging 
as a key design element for 6G networks, where their role 
in enhancing network performance and adaptability is 
expected to be even more critical.

Recently, AI tools have been refocused to address the 
specific challenges of MTC networks. As a result, 
we anticipate that AI-driven solutions will become 
increasingly prominent in the context of MTC, particularly 
due to its diverse and dynamic requirements. Currently, 
MTC networks (both massive and critical) are often 
static with fixed slicing. However, with the growth of 
vertical-oriented services and the capabilities of MEC, as 
discussed in Sections II and VI, MTC networks will have 
the ability to leverage traffic information, usage patterns, 
and the security needs of MTC devices to enable dynamic 
slice partitioning and resource allocation, tailored to the 
demands application.
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Table 1 Overview of Six Key Enablers of MTC in 6G

SUMMARY AND OUTLOOK
The introduction of multi-service communication in 
5G NR sparked a paradigm shift from human-type 
communication (HTC) to machine-type communication 
(MTC). MTC can be broadly divided into two categories: 
massive MTC, which focuses on providing energy- and 
spectrally-efficient connectivity solutions for IoT devices, 
and critical MTC, which is designed for applications 
requiring high reliability and low latency. With 75 billion 
IoT devices projected by 2025, MTC is expected to be 
the primary focus of 6G wireless networks. In this article, 
we have outlined a vision for MTC in 6G networks, 
emphasizing its significance in a vertical-focused wireless 
network and highlighting key enabling technologies. 
A comparative overview of these enabling technology 
components is provided in Table I.
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ABSTRACT
Quantum Key Distribution (QKD) represents a revolutionary approach to secure communication, utilizing the principles 
of quantum mechanics to establish cryptographic keys that are fundamentally secure against eavesdropping. This paper 
provides a comprehensive study of QKD, detailing its theoretical foundation, practical implementations, challenges, 
and future potential. By bridging the gap between quantum physics and information security, QKD has the potential to 
redefine the landscape of secure communication in the era of quantum computing [1][2][3].

KEYWORDS : Quantum computer, Cryptography, Quantum key distribution.

INTRODUCTION

The advent of quantum computing poses a significant 
threat to classical cryptographic protocols, which 

rely on the computational difficulty of mathematical 
problems [4]. Quantum Key Distribution offers a solution 
by harnessing the laws of quantum mechanics to ensure 
secure communication. This study explores the principles, 
protocols, and practical implications of QKD, highlighting 
its role in mitigating risks associated with quantum 
computing [5]. A classic example of quantum key 
distribution (QKD) is the “BB84 protocol,” where Alice 
(sender) encodes random bits into the polarization states of 
single photons and sends them to Bob (receiver) through 
a quantum channel; Bob measures the photons using a 
chosen basis, and by comparing their results through a 
classical channel, they can establish a secure shared key, 
even if an eavesdropper (Eve) tries to intercept the photons, 
as any attempt to measure the quantum state will disturb it, 
alerting Alice and Bob to potential eavesdropping. 

THEORETICAL FOUNDATIONS
Principles of Quantum Mechanics

Two fundamental ideas of quantum physics are 
superposition and entanglement. They explain how 
quantum systems can be related to one another even when 
they are separated by great distances and can exist in 
numerous states.

Superposition [6]

Superposition is a fundamental principle of quantum 
mechanics that states that a physical system exists in 
all possible states simultaneously until it is measured or 
observed. This means that a particle, such as an electron, 
can be in multiple states at the same time, rather than 
being in just one specific state. For example, an electron 
can be in a superposition of spinning clockwise and 
counterclockwise at the same time, until it is measured 
and collapses into one of the two states. This concept is 
often illustrated by the famous thought experiment of 



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 298

Leveraging Quantum Mechanics for Secure Communication:.......... Mali, et al

unique properties of quantum particles, such as photons, 
to ensure that any attempt to intercept or eavesdrop 
on the key exchange would be immediately detected. 
One of the key principles behind QKD protocols is the 
Heisenberg Uncertainty Principle, which states that the act 
of measuring a quantum system will inevitably disturb it. 
This means that any attempt to intercept the quantum key 
would alter its state, alerting the parties involved to the 
presence of an eavesdropper. There are several different 
QKD protocols that have been developed, each with its own 
strengths and weaknesses. Some of the most commonly 
used protocols include BB84, E91, and SARG04. These 
protocols typically involve the transmission of quantum 
particles between the two parties, followed by a series of 
measurements and comparisons to verify the security of 
the key exchange. Overall, QKD protocols offer a highly 
secure method for distributing encryption keys, as they are 
resistant to both classical and quantum attacks. However, 
they are still relatively new and complex technologies, and 
there are ongoing efforts to improve their efficiency and 
practicality for real-world applications. 

The fundamental model for Quantum Key Distribution 
(QKD) protocols involves two participants, Alice and 
Bob, who aim to securely exchange a key. They have 
access to both a classical public communication channel 
and a quantum communication channel, as illustrated in 
Figure 1. An eavesdropper, known as Eve, is assumed to 
have access to both channels, with no restrictions on the 
resources she may use. With this model in place, we will 
explain the essential quantum principles in simple terms to 
provide a clear understanding of QKD protocols.

Fig. 1 QKD model

BB84 Protocol

The BB84 Protocol is a quantum key distribution protocol 
developed by Charles Bennett and Gilles Brassard in 1984. 
It is designed to allow two parties to securely establish 
a shared encryption key using the principles of quantum 
mechanics. In the BB84 Protocol, the sender (Alice) sends 
a series of quantum bits (qubits) to the receiver (Bob) over 

Schrödinger’s cat, where a cat in a box is both alive and 
dead until the box is opened and the cat’s state is observed. 
Superposition is a key feature of quantum mechanics and 
is essential for understanding phenomena such as quantum 
entanglement and quantum computing. It challenges our 
classical intuition about the nature of reality and has 
profound implications for the way we understand the 
behavior of particles at the quantum level

Entanglement [7][8]

Entanglement is a quantum mechanical phenomenon in 
which two or more particles become intrinsically linked, 
meaning the state of one particle is directly influenced by 
the state of the other, no matter how far apart they are. As a 
result, their properties remain instantaneously correlated, 
even across vast distances. This concept challenges 
our classical understanding of physics, as it suggests 
that particles can be interconnected in ways that are not 
explained by classical physics. Entanglement has been 
experimentally verified and is a key aspect of quantum 
computing and quantum communication technologies.

Heisenberg’s Uncertainty Principle [9]

Heisenberg’s Uncertainty Principle is a fundamental 
concept in quantum mechanics that states that it is 
impossible to simultaneously know both the exact position 
and momentum of a particle with absolute certainty. In 
other words, the more accurately we determine a particle’s 
position, the less accurately we can measure its momentum, 
and vice versa. This principle arises from the wave-particle 
duality of quantum mechanics, which states that particles 
can exhibit both wave-like and particle-like behavior. As 
a result, the act of measuring one property of a particle, 
such as its position, disturbs the other property, such as 
its momentum. The Uncertainty Principle has profound 
implications for our understanding of the behavior of 
particles at the quantum level and has been confirmed 
through numerous experiments. It fundamentally limits our 
ability to predict the behavior of particles and highlights 
the inherent uncertainty and randomness that exists in the 
quantum world.

QUANTUM KEY DISTRIBUTION 
PROTOCOLS
Quantum Key Distribution (QKD) protocols are a set 
of cryptographic techniques that use the principles of 
quantum mechanics to securely distribute encryption 
keys between two parties. These protocols leverage the 
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a quantum channel. These qubits are encoded with random 
bits, either in the 0 or 1 state, using one of four possible 
bases: the standard basis (0/1), the Hadamard basis (+/-), 
or the diagonal bases (45/135 degrees). Bob then measures 
each qubit using one of the four possible bases, randomly 
chosen for each qubit. After the transmission is complete, 
Alice and Bob publicly compare the bases they used for 
each qubit. If they used the same basis, Bob’s measurement 
will match Alice’s encoding. If they used different bases, 
Bob’s measurement will be random. By discarding the 
qubits where they used different bases, Alice and Bob can 
establish a shared encryption key that is secure against 
eavesdropping. Any attempt to intercept the qubits would 
disturb the quantum state and be detected during the key 
comparison process. The BB84 Protocol is considered one 
of the first practical applications of quantum cryptography 
and is widely used in quantum key distribution systems for 
secure communication. [1] [10]

Fig. 2 BB84 Bit encoding

Figure 2 illustrates how a bit can be encoded using the 
polarization state of a photon in the BB84 protocol. In this 
scheme, a binary 0 is represented by a photon polarized 
at 0 degrees in the rectilinear basis or at 45 degrees in 
the diagonal basis [CKI-BB84] [Gisin02]. Likewise, a 
binary 1 corresponds to a polarization of 90 degrees in the 
rectilinear basis or 135 degrees in the diagonal basis. This 
means that each bit is encoded by polarizing the photon in 
one of two possible bases.

E91 Protocol

The E91 Protocol is a proposed standard for emergency 
calling services in India. It aims to provide a universal 

emergency number (similar to 911 in the United States) 
that can be dialed from any phone, including landlines, 
mobile phones, and public payphones. The protocol also 
includes provisions for location-based services, so that 
emergency responders can quickly locate the caller in 
case of an emergency. The E91 Protocol is intended to 
streamline and improve emergency response services in 
India by providing a single, easy-to-remember number for 
all types of emergencies.

PRACTICAL IMPLEMENTATIONS OF 
QKD
Hardware and Infrastructure

Practical implementations of Quantum Key Distribution 
(QKD) involve the use of specific hardware and 
infrastructure to ensure secure communication. Two 
key components of this infrastructure are quantum 
random number generators and single-photon sources 
and detectors. Quantum random number generators are 
devices that generate truly random numbers based on the 
principles of quantum mechanics. These random numbers 
are essential for creating secure encryption keys in QKD 
protocols, as they cannot be predicted or manipulated by 
an eavesdropper. Single-photon sources and detectors are 
also crucial for QKD implementations, as they enable the 
transmission and detection of individual photons, which 
are used to encode and decode quantum keys. Single-
photon sources emit photons one at a time, ensuring that 
each bit of information is transmitted securely. Single-
photon detectors are then used to measure the state of these 
photons without disturbing them, allowing for secure key 
distribution. Overall, the use of quantum random number 
generators and single-photon sources and detectors in 
QKD implementations helps to ensure the security and 
reliability of quantum communication systems.

Network Integration

Network integration refers to the process of connecting 
different components or systems within a network 
to enable communication and data exchange. In the 
context of quantum key distribution (QKD), network 
integration involves incorporating QKD systems into 
existing networks to enhance security and privacy. Point-
to-point QKD refers to a direct communication link 
between two parties using QKD technology to exchange 
cryptographic keys securely. This method is suitable for 
secure communication between two specific endpoints 
but may not be scalable for larger networks. On the other 
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hand, networked QKD involves connecting multiple 
QKD systems in a network topology to enable secure 
communication between multiple parties. This approach 
allows for secure communication between multiple 
endpoints within a network and is more suitable for larger-
scale applications. Trusted repeater and satellite-based 
systems are two approaches to implementing networked 
QKD. Trusted repeater systems involve intermediate 
nodes (repeaters) that facilitate the distribution of quantum 
keys between distant parties in a network. Satellite-based 
systems use satellites to distribute quantum keys over 
long distances, enabling secure communication between 
parties located in different geographical locations. Overall, 
network integration of QKD systems, whether through 
point-to-point or networked approaches, along with 
trusted repeater or satellite-based systems, can enhance the 
security and privacy of communication within a network.
Use Cases
Government and military communication: This refers to 
the use of secure communication systems by government 
agencies and military organizations to exchange sensitive 
information and coordinate operations. These systems 
ensure that communication is encrypted and protected 
from unauthorized access, ensuring the security and 
confidentiality of the information being transmitted. 
Financial transactions: This involves the use of secure 
communication systems to facilitate financial transactions, 
such as online banking, e-commerce, and electronic fund 
transfers. These systems ensure that financial data is 
encrypted and protected from interception or tampering, 
safeguarding the integrity and confidentiality of the 
transactions. Critical infrastructure: This refers to the 
use of secure communication systems to protect critical 
infrastructure, such as power grids, transportation 
networks, and water supply systems, from cyber threats 
and attacks. These systems help to ensure the reliability 
and availability of essential services by safeguarding the 
communication networks that support them.

BLOCK DIAGRAM DESCRIPTION
1.	 Sender (Alice):
	 ○	 Generates a random sequence of bits (key).
	 ○	 Encodes the bits into quantum states using pho-

tons (e.g., polarization states in BB84 protocol).
2.	 Quantum Channel:
	 ○	 Transfers the encoded quantum states (photons) 

to the receiver (Bob).

	 ○	 Any eavesdropping (by Eve) introduces detect-
able disturbances due to quantum mechanics.

3.	 Receiver (Bob):

	 ○	 Measures the received photons using a random 
basis.

	 ○	 Decodes the transmitted bits.

4.	 Classical Channel:

	 ○	 Alice and Bob use a public classical channel for 
error correction and basis reconciliation.

	 ○	 No actual key data is transferred here, maintain-
ing security.

5.	 Key Agreement:

	 ○	 Alice and Bob agree on the final cryptographic 
key after removing errors and eavesdropper-de-
tectable bits.

6.	 Eavesdropper (Eve):

	 ○	 Attempts to intercept quantum states. Any such 
attempt introduces detectable anomalies.

Fig.3 Flow chart of QKD
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The block diagram describes the key components and 
processes involved in quantum key distribution (QKD), 
a secure communication method that uses principles 
of quantum mechanics to generate and distribute 
cryptographic keys. The process begins with the sender, 
Alice, who generates a random sequence of bits to serve 
as the key. She then encodes these bits into quantum states 
using photons, typically employing polarization states as 
in the BB84 protocol. These encoded quantum states are 
transmitted through a quantum channel to the receiver, 
Bob. The quantum nature of the transmission ensures 
that any eavesdropping attempts by a third party (Eve) 
would introduce detectable disturbances in the system. 
Upon receiving the photons, Bob measures them using a 
randomly chosen basis and decodes the transmitted bits. 
To refine and verify the key, Alice and Bob communicate 
over a classical channel for error correction and basis 
reconciliation, without revealing the actual key data. 
Finally, they agree on the final cryptographic key after 
removing any errors, resulting in a secure shared key that 
can be used for encrypted communication. 

CONCLUSION
Quantum Key Distribution represents a paradigm shift 
in secure communication, providing a mechanism that is 
inherently secure against quantum and classical attacks. 
While challenges remain in terms of scalability, cost, 
and standardization, ongoing research and technological 
advancements promise a robust future for QKD [3]. 
By addressing these challenges, QKD can become a 
cornerstone of secure communication in the quantum era.

REFERENCES
1.	 Bennett, C. H., & Brassard, G. (1984). Quantum 

cryptography: Public key distribution and coin tossing. 

2.	 Ekert, A. K. (1991). Quantum cryptography based on 
Bell’s theorem. 

3.	 Scarani, V., et al. (2009). The security of practical quantum 
key distribution.

4.	 Shor, P. W. (1994). Algorithms for quantum computation: 
Discrete logarithms and factoring.

5.	 Gisin, N., et al. (2002). Quantum cryptography. 

6.	 Dirac, P. A. M. (1930). The Principles of Quantum 
Mechanics. 

7.	 Einstein, A., Podolsky, B., & Rosen, N. (1935). Can 
quantum-mechanical description of physical reality be 
considered complete? 

8.	 Bell, J. S. (1964). On the Einstein Podolsky Rosen 
paradox. 

9.	 Heisenberg, W. (1927). 

10.	 Mayers, D. (2001). Unconditional security in quantum 
cryptography.

11.	 Ralph, T. C. (1999). Continuous variable quantum 
cryptography. 

12.	 Cerf, N. J., et al. (2001). Security of quantum key 
distribution using continuous variables of single photons. 

13.	 Lo, H. K., et al. (2012). Measurement-device-independent 
quantum key distribution. 

14.	 Kwiat, P. G., et al. (1995). New high-intensity source of 
polarization-entangled photon pairs. 

15.	 Hadfield, R. H. (2009). Single-photon detectors for optical 
quantum information applications. 

16.	 Liao, S. K., et al. (2017). Satellite-to-ground quantum key 
distribution. 

17.	 Wehner, S., et al. (2018). Quantum internet: A vision for 
the road ahead. 

18.	 Lydersen, L., et al. (2010). Hacking commercial quantum 
cryptography systems by tailored bright illumination. 

19.	 Diamanti, E., et al. (2016). Practical challenges in quantum 
key distribution. 

20.	 Bravyi, S., & Kitaev, A. (1998). Quantum codes on a 
lattice with boundary.

21.	  Awschalom, D. D., et al. (2013). Quantum spintronics: 
Engineering and manipulating atom-like spins in 
semiconductors. 

22.	 [22] Mosca, M. (2018). Cybersecurity in an era with 
quantum computers.



www.isteonline.in   Vol. 48        Special Issue    No. 1       June 2025 302

ChatGPT’s Impact on Student Learning: Enhancing Education........ Rane, et al

ChatGPT’s Impact on Student Learning: Enhancing    
Education or Encouraging Dependency?

Chetana Rane
Student, M.Sc. Data Science
Fergusson College (Autonomous)
Pune, Maharashtra
 chetanarane10@gmail.com
Rasika Kulkarni
Assistant Professor
Fergusson College (Autonomous)
Pune, Maharashtra
 rasika.kulkarni@fergusson.edu

Smita Bhanap
Assistant Professor

Fergusson College (Autonomous)
Pune, Maharashtra

 smita.bhanap@fergusson.edu
Lakhichand Khushal Patil

Assistant Professor
Fergusson College (Autonomous)

Pune, Maharashtra
 lakhichand.patil@fergusson.edu

ABSTRACT
One of the most significant and impactful innovation strategies of this century is artificial intelligence (AI). It affected 
every business in different ways, including the food industry, retail education, banking, healthcare, and the automotive 
sector, among many others. AI has emerged as one of the major issues confronting our world today, affecting everything 
from the appropriate use of technology to the quality of services provided to the future of many jobs. Education is one 
of the sectors most affected by AI, where it can occasionally have negative effects as well as positive effects. This work 
investigates the effects of a sophisticated AI language model, like ChatGPT, on students’ learning. Understanding how 
digital technologies like ChatGPT influence student behaviour, performance, and learning experiences is becoming 
more and more important as they become more popular in educational settings. In order to evaluate the advantages 
and disadvantages of using ChatGPT in educational settings, this study looks at the answers to a survey form that 
was completed by 315 students. It looks into whether using ChatGPT as a learning tool can make students dependent 
and offers solutions for implementing ChatGPT in classrooms while addressing its drawbacks using machine learning 
models like random forest and XGBoost classifiers. The random forest model performs well with 98% accuracy whereas 
XGBoost 96%. 

KEYWORDS : ChatGPT, AI, Education, Dependency, Critical thinking, Learning enhancement, Random forest, 
XGBoost.

INTRODUCTION

The development of information and communication 
technologies in recent years has brought about 

major changes in the field of education. Because of the 
technology improvements, online learning has become 
more accessible and adaptable. Nowadays, e-learning is 
the main tool used by many educational institutions to 
provide students with a more stimulating and effective 
learning environment. As technology develops, artificial 
intelligence (AI) is growing rapidly as well. One aspect 
of AI that has caught the attention of the education sector 
is chatbots. In a number of situations, they have been 
used to assist and support people. A chatbot is computer 
software designed to communicate with users. One of the 

increasingly popular kinds of chatbots is the pre-trained 
Trans-former (ChatGPT). ChatGPT is a natural language-
based artificial intelligence model that can comprehend 
and process human words [1]. With its rapid growth, 
artificial intelligence (AI) has changed many aspects of 
modern life and given rise to new forms. One of its more 
recent breakthroughs is ChatGPT [2]. Additionally, with 
regard to intelligent tutoring programs, students can use 
Chat GPT or other AI software to generate assignments, 
receive feedback and suggestions for revision, and 
obtain help with writing tasks[3]. Although ChatGPT has 
numerous educational advantages, there are drawbacks 
to using it. AI has both advantages and disadvantages, 
therefore it’s important to strike the right balance when 
applying it to solve problems, particularly when ethical 
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4.	 To identify key predictors of positive and negative 
perceptions of ChatGPT’s influence on the learning 
experience.

MOTIVATION
My motivation for this research stems from observing a 
significant shift in student study patterns, particularly after 
the pandemic. Before, resources like ChatGPT weren’t 
available, and we relied on our own thinking and problem-
solving skills for every task. We had to actively engage 
with the material and develop our own understanding. 
Now, it seems everything is readily available. Many 
students’ complete assignments using AI tools like 
ChatGPT without truly grasping the underlying concepts. 
This widespread reliance on readily available solutions is 
what prompted my research. I’ve noticed how frequently 
students depend on ChatGPT, often submitting AI-
generated work without fully understanding it. This trend 
raises serious concerns about the development of critical 
thinking skills and the long-term implications for their 
future. I wanted to investigate this shift and understand 
how this reliance on AI tools like ChatGPT is impacting 
students’ learning and critical thinking abilities.

LITERATURE REVIEW
AI is currently posing a serious threat to the world’s 
employment prospects. Additionally, it affects the field 
of education in both positive and harmful ways. Since it 
makes everything by itself, it results in a lack of in-depth 
knowledge, concerns about data privacy, and instructor 
job losses, all of which will pose serious challenges down 
the road[5]. This paper[1] discusses how ChatGPT affects 
students’ learning. Along with several interviews, a test 
was administered to 120 students. They discovered that 
ChatGPT offers both advantages and disadvantages. On 
the one hand, it enhances students’ ChatGPT skills, while 
on the other, it diminishes their capacity for originality and 
critical thought. Nonetheless, it is helpful for improving 
learning capacity and providing insightful answers. When 
utilized appropriately, it can be an excellent learning 
tool.  This research [2] primarily examines the effects 
of ChatGPT on English language acquisition. They also 
carried out some study on the subject, including surveying 
80 teachers and students, and discovered that when 
applied appropriately, it has a positive effect on children. 
The only need is that they be able to use it. They advise 
concentrating on the benefits rather than the drawbacks. 
The detrimental effects of ChatGPT on students’ learning 

considerations are involved. Students may learn course 
content faster and find pertinent information to expand 
their knowledge with ChatGPT. Students’ inventiveness 
in doing academic assignments is positively impacted 
by ChatGPT in addition to increasing time efficiency. 
With ChatGPT’s guidance, students can generate 
original ideas as they learn fresh strategies for writing 
and completing assignments. By offering interesting, 
individualized experiences catered to each user’s skills 
and preferences, ChatGPT has completely transformed 
language learning. But some students acknowledge that 
they rely too much on ChatGPT for their tasks, frequently 
ignoring deeper learning and independent thought. Lot of 
students would rather do assignments utilizing ChatGPT 
than do independent research or deeper comprehension. 
Teachers are concerned that students who rely too much 
on ChatGPT may become lazy and less inclined to solve 
difficulties on their own. Many instructors worry that 
pupils will lose initiative in critical thinking and problem-
solving if they become increasingly reliant on AI. Thus, 
the purpose of this study is to investigate how well students 
embrace ChatGPT technology, with an emphasis on both 
its advantages and disadvantages in relation to learning 
outcomes and academic ethics. Additionally, it looks at 
how students utilize ChatGPT to do schoolwork and how 
it impacts their capacity for critical thought and problem-
solvin.[4].

This study examines ChatGPT’s dual effects on learners, 
allowing for the assessment of both positive and negative 
effects. Survey responses from 315 students will be crucial 
in addressing questions about whether or not students 
think ChatGPT is a useful learning tool and whether or not 
it makes users dependent. The answers to these queries 
will inform suggestions for how to optimize ChatGPT’s 
positive effects while minimizing its drawbacks.

The main contributions of this paper focus on-

1.	 To investigate the factors influencing students’ 
perceptions of whether ChatGPT enhances their 
learning experience.

2.	 To develop a model that predicts students’ beliefs 
about ChatGPT’s impact on their learning experience 
based on usage patterns, demographics, and other 
relevant variables.

3.	 To evaluate the effectiveness of ChatGPT as a learning 
tool by analysing student perceptions of its impact on 
their learning experience.
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are the main topic of this paper [3]. It claims that it 
lowers their motivation to learn. According to the results, 
ChatGPT has a negative effect on students because, out 
the 20 respondents, 12 stated that ChatGPT has a negative 
effect on students. It is harming their crucial situations, 
they add. ChatGPT discourages students from being 
motivated to learn. Additionally, they assert that students 
should only use it for educational purposes. They claim[5] 
that ChatGPT is helpful because students are completing 
their tasks and learning everything rapidly. Therefore, 
the difficulties may include a lack of knowledge about 
academic ethics, the possibility of plagiarism, and an 
excessive dependence on technology. Strict rules should 
be implemented, and educational institutions should 
instruct students on how to learn it. This paper[6] explains 
how ChatGPT is permeating every aspect of people’s lives 
and how students are continuously depending on it, which 
is negatively impacting their academic achievement, real-
world critical thinking abilities, and fundamental core 
skills. In order to accomplish academic objectives and 
acquire specific abilities, they recommend balancing AI 
technologies in their lives. This study[7] examines how 
ChatGPT affects modifications in students’ learning habits. 
Additionally, they conducted several interviews and 
observations, which demonstrate that it affects students’ 
learning in both positive and negative ways. On the plus 
side, they finish their assignments fast, and some students 
claimed in the interviews that it benefits them by allowing 
them to condense their responses. However, some students 
believed it had a negative effect since it made them 
lethargic and dependent on reading, which resulted in a 
decline in literacy and other bad consequences. They came 
to the conclusion that, depending on how it is utilized, 
ChatGPT can have both beneficial and detrimental effects. 
After surveying[8] the students, they discovered that they 
are utilizing ChatGPT to finish their schoolwork and study 
for tests, which is impairing their ability to think critically. 
Students, however, prefer YouTube because it is simpler to 
extract information from it than from ChatGPT-generated 
photos. Thus, it affects kids’ learning in both positive and 
negative ways. ChatGPT[9] affects higher education in 
both positive and negative ways. According to research 
involving 56 students, people enjoy using it for studying 
because it’s user-friendly and offers useful answers. 
Many pupils, however, believe that it requires prior 
knowledge and that its responses aren’t always accurate. 
They are optimistic that it will advance even though they 
think it cannot completely replace human intelligence. 

Some students are worried about how it will affect their 
education and careers. All things considered, ChatGPT is 
helpful for education, but students should be conscious 
of its limitations. This study[10] examined the impact of 
ChatGPT on the motivation of college students. It was 
discovered that while students’ confidence in utilizing 
ChatGPT was associated with greater happiness, tension 
and enjoyment were negatively correlated. However, 
students’ motivation was not significantly impacted by 
how valuable they thought ChatGPT was. According 
to the study’s findings, ChatGPT has an influence on 
motivation, although students require more practice to 
use it efficiently. The findings offer fresh concepts for 
enhancing instructional strategies and upcoming studies 
on student motivation.

METHODOLOGY
Figure 1 Illustrates the schematic representation of 
the process comprises of Data Acquisition, Data 
pre-processing, Exploratory Data Analysis, Feature 
Engineering, Model Building. These processes are detailed 
in the following subsections.

Fig. 1: Flowchart for Analysing ChatGPT’s Impact on 
Students’ Learning
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DATA ACQUISITION/ DATA 
COLLECTION
To study the impact of ChatGPT, it is required to get real 
time data from relevant target people who are students. 
A survey questionnaire is prepared considering different 
approaches and issues working with ChatGPT. Following 
is the sample dataset. 

Fig. 2: Sample dataset

The dataset will consist of 315 rows (data from students) 
and 26 columns (questions). Since we asked 26 questions 
in the survey, the data was too large to display in the paper. 
Therefore, we have shown only a sample of the data as an 
example and the age group considered to carry out this 
study is 19 to 21 Years old students.

DATA PREPROCESSING
We conducted a Google Forms survey among students 
using various questionnaires. From the survey, we 
compiled a dataset of approximately 315 observations. 
However, some features were inadequate and required 
data cleaning. Following pre-processing is performed on 
the data generated through the survey questionnaire[11].

●	 Dropping features which are not required.

●	 Cleaning erroneous inputs 

●	 Renaming Column as required.

●	 Encoding is required for categorical features.  

EXPLORATORY DATA ANALYSIS
Exploratory Data Analysis (EDA) helps us understand 
the data before drawing conclusions. We use it to uncover 
hidden patterns and relationships. The dataset is studied to 
understand the students’ responses and observe patterns in 
it. Following are the key observations showcased with the 
help of graphs.
Relationship Between Age Group and Frequency of 
ChatGPT Usage (Stacked Bar Chart)

Purpose: To understand how ChatGPT usage frequency 
varies across different age groups.

Chart 1: Relationship Between Age Group and Frequency 
of ChatGPT Usage

Interpretation: You can see how the 19-21 age group 
compares with other age groups in terms of daily, weekly, 
or rare usage of ChatGPT. If this group shows the highest 
daily usage, it validates your focus on them.
ChatGPT Usage vs. Perceived Critical Thinking 
Impact (Box Plot)
Purpose: To analyse whether frequent ChatGPT users 
report a greater negative or positive impact on their critical 
thinking ability.

Chart 2: ChatGPT Usage vs. Perceived Critical Thinking 
Impact
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Interpretation: Frequent ChatGPT users (“Multiple times 
a day”) mostly report positive impacts on critical thinking, 
while less frequent users show more varied perceptions, 
including neutral and negative impacts, suggesting a 
possible link between usage frequency and perceived 
impact.
Comfort with AI tools vs. dependency on ChatGPT 
(Violin Plot)
Purpose: To visualize the distribution of dependency levels 
on ChatGPT across different comfort levels of users.

Chart 3: Comfort with AI tools vs. dependency on 
ChatGPT

Interpretation: ChatGPT dependency appears to increase 
with user comfort level. “Very comfortable” users 
mostly report significant dependency, while “Neutral” 
and “Somewhat comfortable” users show more varied 
responses, including many reporting no dependencies.
Frequency of ChatGPT Use vs. Perceived Learning 
Enhancement (Grouped Bar Chart)
Purpose: To investigate the correlation between how 
often students use ChatGPT for academic purposes and 
their perception of whether it enhances their learning 
experience.

Interpretation: ChatGPT users in the sample all found it 
enhanced their learning. Weekly users were mostly positive, 
while monthly users were more mixed, suggesting less 
frequent use may correlate with lower perceived learning 
enhancement.

Chart 4: Frequency of ChatGPT Use vs. Perceived 
Learning Enhancement

Frequency of ChatGPT Use vs. Perceived Impact on 
Creativity (Heatmap)

Purpose: To visualize the relationship between the 
frequency of ChatGPT use (Daily, Monthly, Weekly) and 
users’ perceptions of its impact on their creativity (Fosters, 
Hinders, Neutral).

Chart 5: Frequency of ChatGPT Use vs. Perceived Impact 
on Creativity 

Interpretation: Daily ChatGPT users strongly associate 
it with fostering creativity, while monthly and weekly 
users have more varied opinions. Higher usage frequency 
appears linked to a more positive perception of ChatGPT’s 
impact on creativity.
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FEATURE ENGINEERING
In the given dataset, there are many features relevant to 
the problem, but out of all the features, we selected only 
15 that are more correlated with our target output. For this, 
we used the SelectKBest selector to find the best top 15 
features for our model. These 15 features are: [‘What is 
your field of study?’, ‘How comfortable are you with using 
AI tools like ChatGPT?’, ‘How frequently do you use 
ChatGPT for academic purposes?’, ‘For which academic 
purposes do you primarily use ChatGPT? (Select all that 
apply)’, ‘Do you use ChatGPT for non-academic purposes 
(e.g., hobbies, personal development)?’, ‘Has ChatGPT 
influenced your effort levels in completing assignments?’, 
‘How does using ChatGPT affect your ability to think 
critically or solve problems independently?’, ‘Do you face 
difficulty recalling information learned with ChatGPT’s 
assistance compared to traditional methods?’, ‘Has using 
ChatGPT discouraged you from practicing skills (e.g., 
coding, writing, or critical analysis) on your own?’, 
‘Have you ever submitted ChatGPT-generated content 
without modifications?’, ‘Do you believe using ChatGPT 
increases the risk of academic dishonesty?’, ‘How would 
you rate your understanding of plagiarism and copyright 
issues related to AI tools?’, ‘Does ChatGPT make you feel 
overly reliant on technology?’, ‘How satisfied are you with 
the accuracy of ChatGPT’s responses?’, ‘Do you think 
educational institutions should actively teach responsible 
AI usage?’]. For the target variable, we used the “Do you 
believe ChatGPT enhances your learning experience?” 
parameter, which resulted in a proper accuracy for our 
model building[12].

MODEL BUILDING
Machine learning is a valuable tool for prediction and 
analysis, and given the nature of our data and research 
questions, we opted for a supervised learning approach. 
We selected Random Forest and XGBoost, two algorithms 
particularly well-suited for this task due to their ability 

to handle complex relationships and provide robust 
predictive models.

Machine Learning Classifiers

XGBoost Classifier

The gradient boosting-based decision tree ensemble 
XGBoost[5] is made to be extremely scalable. By 
minimizing a loss function, XGBoost creates an additive 
extension of the objective function, much like gradient 
boosting does. Given that XGBoost solely uses decision 
trees as base classifiers, the trees’ complexity is managed 
using a variant of the loss function. With this, XG Boost is 
mainly used to reduce overfitting[13].

Random Forest Classifier

Two distinct sources of randomization are used to build the 
decision trees that make up the Random Forest ensemble 
of classifiers. Initially, a random sample of the original 
data that is the same size as the training set is used to train 
each decision tree separately[14].

RESULT ANALYSIS
Based on the machine learning classifiers used for model 
building, the following table shows the accuracy results. 
The Random Forest classifier performs well with overall 
accuracy of 98% and XG Boost gives accuracy of 96%.

Classifier 
Name

Accuracy Precision Recall F1 score

Random 
Forest

0.98 1.00 0.89 0.94

XGBoost 0.96 0.95 1.00 0.97

Table 1: Comparison table between Random Forest and 
XGBoost Classifier

The following table shows percentage of Student 
Acceptance of ChatGPT Use with respect to component 
of Technology Acceptance Model (TAM).

Table 2. Percentage of Student Acceptance of ChatGPT Use

Component of 
Technology 

Acceptance Model 
(TAM)

Helping / Strongly 
Agree

Helping / Agree Neutral Not helping / 
Disagree

Not helping / 
Strongly Disagree

Effort Impacted 20.4% 22.9% 8,9% 34.4% 13.4%
Critical Impact 18.5% 27.4% 34.4% 13.4% 6.4%

Recall Difficulty 20.4% 43.3% 20% 11.3% 5%
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Concept Clarity 32.5% 49.7% 16.6% 0.6% 0.6%
Skill Development 20.4% 51.2% 21.4% 5.5% 1.5%
Exam Readiness 15.3% 22.9% 33.8% 22.3% 5.7%
Dishonesty Risk 17.2% 45.9% 22.9% 10.2% 3.8%
AI Restriction 10.8% 18.5% 28.7% 32.5% 9.6%

Learning 
Enhancement

26.1% 52.2% 15.9% 3.8% 1.9%

Accuracy 
Satisfaction

12.7% 49.7% 29.9% 6.4% 1.3%

Chart 6: Model Performance Comparison: Random 
Forest vs. XGBoost

Interpretation: Random Forest was a little more accurate 
overall, but XGBoost did a better job of balancing getting 
the right answers and not missing any important ones. 
XGBoost’s higher F1-score shows it’s probably a better 
choice for this particular problem, even if its accuracy was 
a tad lower. It really depends on what’s most important – 
if you want to be really sure you’re not missing anything, 
XGBoost is better, but if you just want to be mostly right 
most of the time, Random Forest is okay too.

Performance Measures

Accuracy, Precision, Recall, and F1-score are the metrics 
used to check the performance of the model , and also 
shows the comparative analysis between two algorithms 
Random Forest and XGBoost[15].

Accuracy 

●	 In terms of accuracy, Random Forest (0.98) performs 
marginally better than XGBoost (0.96), correctly 
classifying a greater number of occurrences overall.

●	 But accuracy by itself isn’t necessarily the best 
measure, particularly when the dataset is unbalanced.

Precision

●	 All of Random Forest’s positive predictions are 
accurate, as evidenced by its perfect precision score 
of 1.00.

●	 The slightly reduced precision of XGBoost (0.95) 
suggests some erroneous positives.

Recall

●	 Perfect recall is attained by XGBoost (1.00), which 
accurately detects every real positive instance.

●	 The weaker recall of Random Forest (0.89) suggests 
that it overlooks some favourable cases.

F1 Score

●	 With a marginally higher F1 score than Random 
Forest (0.94), XGBoost (0.97) strikes a better balance 
between recall and precision.

●	 The F1-score indicates that XGBoost is a superior 
classifier overall in this instance since it is the 
harmonic mean of precision and recall. 

CONCLUSION
ChatGPT presents a complex landscape for education. 
Our survey of around 315 students using Google Forms 
revealed a mix of experiences. While ChatGPT offers 
clear benefits, like simplifying tough topics, helping with 
self-study, and boosting motivation (something we saw in 
the positive correlations), it also carries risks, especially 
over-reliance and potential harm to critical thinking and 
problem-solving. Our analysis, including the model we 
built using things like how often students use ChatGPT, 
how comfortable they are with it, and how they feel it 
impacts their skills, really highlights this double-edged 
sword. We noticed that students who use ChatGPT 
multiple times a day tend to report positive effects on their 
learning and motivation. However, students who use it less 
often have all sorts of opinions – some good, some neutral, 
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and some even negative, particularly when it comes to 
critical thinking. This tells us that finding the right balance 
is super important. So, for ChatGPT to really work well 
in education, it needs to be seen as a supporting tool, 
not a replacement for doing your own research, thinking 
critically, and coming up with creative solutions. Teachers 
are key here. They need to guide students on how to use 
AI responsibly and make sure it’s helping them learn and 
think better, not the other way around.
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ABSTRACT
Predictive Maintenance for Equipment Reliability using Time Series Forecasting with Systems, Applications, and 
Products in Data Processing (SAP) Analytics Cloud Smart Predict in today’s industrial landscape plays a critical role 
in ensuring uninterrupted operations and minimizing costly downtime. This research explores the application of next-
generation predictive maintenance techniques, specifically time series forecasting, to enhance equipment reliability in 
an industrial setting. Leveraging the capabilities of machine learning, the research aims to proactively identify potential 
equipment failures, optimize maintenance schedules, and improve overall operational efficiency. The methodology 
involves the collection and preparation of historical data related to equipment performance, maintenance records, and 
relevant operational parameters. This research emphasizes on the significance of feature engineering to enhance the 
accuracy of the predictive models, considering factors such as operating conditions, temperature, and usage patterns to 
yield a smart machine learning model for equipment reliability.

KEYWORDS : SAP, Machine learning, Plant maintenance, Predictive maintenance, Reliability maintenance.

INTRODUCTION

Next-generation (Next-Gen) strategic priorities 
for organizations in sectors like manufacturing, 

healthcare, utilities, and other asset-heavy industries 
focus on plant maintenance and asset reliability. The 
smooth operation of production lines, consistent power 
distribution, and round-the-clock customer service are 
critical to maintaining performance and competitiveness 
in these sectors. The significance of maintenance practices 
is highlighted by the potential consequences of equipment 
failure in industries such as hospitals and diagnostics, 
where improper maintenance can severely disrupt essential 
services [1].

Some companies engage in manufacturing directly at 
project sites due to logistical difficulties or contractual 
obligations.

These organizations are responsible for maintaining 
not only their own assets but also those of their clients. 
Inadequate maintenance in these situations can result in 
financial losses, damage to reputation, and pose risks to 
human safety and the environment [1][2].

Unexpected equipment failures often lead to an increase 
in corrective maintenance and repair work, resulting in 
unforeseen costs, reduced equipment longevity, lower 
Mean Time Between Failures (MTBF), and more frequent 
breakdowns [1][3].

Large and small industries suffer a lot in all aspects if they 
do not use information systems. They can automate their 
work culture, employ control functions while dividing the 
responsibilities by adopting ERP platforms including SAP, 
for production, maintenance, procurement, invoicing and 
payment transactions and so on [1][2][4][5].

Based on data published by global ERP, SAP held a 
24 percent share of the global ERP market in 2013. 
The implementation of SAP applications facilitates 
the alignment of diverse business processes within 
an organization, resulting in enhanced integration 
across functions and significant gains in efficiency and 
productivity. The corrective, preventive, predictive, and 
shutdown maintenance are the primary strategies of asset 
maintenance [1][6][7].

The SAP Plant Maintenance module manages all these 
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as preventive, breakdown, and condition-based methods, 
each offering unique advantages and drawbacks [8].

Unforeseen equipment failures can lead to unexpected 
maintenance expenses, disrupt operations, and hinder 
productivity. When equipment downtime occurs without 
warning, both time and financial losses are incurred. The 
construction industry, for instance, clearly illustrates the 
negative effects of such unplanned downtimes [15]. In 
general, the costs associated with reactive maintenance due 
to unanticipated failures can be six to eight times higher 
than those linked to preventive or predictive maintenance 
approaches [16].

The likelihood of equipment failure can be significantly 
reduced by adhering to the manufacturer’s recommended 
maintenance schedule. Planned maintenance can be based 
on time, performance metrics, or a combination of both. 
This approach involves performing a set of prescribed 
maintenance tasks and overhauls once the equipment 
reaches a specified runtime or operating hours [17].

However, the maintenance tasks scheduled as part of 
preventive maintenance often may not be necessary, or 
they might fail to anticipate future breakdowns. These 
procedures are typically derived from the manufacturer’s 
maintenance manual. A key drawback of preventive 
maintenance is that it follows a fixed schedule based on 
time and running hours, disregarding real-time changes in 
the equipment’s condition [18].

Condition-based monitoring aims to predict equipment 
failure by detecting abnormal readings in critical 
parameters like vibration, temperature, and pressure before 
failure occurs. These readings, captured through sensors, 
can be leveraged to improve manufacturing processes and 
optimize Cyber-Physical Systems, ensuring more efficient 
and reliable machine performance [19].

Several studies have explored the creation of predictive 
maintenance frameworks designed to monitor equipment 
health in production lines. One such study applied data 
mining techniques to an F-18 aircraft, refining maintenance 
protocols [20]. The resulting model integrated diagnostic 
codes and repair data to create a predictive maintenance 
strategy aimed at extending aircraft operational hours 
while reducing the risk of failure. Another model proposed 
by Liao et al. suggested that when equipment hits a 
specific maintenance threshold, it should undergo repairs 
to restore functionality [17]. Pan et al. recommended 
that equipment maintenance life, spare part history, and 

areas, along with their relevant data and resources. 
Additionally, it offers the ability to integrate cost control 
and procurement activities into maintenance operations 
smoothly [1][2][9]. However, despite having the necessary 
data and monitoring tools, the SAP application falls short 
in predicting the reliability of equipment.

While SAP’s decision-making and analytical capabilities 
are somewhat restricted, leveraging data mining and 
machine learning (ML) techniques on the data stored in 
SAP can greatly improve its decision-making ability. ML 
algorithms have proven to be highly effective in various 
industries, including medicine [10], operations [11], and 
finance [12], where they have addressed complex business 
challenges. 

However, there is limited research that integrates data 
from maintenance processes in information systems with 
ML algorithms to improve equipment reliability in asset-
heavy industries. The potential of integrating ML with 
SAP is immense, as SAP is used by 60% of Fortune 2000 
companies and nearly 80% of Fortune 1000 companies 
[13].

In light of this, the author proposes an equipment reliability 
prototype—a cyber-physical system enhanced with 
artificial intelligence (AI). This system utilizes historical 
maintenance data, including spare parts usage, preventive 
maintenance, breakdown records, and other monitoring 
variables available in SAP. Recent advancements in SAP’s 
design and architecture support this prototype proposal. 
The shift to a cloud-based platform with SAP HANA [14] 
facilitates faster decision-making and analysis by enabling 
the processing of vast amounts of data stored in memory 
databases at high speeds. This capability is especially 
valuable for creating models to assess equipment 
reliability, as it enables rapid access to extensive historical 
maintenance data required for reliability evaluations [15].

The proposed research introduces a innovative model for 
equipment reliability that focuses on minimizing failures, 
improving safety in the workplace, and generating cost 
savings. This model serves as a decision support tool, 
assisting maintenance planners in executing corrective 
actions and taking preventive steps to avoid equipment 
failures.

LITERATURE REVIEW
Numerous researchers have focused on optimizing 
various plant maintenance processes [1]. Organizations 
typically adopt a range of maintenance strategies, such 
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age should be considered to predict degradation rates and 
inform maintenance strategies [17].

Clustering, an unsupervised learning technique that groups 
similar data, has been used in risk analysis and market 
segmentation. However, few studies have explored the 
application of clustering algorithms to predict equipment 
reliability [18].

In organizations using the SAP application, plant 
maintenance not only manages various processes, such 
as breakdowns, preventive tasks, and condition-based 
measures, but also stores vital master and transactional data 
related to equipment. Furthermore, other SAP modules, 
like Incident Management, help improve workplace safety 
and reduce risks to people and property [2].

The advent of high-speed computing and integrated 
memory databases has revolutionized research analytics, 
enabling real-time data processing. With in-memory 
databases like SAP HANA, SAP applications can analyze 
equipment reliability and monitor equipment health 
by building machine learning-based classifiers using 
maintenance data stored within the system [14].

As next-generation cloud-based Cyber-Physical Systems 
continue to dominate industrial automation, integrating 
data from SAP, SCADA, and DCS systems with machine 
learning algorithms and service-oriented architecture 
(SOA) is becoming essential. This technological evolution, 
characterized by highly networked equipment, supports the 
decision-based cyber-physical reliability model proposed 
in this study [19].

RESEARCH OBJECTIVE AND 
HYPOTHESIS FORMULATION
Reliability maintenance serves as a crucial strategy in 
preventing unforeseen equipment breakdowns. The 
researcher’s success lies in failure prediction within the 
construction industry using Time Series Models. Typically, 
equipment exhibits specific signals or symptoms, often 
recorded as condition-based measurements through sensor 
networks before experiencing a breakdown.

Research indicates that reliability models can significantly 
reduce maintenance costs compared to other maintenance 
regimes.

While data mining integration with predictive maintenance 
systems is common, there’s a gap in integrating ERP 
applications with ML algorithms for comprehensive 
equipment reliability prediction. Leveraging this gap, 

our Cyber-Physical equipment reliability model aims 
to enhance workplace productivity, safety, and reduce 
equipment downtime with research methodology as 
depicted in figure 1.

Research Problem

The research problem stems from the limitations of current 
maintenance processes in ERP applications like SAP. 
While SAP effectively handles preventive maintenance 
processes, managing unplanned maintenance scenarios 
and providing insights into equipment reliability remains 
challenging. The proposed model aims to integrate 
historical maintenance data with real-time condition-based 
measurements using both unsupervised and supervised AI 
techniques for more accurate reliability predictions.

Hypothesis Formulation

The hypothesis posits that integrating machine learning 
algorithms with data from corrective, preventive, and 
condition-based maintenance processes can effectively 
predict equipment breakdowns. Building on previous 
studies, the author highlights essential data elements, 
including preventive and corrective maintenance logs, 
spare parts usage, condition monitoring metrics, and the 
age of equipment, and maintenance timelines, as vital 
components for building the reliability model. To verify 
these findings, the researchers undertake several steps, 
including building a data model, classifying data sets, 
The proposed model utilizes AI techniques for grouping 
data into clusters, followed by evaluating the results using 
supervised ML algorithms.

Model Benefits and Application

The model offers multiple advantages: 

•	 Continuous Learning: It improves over time by 
incorporating new data and adjusting to evolving 
conditions.

•	 Versatility: It can be added with sources, including or 
third-party software or SAP databases.

•	 Quick Deployment: Direct integration with SAP 
production databases minimizes downtime and 
enhances testing efficiency.

 •	 Scalability: The algorithms designed for SAP 
applications can be modified for use with other ERP 
systems.

The equipment reliability model has the potential to 
function as a cyber-physical system, integrating data 
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structures and features specific to various types of 
equipment, like pumps or compressors. It can be developed 
on a cloud-based platform, utilizing SAP functionalities 
for real-time monitoring and prediction of equipment 
status and performance. This integration allows for prompt 
corrective actions or inspections, potentially utilizing 
robotics for immediate control in handling equipment 
reliability responses.

The model proposes close integration between SAP 
functions, Business Intelligence, and maintenance 
departments within organizations, with each function 
having specific responsibilities. SAP handles database 
integration and deadline monitoring, maintenance 
departments propose relevant features for equipment 
reliability analysis, and Business Intelligence builds data 
models on cloud platforms, integrating data from various 
sources using ETL methodologies.

Fig. 1. Equipment reliability model- multiple functions 
and stakeholders

Thus, our innovative machine learning model with 
Predictive Maintenance for Equipment Reliability using 
Time Series Forecasting with SAP Analytics Cloud Smart 
Predict will be beneficial in next-generation workplaces. 
Time series forecasting models, including Exponential 
Smoothing, AutoRegressive Integrated Moving Average 
(ARIMA) are required to be effectively implemented 
within SAP Analytics Cloud Smart Predict.

CONCLUSIONS
This research introduces a model for predicting equipment 
failures by combining machine learning algorithms with 
maintenance data from the SAP application. The proposed 
reliability model is versatile and can be applied to other 
IT systems beyond SAP, as the principles for constructing 
the data model are largely consistent across platforms. 
Further research is suggested to enhance adaptability 
of the equipment reliability model with accuracy by 
incorporating clustering results with supervised machine 
learning techniques to classify and forecast equipment 
performance. The model’s data can be sourced from 
various tables within the SAP system, with a specific 
focus on pumps. This method would create a system that 
can foresee equipment failures ahead of time, leading to 
improved productivity, minimized emission risks, and 
heightened safety in upcoming workplace settings.
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ABSTRACT
GradeGuru offers a paradigm shift in the administration of student examinations within educational institutions. 
Designed to mitigate challenges associated with access rights and privileges, Key functionalities include role based 
authentication, seat number allocation, user role assignment, mark calculation, hall ticket generation, gazette generation, 
Marksheet generation, reminder mail for revaluation, locking the dashboard before the result generation aimed at 
streamlining processes, and ensuring accuracy in examination management. This work underscores the significance 
of modernizing administrative processes to meet the evolving needs of educational institutions. Through innovative 
solutions and efficient implementation, it demonstrates the capacity of technology to enhance operational efficiency and 
facilitate effective management of student examinations. 

This research work provides a facility to define role based access to each legitimate user.  Admin assigns roles; HoD 
adds subjects; subject in charges will adds marks, and all the notifications are managed by admin. Overall, the Grade 
Guru empowers institutions to deliver examinations with greater efficiency and effectiveness, ultimately contributing to 
the success and advancement of students and educational programs. Proposed system gives 89.16 % Efficiency, 97.05% 
Accuracy, Misclassification is 2.5%, 89% Precision, and 97.02% recall for 100 different test results of SGPI, CGPI, and 
Percentage calculation.

KEYWORDS : Role based access rights, Security, Educational administration, Examination management system, 
DLOC, ILOC.

INTRODUCTION

In the Progressively developing field of educational 
administration, GradeGuru emerges as a vital tool for 

addressing the complex challenges of managing student 
examinations. Developed using Electron.js, this desktop 
application is designed to streamline and enhance 
the efficiency of exam processes within educational 
institutions. GradeGuru takes a holistic approach to 
examination management, offering a variety of innovative 
features that meet the diverse needs of all stakeholders. A 
key aspect of its functionality is the effortless assignment 
of seat numbers to students, fostering organized and 

structured exam environments that facilitate academic 
achievement. One of GradeGuru’s most notable features 
is its robust role-based access control system. This 
empowers administrators to establish specific access rights 
and privileges for different users, including the Principal, 
Exam Controller, Heads of Departments (HoD’s), and 
staff members. By providing privileges for each user, 
GradeGuru strengthens accountability and security within 
the system.

Moreover, GradeGuru boasts a comprehensive suite of 
functionalities aimed at simplifying the examination 
workflow. From generating Excel sheets of student marks 
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the adoption of advanced technologies, such as using AI, 
can significantly enhance educational outcomes and help 
human errors in management of the result.

“Examination Management System”[4] by Divya et al. 
(2021) is one of the papers that are referred to for the 
comprehensive manual about the exam process, from the 
generation of the question paper to the scheduling, and 
then result processing that are emphasized by them in the 
chapter. They emphasized the importance of automation 
in the improvement of the processes and the desire to mop 
up the extra tasks that the system takes on. Hence, they 
implemented the user interface and accessibility too, which 
meters educators and students’ academic experience. 
The research shows that introducing such systems will 
give way to more dependable and efficient examination 
management hence be more advantageous to educational 
institutions.

The automation system, “Exam Cell Automation 
System,”[5] was the topic discussed in 2017 by Dharshini 
et al. which was to design an automatic system to improve 
the exam management process on the way. The paper 
will allocate to the most important functions as automatic 
scheduling, registration, and results processing that are 
needed to solve the common problems of the traditional 
exam cells. The authors named one of the key features of 
the system as an error-proof system that will be able to 
store all the data in a way where the information gets to the 
right place without any human interference, thus ensuring 
that both staff and students have a hassle-free experience. 
The research revealed that conducting automation in exam 
management can help save time and improve the accuracy 
of managing exam logistics.

The research paper [6] showed several technological 
advancements that improve data processing and 
management in exam systems, highlighting the necessity 
of effective frameworks to uphold academic integrity 
and simplify administrative work. The authors offered 
a comprehensive study of the current systems, pointing 
out weaknesses and making recommendations for 
enhancements to maximize efficiency. According to their 
findings, integrating contemporary technologies can help 
promote better examination management procedures.

Savakar and Hosur (2015) investigated the use of 
automated systems to manage examination procedures 
in their study, “Automation of Examination System.”[7] 
They examined the issues faced by older methods, such 
as inefficiencies and inaccuracies in result processing. In 

for various assessments, including Term-Work (TW) 
examinations and Internal Assessment Tests (IATs), to 
calculating averages based on Department Optional 
Course (DLOC) and Institutional Optional Course (ILOC), 
GradeGuru streamlines the process of result compilation 
with unparalleled efficiency. Moreover, GradeGuru offers 
seamless data import and export capabilities, enabling 
administrators to easily transfer examination results into 
Excel files for further analysis or sharing. As educational 
institutions work to navigate the challenges of examination 
management, GradeGuru shines as a symbol of innovation, 
with its extensive features.

LITERATURE REVIEW
In paper [1] emphasized that new electronic systems 
can be used to organize examination processes. Authors 
also point out the contemporary downsides faced by the 
traditional examination management such as the loss of 
efficiency and the security issues and suggest technological 
solutions to address them. Through their research they 
have shown the influence of digital tools on the more 
efficient processing of exams, the easier access to them, 
and the guarantee of integrity on the other. The research 
paper suggested that by incorporating these technologies, 
the whole procedure including the teacher, as well as the 
examinees, can be improved a lot.

In the article [2], Authors focused on the significant role 
of access control in the security of exam processes. She 
talked about various frameworks of role-based access 
control (RBAC) and their usage in the field of education, 
emphasizing the importance of the protection of sensitive 
data and the guarantee of authorized access. The article is 
a review of the literature on the implementation of RBAC. 
The research paper highlights the key advantages of 
scalability and user compliance as well as the obstacles and 
drawbacks. Johnson found that a secure implementation 
of RBAC can extremely well influence the security and 
integrity of examination management systems.

The research paper [3], prepared by Williams and Brown 
is a thorough examination where the researchers analyze 
the operational effectiveness of different examination 
management systems. One of the factors discussed is the 
impact of these systems on result processing in educational 
institutions. The authors ran a very thorough examination 
of the challenges they faced when manual processing was 
used and compared them with automated systems. They 
identified the significant improvements in both efficiency 
and accuracy owing to automation. The authors stated that 
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order to improve operational correctness and efficiency, the 
authors offered a comprehensive framework with features 
including digital grading, automated scheduling, and 
online registration. Through their analysis, they showed 
how automation can lead to more dependable results by 
drastically reducing administrative duties and enhancing 
the whole exam experience for both teachers and students.

Objectives

The overarching objectives of this research paper are 
to provide a comprehensive solution that not only 
provide role based access but also enhance operational 
efficiency and facilitate effective management of student 
examinations. List of objectives of proposed research 
work are as follows.

●	 To develop a user-friendly desktop application using 
Electron.js to streamline examination management 
processes.

●	 To implement role-based access control to ensure 
secure and tailored access rights for administrators, 
educators, and staff members.

●	 To enable seamless allocation of seat numbers 
to students, facilitating organized and structured 
examination environments.

●	 To provide functionalities for generating Excel sheets 
of student marks for various assessments, including 
Term-Work (TW) examinations and Internal 
Assessment Tests (IATs).

●	 To calculate averages based on Direct Level of 
Confidence (DLOC) and Indirect Level of Confidence 
(ILOC) to automate result compilation.

●	 To enable easy import and export of examination 
results into Excel files for further analysis or 
dissemination.

●	 To enhance efficiency, Accuracy, and Precision in 
examination administration to support educational 
institutions in their mission of fostering learning and 
academic excellence.

Existing Systems

Traditional examination management in educational 
institutions often relied upon a combination of manual 
efforts and outdated software solutions, both of which fall 
short of contemporary educational demands [8,9]. This 
conventional approach required extensive labor, especially 
visible in processes like manual seat allocation, result 

compilation, and the broader sphere of data management. 
Such methods not only opened the door to human errors 
but were also markedly time-consuming and largely 
inefficient. These shortcomings underscored the lack of 
scalability and the enormous difficulty in maintaining any 
semblance of efficiency – essential elements for modern 
educational operations.

As the need for a streamlined system became increasingly 
apparent, it was clear that a technologically advanced 
solution was imperative to revolutionize examination 
administration. The primary goal was to dramatically 
enhance efficiency, ensuring that everything from seat 
assignments to the publication of results was handled 
swiftly and precisely. Alongside this objective stood 
the necessity for bolstered accuracy, ensuring that the 
recorded data and disseminated results were exact and 
reliable. Transparency also became a major focus, with the 
aim to establish a system that not only students and faculty 
but external stakeholders could trust. Such advancements 
were aimed not only at addressing inherent inefficiencies 
in the legacy systems but also at preparing educational 
institutions to handle larger student populations and more 
complex examinations with ease, thereby propelling them 
towards a future where managing exams could be seamless 
and error-free.

Limitations of Existing System

Manual Examination Seat Number Allocation: Seat 
allocation for examinations is done manually, leading to 
inefficiencies, errors, and time-consuming processes.

Role-Based Access Control Mechanism: Limited role-
based access control mechanisms are in place, resulting 
in challenges with managing access rights and privileges 
for different stakeholders, such as the Principal, Exam 
Controller, HoD’s, and staff.

Result Compilation: Result compilation involves manual 
data entry and calculation, increasing the risk of errors and 
delays in generating accurate assessment reports.

Excel-Based Data Management: Examination data, 
including student marks and assessment details, is managed 
using Excel sheets, which can be prone to versioning 
issues, data loss, and lack of real-time collaboration.

Limited User Engagement: There is minimal interaction 
and engagement between the exam cell department, 
faculty, and students, hindering communication and 
collaboration opportunities.
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Centralized System Structure: The system structure is 
highly centralized, with all data and processes controlled 
by the exam cell department, limiting transparency and 
accessibility.

Problem Statement

Traditional examination management systems in 
educational institutions face numerous challenges stemming 
from manual processes and outdated software solutions 
[10,11]. These systems often grapple with inefficiencies, 
errors, and a lack of user engagement. Manual processes, 
such as seat allocation and result compilation, lead to 
inefficiencies and delays, while limited access control 
mechanisms hinder effective management of access rights 
and privileges. Data management issues arise from using 
Excel sheets or outdated software, causing versioning 
problems and data loss [12]. Additionally, minimal 
interaction between exam cell departments, faculty, and 
student’s hampers communication and collaboration. 
The highly centralized system structure further restricts 
transparency, accessibility, and scalability.

The proposed “Grade-Guru” Examination management 
system offers a paradigm shift in the administration of 
student examinations within educational institutions. 
Designed to mitigate challenges associated with access 
rights and privileges, the Key functionalities include role 
based authentication, seat number allocation, user role 
assignment, mark calculation, hall ticket generation, gazette 
generation, Marksheet generation, sending reminder mail 
for revaluation, locking the dashboard before the result 
generation aimed at streamlining processes, and ensuring 
accuracy in examination management.

PROPOSED SYSTEM
Traditional examination management systems in 
educational institutions suffer from inefficiencies and 
delays caused by manual tasks like seat allocation and result 
compilation. Outdated software results in data management 
challenges, including version control issues and data loss, 
insufficient access control, poor communication between 
departments, and a highly centralized system that limits 
transparency, accessibility, and scalability, impeding 
effective collaboration and management.

The proposed GradeGuru aims to revolutionize 
examination administration processes within educational 
institutions by introducing modern technologies and 
user-centric design principles. It seeks to overcome the 
limitations of traditional methods and outdated software 

solutions while offering innovative features to enhance 
efficiency and effectiveness.

Fig. 1: GradeGuru System Architecture

One key aspect of GradeGuru is as shown in fig. [1], 
its digital seat allocation module, which automates the 
process of assigning seats to students for examinations. 
By eliminating manual seat allocation, this feature 
reduces errors and streamlines the process, ultimately 
improving administrative efficiency. Additionally, Grade 
Guru incorporates a robust role-based access control 
mechanism, allowing administrators to define access 
rights for different user roles. This ensures that only 
authorized personnel have access to sensitive examination 
data, enhancing security and confidentiality. Another 
significant feature of Grade Guru is its automated result 
processing functionalities by automating the calculation 
and generation of assessment reports; Grade Guru reduces 
the time and effort required for result compilation. This 
not only improves efficiency but also ensures accuracy in 
assessment outcomes. Moreover, Grade Guru integrates a 
centralized database to securely store examination data, 
facilitating data management and real-time collaboration 
among stakeholders. With its user-friendly interface and 
communication features, Grade Guru promotes seamless 
interaction between the exam cell department, faculty, and 
students, fostering a collaborative environment conducive 
to academic excellence.

Advantages of the proposed system are, it offers a 
multitude of benefits aimed at enhancing efficiency 
and effectiveness in examination administration within 
educational institutions. By automating manual processes 
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such as seat allocation and result processing, Grade 
Guru will significantly increase efficiency, allowing 
administrators to save valuable time and resources. 
Moreover, the automation of key processes will reduce the 
risk of errors and inaccuracies, ensuring that examination 
data remains accurate and reliable. The implementation of 
role-based access control will further enhance security by 
restricting access to sensitive data, thereby minimizing the 
risk of unauthorized access and data breaches.

In addition to efficiency and security improvements, 
Grade Guru will bring about enhanced transparency in 
examination administration processes. Stakeholders will 
have access to real-time information, enabling them to 
track progress, monitor performance, and make informed 
decisions regarding examination management and resource 
allocation. The user-friendly interface and intuitive 
design of Grade Guru will contribute to an enhanced user 
experience, facilitating easy navigation and interaction for 
administrators, faculty, and students alike. Furthermore, 
features for communication and collaboration will 
streamline interaction between stakeholders, fostering 
a collaborative environment and improving overall 
communication within the institution. Lastly, Grade 
Guru will be designed with scalability and flexibility in 
mind, ensuring that it can adapt to the evolving needs and 
requirements of educational institutions over time.

METHODOLOGY
Algorithm for GradeGuru-EMS

1.	 Create Login and Assign Roles based on Role based 
access mechanisms to different users such as Principal, 
Examination Controller, HOD, and Staff.

2.	 Exam controller will add following details
	 a.	 Add Department and Assign HoD
	 b.	 Add semester
	 c.	 Add Subjects
	 d.	 Add Subject with examination details as Regu-

lar/ATKT Examination with credit, Staff name, 
and Subject_Type (Compulsory subject/ILOC/
DLOC)

3.	 Add Student list (Regular students/ Direct second 
year admitted student)

4.	 Create a Seat number for each student for IAT as well 
as for ESE examination. 

5.	 Generate Hall Ticket 
6.	 HoD will assign subjects to Subject teachers 

7.	 Staff will add Marks of TW, IAT, OR/PR
8.	 A Controller of Examination will add Marks of End 

Semester Examination of all the departments.
9.	 The Examination Controller will create a Gazette for 

Result, and Marksheet of each student.
10.	 GradeGuru-EMS will send a reminder of Revaluation 

if a student got ATKT in the subject.
The detailed algorithms are explained below for defining 
RBAC, to add subjects, semesters and to create a batch, 
along with Seat number allocation and based on that 
generation of hall ticket, and at the end result generation 
in the form of Gazette and generating Marksheet of each 
student.
Algorithm for Role based access Control Mechanism 
(RBAC)
1.	 Identify all the distinct roles within the system (e.g., 

Admin, Exam controller, HoD, Staff)
2.	 Define the specific abilities or permissions associated 

with each role (e.g., Admin can delete users, User can 
create posts).

3.	 During user invitation, assign an appropriate role to 
the user.

4.	 Develop an endpoint /get-ability that returns ability 
statements for a given user 

5.	 Implement logic within the API to fetch abilities 
based on the user’s role.

6.	 When a user accesses the platform, call the /get-ability 
API to retrieve their ability statements.

7.	 Store the retrieved abilities in a local session or cache.
8.	 Before displaying any feature on the UI, iterate over 

the stored abilities to verify if the user has access. 
9.	 Hide or disable features that the user does not have 

permission to access.
10.	 Capture any action intended by the user (e.g., button 

click, form submission)
11.	 Include the user identifier (such as a JWT token) in 

the API request header. 
12.	 Decode the JWT token to extract the user identifier.
13.	 Retrieve the user’s role from the database using the 

extracted identifier. 
14.	 Get the ability statements associated with the retrieved 

user role.
15.	 Verify if the action attempted by the user is allowed 

based on their abilities. 
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16.	 Compare the action against the user’s ability 
statements.

17.	 If the user is authorized, proceed with performing the 
action.

18.	 If the user is not authorized, create an appropriate 
error response indicating unauthorized access. 

Algorithm to Create Batch, add all semesters, add 
subject groups
1.	 Create batch with name and year
2.	 Read all departments from master list 
3.	 Duplicate all departments in batch from master list
4.	 Read all semesters from departments.
5.	 Duplicate all semesters in department from master   

list department
6.	 Read all subject groups from master list semesters.
7.	 Duplicate all subject groups in the semester from 

master list semester.
8.	 Read all subjects from master list subject groups.
9.	 Duplicate all subjects from master list subject’s 

groups.
Algorithm for Seat Number Generation
1.	 Input semesterId.
2.	 Retrieve semester details associated with semesterId.
3.	 Fetch the corresponding department details for the 

semester.
4.	 Obtain the batch information for the found department.
5.	 Gather and store all subject groups related to the given 

semesterId.
6.	 Initialize a dictionary to hold lists of students grouped 

by subject group IDs.
7.	 Iterate over each subject group to fetch subjects.
8.	 For each subject, retrieve student details using its ID.
9.	 Skip processing if no students are found; otherwise, 

populate the student’s dictionary with unique students 
based on studentId data.

10.	 Initialize a counter for student seat numbering 
(studentCount = 1).

11.	 For each subject group, fetch subjects again.
12.	 For each subject in the subject group, retrieve student 

details again.
13.	 If student details are found, proceed to assign seat 

numbers to students not already assigned.

14.	 Calculate the Internal Assessment Test seat number 
`iatSeatNo` using the department code, semester 
number, and current student count.

15.	 Determine the semester type (even or odd) and 
calculate the End Semester Exam seat number 
`eseSeatNo` using year, semester type, and department 
code.

16.	 Increment the student counter after assigning seat 
numbers.

17.	 Update the seat numbers iatSeatNo and eseSeatNo for 
each student in the database.

18.	 Repeat Steps 7-17 for all subjects within each subject 
group until all seat numbers for eligible students are 
generated and updated.

19.	 Finish and return or end function execution after 
processing all subject groups and students.

Algorithm for Hall Ticket Generation
1.	 Get all subjects of a subject group.
2.	 Take the exam date of all the subjects from the user.
3.	 Forward the subject and their respective exam dates 

to the exporter module. 
4.	 Get all the students enrolled in that subject.
5.	 Loop through each student.
6.	 Generate html for the hall ticket with student details 

and subject details in place. 
Algorithm for Seat No Generation
1.	 Input semesterId.
2.	 Retrieve semester details associated with semesterId.
3.	 Fetch the corresponding department details for the 

semester. 
4.	 Obtain the batch information for the found department.
5.	 Gather and store all subject groups related to the given 

semesterId.
6.	 Initialize a dictionary to hold lists of students grouped 

by subject group IDs. 
7.	 Iterate over each subject group to fetch subjects.
8.	 For each subject, retrieve student details using its ID.
9.	 Skip processing if no students are found; otherwise, 

populate the student’s dictionary with unique students 
based on studentId data.

10.	 Initialize a counter for student seat numbering 
(studentCount = 1).

11.	 For each subject group, fetch subjects again.
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12.	 For each subject in the subject group, retrieve student 
details again.

13.	 If student details are found, proceed to assign seat 
numbers to students not already assigned.

14.	 Calculate the Internal Assessment Test seat number 
`iatSeatNo` using the department code, semester 
number, and current student count.

15.	 Determine the semester type (even or odd) and 
calculate the End Semester Exam seat number 
`eseSeatNo` using year, semester type, and department 
code.

16.	 Increment the student counter after assigning seat 
numbers.

17.	 Update the seat numbers iatSeatNo and eseSeatNo for 
each student in the database.

18.	 Repeat Steps 7-17 for all subjects within each subject 
group until all seat numbers for eligible students are 
generated and updated.

19.	 Finish and return or end function execution after 
processing all subject groups and students.

Algorithm for Result Calculation for Regular 
Examination with Subject Group
1.	 Input subject GroupId
2.	 Retrieve the subject group, enrolled students,     

subjects, and marks by subjects for this group
3.	 Initialize a list, to store calculated marks for all   

students.
4.	 Create a structure for each student to store individual 

subjects and corresponding marks
5.	 Identify and populate specific student marks within 

each subject’s data for all students
6.	 Add structured student data with marks to the 

initialized list
7.	 For each student, determine the type of exam (e.g., 

written, lab) and generate results accordingly
8.	 Calculate any applicable grace marks for each student 

and sum up all exam marks
9.	 Convert computed marks to include additional details 

like grace marks, and symbols.
10.	 Calculate overall grades including grade points and 

credit points for each subject
11.	 Check and modify the symbols for exams based on 

failure results in any subject

12.	 Increment total marks by 10 for students participating 
in NSS activities

13.	 Calculate overall SGPI and CGPI for each student
14.	 Save the final student result data linked to their 

respective semester and subject group.  

RESULTS AND DISCUSSIONS
Role-based Access Control Mechanism

Grade Guru features a comprehensive role-based 
access control system as shown in Fig.2, that enables 
administrators to set specific access rights for various 
user roles. This mechanism ensures that only authorized 
individuals can access sensitive examination data, thereby 
enhancing security and confidentiality. As shown in figure 
the main roles in Grade Guru EMS are Admin, HOD, and 
Staff.  Where Admin has overall access rights, Admin 
will provide access to all respective HOD’s of different 
departments. HoD will provide access to all subject 
teachers of their department, where subjects in-charge 
add marks of their allotted subjects.  This system ensures 
that sensitive data is accessible only to authorized users, 
thereby enhancing data security and user accountability. 
By implementing role-based access, institutions can 
effectively manage permissions and prevent unauthorized 
access, thereby safeguarding examination integrity and 
confidentiality.

Fig.2. Role Based Access

Batch creation

The batch creation process is a critical function in 
managing student groups and their associated data. This 
feature simplifies the organization of students into batches 
based on various criteria such as department, year and 
their admission details such as regular or DSE student as 
shown in Fig. 3. 
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Fig. 3: Batch Data

Add Department

Fig. 4 gives the idea to add the Department and acting HoD 
of the department. Who intern can add Staff in-charge for 
respective subjects. 

Add subject

This feature allows admin to add subjects for the 
respective semesters. It includes subject name, subject 
code, associated credits and name of the teaching staff. The 
proposed system allows you to add subject type whether it 
is a lab or theory subject as shown in below fig.5.   

Fig. 4 Add Department

Fig. 5 Add subject with details

Hall ticket Generation

Fig.7 emphasizes the hall ticket generation feature of 
the proposed GradeGuru system, which automates the 
creation of hall tickets for students, ensuring they have 
the necessary documentation for examinations. This 
process simplifies administrative tasks and ensures timely 
distribution of hall tickets. Where, exam controller needs 
to add date of the exam, start time, and End Time of each 
subject for which student is appearing.  

Fig. 7: Hall Ticket Generation 

Fig. 8: Hall Ticket Generation

The automation of hall ticket generation reduces manual 
effort and potential errors, providing a reliable and efficient 
solution for examination administration; the above fig. 8 
shows the final printable hall ticket.

Gazette Generation 

The above Fig 9 demonstrates the gazette generation 
feature of the proposed system GradeGuru, which 
automates the creation of detailed reports summarizing 
examination results for all students. This feature ensures 
that comprehensive and accurate result data is efficiently 
compiled and readily available for administrative 
purposes. The automated gazette generation reduces the 
manual effort involved in preparing result summaries, 
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thereby minimizing errors and expediting the publication 
process, which enhances transparency and administrative 
efficiency.

Fig. 9: Gazette Generation

Marksheet generation

Fig. 10 highlights the Marksheet generation functionality, 
which streamlines the process of creating individual 
mark sheets for students, detailing their performance in 
various subjects. This automation ensures accuracy and 
consistency in Marksheet data, reducing the likelihood of 
errors associated with manual entry.

Fig. 10: Marksheet Generation

Remainder for evaluation

The “Reminder for Evaluation” as shown in fig.11 
functionality in GradeGuru is designed to automatically 
send reminder emails to students and faculty regarding 
revaluation deadlines, ensuring that important dates are 
not missed. This feature enhances the communication and 
organization within the examination process by providing 
timely alerts, thus helping to maintain the efficiency and 
punctuality of the revaluation procedures.

Fig.11: Email Reminder for revaluation

PERFORMANCE METRICS
The overall performance of the Grade Guru is calculated 
in terms of efficiency, reliability, and user satisfaction. 
This work is tested using traditional method as well 
as by using GradeGuru method for one semester in the 
Universal college of Engineering campus for 5 different 
departments, 60 students, and on 100 different subjects, 
the analysis is explained below.

Where, 

EMT = Time to Enter Marks

SCT = Time to Share and Compile Sheets 

MET = Time for Exam Cell to Re-enter Marks and     cross 
check 

T1 = Total Time Consumed to Enter Marks 

E1 = Human Error Rate in EMT 

E2 = Human Error Rate in MET

T2 = Total Time Consumed after Human Error Rate 
Consideration with Traditional Method

T3 = Total Time Consumed after Human Error Rate 
Consideration with GradeGuru Method

Traditional Method: 

EMT = 60 Students * 8 seconds = 480 seconds 

SCT = 1 Google Sheet * 2 minutes = 120 seconds

MET = 60 Students * 8 seconds = 480 seconds 

T1 = EMT + SCT + MET 

      = 480 + 120 + 480 = 1080 seconds 

E1 = 3% = 3% of 1080 seconds = 32 seconds 

E2 = 3% = 3% of 1080 seconds = 32 seconds 

T2 =   T1 + E1 + E2 = 1080 + 32 + 32 =1144 seconds
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GradeGuru Method:

EMT = 60 Students X 2 seconds = 120 seconds 

 T1 = A1 = 120 seconds 

 E1 = 3% = 3% of 120 seconds = 4 seconds 

 T3 = T1 + E1 = 120 seconds + 4 seconds =124 seconds

 T4= Difference in Time required to execute the     operation 
using Traditional method and GradeGuru

 T4 = T2-T3 = 1144-124=1020 Seconds

Improved Efficiency= (T4 /T2) *100		  (1)

		       =89.16 %

From the above analysis, the proposed GradeGuru 
application system requires less time to perform operation 
than the traditional method. The proposed system has been 
tested to generate 500 different Marksheet which have 
calculations for SGPI, CGPI, and percentage calculations. 
Performance analysis with respect to confusion matrix 
is shown in Table 1 below which shows analysis of 100 
different test values out of 500 test records.     

Table 1: Confusion Matrix 

Actual Result
True False

Predicted 
Result

True 98 2

False 3 97

Based on the above table in this research paper Accuracy, 
Misclassification, precision, and recall is calculated in 
section below. The Accuracy (All correct prediction) 
of the proposed system is 97.5%, Misclassification (All 
incorrect test predictions) is 2.5%, Precision is 98%, and 
Recall is 97.02%. 

Where, Tp= True Positive
Fp=False Positive
Fn= False Negative
Fp=False Positive
Accuracy=(Tp+Tn)/Tp+Tn+Fp+Fn		  (2)
	  = 97.5 %
Misclassification= (Fp+Fn)/Tp+Tn+Fp+Fn 	 (3)
                           =2.5%
Precision= Tp/(Tp+Fp)				    (4)

	                =98%

Recall = Tp/(Tp+Fn)				    (5)

           = 97.02%

CONCLUSION
GradeGuru addresses an important progression in the 
Examination Management System (EMS). By applying 
new edge cutting Technologies and best practices, the 
GradeGuru: EMS offers a systematic procedure that 
addresses the difficulties of conventional examination 
management systems while giving various advantages to 
students, staffs, and administrator. Through this automatic 
process, the GradeGuru further develops efficiency, 
Accuracy, and precision in seat number allocation, Result 
calculation, and Database Management. This automation 
not just saves time and resources of the examination center 
but also reduces the risk of errors and inconsistencies in 
examination data and result processing. Furthermore, the 
Grade Guru promotes transparency and security through 
centralized database management, role-based access 
control, and encryption techniques.  These characteristics 
guarantees security, confidentiality in examination data, 
and accessible only to the legitimate users who have access 
right, which in-tern enhance the trust and adherence to the 
data protection rules and regulations. 

Overall, the Grade Guru offers a scalable, flexible, and 
cost-effective solution for educational institutions to 
modernize their examination management system. By 
streamlining processes, improving accuracy, and enhancing 
transparency and security, the Grade Guru empowers 
institutions to deliver examinations with greater efficiency 
and effectiveness, ultimately contributing to the success 
and advancement of students and educational programs. 
The proposed system has achieved Efficiency by 89.16% 
by reducing and eliminating error while Marksheet and 
hall ticket generation with accuracy 97.5%, and 98% 
precision.
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ABSTRACT
Afflicting about 1 in 14 women of reproductive age globally, Polycystic Ovary Syndrome (PCOS) has seen a concerning 
rise in India over the past two decades. This condition, a major contributor to female infertility, depends on accurate 
follicle size and number assessment, traditionally done through ultrasound scans. However, manual analysis is both 
time-consuming and error-prone due to speckle noise in the images. Enter automated image segmentation, wielding the 
power of data mining, image processing, and machine learning, particularly convolutional neural networks (CNNs). This 
technology promises a revolution in PCOS diagnosis by automatically analysing ultrasound images, leading to faster, 
more accurate follicle detection and ultimately, effective treatment. This review delves into the exciting world of PCOS 
detection methods utilizing these cutting-edge tools. We explore promising techniques showcased in existing research, 
highlighting their potential to revolutionize how we identify follicles and diagnose PCOS. From leveraging deep 
learning algorithms to incorporating spatial information, the future of PCOS diagnosis is brimming with possibilities. 
By embracing these innovative techniques, we can not only improve the accuracy and efficiency of PCOS diagnosis but 
also unlock new avenues for research and treatment, bringing hope to millions of women worldwide.

KEYWORDS : PCOS; CNN; AI; ML; Deep Learning.

INTRODUCTION

PCOS, which is defined by the ovary containing a 
large number of tiny follicles, can cause irregular 

menstruation, high levels of male hormones (androgynism), 
and infertility [1].Early detection and treatment of PCOS 
are greatly aided by ultrasound detection. It provides 
essential information on the number and volume of ovarian 
follicles, which is crucial in identifying the abnormal 
follicle development patterns associated with PCOS [2]. 
In their reproductive years, 5–10% of women are thought 
to be affected with PCOS, a prevalent gynecological 
endocrine condition. These patterns, which are typified 
by irregular follicle counts and sizes during ovulation, 
are the primary indicator of the disease [3]. We can assist 
women in managing their symptoms and enhancing their 
general health and well-being by increasing the precision 

and efficacy of PCOS diagnosis, especially with the use of 
cutting-edge imaging methods and individualized treatment 
program. There are still issues in diagnosing polycystic 
ovarian syndrome (PCOS), even with its widespread 
occurrence. It might be challenging to accurately identify 
ovarian follicles using standard manual techniques, which 
is a crucial step in the diagnosis of PCOS. This deficiency 
limits our comprehension of the illness and its effects on 
women’s health in addition to posing serious obstacles to 
early identification and efficient treatment. In order to allay 
these worries, this review explores the situation of PCOS 
diagnosis today, scrutinizing the limitations of manual 
follicle evaluation and considering the possibilities of new 
diagnostic techniques and instruments. [5]. The difficulties 
and possibilities of automated PCOS detection utilizing 
cutting-edge technology like deep learning and machine 
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The authors Palvi Soni, Sheveta Vashisht of the paper [9], 
The research combines data mining tasks and techniques 
to identify a critical gap in existing prediction approaches, 
while providing a detailed overview of PCOS symptoms, 
reasons, and dealing choices. Although these methods are 
helpful, the author contends that they may not be very 
effective in predicting PCOS. Future study on ultrasonic 
sound image analysis using image segmentation is 
suggested as a solution to this. With this novel method, it 
should be possible to classify diseases clearly according to 
severity, which should result in more precise and effective 
PCOS prediction.

Fuzy logic Method

The authors S. Rethinavall, Dr. M. Manimekalai in the 
paper [10], Taking into account the menstrual cycle type, 
this study investigated the predictive power of Neural 
Fuzzy Rough Set (NFRS) in relation to Information Gain 
for PCOS in patients with and without obesity. PCOS and 
menstrual cycle type were shown to be positively and 
significantly correlated. During preprocessing, the NFRS 
approach that was suggested resulted in a smaller dataset 
size. This might bolster the validity of the method because 
the chi-square statistic was higher than the crucial value, 
which means that the null hypothesis was rejected. The 
present investigation has notably confirmed the favorable 
link that exists between menstrual cycle type and PCOS.

Aarti M. Parekh , Prof. Nidhi B. Shah . in the paper[11],  
n this study, the type of menstrual cycle was taken into 
consideration while comparing the predictive power of 
Neural Fuzzy Rough Set (NFRS) against Information 
Gain for PCOS in individuals with and without obesity. 
Menstrual cycle type and PCOS were shown to be 
positively and significantly correlated. Fascinatingly, the 
preprocessing of the suggested NFRS approach resulted in 
a smaller dataset, which may increase its validity because 
the chi-square statistic was higher than the crucial value, 
rejecting the null hypothesis. Notably, our investigation 
confirmed the favorable association between PCOS and 
menstrual cycle type.

The authors K. Meena, M. Manimekalai, S. Rethinavalli 
in the paper [12], In order to increase feature selection 
and classification accuracy for intricate tasks, a unique 
approach is proposed in this study. Rather than addressing 
these two issues independently, the authors present a 
unique method that combines the use of a specialized 
Artificial Neural Network using Fuzzy Neural Rough 
Subset estimate. This cohesive design makes use of the 
advantages of both ANN, which is renowned for its potent 
classification skills, and NFRS, which is excellent at 

learning are compellingly summarized here. Through their 
ability to highlight important ideas and increase reader 
engagement, the images support the text.

Fig. 1 Normal and polycystic ovary

LITERATURE REVIEW OVER VARIOUS 
METHODS ON POLYCYSTIC OVARY 
SYNDROME (PCOS) DETECTION.
Data mining Method

The study by Vikas et al. (2023) investigated the 
possibility of employing real-time survey data and data 
mining techniques to forecast the diagnosis of PCOS. 
Correlations between patient characteristics and possible 
PCOS symptoms were the main focus of their study.The 
writers were able to pinpoint important PCOS symptoms, 
such irregular menstruation and abundant body or face 
hair, by using the Apriority algorithm. This information 
provided preliminary understanding for a potential PCOS 
prediction using patient self-reported data.Nevertheless, 
the authors admit that a conclusive diagnosis cannot 
be reached by only using data mining for symptom 
analysis. For a precise PCOS confirmation, they stress the 
significance of further clinical exams and testing..

The authors Palvi Soni[8] provides a thorough overview of 
Polycystic Ovary Syndrome (PCOS) in her survey study, 
exploring its symptoms, possible causes, and current data 
mining tasks and techniques used for PCOS diagnosis and 
treatment. Although the paper offers a useful summary of 
the state of the art, its main focus is on current approaches. 
A interesting proposal for a unique data mining approach 
to increase classification accuracy and find variables that 
positively contribute to PCOS development is presented 
in the section on future research. To evaluate its possible 
influence and contribution to the field, further information 
on the particular algorithm design and suggested 
assessment measures is necessary.
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finding pertinent aspects. The suggested algorithm, which 
combines several approaches, promises to perform better 
than conventional approaches that handle feature selection 
and classification separately. This is not only a novel 
method. The authors speculate that by using this novel 
technique, feature filtering and classification accuracy 
may increase, providing opportunities for more effective 
and economical analysis in a variety of domain

The author Ashika Raj in the paper [13], suggests making 
the ima12e clearer and higher quality. The final image 
may be effectively clustered using the fuzzy c-means 
technique. Finally, the cysts are located with the assistance 
of groups. The algorithm’s efficacy is contingent on the 
values of Mean Square Error and Peak Signal to Noise 
Ratio Finding naturally occurring groups of data from a 
large dataset in order to generate a succinct representation 
of a system’s performance is the goal of clustering. The 
detected follicles inside the ovary are linked to the manual 
results through gain outcomes.

The authors R. Saranya and S. Uma Maheswari in 
the paper [14], presented an novel technique for the 
automated categorization of the ovaries in computerized 
ultrasound pictures. This method makes use of fuzzy 
logic for classification, dynamic outlines without edges 
for separation, and contourlet change for pre-processing. 
The test results show the strategy’s effectiveness when 
compared to conclusions made by a medical expert.

Machine learning Method

Yasmine A. Abu Adla, Dalia G. Raydan  in the paper [ 15],  
examined a number of machine learning methods on a 
sizable dataset by employing statistical evaluation, medical 
judgment, and cross-validation. The Linear Support 
Vector Machine method, which has 24 characteristics, was 
determined to be the best. With a recall of about 80% and 
precision and accuracy of 90%, this method identified the 
best way to improve the accuracy and performance of the 
model.

B Rachana , T. Priyanka, K. Sahana, , in the paper [16 ],  
provide information on the number of follicles discovered, 
appearance, and geometrical criteria including area, 
perimeter, compactness, smoothness, and accuracy in 
order to provide a thorough evaluation of the ultrasound 
picture. The system provides a comparison outcome using 
the KNN algorithm. The project’s future scope can be used 
to reduce the KNN algorithm’s time of execution.

S Bharati, M. Rubaiya,t H Mondal in the paper [17 ],  
suggest a data-driven diagnosis for women with PCOS. 
The ideas of feature selection and machine learning 

algorithms are used in this. On these ten characteristics, 
many classifiers are applied. This research demonstrates 
that logistic regression, random forest, gradient boosting, 
and RFLR show excellent recall and accuracy values.

The authors G. Vasavi, Dr.S. Jyothi in the paper [18], 
examines the subject of segmenting and classifying 
PCOS using diverse machine learning implementations. 
This study provided a survey on machine learning 
implementations, including articles drawn from academic 
publications. It also matched several studies on the use of 
machine learning implementations in PCOS cases. Having 
read several articles, I’ve seen that not many strategies 
have demonstrated favorable outcomes. Despite the fact 
that using these strategies has produced high-quality 
results, many projects will be improved in the future by 
using our survey task.

Malik Mubasher Hassan, Tabasum Mirza in the paper 
[19], examined medical facts of patients diagnosed with 
PCOS based on symptoms, and prominent machine 
learning methods, such as Naive Bayes  SVM, CART, 
Classification, Logistic Regression, and Random Forest, 
were applied. The Random Forest algorithm performed 
the best in PCOS diagnosis, with an accuracy of 96%, 
followed by SVM with a 95% accuracy, rendering to the 
performance validation criteria recall, accuracy, precision, 
and F-statistics.Thus, based on the provided data, it also 
determined that the Random Forest algorithm is the most 
appropriate way for PCOS diagnosis.

R. Devi, Adiwijaya, Jondri. in the paper[20], Through the 
use of machine learning techniques, polycystic ovarian 
categorization may be examined. In this study, a competitive 
neural network—one classification technique—is applied. 
The greatest accuracy, while employing 32 feature vectors, 
is examined at 80.84%. It can occur because the precision 
of categorization using Competition neural networks is 
closely correlated with the amount of vectors of features.

Simi M S , Sankara Nayaki K , Dr. Murali Parameswaran , 
Dr. Sabine Sivadasan . in the paper [21], looks at 26 factors 
to find those that are important for the early identification 
of 8 different kinds of female infertility. After comparing 
several methods, the author found that the Random Forest 
method, which offers 88% accuracy for a relatively big 
medical data of size 965, is the best approach. This aids 
in the prompt identification and management of infertility 
issues.

Untari N. Wisesty , Jondri Nasri, Adiwijaya. in the paper 
[22],  found that the PCO follicles may be detected by using 
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the suggested technique. Based on some feature trials, it can 
be inferred that the accuracy will decrease with the usage 
of vector features and a higher feature count. However, 
the accuracy will rise if we utilize the Mean feature, which 
increases the number of characteristics employed. The 
precision of Levenberg-Marquardt optimization may be 
higher than that of Conjugate Gradient-Fletcher Reeves. 
The greatest accuracy of Posterior Gradients - Taylor 
Reeve is 87.85% from 13 cells and 16 vector features, 
whereas the finest performance of Levenberg - Marquardt 
is 93.925% from 33 neurons and 16 vector features.

Bedy Purnama, Untari Novia Wisesti. in the paper [23], 
based on an analysis of the ultrasound image’s PCO 
detection method, it is possible to use the suggested 
approach to identify PCO. 339 follicular pictures were 
obtained after counting by Means, The amount of en The 
Kurtosis Tilt, and Variance texture attributes. Classification 
is the final phase. utilizing the feature vectors obtained 
from feature extraction, it distinguishes between the 
characteristics of the PCO and non-PCO follicles. The 
optimal SVM - RBF Neuron accuracy at C=40. Dataset 
B, which was derived by KNN-euclidean distance 
classification on K=5, achieved 78.81%, but dataset A 
reached 82.55%. This implies that a few texture features 
may yield more accurate results than a large one.

Adiwijya, B. Purnama , U.Wisesty. in the paper [24 ], it 
was determined that PCO can be detected using the region 
expanding and euclidean distance approaches. Using 
template 2, 8-neighborhood connectivity, and an alpha 
threshold of 2, the first experiment’s system setup scenario 
yields the most optimal performance, and euclidean 
distance is the most optimal quantification technique. We 
can infer from the second experiment that the best method 
for detecting PCO is to use a combination of region growth 
and euclidean distance for follicle measurement. The 
results of follicle detection success (RR), follicle size error 
(9MR), and follicle detection error (FR) all show this.

The authors Kiruthika. V, M.M.Ramya in the paper 
[25],  A new approach for the automated identification of 
follicle in ultrasound pictures. Since the discrete wavelet 
transform has better spectral and temporal determination 
and may help despeckle ultrasound pictures, it was used 
to generate the anticipated k-means clustering. The fully 
automated identification of the follicles is made possible 
by the suggested approach. After analyzing 140 ultrasound 
pictures visually, the algorithm helps the radiologist make 
an accurate determination on the follicle’s existence.

The authors Sharvari S. Deshpande, Asmita Wakankar 
in the paper [26], Attempted to create an automated 
follicle recognition and SVM classification system for 
the diagnosis of Polycystic Ovarian Syndrome (PCOS). 
Image preprocessing, such as filtering and contrast 
enhancement, is used to raise the image’s quality. A 
multistage morphological method and the brilliant top-
hat transform are used to extract features. Using the 
clever edge detection method, the picture is binarized 
and segmented. Utilizing area and eccentricity threshold, 
important follicles are distinguished from other locations. 
Support Vector Machine (SVM) method is used for the 
categorization of all the information (clinical, biochemical, 
and imaging). The outcomes are compared to manual 
categorization results and doctor results. The approach 
has a 95% accuracy rate. Consequently, the automated 
detection of women with PCOS may be accomplished 
with this method.

Ranjitha Sitheswaran, Dr. S. Malarkhodi, in the paper[27],  
Proposed items are discovered and utilized as candidates 
for follicles. The most likely group of objects constituting 
follicles is found by searching through the concave hull of 
potential follicles based on the price map. This procedure 
makes use of the ovary’s shape, which houses follicles, in 
addition to the spatial connection of follicles. 

Yinhui Deng, Yuanyuan Wang. . in the paper [28], 
examines An automated scheme which is proposed to looks 
at An automated method is suggested to identify PCOS. 
The effectiveness of the suggested plan is confirmed by 
experiments. When compared to measuring by hand, the 
automated technique has the potential to address issues 
related to low efficiency, repeatability, and variability.

The author’s Palak Mehrotra, Biswanath Ghoshdastida in 
the paper [29], survey results from the two classifiers were 
consistent throughout all folds. The clinical parameters 
of FSH, LH, BMI, and cycle length were used to predict 
the likelihood of PCOS incidence. Compared to logistic 
regression, the accuracy of the Bayesian classifier is 
greater. It also made the case for the necessity of using 
additional classifiers to increase accuracy. This research 
proposes a novel method for PCOS screening. In every 
fold, the two classifiers that were employed produced 
reliable results. The early identification of individuals 
who are at a higher risk of developing a disease can be 
facilitated by the use of probabilistic models by medical 
professionals. Other classifiers must be used in order to 
increase this accuracy.
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The authors R. Saranya and S. Uma Maheswari of the 
paper [30], Women’s health is severely disrupted by 
PCOS, or polycystic ovarian syndrome, an endocrine 
disorder. An array of imperfectly produced eggs in the 
ovaries is what classifies the misconception. Errors often 
occur while manually examining PCOS assumptions. In 
a same vein, a number of scientists have been actively 
researching the automated detection of PCOS in recent 
years. The authors of this work use special approaches 
to survey for follicles in ovarian ultrasound pictures. 
Image segmentation may be achieved using a wide variety 
of techniques, as this writing exam has demonstrated. 
An adaptive morphological filter, area emergence, and 
wavelet changes are examples of the risky kinds. The 
flexible morphological filter reduces speckle noise by 
preventing pixel value changes. A structural component 
is used in morphological filters. One of the obstacles. 
Structured filters make use of morphological elements. 
The fact that the morphological filter modifies the picture 
measure in relation to the structuring component is one 
of its drawbacks. The location development computation 
provides a distinct advantage and excellent segmented 
results. However, it requires a manual interaction and is 
semiautomatic. This computation will work better if it 
uses the automatically seeded locale. Thus, the need for 
study is ensured by the demonising and segmentation of 
ultrasonography images to improve the follicle detection 
rate.

Convolutional Neural Network Method

The authors M Sumathi, P Chitra. in the paper [31 ], 
investigates Using segmentation and feature extraction 
techniques, CNN is utilized as an image classifier and can 
identify cysts in the dataset. In order to determine if the 
ovary is damaged and which parameters—such as size, 
solidity, extent, and perimeter—are specifically affected, 
the suggested approach helps categorize test data in the 
dataset. This procedure employs certain input ultrasound 
pictures as train data.

The authors Palvi Soni, Sheveta in the paper [32], 
attempted to provide a technique where the author would 
apply segmentation before CNN in order to get rid of or 
remove unnecessary data and improve accuracy. Division 
allows for the separation of data or pictures in order to 
carefully extract the required precise data. The authors 
of this study attempt to categorize the ultrasound picture 
using Convolutional Neural Networks (CNNs) in order to 
identify whether it is PCO class or not. CNN is utilized 

since it has been shown to be the best approach for 
classifying images.

Cahyono, Adiwijaya, Mubarok.  in the paper[33],  
suggested a method that uses convolutional neural 
networks to automatically extract features as well. With 
a micro-average f1-score of 100% and a mean of 76.36% 
on a 5-fold cross-validation, CNN offers the best test 
performance. The author analyzes how difficult it is to 
optimize CNN as inadequate weight initialization and 
an excessive learning rate frequently lead the SoftMax 
activation to become NaN. We suggest use a higher 
dropout rate and improved weight initialization in future 
work.They advise against employing dropout in any layer 
other than the scoring layer, as dropout occurs in all levels 
save the scoring layer hence the network breaks more 
frequently in these cases.

Chandni Panchasara , Amol Joglekar, in the paper [ 34],  
By comparison with split photos, the proposed attributes 
for faulty images are already accessible, making it easy to 
identify the issue. also looks at a wide variety of picture 
segmentation techniques. Each has a unique set of benefits 
and functions. To produce the final segmented picture, 
the author of this study gives techniques such as Otsu’s 
Method, Anny detection of edges algorithm, and Region 
expanding algorithm. When used to thresholding, the Otsu 
approach yields better results than the standard method. 
Thus, the intended outcome is achieved while taking cost 
and speed into account.

Deep Learning Method

The authors S Bhosale, L Joshi, A Shivsharan. in the 
paper [ 35], This work shows that a more effective 
follicle segmentation technique may be achieved by 
combining several segmentation algorithms. Additionally, 
a Convolutional Neural Network with Deep Convolution 
may be used as a foundation for the automatic quality 
assessment of PCOS data with the suggested technique. 
Technological developments in image processing might 
help doctors diagnose PCOS earlier and treat patients 
earlier by eliminating symptoms. If PCOS is discovered 
later in life, it can have a long-term effect on mental and 
physical health conditions. 

Artificial Intelligence Method

The authors V. Deepika in the paper [36], investigates AI is 
able to diagnose this illness by “learning” traits from a vast 
quantity of clinical practice. Self-correcting qualities in AI 
allow it to become more accurate. This research presents 
the author’s research applications of artificial intelligence 
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(AI) in PCOS detection, segmentation, and classification. 
A lot of studies classified ultrasound pictures automatically 
using artificial intelligence. Artificial intelligence (AI) is 
achieved by “learning” traits from an enormous amount of 
data via medical practice to assess disorders. This research 
shows that AI can accurately and precisely diagnose 
diseases and delete unnecessary data. The segmentation 
and classification of ultrasound pictures are among the AI 
applications for PCOS detection that the authors of this 
research look at. By examining.

Image processing Method

The authors A. Saravanan, S. Sathiamoorthy in the paper 
[37], analyzed PCOS using computational imaging, and 
also identified PCOS utilizing follicles using various 
classification and visualization approaches. The study 
of PCOS using statistics and clinical analysis led to the 
conclusion that the various causes and degrees of PCOS 
should be determined.

Nazarudin  ,S.S.Mokri , in the paper [38], This study 
reviewed several researchers’ suggested picture 
segmentation methods and algorithms. Several image 
processing methods have been used to automatically 
identify follicles in order to diagnose PCOS.

The authors Rabiu1 , Usman , in the paper [39], to 
investigate a variety of computer-aided techniques for 
identifying PCOS and follicles in ovarian ultrasound 
pictures. Certain earlier works are acknowledged and 

contrasted in their presentations. studies conducted by 
the author PCOS has been studied and follicles identified 
using a wide range of image processing techniques, 
including feature extraction, morphological procedures, 
segmentation, and image de-noising. 

Computational Intelligence Method

The author Dr.V.Krishnaveni in the paper [40], highlighted 
patient-centered perspectives and provided a roadmap for 
a clinical prediction model for PCOS, the most prevalent 
endocrine condition affecting women in reproductive age. 
Clinical forecasting models are useful for a number of 
reasons, including screening high-risk individuals for the 
unnoticed syndrome, projecting future measurements of 
the syndrome or death, and assisting in medical decision-
making. There are many uses for data mining, a discipline 
that can find patterns in massive datasets. One such use 
is the creation of prediction models, which have great 
potential in the healthcare industry. A successful PCOS 
prediction model may be ensured by closely adhering to 
the four steps in the road map.

RESULT AND ANALYSIS
Review of proposed research has helped in understanding 
the various challenges and   prospects of detection of 
PCOS or non PCOS Image and also Proposed research 
has helped in knowing the methods which are important 
to develop for improving the detection of PCOS from 
ultrasound images of ovaries shown in Table 1.

Table 1. Review summery of different methods

LR  No. Methodology Finding
7 Data Mining We were able to identify the main symptoms—such as irregular menstruation and excessive face or body 

hair—and make predictions by using the Apriority algorithm.
8 Data Mining Reviewed the PCOS condition, its symptoms, and its causes. It also went through the current data mining jobs 

and methodologies.
9 Data Mining A variety of data mining jobs and methodologies are also given, including how to predict PCOS; by using these 

approaches in the future, it will be advantageous to forecast PCOS illness effectively.
10 Neural Fuzzy 

Rough Set
Examines the kind of menstrual cycle when the patient is fat and when the patient is not obese, comparing the 
NFRS (Neural Fuzzy Rough Set) with Data Gain.bese and without obese.

11 fuzzy logic Accurate segmentation is provided by a feed forward neural network studied in conjunction with an automatic 
threshold.  97.30% accuracy, 88.16% sensitivity, and 98.19% specificity were attained overall. It is capable of 
distinguishing between simple, complicated, and normal ovarian cysts using fuzzy logic.

12 fuzzy logic The tasks of feature selection and classification are divided into smaller chunks using a novel method that 
is based on fuzzy neural subset assessment and an artificial neural network. Rather of doing each task 
independently, this technique combines artificial neural networks with neural fuzzy rough subset estimation to 
get better performance.

13 fuzzy logic Suggests ways to enhance the image's quality and clarity. For the final image, the fuzzy c-means clustering 
technique works well. Finally, groups assist in the identification of the cysts. The algorithm's efficiency is based 
on the values of Peak Signal to Noise Ratio (PSNR) and Mean Square Error (MSE).
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14 fuzzy logic Presented an innovative method for the automated categorization of the ovaries in computerized ultrasound 
pictures. This method makes use of fuzzy logic for classification, dynamic outlines without edges for separation, 
and contourlet change for pre-processing. The test results show the strategy's effectiveness when compared to 
conclusions made by a medical expert.  

15 Machine 
Learning

Used crossvalidation, statistical testing, and medical judgment to examine many machine learning algorithms 
on a sizable dataset.

16 Machine 
Learning

Detailed ultrasound picture diagnosis is provided by the information provided, which includes the number 
of identified follicles, texture, and geometric metrics such as area, perimeter, compactness, smoothness, and 
accuracy.

17 Machine 
Learning

Presents a data-driven diagnosis of female PCOS. The ideas of feature selection and machine learning 
algorithms are used in this.

18 machine learning A comparison of many studies on machine learning implementations used in PCOS illness has revealed that 
only a few number of approaches have demonstrated robust performance.

19 machine learning looks analyzes common machine learning methods, such as SVM, CART, Random Forest, Naive Bayes 
Classification, and Logistic Regression, using clinical data from patients who have been given a PCOS 
diagnosis based on their symptoms.

20 Machine 
Learning

A competitive neural network is one of the classification techniques employed. and finds that utilizing 32 
feature vectors yields the greatest accuracy of 80.84%. The reason for this is that the accuracy of classification 
using Competitive Neural Networks is directly correlated with the amount of feature vectors.

21 Machine 
Learning

Investigates 26 factors and finds pertinent characteristics for the early identification of eight different kinds 
of female infertility. After comparing several approaches, the author came to the conclusion that the Random 
forest method, which offers 88% accuracy for a moderately big hospital dataset of size 965, is the best one.

22 Machine 
Learning

The PCO follicles should be found. It is possible to determine if a vector feature is being used based on 
certain feature trials. Conjugate Gradient - Fletcher Reeves optimization may not be as accurate as Levenberg 
- Marquardt optimization. With 33 neurons and 16 vector features, Levenberg-Marquardt achieved the highest 
accuracy of 93.925%, whereas Conjugate Gradient - Fletcher Reeves achieved the highest accuracy of 87.85% 
with 13 neurons and 16 vector features.

23 Machine 
Learning

The suggested strategy may be put into practice for PCO detection, according to the PCO detection system 
of the ultrasound picture. It obtained 339 follicular pictures by counting texture parameters such as Mean, 
Entropy, Kurtosis, Skewness, and Variance.  SVM - RBF Kernel's maximum accuracy at C=40.

24 Machine 
Learning

According to the review, 1) the most optimal quantification technique is euclidean distance, while template 
2 and 8-neighborhood connectivity produce the most optimal system configuration scenario with the highest 
performance.Using region growth and euclidean distance for follicle measurement, it can be determined that 
the most optimal method for detecting PCO is this approach.

25 machine learning Suggested a cutting-edge technique for recognizing follicles automatically in ultrasound pictures. Because 
of its superior spectral temporal determination, which aids in despeckling ultrasound pictures, the discrete 
wavelet transform is used to produce the intended k-means clustering.

26 machine learning Examines and attempts to create an automated technique for follicle recognition and SVM classification in the 
detection of Polycystic Ovarian Syndrome (PCOS). The purpose of image preprocessing (filtering and contrast 
enhancement) is to raise the image's quality.

27 machine learning Identifies and examines things that are utilized as potential follicles. To find the largest possible set of items as 
follicles, the convex hull of probable follicles is searched based on the cost map. Follicle spatial connection and 
the shape of the ovary, which houses follicles, are both used in this process.

28 Machine learning Looks at An automated system for PCOS detection is suggested. Experiments confirm that the suggested 
plan is effective. The automated method may be able to address issues with poor efficiency, variability, and 
repeatability when compared to manual measurements.

29 Machine learning Consistent results were obtained across all folds by the two classifiers that were employed. The likelihood 
of PCOS developing was estimated using four clinical features: cycle length, BMI, LH, and FSH. Superior 
accuracy is obtained by the Bayesian classifier over the logistic regression.

30 Machine learning A dangerous endocrine disorder that affects women's health is called polycystic ovarian syndrome, or PCOS. 
A variety of imperfectly produced follicles in the ovaries provide a classification for the misconception. Errors 
are frequently produced during the manual evaluation of PCOS supposition. Similarly, a number of scientists 
have been actively researching on the automated detection of PCOS in recent years.
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31 Convolutional 
Neural Network

Employed as an image classifier, CNN can identify cysts in the dataset with the use of segmentation and feature 
extraction algorithms.

32 Convolutional 
Neural Network 

Cnns are used to categorize ultrasound images into PCO and non-PCO classes. Since CNN has been shown to 
be the most effective method for classifying images, it is utilized.

33 Convolutional 
Neural Network

CNNS are a resilient and excellent way to classify ultrasound images into PCO and non-PCO classes. This is 
because the system automatically extracts features from each picture.

34 Convolutional 
Neural Network 

CNNS use By comparing segmented photos, it is possible to see the issue clearly and propose the proper 
features on defective images that are already accessible. Investigates a wide range of picture segmentation 
methods as well. Each has a distinct benefit and function.

35 Deep Learning The study shows how to combine multiple segmentation algorithms to get a more effective way for segmenting 
follicles.

36 Artificial 
Intelligence

AI applications for PCOS detection are demonstrated, including the segmentation and categorization of 
ultrasonic imaging data.

37 image processing It has been shown that the best way to identify the various causes and severity levels of PCOS is by statistical 
and clinical study of the condition, as well as picture processing.

38 Image processing Examined the algorithms and methods for segmenting images that have been suggested by several researchers. 
For the purpose of diagnosing PCOS, many image processing algorithms have been used to automatically 
identify follicles.

39 image processing Investigates a variety of computer-aided techniques for identifying follicles and PCOS in ovarian ultrasound 
pictures. studies conducted by the author PCOS has been studied and follicles identified using a wide range 
of image processing techniques, including feature extraction, morphological procedures, segmentation, and 
image de-noising.

40 Computational 
Intelligence

The most prevalent endocrine condition affecting women of reproductive age, PCOS, has a proposed road map 
for a prediction model.  A successful PCOS prediction model may be ensured by closely adhering to the four 
steps in the road map.

CONCLUSION
This study focused on data mining, machine learning, 
artificial intelligence, deep learning, and image processing 
methods while providing a descriptive and conceptual 
evaluation of all currently available PCOS detection tools. 
The methods, features, efficacy, analysis process, and 
results of the current algorithms were given. Furthermore, 
a brief description of the datasets utilized in these 
techniques was provided. Potential issues were explored 
along with the shortcomings of current algorithms. Even 
though a lot of research has been done to create an effective 
PCOS diagnosis model, several issues have not been 
resolved. The disadvantages identified in this research 
include a limited amount of datasets, imbalanced datasets, 
low detection rate, lack of further clustering algorithms, 
and other issues. We want to work develop a larger dataset 
with balanced data in the future.Furthermore, a great deal 
of CNN-based optimization must be done. Future studies 
should present a novel algorithm that makes use of deep 
learning techniques to accurately and successfully classify 
the favorable aspects that contribute to polycystic ovarian 
syndrome.
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ABSTRACT
This paper analyses the retire torque and axial(centre) force of a circular enduring magnetic coupling under balance 
conditions. The coupling utilizes permanent magnets. The retire torque and central force are de-termined by varying the 
air space among the two discs as a purpose of geometrical factors. The conclusion demonstrate that an increment in the 
air gap length leads to a decrement in both retire torque and central force. Experimental results are validated through 
measurements performed on a prototype.

INTRODUCTION

Magnetic neodymium couplings are applicable 
to transfer torque after a prime driver to a load 

de-prived of requiring mechanical connection. Since 
torque can be spread through a split-up wall, magnetic 
neodymium couplings are particularly suitable for usage 
in remote systems. Associated to mechanical couplings, 
magnetic couplings of-fer several advantages, including 
self-protection beside overloads (pull-out torque) and the 
ability to bear misalignment of shaft.

As illustrated in Fig. 1, the centre magnetic cou-pling 
under study contains of dual discs prepared with segment 
designed enduring magnets, divid-ed by a minor air space. 
The neodymium magnets are centrally influenced and 
settled alternately as northern and south ends. Soft iron 
yokes are castoff to complete the magnetic field path. 
Over magnetic interaction, the torque provided to sin-gle 
disc is transmitted across the air space to the added disc. 
Unlike conventional couplings, which rely on mechanical 
exchange besides lubri-cation, magnetic couplings 
eliminate issues such as dust generation, noise, and frequent 
mainte-nance. This makes them highly attractive for var-
ious industrial applications. In particular, perma-nent axial 
magnetic couplings are ideal for re-mote systems like 
vacuums or high-pressure ves-sels. Mechanical couplings 
are prone to frequent overloads or damage, which can lead 
to broken parts and operational failures. In contrast, AP-
MCs avoid such issues by providing magnetic slip, which 

acts as a torque-limiting function, and accurately predicts 
torque characteristics, ensur-ing safer and more reliable 
operation.

Fig. 1 Magnetic Coupling

This dual-piece permanent neodymium coupling enables 
contact less torque performance over non -ferrous walls 
while providing a built-in safety feature: it slips when 
the supreme torque is sur-passed, defensive mechanisms 
in the drive train from destruction. Magnetic couplings 
are widely used in various industrial applications due to 
their ability to transfer torque from a prime transmitter to 
a follower without mechanical con-tact. Their capability 
to transfer torque across separation walls makes axial 
field magnetic cou-plings especially suitable for remote 
systems, like vacuums or high-pressure vessels.
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To assemble, take iron discs with a diameter of 75 mm 
and divide each disc into four equal an-gular positions 
(90° apart). Cylindrical neodymi-um magnets are fixed 
at these positions using industrial glue (e.g., Loctite). 
The same setup is applied to the second disc. Single disc 
of the magnetic coupling is attached on the motor shaft, 
while the other is attached to an adjustable screw using a 
bearing. This arrangement allows for var-ying the air gap 
between the discs to optimize performance.

INVESTIGATIONAL SET-UP AND 
MEASUREMENT

Fig. 2 Block illustration of investigational setup

Fig. 3 Actual investigational set up

Figure 3 illustrates the axially NdFeB coupling positioned 
on the investigation workbench. The NdFeB coupling is 
placed among a stable rotor and an electrical device. In 
this setup, the air space is set to e=20 mm, adjusted by 
reposition-ing the stable rotor. Figures 2 and 3 present 
a pic-ture and a schematic diagram, respectively, of the 

A key advantage of these couplings is their max-imum 
communicable torque(pull-out torque), which inherently 
provides surplus protection. Ax-ial magnetic couplings 
comprise two opposing discs prepared with permanent 
magnets influ-enced in the aligned direction. These 
magnets are set in alternating northern and south direction, 
with soft iron yokes castoff to complete the magnetic flux 
path. The torque useful to single disc is conveyed across an 
air space to the added disc, with the angular displacement 
among the discs depending on the transferred torque. How-
ever, a notable problem of axial neodymium cou-plings 
is the substantial axial force among the discs. Permanent 
neodymium couplings are ex-tensively employed for 
transmitting torque be-tween rotating components without 
mechanical touch. They are commonly found in industrial 
uses, such as centrifugal pumps in the pharmaco-logical 
and biochemical industries. In precise, coaxial magnetic 
couplings are well-suited for applications requiring high 
torque. Understand-ing the pull-out torque of SPMCs is 
critical, as it acts as a safeguard against overload, ensuring 
the system’s reliability and protection.

CONSTRUCTION OF MAGNETIC 
COUPLING
Round couplings comprise of divergent discs fit-ted with 
influential magnets. The torque useful to single disc is 
transferred across an air space to the added disc. Due to their 
modest, flat design, these couplings can tolerate angular 
misalignment of upto to 3° or paralleled disarrangement 
of up to 6 mm while still transmitting closely full rotat-ing 
torque. They effectively separate drive-side components 
from clean or controlled processes, making them one of 
the naivest and most adapt-able coupling options.

Considerations of Magnetic (NdFeB)  Coupling

Table 1: Specification of  NdFeB Coupling

Specification Value
R1 Internal radius of the NdFeB magnet 25mm
R2 Outside radius of the  NdFeB magnet 75mm
Re Average radius of the NdFeB magnet 50mm
ϕ Axial(Central) angle of magnets 900

g Air-space (gap) Variable
h Thickness of NdFeB Magnet 10mm
p Quantity of poles 4
Br Remanence of magnet

Surface gauss value
12.8T

4.6 ki-logauss
Magnetic Material - NdFeB
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investigation workbench preparation used for static torque 
extent.

The fixed torque was dignified using weights of varying 
masses (10g to 100 g, 500 g, 1kg), which were suspended 
from a rod of length l=0.137m.  The rod was protected 
to one rotor while the other rotor remained fixed. 
Measurements were then recorded accordingly. Torque 
intended as the air space of NdFeB coupling is deviates.

Table 2: Result Table

Air Gap ‘e’ 
(mm)

Force applied 
‘F’ (N)

Distance to 
load applied 

‘r’ (m)

Torque (F*r) 
(Nm)

15 16.68 0.137 2.29
20 7.85 0.137 1.08
25 5.89 0.137 0.81
30 3.92 0.137 0.54
35 2.95 0.137 0.40
40 1.48 0.137 0.21

Fig. 4 Air Gap (mm) / Torque (Nm)

Fig. 5 Air Gap (mm) / Force (N)

CONCLUSION

Experimental analysis reveals a clear variation in torque 
with changes in the air space. Depends on air space rise 
from its least to extreme value, both torque and applied 
force decrease. Specifically, the retreat torque of the 
NdFeB coupling dimin-ishes rapidly as the space among 
the magnets grows. For instance, the supreme torque is 
nearly halved when the air space increases since 2mm to 
7mm. Similarly, the maximum axial force is sig-nificantly 
reduced with an increase in the air space length.

The optimum amount of poles pair is p=4 when the air 
space length is e = 15mm.  It is observed as the extreme 
centre (axial) forces reduce if the amount of pole pairs 
rises. Furthermore, varying the number of magnetic poles 
produces different results, indicating sensitivity to this 
parameter.

The results and observations confirm that the sys-tem 
maintains stable performance across changes in air gap 
length, ensuring consistent drive operation.
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ABSTRACT
Linear system identification is a critical aspect of control engineering and signal processing, enabling the modeling 
of dynamic systems based on input-output observations. This paper explores state-of-the-art methodologies and 
frameworks in linear system identification, including both theoretical advancements and practical applications. Some 
of the recursive (on-line) algorithms are also studied. Simple demonstrations are performed to support these aspects. 
The study also highlights challenges in real-world system identification, such as handling uncertainties, noise, and 
large-scale datasets. Finally, future research directions are proposed, emphasizing the role of artificial intelligence and 
real-time adaptive modeling.

INTRODUCTION

System identification refers to the development of 
mathematical models that characterize dynamic 

systems using empirical data. It plays a crucial role in 
engineering applications, including control design, fault 
detection, and predictive analytics. This paper provides 
a detailed examination of linear system identification 
methodologies, their mathematical underpinnings, and 
their impact across various industries.

System Identification is the field of mathematical modeling 
of systems from experimental data. Some experiments 
are performed on the system; a model is then fitted to the 
recorded data by assigning suitable numerical values to 
its parameter [6]. The system identification is necessary 
to establish a model based on which the controller can be 
designed, and it is useful for tuning and simulation before 
applying the controller to the real system [9].

PROBLEM STATEMENTS
1.	 Given input output data (u (t), y (t)), generated 

by a system G, y = G [u], find a system G1 that 
approximates G and provides an estimate of the size 
of the approximation error. Compare the output of the 
simulated model output with the actual output. 

2.	 Compute different parametric models and compute its 
spectrum with different methods and compare these 
spectrums with each other.

3.	 Compute the different models using different 
approaches and plot the estimated parameters and the 
true parameters as a function of time for comparison.

SYSTEM IDENTIFICATION
System identification is the process of developing 
mathematical models that describe the behavior of 
dynamic systems using input-output data. It is widely used 
in control engineering, signal processing, and machine 
learning for modeling and predicting system responses.

The primary goal of system identification is to determine 
an appropriate mathematical representation of a system 
from observed data, which can then be used for analysis, 
prediction, or control design.

Components of System Identification

The system identification process typically involves the 
following key components:

1.	 System: The real-world process or dynamic system 
being studied.

2.	 Inputs: External signals or excitations applied to the 
system.

3.	 Outputs: Measured responses of the system 
corresponding to the given inputs.

4.	 Model Structure: A mathematical representation (e.g., 
transfer function, state-space model) describing the 
system.
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following steps:

1.	 Experiment Design: Collecting high-quality input-
output data with sufficient excitation.

2.	 Data Preprocessing: Filtering, normalization, and 
removing outliers from collected data.

3.	 Model Selection: Choosing an appropriate model 
structure (e.g., ARX, ARMAX, state-space).

4.	 Parameter Estimation: Using optimization algorithms 
to estimate model parameters.

5.	 Model Validation: Testing the model against unseen 
data to assess its accuracy.

Fig. 1. Parameter estimation principle

The parameter estimation principle for sampled model 
is illustrated in figure (1). A discrete time model with 
adjustable parameters is implemented using computer. 
The error between the system output at instant ‘t’, y (t), 

and the output predicted by the model )(ty
Λ

 (known as 
the prediction error) is used by a parameter adaptation 
algorithm (PAA), which at each sampling instant, will 
modify the model parameters in order to minimize this 
error. 

We may now establish a system identification procedure 
for SISO systems.

•	 Select a test input sequence

•	 Collect experimental data.

•	 Form the matrix Φ and vector B by processing the I/O 
data.

•	 Compute the LS solution.

•	 Compute the transfer function of the identified system.

•	 Compute residual error and obtain an estimate of the 
uncertainty bound.

5.	 Identification Algorithm: The computational method 
used to estimate model parameters.

6.	 Validation: The process of verifying the accuracy 
and generalizability of the identified model using 
independent data.

Classification of System Identification Methods

System identification methods can be broadly classified 
into two categories:

Parametric Methods

Parametric methods assume a predefined model structure 
with unknown parameters that need to be estimated. Some 
commonly used parametric techniques include:

1.	 Least Squares Estimation (LSE): Minimizes the sum 
of squared errors between observed and predicted 
outputs.

2.	 Maximum Likelihood Estimation (MLE): Estimates 
parameters by maximizing the likelihood function 
based on probabilistic assumptions.

3.	 Prediction Error Methods (PEM): Uses optimization 
techniques to minimize the difference between 
measured and predicted outputs.

4.	 State-Space Models: Represents system dynamics 
using a set of first-order differential or difference 
equations.

Non-Parametric Methods

Non-parametric methods do not assume a fixed model 
structure and instead rely on data-driven approaches:

1.	 Impulse and Step Response Analysis: Determines 
system dynamics based on its response to an impulse 
or step input.

2.	 Correlation and Spectral Analysis: Uses statistical 
and frequency-domain techniques to derive system 
characteristics.

3.	 Subspace Identification Methods (SIMs): Extracts 
system information directly from input-output data 
using linear algebra techniques.

4.	 Machine Learning-Based Identification: Applies 
neural networks and deep learning to model complex, 
nonlinear systems.

Steps in System Identification

A standard system identification process includes the 
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Assumed that the experiment design and data processing 
are performed in an appropriate manner, consistent with 
the limitations of the algorithm.
Finally under implementation we consider various 
practical issues such as selection of test inputs, fine tuning 
of the estimation algorithm, computational trade offs 
etc. The objective of experimental design is to make the 
collected data set as informative as possible for the models 
being built from the data. Some of the important points 
that must be taken into consideration are:
•	 The input signal must expose all the relevant 

properties of the system i.e. the input must contain at 
least as many different frequencies as the order of thee 
linear model being built.

•	 A typical good sampling frequency is 10 times the 
bandwidth of the system.

•	 In time domain, these suggestions are useful:
•	 Use binary (two-level) inputs if linear models 

are being built. This gives maximal variance for 
amplitude-constrained inputs

•	 Check the changes between the levels so that the input 
occasionally stays on one level long enough for a step 
response from the system to settle, more or less.

IMPLEMENTATION AND RESULTS
Consider the model of the following kind
y(t) + a1 y(t-1)+…+ana y(t-na) = u(t-nk) +…+ bnb u(t-nb-
nk+1) 						      (1)
We start by forming some simulated data. Estimate the 
parameters of the model. Compare the output of the 
simulated model output with the actual output.
The input is generated as a Random Binary Sequence. 
The input-output is shown in figure (2). A second order 
model of ARX type is considered. The order of the system 
is tested and thee parameters of the model are estimated. 
The output of the simulated model is compared with the 
actual output for validation as shown in figure (3) and the 
residuals are shown in figure (4). The chosen structure and 
the selected structure is given in the results. 
2) The input output of the simulated model for the second 
problem is shown in figure (5). The comparison of 
spectrums of the model by different methods is shown in 
the figure (6) and (8). A 5th order AR model is computed 
by instrumental variable method and modified covariance 
method and their spectrums are compared as shown in 

figure (9). The spectrums of the AR model and ARMAX 
model are compared as shown in figure (7).
3) Output error model of the input output data is computed. 
The estimated parameters and the true parameters are 
shown in table (1). The four parameters are plotted as a 
function of time using forgetting factor approach as shown 
in figure (10). Figure (11) shows the plot of parameters 
from ARX model using Kalman filter approach.

Table 1. Results of the estimated parameters

Sr. No. Parameters Assumed 
Parameters (G)

Estimated 
Parameters (G1)

01 A1 -1.5 -1.4368
02 A2 0.7 0.6370
03 B1 1.0 0.9563
04 B2 0.5 0.6281

Chosen Structure: sNn = 5 5 1
i.e. Orders and delays: na = 5; nb = 5; nk = 1.
Number of parameters to be estimated = 4.
Selected Structure: Nns = 2 2 1
i.e. Selected Orders and delays: na = 2; nb = 2; nk = 1.

Fig. 2. Input output of the system

Fig. 3. Comparison of the output of simulated model with 
actual output.
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Fig. 4. Residuals

Fig. 5. The input output of the simulated model

Fig. 6. The comparison of spectrums of the model by 
Burgs and Yule Waker methods

Fig. 7. The spectrums of the AR and ARMAX model

Fig. 8. The comparison of spectrums of the AR model by 
LSM and f/b approach

Fig. 9. Comparison of spectrums of AR model by 
instrumental variable and modified covariance method

Fig. 10. The plot of parameters from ARMAX model 
using forgetting factor approach

 

Fig. 11. The plot of parameters from ARX model using 
Kalman filter approach.
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CONCLUSION
This paper provides an in-depth exploration of linear system 
identification methodologies, discussing their theoretical 
foundations, practical applications, and emerging trends. 
Future research should focus on enhancing computational 
efficiency and robustness while leveraging modern AI 
techniques for real-time adaptive modeling.

CHALLENGES AND FUTURE 
RESEARCH DIRECTIONS
•	 Robustness against noise and uncertainties

•	 Computational efficiency for large-scale systems

•	 Real-time adaptive identification

•	 Integration of artificial intelligence and deep learning

•	 Emerging trends in cyber-physical system modelling

•	 Wavelet transforms can be used in the case of Time-
varying systems.
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