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MESSAGE FROM CHIEF PATRON

Dear Organizers and Participants,

Greetings to you all!

We applaud the hard work made by the institute, for a wonderful and stimulating national
conference. The Conference is very well organized, both logistically and in terms of its contents.
The broad spectrum of themes listed for discussions conveys its intellectual integrity.
International conference on “Emerging Trends in Engineering and Sciences” speaks of the
use of new research, and innovations to focus more on recent developments. This conference is
a platform for all the professors, researchers, and students to share their ideas and innovations
with the outside world. Science and Technology is an area where innovation is taking place
every day, and every innovation changes the market trend and the global economy.

We appreciate and acknowledge the efforts of the institute who left no stone unturned to make
this conference a success. A special mention of the tireless efforts of the Conference chair,
Conference Convener and organizing committee of the conference who made the conference
see the light of day. All the staff and students of the institute deserve our appreciation for their
coordinated effort to make this conference a success. | do congratulate the authors of the
research articles submitted for the conference/proceedings.

We are impressed with the most productive, well-planned conference which would be
memorable and successful.

Our best wishes to all the stakeholders!

President / Secretary

Jawahar Education Society




MESSAGE FROM CONFERENCE CHAIR

The International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)
aims to create a common platform for students, academicians, researchers, developers, and
practitioners to discuss and present various research initiatives, outcomes, and experiences. A
conference platform is not only to learn new aspects, other perspectives, and the latest information
but also a good way of networking.

The papers being presented have been selected based on blind reviews and are of very high
standards. An opportunity has been provided for research scholars to discuss their problems and an
achievement with senior researchers is a welcome gesture. 1 am sure the conference has all the
ingredients researchers look for in a conference and this conference will provide a new perspective
to the researchers. A conference serves its purpose when the delegates get good opportunity to
network for further research. | am very happy to state that being the First international conference
(ICETES-2025) provides a platform for such an exchange of information.

The various technical and non-technical committees have put in admirable effort in making the
conference a memorable one for all the delegates. | take this opportunity to congratulate all the
delegates for their participation and contribution.

My best wishes to all the stakeholders!

Dr. M. V. Bhatkar

Conference Chair




MESSAGE FROM CONVENER

It is my great pleasure and honor to welcome everyone to the 1% International Conference on
Emerging Trends in Engineering and Sciences (ICETES-2025). It brings together all researchers
and practitioners from academia and industry to discuss foundations, techniques, and tools for
automated analysis, design, implementation, testing, and maintenance of software systems.

This publication contains the proceedings of the conference, which was held at the institute on 71"
- 8" February in Nashik. The conference featured keynotes, presentations, experiences, and
discussions.

For the technical research track, we have received an overwhelming response for the number of
submissions, of these few have been desk-rejected, while remaining considered for the final
reviewing process.

As a highlight, ICETES-25 attracted internationally and nationally renowned keynote speakers,
whose talks feature a quite diverse set of topics.

I would like to thank all the sessions’ chairs, as well as the paper presenters and the attendees.
Numerous organizing committee members have helped in various ways to make the event a
success.

Last but not least, | would like to thank our Management and Principal for their faith and providing

various kinds of support for the organizing the conference.

Mrs. G. P. Mohole

Convener
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Abstract---This project aims to design and fabricate a
machine that can plough, sow, and till fields using solar
power, reducing the need for fossil fuels and manual
labour. The objective of this project includes selecting
the appropriate components, designing the machine,
fabricating the machine using various manufacturing
processes, and testing the machine for agricultural
purposes. To achieve the objective the procedure is to
study different mechanisms, select the appropriate
power transmission system, design machine parts and
conduct FEA to ensure machine durability. In
comparison with the traditional method, results like
tilling and sowing machine gives better performance.
This machine can revolutionize small-scale farming,

promote sustainable agriculture practices, and
contribute to rural development.
Keywords---Agriculture, Tilling, Sowing, Ploughing,

Machine, Manual, ECO-friendly.
I. INTRODUCTION

Agriculture is the major source of income in India.
There is a huge requirement for development in farming
areas, which can be obtained by using modern and
progressed mechanical techniques for cultivating
processes like digging, planting, water systems, etc. India
is a place that is known for its huge populace, where food
requirement is major concern. Indian economy is
dependent on Agriculture field from a longtime. In Indian
agriculture, the arrangement of seedbeds for tillage
culturing utilizing extra machinery and tilling tools is
expanded to work apparatuses. A power tiller or cultivator
isone of the culturing machines generally appropriate for
seedbed preparation. In a power tiller machine, the sharp
edge/blade is the main part, which is locked in with the
dirt to sort out a seedbed and blend the fertilizer. For
increasing the maximum removal of unwanted plants
which grow along with a cultivated crop efficiently with
the tilling blade use. That is because of utilizing and
increasing the fertility of the land to increase crop
productivity.

II. PROBLEM STATEMENT

The tilling and ploughing the land requires more
manpower therefore the cost of manpower becomes a
financial burden for farmers, particularly for those who are
on a tight budget.

e  Working with hand tools can be dangerous andcause

ISBN - 978-93-341-1286-3

injuries to the worker, resulting in pain and possibly
loss of work time.

o The physical demands of using hand tools can
be strenuous, and workers may experience fatigue after
completing their tasks. The use of fossil fuels in machines
contributes to global warming, which is a significant
environmental issue.

o Conducting various tasks individually, such as
tilling, ploughing, and sowing, can be time- consuming
and result in longer periods of work.

III. OBJECTIVES

The main purpose of this project is to create a
versatile agricultural machine that can perform multiple
tasks and operations.

o By reducing the need for manual labour, the
machine aims to decrease the costs associated with hiring
workers.

o The primary goal is to increase crop
productivity rates by using a machine designed to perform
tasks accurately and consistently.

o The machine aims to reduce planting time,
allowing farmers to complete planting more quickly and
efficiently.

IV. LITERATURE REVIEW

1] Sonu Yadav, et al, [2021] design power tiller machine for
small farming area. For small farming area, farmer needs more
manual effort which further increases cost of tilling. The
machine uses a wheel and this wheel is welded with angles
for tilling process. An electric motor drives the wheel with
the help of chain sprocket arrangement. The use of such
motorized tilling machine reduces human effort at verylow
cost. This unique portable design reduces labour time as
well as cost of tilling. It also increases agricultural output
and efficiency.

2] Dr. P. Selvakumar et.al,[2020] designed the machine
which perform multiple work such as tilling, ploughing
and seed sowing simultaneously. This machine consists of
three wheels out of that, one wheel is provided at front end
and remaining two wheels at the rear end. Electric motor
used to drive the shaft instead of Diesel Engine. During
the farming, the sequence of operation are followed such
as tilling, seed sowing and hilling of sand by shovel etc.
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Therefore such machine makes work so simple and
reduces man power and it’s cost.

3] Shabbir J. Karjatwala, et al, [2018] design the mini
cultivator and tiller model for 1.5 hector areas. In this
paper researcher compared traditional method with new
technological model. This model reduces the cost of
traditional method and performed multifunction like
tilling, Ploughing etc.

4]Kalash Singhal,et al, [2018] design solar operated seed
sowing machine. This machine developed to carry out
different farming activities. 1.C Engine causes air and
noise pollution in farming area which can be reduced by
use the use of solar energy. In this machine, a solar panel
is used to utilize solar energy and this energy is stored
inside a 24V battery. This battery drives the DC motor
which further rotates the cutter for digging operation. This
machine is designed for seed sowing and irrigation
purpose.

51 Md. Aqib Naque,et al, [2013] design machine soil tiller
and weeder for small land area. This machine uses engine
and chain sprocket arrangement for cutter and tilling. This
machine helps the farmer to reduce labour cost and
increased productivity.

V. PRACTICAL IMPLICATIONS/ APPLICATIONS

The practical implications of the machine are
significant for the agricultural sector. The following are
some practical implications of the project:

1. Increased productivity: The solar-operated tilling and
sowing machine has the potential to significantly
increase crop productivity rates. As the machine is
powered by solar energy, it can work for longer hours
without incurring any additional costs, which can
ultimately result in higher crop yields.

2. Cost savings: By using this machine, farmers can save
a significant amount of money as it reduces the need
for manual labour and eliminates the need for fossil
fuels. Additionally, the machine's compact design
ensures it takes up minimal space, which saves on
storage costs.

3. Eco-friendly farming: This machine is designed to be
eco-friendly, as it does not emit any pollutants or
greenhouse gases. By using this machine, farmers can
contribute to a sustainable environment by reducing
their carbon footprint and mitigating the negative
impact of traditional farming practices on the
environment.

4. Adaptable to different farming requirements: The
design of the machine is flexible and can be adapted to
different farming needs by attaching external tools.
This makes it an all-in-one solution for various tasks,
including ploughing, sowing, and tilling.

VI. RESULTS AND DISCUSSION

By taking trials on the field of this machine and
gathering all information on other possible methods we

have got the following results.

1)  The project aimed to address the challenges
faced by farmers in performing various agricultural tasks
by developing a solar-operated tilling and seed sowing
machine. By fulfilling the needs of farmers who struggle
with rising labour costs and availability, the project
objective is to improve the efficiency and productivity of
agricultural operations.

2) The machine has successfully overcome the
limitations of traditional sowing methods, with a lower
capital cost than other farming equipment, eco-
friendliness, and ease of troubleshooting. These benefits
make the machine a valuable asset to Indian agriculture,
contributing to increased efficiency and sustainability.
Overall, the project has resulted in a significant
improvement in agricultural practices, benefiting farmers
and the industry as a whole.

TABLE 1. COST COMPARISION

Sr.No. Parameter Manual |Seed Sowing
Method Machine
Cost per Guntha
L 100m2) Rs. 100-150/- Rs. 10-20/-
Time per Guntha
2 (100m2) 1-2 days 1 day
3 No. of Labours 1 1

1 Guntha = 1089 sq feet=101.171 square meterSowing
machine speed = Imin 5 seconds

~For 1 Guntha time required = is 1388 min = 23.13 hr.

The speed of the machine is 1 m in 5 seconds. In 50 sec, it
covered 10 m distance and in 8.33 min it covered 100 m.
Butthis is for just 1 row and we have a total of 166 rows in
100 square meters for the distance between both the teeth
is 30 cm. So the time calculated for 1 Guntha (100 square
meters)is 1388.2 min or 23.13 hr.

TABLE 2. SEED ISOLATION DISTANCE

Sr. No. Types of Seed Distance
(cm)
1 Groundnut 15
2 Onion 15
3 Okra 30

Table 2 shows the different types of seeds and the distance
between the planting of two successive seeds. While
sowingthe groundnut, the distance between two successive
ground nut is 15 cm measured. For the onion, the distance
measuredis 15 cm and for okra, the distance measured is
30 cm.

TABLE 3. SEED DISTANCE MEASURED WITH
DIFFERENT ROTORS

Type of
Sr.| Rotor |Measured
No.| (No.of Distance
Teeth) | (cm)
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1 4 30
2 6 22
3 8 16

Table. 3 shows the different types of rotors and the
distance measured by them. For the 4 teeth rotor, the
measured distance is 30 cm. The 6 teeth rotor has a
measured distance of 22 ¢cm and the 8 teeth rotor has a

measured distance of 16 cm.

TABLE 4. RESULT OF SOWING DEPTH

Sowing Depth | Sowing Depth
Sr. No.[Type of Seed M(eac?;:;ed Required (cm)
1 Groundnut 6 57
2 Onion 3 25
3 Okra 2 >

Table 4 shows the comparison of the sowing depth
measured and the sowing depth required. It is for
groundnut, onion and okra. For groundnut, the required
depth is 5-7 cm and the measured distance by machine is 6
cm. Onion has a requireddepth of 2.5 cm and the measured
distance by machine is 3 cm. Okra has a required depth of
2 cm and the measured distance by machine is 2.

VII. CONCLUSION

Solar-operated tilling and sowing machine greatly
reduce the need for manpower and function effectively.
This system helps the farmers for crop cultivation in
particular farm fields. It reduces overall time required for
the plantation of crops and increases the production rate.
This machine also reduces cost of the plantation compared
with conventional methods. It does not use any fossil fuel.
It is pollution free machine. This machine is portable so
farmers can keep this entire setup in a less space.
Depending upon the work type, attachments (external) can
be added to the machine. Therefore, the machine can be
utilized for a variety of tasks.
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Abstract---For many years, SF6 has been the preferred
dielectric medium in electrical power applications,
particularly in high voltage gas-insulated equipment.
However, with the recognition that SF6 has an
extremely long atmospheric lifetime and very high
global warming potential, governments have pursued
emission reductions from gas-filled equipment. The
electrical power industry has responded to this
environmental challenge applying SF6-free
technologies to an expanding range of applications
which have traditionally used SF6, including gas-
insulated switchgear, gas-insulated circuit breakers
and gas-insulated lines or bus bars. Some of these SF6-
free solutions include gas mixtures containing
fluorinated compounds that have low climate impact,
among them, a fluoronitrile and a fluoroketone
developed as Novec™ 4710 Insulating Gas and
Novec™ 5110 Insulating Gas, respectively. Both
fluoronitrile and  fluoroketone  mixtures are
successfully used in gas-insulated equipment currently
operating on the grid where they reduce greenhouse
gas emissions by more than 99% versus SF6. This
paper reviews these leading components of alternative-
gas mixtures with updates on the performance, safety

and environmental profiles in electrical power
applications.
Keywords---Sulfur Hexafluoride; SF6; Insulation;

Dielectric  Medium;  SF6-free;
Fluoroketone; Fluoronitrile.

SF6-Alternative;

1. INTRODUCTION

Sulfur hexafluoride, SF6, has been a critical component in
high voltage applications for several decades with the
installed base of gas-filled equipment continuing to grow.
Its combination of chemical, electrical, and physical
properties has made SF6 the preferred dielectric medium
in gas-insulated switchgear (GIS), gas circuit breakers
(GCB) and gas insulated lines (GIL). While much of the
equipment operating on the electrical grid today depends
upon the use of SF6, the industry has been searching for
an alternative due to environmental concerns over the
properties of this highly stable insulating gas. A long
atmospheric lifetime of 3200 years results in a global
warming potential (GWP) for SF6 of 23,500, making it the
most potent greenhouse gas identified to date.
Identification of viable alternatives to SF6 is complicated
by the unique combination of properties required in
dielectric applications. Unfortunately, the very properties
that make SF6 an ideal insulating gas, namely chemical
inertness, are the same properties that make it
exceptionally long lived in the atmosphere. Therefore, any
replacement of SF6 as an insulating gas must implicitly
have some form of reactivity to facilitate degradation in

the atmosphere and overcome the environmental concerns.
The materials also need to be non-flammable and low
enough in toxicity to allow for safe handling using
practices similar to those currently used within the
industry. Alternatives certainly need to have very high
dielectric strength, providing performance as close to SF6
as possible. Since the gas-filled also be stable over the
working life of this equipment without contributing to
corrosion or other adverse effects on the device. Most
importantly, to be sustainable alternatives, new
compounds need to have acceptable combinations of
environmental properties, including no ozone depletion
potential and significantly reduce the greenhouse gas
emissions from these applications compared to SF6, since
this is the principal reason for transitioning to new
technology. properties for electric power applications.
They both have been shown to function as a key dielectric
component in insulating gas mixtures while providing
significantly lower climate impact. As a result, the electric
power industry has begun implementing SF6-alternative
gas mixtures based upon these compounds over the last
several years [1-4]. The fluoronitrile and fluoroketone are
recognized within the electric power industry Novec™
4710 Insulating Gas and Novec™ 5110 Insulating Gas,
respectively [5]

2. Required Physical and Chemical

Insulation Gas

Properties of

An environmentally sustainable insulation gas alternative
to SF6 should be compliant with the stringent
requirements of high-voltage applications [6,7]. The
physical and chemical properties include.

e High-dielectric strength;
e Good arc-quenching capability;
e High heat dissipation (high thermal conductivity);

e Low boiling point and high vapor pressure at low
temperature;

e Compatibility with other materials; and
e Design compactness.

In addition, it also has to meet environmental and safety
requirements, such as

o LowGWP;

e No ozone depletion potential (ODP);
e Low toxicity; and

e Non-flammable and nonexplosive.
2. Alternatives to SF6 in HVGIS
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Research on SF6 alternative gases intensified after the
adoption of the Kyoto protocol in 1997. Natural origin
gases were identified as promising alternatives [13,14],
most importantly CO2 as a carrier gas for switching
applications [15-20]. Numerous investigations have
identified the most promising gases and mixtures to be
used for replacing SF6 in HV Switchgear, see, e.g.,
[16,17,20] for overviews. Electric insulation and
interruption properties, global warming potential on a 100
year horizon GWP100, toxicity, chemical stability under
operating conditions, flammability, material compatibility,
heat dissipation capability, ozone depletion potential
(ODP) and CO2 footprint in terms of life cycle assessment
(LCA) of total equivalent CO2 emissions (e.g., [9,21])
must be considered. This led to the selection of the
following molecules as most suited for HV switchgear
applications: CO2, 02, Heptafluoroisobutyronitrile,
(CF3)2-CF-CN or simplified C4F7N (C4-FN) and
1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)-2-butanone
[10,22]. C4-FN has become the preferred fluorinated
additive in HV switchgear applications [17,20,23-27] due
to its relatively low boiling point and high electric
strength. Figure 2 shows the chemical structures of the
molecules of interest compared to SF6. Other molecules
investigated, as e.g., HFO-1234ze for application in MV
switchgear or CF3l were mostly studied in academia (for
references see [17,20]) and will not be discussed further
here. They have several drawbacks regarding
decomposition and toxicity in high current switching
applications. Another fluid that was investigated is
1,1,1,3,4,4,4-heptafluoro-3-(trifluoromethyl)-2-butanone
[17,28], also referred to as CF3C(O)CF(CF3)2 or, even
more simply, C5F100 (C5-FK). C5-FK was used in a
manner similar to C4-FN but, due to its significantly
higher boiling point of 26.9 -C at 0.1 MPa, was found to
be less suitable for HV switchgear applications. It found
application mainly in MV switchgear [17]. The properties
of the gases of interest are shown in Table I.

Fig. 2. Molecular structures of SF6 and SF6 alternatives

The boiling point of C4-FN is —4.7 -C at 0.1 MPa, which
is significantly higher than that of SF6. For this reason, it
must be mixed with a buffer gas, such as CO2, to allow for
low temperature applications. All the gases presently of
interest are nontoxic, non-flammable and have no ozone
depletion potential (ODP) [10,17,20]. The GWP100 of
C4-FN is 2750, which is significantly lower than that of
SF6 (24300) and allows a reduction of the CO2 equivalent
by 99% for the C4-FN gas mixtures relevant for use in

electrical equipment [10,29]. The electric withstand of
pure C4-FN is about twice that of SF6 at a reference
pressure of 0.1 MPa, see e.g., the overview [30]. CO2 has
a dielectric withstand only slightly lower than air
[17,20,30]. O2 admixture of 10%-20% can increase the
electric strength of the gas slightly by about 6%-10% [31]
and reduces the formation of gaseous and solid
decomposition products in high current switching
applications [32,33]. The O2 concentrations typically used
are in the range of mole fractions of 10% . . . 30%
[17,20,22,27]. For very low temperature applications of
—50-C only CO2/02 mixtures are used [17,19,20]. Some
physical properties of the mixtures of interest are given in
Table Il. For a filling pressure of about 700 kPa and 3.5
mol% C4-FN in CO2/02 an electric strength comparable
to SF6 at a GWP100 of about 293 is achieved. This
mixture can be used down to —30 °C and is favored for
low-temperature CB applications. Further properties of
SF6 alternative gases and mixtures are given in Refs
[9,16,17,20].

The electric insulation for different gases and mixtures
was investigated by determination of fundamental
properties as the ionization and attachment rates, e.g.,
[30,34-38], or by breakdown tests in simplified electrode
geometries, e.g., [24,25,30]. A comparison of pressure
dependence of electric strength for various gases and
mixtures under switchgear conditions is shown in Figure
3.

Table I.
Physical properties of pure gases compared to SF6 from [10,16]
Mok?cular Density Boiling Electric

weight (kg/m3) at . GWP100 strength/p.u. at

(g/mol) 0.1 Mpa point/=C 0.1 Mpa
SF6 146 6.17 -64 24300 1
C02 a4 1.98 -785 1 ~03
C4-FN 195 79 A7 2750 ~2
02 kY] 143 -182.96 0 ~03
N2 14 125 -195.8 0 ~03

A C4-FN/CO2/02 gas mixture defined for a minimum
operating temperature of —300C and a filling pressure of
700 kPa (@ 20°C) has a similar electric strength as SF6 at
450 kPa. Thus, for switchgear using SF6 alternative gas
mixture a slight increase of pressure compared to SF6 is
necessary to obtain similar insulation performance. CO2
and air cannot reach the insulation performance of SF6 at
450 kPa even when extrapolated to higher pressures well
above 1MPa [39,40]. For such gases the equipment needs
to be increased in size for lowering of electric fields.
Arcing in CBs, as it occurs during switching operations,
leads to partial gas decomposition, which needs to be
considered in the properties of the gas mixture after arcing
such as the electric strength. Gas compositions and
properties of gas mixtures under arcing are addressed in
various overviews, e.g., [9,17,20,41,42].
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Fig. 3. Relative insulation performance of SF6 alternative
gases and mixtures, compared to SF6 at 0.45 MPa adapted
from Ref. [23]

In C4-FN/CO2/02 mixtures typical remaining products in
a switchgear after arcing are C4-FN, CO2, N2, 02, CF4 ,
and very low amounts of CO, which is efficiently reduced
by the addition of O2. Note that decomposition of C4-FN
molecule occurs only in the very small fraction of the gas
which is in direct contact with the arc. This small change
in composition has only a negligible effect on the
insulation strengths at operating conditions [9,17,20]. As
shown in [17,20], gas decomposition of C4-FN does not
affect the lifetime of the CB for typical C4-FN
concentrations and switchgear volumes. The switching
performance of SF6 alternative gas mixtures was
investigated in various studies, see for overviews [17,20].
This was done by investigation of the short-line-fault
interruption, so called thermal interruption capability but
also on the electric recovery after arcing. Figure 4 shows a
comparison of the thermal interruption capability of CO2-
based gas mixtures and air to SF6. The performance of
CO2-based gas mixtures is slightly below SF6 and reaches
about 67% to 87% of the SF6 performance. This seems not
to depend significantly on the addition of fluorinated
compounds, which can likely be explained by the low
percentage added, as was explained in Ref. [43].

3. Properties of Gas Mixtures

Due to their higher boiling points and corresponding lower
vapor pressures, the Novec gases are used in gaseous
mixtures rather than as pure materials. Dilution in gaseous
mixtures allows the equipment to operate at temperatures
well below the boiling points of these materials without
condensation. Once gases form a homogeneous mixture,
they do not physically separate unless liquefied by cooling
below the condensation temperature or compressed to very
high pressures. Similarly, although gas density will vary
with height in a vertical column, the mixture does not
separate over time with the higher molecular weight
components concentrating at lower elevations. Figure 2
shows the change in gas density as a function of height in
a column of gas for several gases. The pressure exerted by
the column of gas above any point creates a greater
density compared to higher elevations. Thus, the density
of a gas decreases at higher elevations. Larger variations
occur as the molecular weight of the gas increases since

the greater mass produces higher pressures at the lower
elevations. However, the concentrations of individual
components in a gas mixture do not change with height.
The pressure exerted by the column of gas mixture above
a molecule of any component is the same, resulting from
the density of the gas mixture above it rather than any
individual pure gas. As a result, all components of a
mixture are exposed to the same gravitational force and
pressure. Therefore, no driving force is created to cause a
separation. A similar conclusion was reached in the 1982
EPRI Report EL-2620 [26]: “In the absence of
condensation, a gas mixture will not separate into its
component gases over a short or long period of time even
when the molecular weights of the component gases are
markedly different.” Accordingly, gas separation has not
been observed experimentally [25-27]. For example, a gas
mixture containing Novec 4710 gas and CO2 was stored in
a 2-m vertical tube at J15 _C for 6 months with no
change in composition detected over the height of the tube
[27]. Table 2 shows a comparison of representative gas
mixtures that are used in high voltage systems relative to
pure SF6. The dielectric breakdown voltage of a gas
mixture varies with the concentration of Novec gas as well
as the total pressure of the mixture. As shown in Figure 3,
it is possible to compensate for the lower dielectric
strength of a dilute gas mixture by increasing the total gas
pressure used within the system. In fact, that is the strategy
often employed by manufacturers of gas-insulated
equipment. Numerous systems using Novec gas mixtures
are currently operating on the grid, including installations
of GIS, GCB and GIL. These systems have been designed
to deliver performance comparable to similarly rated SF6
equipment, [38,39].

Gas density ratio

0.00 = = 3% Nowec5110za/ %5%air -
o Novee 4710 g / 93% C02

—£5F6
Mowae 4710 g2z

= = Nowvec 5110 zas

0 20 40 60 30 100
Vertical height variation (m)

Figure 2. Variation in gas density as a function of gas
column height. Gas mixtures are described in Table 2

Table 2. Gas mixture properties
compared to SF6.
5% 5%
Gas o | Novec | Novec
Formulation 1;8(? 4710/ | 5110/
(mole %) 95% 95%
COo2 Air
Typical GIS 4 6 6.5
Pressure
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Fig.3 Dielectric breakdown voltage of gas mixtures
compared to pure SF6.

2.3. Recent and ongoing product developments Over the
last years roadmaps for CBs using SF6 alternatives were
shown by the leading manufacturers [46—48], and products
entered the market, e.g., see Refs [39,41,42,44-46].
Hitachi Energy launched C0O2/02- and C4-FN/CO2/02-
based products under the brand ‘EconiQ™’; they are
available for 72.5 and 145 kV LTB and GIS, 420 kV GIS,
DTB and gas-insulated lines (GIL) at the time of this
writing. Also, a “retrofill” solution for 420 kV GIL was
launched. In 2024 further products for 420 kV and higher
ratings up to 550 kV will be addressed. During the next
few years additional products, including for ratings of 245
kV are planned. General Electric (GE) launched C4-
FN/CO2/02-based products under the brand g3 for 420
kV GIS and 145 kV DTB in 2023. Products for 72.5 kV
DTB and 245 kV GIS and LTB are planned for 2024. For
2025 170 kV GIS, 245 kv DTB and 420 kV LTB have
been announced. In 2026 ratings of 362 and 550 kV DTB
and LTB will be addressed. Siemens Energy has available
circuit breakers with ratings up to 145 kV that use vacuum
circuit breakers and air insulation. Higher ratings are under
development. The use of CO2/02 has been discussed by
Toshiba [43] but no product is currently available. For
72/84 kV ratings Toshiba developed a VCB/air GIS which
was successfully tested and energized in a pilot installation
in 2023 [46]. Hyundai Electric mentioned that it
successfully developed 170 kV, 50 kA GIS in 2021 using
a C4-FN/CO2 mixture and that development of a 145 kV
GIS with air and vacuum circuit breakers is ongoing [48].

3. High Voltage Switchgear Reliability

HV switchgear is composed of different operating devices,
including circuit breakers, disconnectors, earthing
switches, voltage transformers, and current transformers.
Like any other electromechanical device, switchgear
components are prone to degradation, which can occur due
wear and aging as a function of their operation and
environmental conditions.

According to CIGRE [42], switchgear malfunctions are
classified as ‘minor’ and ‘major’ failures. Major failures
cause the cessation of one or more of the fundamental
functions of switchgear, resulting in an immediate change
in the system operating conditions. In contrast, when a
minor failure takes place, the HV equipment is still able to
operate, although not under normal conditions. Circuit-
breakers are key components of power transmission and
distribution systems; therefore, most of the monitoring
systems applied on HV switchgear are usually dedicated to
this device. As described by CIGRE [45], maintenance
methods can be divided into time-based maintenance
(TBM), condition-based maintenance (CBM) and
reliability-centered maintenance (RCM) [41]. The
development of reliable and simple condition monitoring
methods, which can allow the implementation of CBM
and RCM, offers a clear opportunity for maintenance
improvement. However, such maintenance services need
diagnostic and prognostic models able to estimate the
probability of failure and/or remaining useful life (RUL)
of the operating power grid (PG) assets. Implementation of
algorithms for the detection of failures and lifetime
estimation depends on the availability of measurement
data from the considered PG assets. Once the data is
available, it needs to be correlated and linked through
diagnostic/prognostic models for failure detection or
prediction [41]. Methods for diagnostics of switchgear
working conditions, as well as prognostic of its remaining
useful life are summarized in the next sections.

4. CONCLUSIONS

Gas mixtures containing a fluoroketone or a fluoronitrile,
Novec™ 5110 Insulating Gas and Novec™ 4710
Insulating Gas, respectively, are being implemented as low
climate impact alternatives to SF6. When used at higher
pressure, these gas mixtures can deliver dielectric
performance comparable to SF6 in high voltage systems.
The safety of Novec gases has been evaluated through a
series of toxicological studies which demonstrate that the
hazard profiles of the gas mixtures containing these
materials are safe to handle in gas-filled equipment. Both
alternative gases have significantly lower GWPs than SF6.
Moreover, their shorter atmospheric lifetimes prevent
measurable accumulation of these gases in the atmosphere.
This results in substantial reduction (>99.9%) in GHG
emissions over the expected working life of equipment
using these alternatives, irrespective of the GWP for the
individual gas mixture components. As a result, these
advanced materials enable insulation technologies that can
make a meaningful contribution to reducing the
environmental impact of high voltage applications.
Therefore, limiting alternative-gas technologies based on
GWP alone could be counterproductive to the goal of
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reducing the climate impact from electric power
applications. In fact, the European Commission report in
2020 stated “In specific sites where the voltage rate must
be maintained and space is restricted, such as substations
at power plants or in urban areas, currently designs based
on fluoronitriles may be the only viable alternative to SF6
based switchgear” [25]. Gas insulated equipment
containing Novec 4710 gas mixtures first started operating
on the grid in 2017, while equipment containing Novec
5110 gas mixtures first started operating on the grid in
2015. More than 100 equipment bays containing
alternative gas mixtures have now been installed by
multiple utilities located primarily in Europe with recent
installations in Asia and North America.

As a new potential alternative insulation gas to SF6, g3
that is composed of NovecTM 4710 and CO2 or N2 shows
its high performance as an insulation medium of gas-
insulated power facilities. This paper presents a
comprehensive  overview of alternate gases for
applications in high-voltage, gas-insulated equipment, and
conclusions are as follows:

1. From the AC/DC breakdown voltage and partial
discharge characteristics, the addition of a few ratios of
4710 to the buffer gas significantly increases the dielectric
strength of the gas mixture, which is almost equivalent to
that of SF6.

2. At the same time, g3 presents a good compromise
between high dielectric strength and low ambient
temperature requirements, which met the requirement of
the minimum ambient operating temperature of power
facilities.

3. In addition, the switching bus-transfer current test,
temperature rise test, and liquefaction temperature
calculation also verified the validity of g3 gas for high-
voltage insulation applications.

4. As for environmental concerns, g3 gas reduces the
GWP of more than 94% compared with SF6. It has an
ODP of zero and an atmospheric lifetime as short as 30
years, which is only 1% of that of SF6. equipment, while
significantly reducing greenhouse gas emissions.
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Abstract---In VLSI design, three parameters are most
important: area, power, and speed. While designing a
VLSI chip, these parameters must be carefully
considered. However, due to the complexity and small
area constraints, achieving an optimal design can be a
very challenging task. Manually to achieve this is time-
consuming, and require significant resources. In
contradiction, the innovative learning techniques of
artificial intelligence (Al) offer a range of promising
automated solutions for managing the difficult and
data-intensive design and testing problems associated
with very-large-scale integration (VLSI). Using
Algorithms for Al and machine learning (ML) in VLSI
design and production help to expedite the process,
greatly cutting down on time and effort required to
analyse and process data across various abstraction
levels. The Al/ML-driven techniques for VLSI design
and production that have been developed recently are
thoroughly reviewed in this paper. We also look at how
AI/ML technologies might be used in the future to
change the VLSI design environment, with an
emphasis on finding quicker, smarter, and more
effective solutions.

Keywords—AI/ML , VLSI, CMOS.
I. INTRODUCTION

Since the 1960s, the number of transistors integrated onto

a single chip has grown at an exponential rate.[1] [2] The
ongoing miniaturization of transistors across multiple
technological generations has enhanced the density and
performance of these devices [3]. Modern very-large-scale
integration (VLSI) technology enables the development of
complex digital systems on a single chip. The rising
demand for portable electronics in recent years has led to a
surge in the need for power-efficient designs with
advanced features. Highly sophisticated and scalable VLSI
circuits are essential to meet the growing demands of the
electronics industry. Device downscaling remains a key
driver in the advancement of integrated circuit (IC)
technology, resulting in better device performance. The
rapid downscaling of CMOS technology has presented
both significant challenges and new opportunities for
device engineers. As transistor sizes shrink, the
complexity of the semiconductor manufacturing process
increases. When approaching atomic scales, further
scaling Artificial intelligence (AI) has offered effective
solutions to a becomes increasingly difficult. Despite the
reduction in device size, many performance aspects begin
to degrade.[4]
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Artificial Intelligence (AI) has offered effective solutions
to a wide range of challenges across various industries.
The foundation of Al is modeled after human intelligence,
enabling machines to replicate human-like reasoning and
perform tasks of varying complexity. Machine learning
(ML) is a subset of Al, focused on learning from data. The
key objectives of AI/ML are to learn, reason, predict, and
perceive. AI/ML techniques excel at identifying patterns
and trends in large datasets, empowering users to make
informed decisions. These algorithms are capable of
processing multi-dimensional and multivariate data with
high computational efficiency, continuously improving
their accuracy and effectiveness. They also enhance
decision-making by optimizing relevant processes. AI/ML
applications are vast and varied. AI/ML methods have
been widely applied in VLSI design and technology. This
paper provides a comprehensive overview of the literature
on AI/ML algorithms applied to VLSI design and
modeling across various abstraction levels.

II. EXISTING REVIEWS

In 1985, Robert first brought attention to how Al was
affecting VLSI design.His paper provided an overview of
existing VLSI-AI tools and emphasized the importance of
integrating Al's expanded capabilities into CAD systems.
The benefits of applying Al to the VLSI design process
and its applications are discussed in [5] and [6]. Khan et al.
[6] specifically examined the role of Al in the IC industry,
with a focus on expert systems and various systems that
rely on knowledge like the design advisor for NCR, design
automation support, and redesign, all of which are
employed in VLSI design. The rapid advancements in
AI/ML have spurred significant research, leading to
numerous innovative efforts to design, develop, and apply
learning strategies in VLSI design and manufacturing. The
use of neural networks (NNs) in both digital and analog
VLSI circuits, as well as knowledge-based systems, has
been reported in [7]. Additionally, [8] reviews the
possibility of using data analytics and machine learning to
optimize physical design. A comprehensive review of
opportunities and recent uses of deep learning in physical
design can be found in [9]. Beerel et al. [10] discussed the
difficulties and possibilities of methods based on machine
learning in asynchronous CAD/VLSI. They suggested
developing a design adviser, an ML-driven advice system
that uses place-and-route, logic synthesis, and standard
RTL tools to track and document the actions of various
designers.Elfadel et al. [11] provided an in-depth
discussion of various ML techniques applied in areas such
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as physical design, power and heat analysis, inability
analysis, forecasting yields, and physical design. They
presented a deep reinforcement learning (DRL) evaluation
loop into an Al-based physical design approach.This
approach automates the exploration of the design region,
aiming to generate superior structural layouts meet time
restrictions and placement optimization, ultimately leading
to improved outcomes in subsequent stages like clock-tree
synthesis (CTS) and routing.

Machine learning (ML) is increasingly attracting the
interest of researchers and academic communities in the
field of EDA. Integrating ML into IC design and
manufacturing helps designers by minimizing the time and
effort required for data analysis, optimizing the design
process, and accelerating time to market [13]. Rapp et al.
offered an extensive overview of the latest advancements
in ML applications for CAD across various abstraction
levels [12].

The reviews cited above offer a comprehensive analysis of
the methods of AI/ML that have been suggested in the
literature, focusing primarily on the different layers of
abstraction used in the design of digital VLSI. This review
provides a synthesis of the existing literature on the use of
AI/ML algorithms at different levels of abstraction in
VLSI design and modeling.

IIT . VLSI Design Flow

A conventional digital IC design flow consists of multiple
hierarchical levels, as illustrated in Fig. This flowchart
represents a generalized design process, encompassing
both the front-end and back-end stages of full-
custom/semi-custom IC designs. The design specifications
provide an abstract description of the digital circuit's
functionality, interface, and overall architecture

System Specification ‘

¥
‘ Architectural Design ‘

¥ ‘ Partitioning ‘
Functional Design & Logic Design L 3

" e Chip Planning
‘ Circuit Design ‘ ~ "

¥ ) ‘ Placement
‘ Physical Design ‘

¥ N Clock Tree Synthesis ‘
‘ Physical Verification ‘ L

¥ . ‘ Signal Routing ‘
‘ Chip Fabrication . "

¥ . ‘ Precise Timing ‘

Chip Packaging & Testing

¥

‘ Final Chip(IC)

Fig. 1 VLSI Design Flow

These specifications include block diagrams detailing the
functional aspects, timing parameters, propagation delays,
required package type, and design constraints.
Additionally, they serve as a formal agreement between
the design engineer and the vendor.
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At the architectural design level, decisions regarding the
system's basic architecture are made. This includes choices
such as whether to implement reduced instruction set
computing (RISC) or complex instruction set computing
(CISC) processors, as well as the number of arithmetic
logic units (ALUs) and floating-point units. The output of
this stage is a micro-architectural specification that
provides functional descriptions of subsystem units. Based
on these descriptions, architects can estimate the system's
performance and power consumption.

The next stage in the design flow is the behavioral design
level, where The circuit's working description generally
appears in Verilog HDL or VHDL.. By leaving out
implementation specifics, this level offers an elevated
representation of the system's functionality. Validation of
timestamp is performed at the subsequent level, known as
the Register Transfer Level (RTL) description. A High-
Level Synthesis (HLS) tool can automatically translate
system specifications in C/C++ into HDL. Alternatively, a
logic synthesis tool generates a netlist, which is a gate-
level representation. The resulting gate-level netlist
satisfies the necessary timing, space, and power
requirements thanks to the logic synthesizing tool. Test
benches and simulations are used for logic validation.,
while formal verification and scan insertion, part of the
Design for Testability (DFT) process, are performed to
verify the RTL mapping [14].

Next, system partitioning is done to break down large and
complex systems into smaller, more manageable modules,
followed by floorplanning, placement, and routing. The
floorplanning stage estimates the chip area required for the
implementation of standard cells or modules and plays a
crucial role in optimizing design performance. Sub-
sections, gates, and flip-flops are then positioned using the
place-and-route tool, and then Clock Tree Synthesis (CTS)
and restart routing are performed. Afterward, sequencing
is done for every block.. Layout confirmation guarantees
that the design complies with electrical and physical
design regulations and corresponds to the original layout
after positioning and routing are finished. Tools like
Design Rule Check (DRC) and Electrical Rule Check
(ERC) are used for this verification.. The final output, a
GDS-II file, is sent to semiconductor foundries for IC
fabrication. IC fabrication itself involves a series of
intricate physical and chemical processes, all of which
must be executed with the highest degree of accuracy and
precision.

IV. BRIEF ON AI/ML ALGORITHMS

In contemporary fields of science and technology,
statistical learning has become essential, playing a critical
role in extracting valuable insights from the massive
volumes of data generated across various domains. This
data can be mined to identify patterns and dependencies
between parameters, which can then be used for future
analyses and predictions. Statistical learning techniques
are widely applicable in solving actual issues. The
technology known as artificial intelligence (AI) allows
machines to mimic human actions., with machine learning
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(ML) and deep learning being the primary subsets of Al.
ML enables machines to learn autonomously from past
data without explicit programming, while deep learning is
a key subset of ML (see Fig. 2(a)). ML involves
continuous learning and self-correction as new data
becomes available. While ML is capable of handling
structured and semi-structured data, Al can manage
structured, semi-structured, and unstructured data. ML can
be categorized into three main types: supervised learning,
unsupervised learning, and reinforcement learning.

A.Supervised Learning

Regression and classification are the two primary
subcategories of supervised learning. One technique for
data analysis that extracts models that reflect significant
data classes is classification. [39]. On the other hand,
regression is used to predict numerical data that may be
unavailable, instead of making predictions about distinct
class labels. Analysis of regression is typically employed
for numerical prediction of continuous-valued functions
[16]. Prediction in this context refers to both numerical
and class-label predictions. The classification/regression
process can be seen as a function that predicts a mapping
of Y=f(X)Y, where Y represents the output variables and
X denotes the input variables. This for a new input trio X,
the function for mapping is trained to predict the
corresponding class label y.. The need for a lot of
objective data is one of the primary obstacles to supervised
instruction., labeled training data, which can be difficult to
obtain in certain applications like VLSI.

B.Unsupervised Learning

Unlike supervised learning, unsupervised learning does
not require labeled training data, which reduces the effort
needed to generate data. However, achieving point
estimates or the desired output for a given input vector is
more  challenging  with  unsupervised learning.
Unsupervised learning is primarily used to discover hidden
patterns within data. Key applications of unsupervised
learning include clustering and dimensionality reduction,
such as through Principal Component Analysis (PCA).
Grouping items into subsets or "clusters" so that they are
more similar to one another than to those in other clusters
is known as clustering. [19].

C. Semi- supervised Learning

Semi-supervised learning serves as a bridge between
supervised and unsupervised learning methods. It is
particularly effective when labeled data is scarce, however,
a lot of unlabeled data is accessible. This method is highly
useful for automating the labeling of data, combining the
strengths of both supervised and unsupervised learning. In
certain applications, semi-supervised learning outperforms
using supervised or unsupervised learning independently.
The process begins with a small set of labeled data, and
algorithms are then applied to generate pseudo-labels for
the unlabeled dataset. Subsequently, these pseudo-labels
are combined with the labeled data, and the model
iteratively incorporates the unlabeled data to refine its
accuracy [20, 21].
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D. Reinforcement Learning

A subfield of machine learning called reinforcement
learning is concerned with connecting events to behaviors..
It is centered around goal-oriented learning through
interactions [22]. Unlike supervised learning, which
depends on examples of correct behavior, or unsupervised
learning, which seeks to uncover hidden patterns,
reinforcement learning learns from experience and aims to
discover the optimal solution that maximizes the reward
signal.
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Figure 2 (1) Overview of Artificial Intelligence
techniques 2) Learning function of
classification/regression algorithms (3) Deep learning
training and prediction

E.Deep Learning

Deep learning, a subset of machine learning, is particularly
effective for processing large datasets. It enables
computers to build complex concepts from simpler ones .
A key example of a deep learning model is the feed-
forward network, or multi-layer perceptron (MLP), which
is a type of artificial neural network (ANN) (see Fig. 2(3)).
An MLP is a mathematical function made up of several
simple functions that converts a set of input values to
output values.. A shallow neural network (SNN) consists
of one or two levels that are concealed, whereas tens or
even hundreds of layers make up a deep neural network
(DNN). DNNs extract features progressively from lower
to higher levels, allowing them to uncover distributed
patterns in dataDeeply belief networks, stacked
autoencoders (SAE), and deep convolutional neural
networks (DCNNs) are examples of common DNN
types[23]. Latelyy, DNNs have made significant
advancements in computer vision, with DCNNs being
particularly effective for visual tasks [24]. Recurrent
neural networks are another method of deep computing
(RNNs),[25] Deep reinforcement learning (DRL) and
generative adversarial networks (GANs) [28] in circuit
simulation. The opportunities for creating solutions to
many of the problems in IC fabrication and design are
expanding due to the quick developments in AI/ML. We
examine the applications of AI/ML at several abstraction
levels of VLSI design and analysis in the sections that
follow, starting with circuit simulation.Al has begun to
take on a role of transformation in circuit simulation,
offering significant improvements in speed, accuracy and
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optimization Traditionally, circuit simulation is a
computationally intensive process, involving the use of
numerical methods such as SPICE (Simulation Program
with Integrated Circuit Emphasis) to resolve the equation
system governing the behavior of electronic components.
However, these methods can be time-consuming,
especially for large, complex circuits. Al techniques,
particularly machine learning (ML) and deep learning
(DL), offer promising solutions to enhance circuit
simulation in various ways.

A . Device Level in VLSI Design

The device level is the foundational layer in the VLSI
design process, where individual semiconductor devices
such as transistors, capacitors, and resistors are modeled,
analyzed, and optimized. At this level, the primary goal is
to ensure that each component operates as expected under
various conditions, while meeting the performance, power,
and reliability requirements for the entire system. Machine
learning (ML) and artificial intelligence (AI) have begun
to be crucial in improving device-level design., enabling
faster simulations, optimized performance, and innovative
solutions to challenges posed by smaller transistor
geometries and increasing complexity.

At the device level of VLSI design, Al and machine
learning are becoming indispensable tools for improving
the speed, accuracy, and optimization of semiconductor
devices. From device modeling and parameter extraction
to optimization and reliability prediction, Al techniques
are accelerating the design process and enabling more
advanced, efficient, and reliable devices.

B . Gate Level in VLSI Design

The gate level is one of the key abstraction levels in VLSI
design, sitting between the device level and the register-
transfer level (RTL). At this stage, the design is described
in terms of logic gates such as AND, OR, NOT, NAND,
and NOR gates, and their interconnections. The primary
goal at the gate level is to represent the functionality of the
digital circuit using these gates and ensure that the design
meets timing, power, and area constraints. Al and machine
learning (ML) are playing an increasingly important role
at this level, helping to improve optimization, enhance
performance, and address the growing complexity of
modern VLSI circuits.

At the gate level of VLSI design, Al and machine learning
techniques are increasingly being used to optimize the
synthesis, timing, power, testing, and fault detection
processes. These techniques offer significant advantages in
terms of speed, accuracy, and design efficiency, helping to
address the growing complexity and scaling challenges of
modern VLSI circuits. By incorporating Al-driven
optimization and predictive models, gate-level design is
becoming more efficient, allowing for faster development
of high-performance, low-power, and reliable integrated
circuits. As VLSI technology continues to evolve, Al is
poised to play an even more crucial role in enhancing
gate-level design and optimization.
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C. Circuit Level in VLSI Design

The circuit level in VLSI design is where the digital logic
components (such as gates, flip-flops, multiplexers, etc.)
are interconnected to form functional circuits. At this level,
designers focus on ensuring that the circuit operates
correctly, efficiently, and meets the required performance,
power, and area constraints. The circuit-level design
process includes tasks like sizing transistors, optimizing
interconnections, and verifying circuit functionality. Given
the increasing complexity of modern circuits, especially as
VLSI technology scales to smaller nodes, Artificial
Intelligence (AI) and Machine Learning (ML) techniques
are becoming more integral in streamlining these
processes, improving design accuracy, and reducing the
time required for circuit optimization.[38]

At the circuit level of VLSI design, Al and ML are
playing an increasingly important role in improving
efficiency, performance, power, and reliability. By
applying Al techniques such as reinforcement learning,
neural networks, and evolutionary algorithms, designers
can accelerate optimization processes, reduce design time,
and create more efficient and reliable circuits. As the
complexity of VLSI designs continues to grow, the
integration of Al will be crucial in addressing the
challenges of power consumption, delay, fault detection,
and manufacturability. These Al-driven innovations at the
circuit level are enabling the development of high-
performance, low-power, and robust integrated circuits for
the next generation of electronic devices.

D . RTL Level in VLSI Design

At the RTL level, the design is typically described using
hardware description languages (HDLs) such as Verilog or
VHDL, and the focus is on designing logic that performs
specific tasks based on input data and clock signals. Al
and ML techniques are increasingly being integrated into
the RTL design process to improve efficiency, optimize
performance, and automate many of the tasks that
traditionally required manual intervention.

At the RTL level, Al and ML are playing an increasingly
important role in optimizing VLSI designs. By automating
tasks such as synthesis, simulation, verification, and
optimization, Al-driven techniques can significantly
reduce the design cycle, improve performance, and
minimize power consumption while also helping to
achieve area efficiency. As the complexity of VLSI
designs continues to grow, the integration of Al and ML
into the RTL design process is becoming essential for
creating high-performance, energy-efficient, and cost-
effective integrated circuits.

E . Post Layout Simulation

Post-layout simulation is a critical step in the VLSI design
process, ensuring that the final design performs as
expected in its physical form. The integration of Al and
ML techniques into post-layout simulation offers
significant advantages, including improved accuracy,
faster verification, and more efficient optimization. By
leveraging machine learning models for parasitic
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extraction, timing analysis, power optimization, and signal
integrity checks, designers can ensure that the final layout
meets performance, power, and design rule requirements,
while reducing the time and resources needed for manual
validation and debugging.

V. AIIN ARCHITECTURES

With the introduction of Al and ML approaches, VLSI
architectural design has changed dynamically. Advances
in neural network algorithms, coupled with innovations in
high-bandwidth and high-performance semiconductor
technologies, have opened new pathways for addressing
the challenges associated with hardware implementations
of complex real-time applications. A number of
architectural advancements over the last few decades have
been crucial to the advancement of VLSI technology.. The
majority of these advancements stem from the need for
innovative applications that demand fast processing rates,
increased dependability, lower implementation costs, and
quicker time to market.. Application fields like the Internet
of Things (IoT), automotive systems, image and signal
processing, and speech processing are the main focus of

the architectural solutions offered in the research literature.

Memory Systems

Memory systems play a critical role in the overall
performance of VLSI architectures, particularly in the
context of advanced real-time applications such as AI/ML,
image processing, and signal processing. The increasing
complexity and performance demands of these
applications necessitate efficient memory architectures
that can handle high data throughput, low latency, and
power consumption constraints.

In summary, the design and optimization of memory
systems in VLSI architectures are pivotal to achieving
high-performance, low-power, and reliable solutions for
real-time, edge-based applications.

VI. AT AT THE SYSTEM ON CHIP(SOC)

The integration of Artificial Intelligence (Al) into System
on Chip (SoC) designs has become a crucial aspect of
modern VLSI architecture, particularly for edge
computing and real-time applications. SoCs, which
integrate all necessary components—such as processors,
memory, input/output interfaces, and Al accelerators—
onto a single chip, provide an efficient and compact
solution for deploying Al algorithms and models directly
at the edge.[26, 27]

The incorporation of Al into SoC designs offers several
advantages and challenges that impact the overall system
performance, power consumption, and cost. The
integration of Al into SoCs is transforming edge
computing by enabling high-performance, low-latency,
and power-efficient Al applications. As Al continues to
advance, future SoC designs will likely feature more
powerful accelerators, improved energy efficiency, and
more sophisticated Al models optimized for real-time
decision-making across a wide range of industries.

ISBN - 978-93-341-1286-3

VII. AIIN PHYSICAL DESIGN

VLSI physical design involves a range of complex
combinatorial problems that often require numerous
iterations to reach convergence. As semiconductor
technology scales down, the complexity of these design
challenges has increased significantly, driven by stricter
design rules and design-for-manufacturing (DFM)
constraints. This makes it increasingly difficult to find
optimal solutions [42]. Traditionally, these issues and
violations were identified and addressed manually.
However, with the advancement of technological nodes,
the manual approach to design closure is struggling to
meet the demanding market timelines. Moreover, the
design quality and the effectiveness of the manufacturing
process in later stages of the design flow are highly
sensitive to decisions made in the earlier stages, which, in
turn, increases turnaround times and slows down the
design closure process. As a result, accurately predicting
valid designs early in the process is becoming more
critical, especially at advanced technological nodes.
Because they offer high-level abstractions, machine
learning and pattern-matching algorithms have been
beneficial at different phases of physical design. and
improving the quality of results. These methods serve as a
valuable intermediary, linking each stage of the process
and offering essential feedback to help achieve faster
design closure.

VIIL AIIN MANUFACTURING

The manufacturing of an integrated circuit (IC) involves a
variety of complex processes, such as wafer preparation,
epitaxy, oxidation, diffusion, ion implantation, lithography,
etching, and metallization. These processes are carried out
in advanced fabrication facilities that require continuous
human oversight. Once the ICs are fabricated, they are
enclosed in specialized packages to shield them from
external and environmental factors that could cause
damage.

IX. AI AT TESTING

The integration of Artificial Intelligence (AI) into the
testing phase of VLSI design has become a transformative
approach, offering significant improvements in efficiency,
accuracy, and scalability. Traditional testing methods,
which rely heavily on manual processes or predefined
algorithms, often struggle with the complexity and scale of
modern integrated circuits (ICs), especially as
semiconductor technology continues to advance. Al-
driven testing techniques address these challenges by
automating and optimizing various stages of the testing
process.

Incorporating Al into the testing process of VLSI designs
is revolutionizing the way semiconductor chips are
validated and verified. By automating test generation,
optimizing test patterns, predicting defects, and analyzing
large volumes of test data, Al enhances the efficiency and
accuracy of the testing phase. Furthermore, Al-driven
approaches enable faster design closures, reduce testing
costs, improve yield prediction, and shorten time-to-
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market, all while ensuring the high-quality performance of
advanced ICs. The adoption of Al in testing is thus
becoming an essential component of modern VLSI design
and manufacturing workflows.

X. VLSI- AI/ML SOURCES OF TRAINING DATA

Incorporating Artificial Intelligence and Machine Learning
into VLSI design and manufacturing processes requires
vast amounts of high-quality training data. AI/ML
algorithms, particularly supervised learning models, rely
on labeled datasets to learn patterns, make predictions, and
optimize design processes. However, collecting and
preparing such data in the context of VLSI is challenging
due to the complexity, variety, and size of the data
involved.

XI. CHALLENGES AND OPPORTUNITIES FOR AI/ML IN VLSI

1) Challenges: The integration of AI/ML in VLSI holds
tremendous potential to revolutionize various stages of the
semiconductor design and manufacturing process.
However, challenges such as data scarcity, model
scalability, and integration with existing tools must be
addressed.

2) Opportunity: At the same time, AI/ML presents exciting
opportunities to automate design, enhance
manufacturability, predict defects, optimize testing, and
reduce time-to-market. As AI/ML techniques continue to
evolve, they will be instrumental in overcoming the
limitations of traditional design processes, helping the
semiconductor industry tackle the increasing complexity
of modern VLSI designs.

CONCLUSION

In conclusion, the integration of Al and machine learning

into VLSI design marks a groundbreaking shift in the field.

While traditional methods are effective, they often
struggle with the growing complexity and demands for
optimizing area, power, and speed. AI/ML offer smarter,
automated solutions that streamline the design process,
saving time, resources, and improving performance. As
these technologies continue to evolve, they are set to
revolutionize VLSI design, enabling faster, more efficient,
and innovative solutions. The future of chip design looks
bright, with AI/ML playing a central role in shaping the
next generation of VLSI technology.
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Abstract---In today’s digital era, the demand for
streamlined and accessible household services has
surged due to the increasing reliance on mobile and
web-based  solutions. This  project introduces
URBANCREW, a comprehensive home services
application designed to simplify booking a wide range
of household services—such as plumbing, electrical
repairs, pest control, painting, and machine
maintenance—directly from a user’s device.

URBANCREW offers a user-friendly platform that
ensures high-quality service delivery through features
such as real-time service tracking, a review system for
trusted professionals, competitive pricing, and secure
online payments. The application enhances user
experience with 24/7 availability, expert support, and
real-time navigation for efficient service delivery.
Additionally, URBANCREW empowers local service
providers by offering increased Vvisibility and
connecting them with potential clients, thereby
creating job opportunities for skilled blue-collar
workers and promoting economic growth within the
local community.

Looking ahead, URBANCREW aims to collaborate
with leading food delivery platforms such as Zomato
and Swiggy to create an integrated ecosystem of
services that enhances convenience for users by
combining home services with on-demand food
delivery solutions.

By bridging the gap between consumers and service
providers, URBANCREW presents a scalable, secure,
and efficient solution tailored to the needs of a fast-
paced modern lifestyle.

Keywords---Online  Services, Fast Service, Live
Tracking, Review System, Secure Payments, 24/7
Availability, Food Delivery Collaboration

l. INTRODUCTION

Home service applications are gaining significant
traction in today’s rapidly evolving digital era,
transforming how individuals access essential household
services. Traditional methods—such as searching through

directories, making phone calls, or relying on word-of-
mouth—are often inefficient, lack transparency, and
present challenges in ensuring safety and reliability. These
issues become more pronounced in non-metro regions
where access to verified and skilled service providers is
limited [1][3].

To address these challenges, the URBANCREW
application offers a comprehensive solution for booking
household services. Available as both an Android
application and a web-based platform, URBANCREW
allows users to browse, select, and schedule services at
their convenience. It ensures transparency through
standardized pricing and secure online payment
integration, reducing the risk of hidden costs and fostering
user trust [1][2][5].

Additionally, URBANCREW stands out with
unique features such as QR code-based security for
provider verification, machine learning for personalized
service recommendations, and future plans for integration
with platforms like Zomato and Swiggy to expand its
utility [4][6].

With the rise of urbanization and the increasing
reliance on digital solutions, there is a growing demand for
reliable and accessible home services. While platforms
like UrbanClap and Handy have pioneered this space, they
face limitations such as restricted availability in smaller
towns, non-standardized pricing, and inconsistent quality
assurance [2][3][5].

The URBANCREW application is motivated by
these gaps, aiming to create an inclusive platform that
meets user expectations efficiently. To simplify the
process of booking services by offering a single platform
for a wide range of needs such as plumbing, cleaning, and
appliance repairs [3]. To cater to diverse demographics,
including non-metro regions, ensuring inclusivity in
service delivery [5]. To incorporate advanced technologies
like machine learning and loT for personalized and
predictive services [6].

A. Objectives
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Comprehensive Service Offering: Provide a wide
range of household services, including house
cleaning, cooking, gardening, and elderly care,
tailored to meet diverse user needs [1][5]. 2)

Efficient Booking System: Streamline the process ¢
scheduling and accessing services through an intuitiv
and interactive user interface [2][4].

Secure Payment Integration: Implement a robus.
payment gateway for safe, cashless transactions

[31[5]-

Personalized Recommendations: Use machine
learning algorithms to analyze user references anB.
provide tailored service suggestions [4].

Empowering Local Providers: Increase visibility for

local service professionals, promoting regional
economic growth and job creation [1][5].
Future Scalability: Design the platform to

accommodate additional features like collaborations
with food delivery services and expansion to other
cities [4].

LITERATURE SURVEY
Existing Systems

An Online System for Household Services
(JERT, 2018): This system provides domestic
services at the user’s doorstep with a single click,
accessible via a web-based or portable application. To

ensure secure access, it features verified login
credentials for service seekers, providers, and
administrators. The system lacks robust

mechanisms for addressing unsatisfactory services.
Re-support is dependent on manual reviews and user
feedback [1].

At Doorstep: An Innovative Online Application
for Household Services (Xi’an University, 2020):
This mobile application connects users with workers
for beauty, wellness, home maintenance, and design
services. It employs a three-module approach
(Registration, Booking, and Service), with OTP-based
double verification to ensure user safety.

The system does not cater to users with diverse

language needs or provide a wide variety of payment
methods [2].

3)

Survey on Home Service Providers (IRJET,
2019): A web-based framework that allows users to
register, schedule services, and opt for return policies
or re-service in case of dissatisfaction.

Payment methods are limited, with no support for
modern modes like Visa or digital wallets. Additionally,

scalability is not addressed [3].

ATOZ Doorstep Home Services (JETIR, 2021):
This system automates household services with skilled
workers dispatched to users' doorsteps. It offers features

like minimal
verification.

user

interaction and

secure worker

The static nature of the application restricts
flexibility, and it lacks scalability for integration with
modern platforms [5].

Comparative Analysis

TABLE
COMPARATIVE ANALYSIS
Feature Strengths | Gaps
Diverse Most Limited inclusion
Services platforms of advanced
Offered offer services like 10T-
essential based
services maintenance  or
like ML
plumbing, | recommendations
cleaning, [6].
and
electrical
repairs
[113].
User OTP and | Advanced
Verification | account- verification, such
based as QR code-
verification | based methods, is
ensure absent
security
[21[5].
Payment Secure Modern payment
Gateways payment modes like UPI,
methods, wallets, and
including cryptocurrencies
credit are often not
cards, are | included [5].
commonly
supported
[3].
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Limited reach to
rural and semi-
urban areas [4].

Platforms
like
UrbanClap
focus on
urban
regions
with
significant
success

[1].

Scalability

PROBLEM DEFINITION

A. Difficulty in Finding Qualified Professionals: Many
users struggle to locate verified, skilled service
providers, especially in smaller cities. This leads to
inconsistent service quality [1][3].

B. Lack of Standardized Pricing: Traditional methods
often involve haggling or hidden fees, creating
dissatisfaction among users [2][5].

C. Inefficient Booking Processes: Without a streamlined
digital platform, users rely on outdated systems prone
to communication gaps and missed appointments

[31[4]-

D. Quality Assurance: There is a lack of platforms
providing robust user reviews and ratings to guide
informed decisions [1][5].

E. Limited Access in Non-Metro Areas: EXxisting
solutions primarily cater to metropolitan areas,
leaving smaller cities underserved [4][5].

PROPOSED SYSTEM

The URBANCREW (Nashik) home services
platform is designed as a modular system to efficiently
cater to the needs of all stakeholders, including users,
service providers, and administrators. Each module plays a
vital role in ensuring seamless functionality, security, and
scalability. The platform incorporates distinct modules—
User Module, Service Provider Module, Admin
Module, Collaboration Module, and optional advanced
modules such as the Notification Module, and
Analytics Module—to address specific requirements.
This modular approach allows the system to operate
cohesively while enabling flexibility for future
enhancements. Below is a detailed explanation of each
module and its role within the system.

Figure 1: System Architecture
A. User Module

ISBN - 978-93-341-1286-3

The User Module is designed to provide
customers with a seamless and efficient experience while
interacting with the URBANCREW platform. Users can
register securely using multi-factor authentication and
explore a wide range of household services, categorized
for easy navigation. This module includes advanced search
and filter options, enabling users to find service providers
based on location, availability, ratings, and price. Users
can view detailed provider profiles, including
certifications and customer reviews, before booking.

Once a service is scheduled, users can track the
service provider in real-time, receiving updates about their
location and estimated arrival time. Payments are made
securely through integrated gateways supporting various
methods such as UPI, cards, and wallets. After completing
a service, users can provide feedback and rate their
experience, contributing to a transparent and trustworthy
ecosystem. Additionally, the module stores booking
history and invoices for user reference.

B. Service Provider Module

The Service Provider Module empowers service
providers to manage their profiles, availability, and
bookings effectively. Providers can register with verified
credentials and set up their profiles by listing their skills,
services offered, pricing, and availability. This module
allows providers to update their working hours, block
unavailable times, and specify holidays. Incoming service
requests can be viewed, accepted, or declined based on the
provider's schedule. The module features real-time
updates, enabling providers to notify users about service
progress or completion. Service providers can also
monitor their earnings through a dedicated dashboard that
displays completed jobs, pending payments, and monthly
earnings reports. By streamlining operations and offering
tools for transparency and efficiency, this module ensures
a productive relationship between providers and users.

C. Admin Module

The Admin Module serves as the backbone of the
URBANCREW system, enabling administrators to
oversee and manage the platform effectively. This module
allows admins to handle user and service provider
accounts, approve registrations, and manage profiles.
Through a centralized dashboard, admins can monitor
ongoing and completed services, track provider
performance, and address user complaints. The module
also includes tools for content management, enabling
admins to update service categories, adjust pricing, and
introduce  promotional offers. Dispute resolution
capabilities are built-in, allowing admins to address
conflicts between users and providers, process refunds, or
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reschedule services when needed. Additionally, the
module generates detailed reports and analytics on
platform usage, revenue trends, and user satisfaction
metrics. These insights help admins optimize operations
and ensure the system remains secure and user-friendly.

D. Collaboration Module

The Collaboration Module is a forward-looking
feature that allows URBANCREW to integrate with third-
party platforms like Zomato, Swiggy, or logistics services.
This module enables users to access a broader range of
services beyond household needs, such as food delivery,
grocery shopping, and parcel services, directly through the
URBANCREW platform. It includes APIs and integration
tools to establish seamless connections between
URBANCREW and external service providers. This
module not only enhances the platform's utility but also
creates additional revenue streams by offering users an all-
in-one service solution. By enabling collaborations, the
Collaboration Module positions URBANCREW as a
versatile and future-ready platform.

E. Features in URBANCREW

1) Personalized Service Recommendations:
URBAN-CREW employs machine learning to
analyze user preferences and provide tailored
suggestions.

2) Enhanced Security: QR code-based
authentication ensures the identity of service
providers, adding an extra layer of trust.

3) Integrated Ecosystem: Future collaborations with
platforms like Zomato and Swiggy aim to create a
seamless user experience across multiple services.

4) Accessibility and Inclusivity: Unlike many
platforms, URBANCREW is designed to serve non-
metro areas, empowering local service providers and
bridging regional disparities.

5) Advanced Payment Options: By incorporating
UPI, wallets, and other digital payment systems,
URBANCREW caters to a wide range of users.

METHODOLOGY
A Development Approach: Agile Methodology

The Agile methodology was adopted for the
development of URBANCREW to facilitate flexibility and
ensure quick adaptations to evolving user needs. This
approach included:

1) Sprints: Two-week sprints to ensure
development and feedback.

rapid
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2) User Stories: Requirements were gathered as user
stories that were prioritized and tackled across the
sprints.

3) Continuous Testing: Testing was integrated
throughout the development cycle, ensuring that
features were delivered with minimal bugs.

B. Algorithm Integration

1) Service Matching Algorithm: The Service Matching
Algorithm matches users with the most suitable
service provider based on criteria such as location,
availability, ratings, and the type of service requested.

This algorithm ensures that users are paired with
service providers who are both available and highly
rated. By considering factors like proximity and real-
time availability, it minimizes wait times and ensures
a positive user experience.

2) Dynamic Pricing Algorithm: The Dynamic Pricing
Algorithm calculates the price of services based on
factors like service type, demand, provider ratings,
and time of day.

This algorithm helps optimize pricing based on
demand fluctuations and service complexity, ensuring that
both users and providers are satisfied with the transaction
cost. It also adapts to market trends, providing fair and
competitive pricing.

3) Personalized Service Recommendation Algorithm:
The  Personalized  Service Recommendation
Algorithm suggests services to users based on their
previous activity, preferences, and ratings.

Using this algorithm, the platform tailors the
experience for each user, making it easier for them to find
the services they most likely need. It increases user
engagement and enhances overall satisfaction by
providing relevant suggestions.

4) Real-Time Service Tracking Algorithm: The Real-
Time Service Tracking Algorithm tracks the location
of service providers in real-time using GPS and maps,
providing users with up-to-date service status.

This algorithm improves user experience by
giving them live updates on the status of their service,
including the provider's estimated arrival time, which
helps manage expectations and reduces anxiety.

5) User Authentication and Authorization Algorithm:
This algorithm manages user and service provider
logins, verifying identities and ensuring secure access
through multi-factor authentication (MFA).
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Security is paramount, especially when handling
sensitive user information like payment details. This
algorithm ensures that only authorized users and service
providers can access the platform, safeguarding user data
and maintaining trust.

6) Review and Rating Algorithm: The Review and
Rating Algorithm collects user feedback and
calculates service provider ratings, which are used to
influence future service bookings.

This algorithm creates transparency and trust
within the platform by allowing users to make informed
decisions based on other users' experiences. It also
incentivizes service providers to maintain high-quality
service.

7) Payment Calculation and Transaction Algorithm: The
Payment Calculation and Transaction Algorithm
calculates the final payment based on the service price
and handles the transaction securely through third-
party gateways.

This algorithm ensures that payment transactions
are accurate, transparent, and secure. It is critical for
building trust with users and service providers, and
making sure payments are processed efficiently and
accurately.

8) Scheduling and Awvailability Algorithm: The
Scheduling and Availability Algorithm optimizes the
scheduling of services by matching users’ requested
times with available service providers' time slots.

This algorithm helps maximize service provider
availability and minimizes wait times for users, ensuring
that services are provided in a timely manner.

9) Notification System Algorithm: The Notification
System Algorithm sends timely notifications to users
and service providers about bookings, service status
updates, and payments.

This ensures that users and providers are kept
informed at every stage of the process, which improves
communication and helps ensure the smooth execution of
services.

10) Dispute Resolution Algorithm: The Dispute
Resolution Algorithm handles conflicts between users and
service providers, offering solutions based on predefined
rules and mediation.

This algorithm ensures that user complaints and
provider issues are handled promptly and fairly,
maintaining trust and satisfaction within the platform.

CONCLUSION
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The URBANCREW application represents a
modern, efficient, and user-friendly solution to the
challenges faced in the household services industry. By
leveraging advanced technologies, the platform bridges the
gap between users and service providers, offering a secure
and scalable system for booking and managing a wide
range of home services [1][2].

URBANCREW sets itself apart through features
such as personalized service recommendations [4]. QR
code-based verification for enhanced safety [1][5], and
real-time service tracking [3]. Its ability to integrate with
third-party platforms like Zomato and Swiggy paves the
way for creating a comprehensive ecosystem of on-
demand services, further enhancing user convenience [2].

This platform not only addresses inefficiencies in
traditional service models but also empowers local service
providers, contributing to regional economic growth and
inclusivity [4][5]. By extending its reach to non-metro
regions and incorporating diverse payment modes [4][5],
URBANCREW ensures accessibility and inclusivity for a
broader audience.

In the future, URBANCREW aims to expand its
capabilities by integrating emerging technologies like 10T
and machine learning for predictive maintenance and
smarter service delivery [4][5]. With continuous
improvements and an adaptive approach, URBANCREW
is well-positioned to set a new benchmark for innovation,
reliability, and convenience in the home services industry

[31[5]-
FUTURE ENHANCEMENT

A. Integration with Smart Home Technologies:

Incorporating Internet of Things (IoT) devices to
enable predictive maintenance and automated alerts for
services like appliance repairs, plumbing, and electrical
work. Syncing the application with smart home systems
such as Amazon Alexa or Google Home to allow voice-
activated service bookings.

B. Al-Powered Personalization:

Leveraging machine learning algorithms to offer
personalized service recommendations based on user
behavior, preferences, and service history. Introducing
dynamic pricing models that adjust rates based on service
demand and availability in real time.

C. Expansion to Non-Metro and Rural Areas:

Extending the service network to smaller cities
and rural regions to promote inclusivity and support local
service  providers.  Collaborating  with  regional
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stakeholders to address the unique needs of underserved
communities.

D. Collaboration with Third-Party Services:

Integrating with platforms like Zomato, Swiggy,
and logistics providers to create an all-in-one solution for
users seeking both household services and daily needs
delivery.

E. Advanced Payment Methods:

Expanding payment options to include digital
wallets, cryptocurrencies, and Buy Now Pay Later (BNPL)
systems for enhanced convenience. Incorporating secure,
contactless  payment  methods using  near-field
communication (NFC) technology.

F. Sustainability Initiatives:

Encouraging eco-friendly practices by promoting
green-certified service providers and sustainable products
for services like pest control and cleaning. Introducing
features to calculate and offset the carbon footprint of
services provided.

G. Real-Time Feedback and Quality Control:

Developing Al tools to analyze user feedback in
real-time and recommend improvements to service
providers. Enabling live monitoring of service quality
through video calls or image sharing during service
execution.

H. Cross-Platform Compatibility:

Expanding the application’s reach by ensuring
compatibility across various platforms, including desktops,
smart TVs, and wearables. Developing progressive web
applications (PWAS) to offer app-like experiences without
requiring downloads.

I.  Global Expansion:

Adapting the application for international markets
by integrating multilingual support and currency
conversion for seamless use in different regions.
Partnering with global logistics and service provider
networks to establish URBANCREW as a worldwide
platform for home services.

J. Enhanced Security Features:

Incorporating biometric verification methods
such as fingerprint or facial recognition for both users and
service providers to enhance security. Implementing
blockchain technology for secure data storage and
transaction records.
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Abstract---This blockchain-based solution is designed
to revolutionize supply chain management by
enhancing transparency, security, and efficiency.
Traditional supply chains often face challenges such as
data silos, fraud, and limited real-time visibility. These
issues are addressed through a decentralized,
immutable ledger that provides all participants with
access to shared, trusted data. By eliminating
intermediaries, the system ensures accurate, real-time
traceability of goods throughout the supply chain. It
also integrates smart contracts to automate processes
and enforce agreements without manual intervention,
reducing  operational costs and accelerating
transactions. This approach is particularly valuable in
industries like food safety, logistics, and ethical
sourcing, where transparency and traceability are
critical. By recording each step of a product’s journey
from origin to destination, the solution prevents fraud
and counterfeiting, ensuring the authenticity of
products. This innovative platform lays the foundation
for future supply chain operations, promoting integrity
and sustainability.

Keywords---Blockchain, Supply Chain Management,
Transparency, Smart Contracts, Decentralized Ledger,
Traceability, Security, Fraud Prevention, Real-Time
Visibility, Product Provenance.

I. INTRODUCTION

Supply chain management has evolved significantly over
the past decade; however, traditional systems still face
persistent challenges, including inefficiencies, lack of
transparency, and wvulnerability to fraud [1], [2].
Conventional supply chains rely heavily on centralized
systems, creating isolated data silos that impede real-time
collaboration among stakeholders. This structural
deficiency often leads to delays, increased operational
costs, and susceptibility to counterfeit activities [3], [4].

Blockchain technology offers a transformative solution by
introducing a decentralized and immutable ledger that
enables shared access to verified data across the supply
chain. The technology’s distributed nature eliminates the
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need for intermediaries, fostering direct interactions
among participants and ensuring data integrity [2], [5].
Each transaction recorded on the blockchain is tamper-
proof and traceable, providing unparalleled transparency
and accountability, critical for ensuring trust across
diverse supply chain actors [3], [5]. One key advantage of
blockchain in supply chain management is the integration
of smart contracts—self-executing agreements coded with
predefined rules. Smart contracts automate processes such
as payments, inventory updates, and compliance checks,
reducing manual intervention and  operational
inefficiencies [1], [6]. For instance, payments can be
automatically triggered upon delivery confirmation,
expediting transaction cycles and reducing disputes [5].

Furthermore, blockchain enhances traceability, a feature
crucial for industries like pharmaceuticals, food safety,
and ethical sourcing. By recording every step in the
product lifecycle, blockchain helps prevent counterfeiting
and ensures product authenticity [2], [5]. This capability is
particularly significant in addressing foodborne illness
outbreaks and ensuring compliance with safety regulations
[4]. Ethical sourcing initiatives also benefit, as businesses
can verify the origins of raw materials, fostering
sustainability and adherence to social responsibility
standards [6].

Despite its numerous advantages, the adoption of
blockchain in supply chain management is not without
challenges. Scalability and the high energy demands of
some blockchain networks remain significant barriers [1],
[5]. Additionally, integrating blockchain systems with
legacy technologies and achieving consensus among
stakeholders require thoughtful planning and governance
[3], [4]. However, emerging innovations, such as energy-
efficient consensus mechanisms and hybrid blockchain
models, are gradually overcoming these challenges,
making the technology more adaptable for diverse supply
chain environments [5].

As industries increasingly emphasize transparency,
sustainability, and efficiency, blockchain has the potential
to redefine the supply chain landscape. By enabling real-
time data sharing, fostering trust, and automating
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operations, it addresses core inefficiencies in traditional
systems [2], [6]. Its ability to provide end-to-end visibility
and security aligns well with the demands of modern
supply chains, positioning it as a critical driver of
operational excellence and consumer trust in the future
[5].METHODOLOGY FOR BLOCKCHAIN-BASED SUPPLY
CHAIN MANAGEMENT SYSTEM

The methodology involves a structured approach to
address challenges in supply chain management by
leveraging blockchain technology. Initially, a detailed
review of the literature was conducted to identify
inefficiencies in traditional supply chains, such as data
silos, counterfeiting, and lack of transparency [1], [2]. The
review focused on existing blockchain-based systems and
their  application  across industries, including
pharmaceuticals, logistics, and food safety [3], [5].

The design of a blockchain framework considered core
blockchain principles, such as decentralized ledgers,
consensus mechanisms, cryptographic security, and smart
contracts. Blockchain platforms like Ethereum were
analyzed to determine their suitability for supply chain use
cases, emphasizing features like immutability and
transparency [1], [5]. The integration of smart contracts
was prioritized to automate processes, reduce manual
intervention, and improve operational efficiency, such as
triggering payments upon delivery confirmation or
updating inventory automatically [2], [6].

The framework was conceptualized to involve key
stakeholders: manufacturers, third-party organizations,
delivery hubs, and customers. It ensures seamless data
sharing and traceability across the supply chain, allowing
each stakeholder to access relevant, verified information at
every stage of the product lifecycle [2], [3]. This
architecture was designed to enhance security and
accountability, critical for industries dealing with sensitive
products, such as pharmaceuticals and perishable goods

[4], [5]

Simulation scenarios were developed to evaluate the
proposed blockchain framework’s efficiency in improving
supply chain operations. These simulations tested
parameters such as transaction speed, data accuracy, cost-
effectiveness, and traceability [3], [6]. The results were
compared with traditional systems to measure
improvements in transparency, fraud prevention, and
stakeholder satisfaction.

The analysis of the findings emphasized blockchain’s
potential to revolutionize supply chain management,
addressing key inefficiencies and aligning with modern
industry requirements for transparency, sustainability, and
operational excellence [4], [5].
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Il. CHALLENGES IN TRADITIONAL SUPPLY CHAINS

1) Traditional supply chains encounter numerous
challenges that significantly impact their efficiency and
reliability. A critical issue is the fragmentation of data
across various stakeholders. In conventional supply chain
systems, each participant maintains isolated records,
leading to data silos. This lack of integration restricts real-
time information sharing and impedes visibility into the
flow of goods, resulting in inefficiencies and errors caused
by incomplete or outdated data [1], [2].

2) The proliferation of counterfeit products is another
major concern. Traditional supply chains lack robust
mechanisms to securely and transparently trace the origin
and movement of goods. This vulnerability is
especially pronounced in sectors such as
pharmaceuticals, where counterfeit products pose
risks to consumer safety and regulatory compliance
[2], [3]. Furthermore, the absence of an immutable
transaction history makes it difficult to detect and
mitigate fraudulent activities within the supply chain

[1].

3) Inefficiencies are further exacerbated by the reliance on
manual processes. Many traditional systems continue to
use paper-based records and manual data entry, which are
prone to errors, delays, and mismanagement. This reliance
on outdated methods slows down critical processes,
including inventory management, procurement, and order
fulfillment, leading to increased operational costs and
reduced effectiveness [3], [6].

4) Another persistent challenge is the limited availability
of real-time data. The inability to monitor shipments or
address issues such as delays, damaged goods, or quality
deviations in real-time hampers decision-making and
delays responses to disruptions. This lack of timely and
actionable information reduces the overall agility and
resilience of the supply chain [3], [5].

5) Ensuring product authenticity and traceability is also
problematic in traditional supply chains. The involvement
of multiple intermediaries complicates efforts to verify the
origin, quality, and journey of products. This challenge is
particularly critical in industries like pharmaceuticals and
food safety, where ensuring compliance and product
integrity is essential [2], [5].

6) The dependence on numerous intermediaries
introduces additional layers of complexity and cost. Each
intermediary increases the potential for errors, delays, and
coordination issues, which collectively undermine the
efficiency of the supply chain [1], [2].
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7) Cross-border transactions pose further challenges due
to the wvariation in regulatory frameworks, customs
procedures, and shipping requirements across different
jurisdictions. This lack of standardization frequently
results in delays, higher costs, and compliance risks,
particularly for global supply chains [2], [3].

8) Finally, the absence of transparency often leads to
difficulties in verifying the sustainability and ethical
practices of supply chain participants. Without a clear
view of sourcing and production practices, organizations
struggle to ensure adherence to ethical and sustainable
standards, potentially damaging brand reputation and
consumer trust [5], [6].

9)

These challenges collectively highlight the limitations
of traditional supply chain systems, which are unable to
adequately address modern demands for efficiency,
transparency, and reliability. Blockchain technology, with
its decentralized and tamper-resistant architecture, offers
transformative potential to resolve these inefficiencies and
establish a more secure and transparent supply chain
ecosystem [1], [6].
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[11. DESIGN AND SYSTEM ARCHITECTURE

The proposed system architecture simplifies the movement
of products from manufacturers to customers. It improves
communication, reduces delays, and ensures smooth
service. The system works in two parts: Cycle 1
(Manufacturer to Third Party) and Cycle 2 (Third Party to
Customer).

A. Cycle 1: Manufacturer to Third Party

Cycle 1 handles the upstream supply chain operations,
focusing on the movement of goods from the manufacturer
to a third-party intermediary. This cycle ensures that the
necessary inventory is available to meet customer
demands in the subsequent cycle.

Step 1: Show Product

initiates communication with the
manufacturer to request information about available
products. This process involves accessing product
catalogs, technical specifications, and inventory levels.
This step is crucial to align the third party’s procurement
with the manufacturer’s production

The third party

requirements
capabilities.

Step 2: Order Product

Based on the identified needs, the third party places a
formal purchase order with the manufacturer. This order
includes details such as product type, quantity, delivery
timelines, and pricing agreements.

Step 3: Ship Product

Upon receiving the order, the manufacturer initiates the
shipment process. Tracking mechanisms are often
employed to monitor the shipment’s status during transit.

Step 4: Receive Product

The third party receives the shipment and checks it for
accuracy, quality, and completeness. Once confirmed, the
inventory is ready for distribution in the next cycle.

B. Cycle 2: Third Party to Customer

Cycle 2 focuses on downstream activities, bridging the gap
between the third party and the customer. It encompasses
order placement, fulfillment, service delivery, and
financial transactions.

Step 1: Show Product

The customer explores the product catalog or interface
provided by the third-party. This step allows the customer
to view product details such as specifications, pricing, and
availability, helping them make an informed purchasing
decision.

Step 2: Order Product

After selecting the desired product, the customer places an
order with the third-party. This order includes key details
like the product type, quantity, delivery address, and
payment preferences.

Step 3: Give Service

Upon receiving the order, the third-party starts the order
fulfillment process. They coordinate with the delivery hub
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to prepare the product for shipment, ensuring it meets the
specified requirements for delivery.

Step 4: Pickup Shipment

The delivery hub collects the product from the third-party
or their designated location. During this step, the delivery
hub ensures that the product is properly packaged and
ready for transportation.

Step 5: Receive Shipment

The third party receives the product from the delivery hub
as part of the final preparation before delivering it to the
customer. During this step, the third party performs a
thorough inspection to verify the product’s condition,
accuracy, and quality against the original order details.

Step 6: Deliver Product

The delivery hub coordinates the physical transportation of
the product to the customer’s address. Delivery routes and
schedules are optimized to ensure timely handover.

Step 7: Order Delivered

After the product is delivered, the delivery hub sends a
confirmation notification to the third party. This
confirmation acts as a record of successful order
completion.

Step 8: Order Received

The customer acknowledges receipt of the order,
confirming that the product has been received to the
correct address and in the expected condition.

Step 9: Money Received

The customer completes the payment process for the
product, finalizing the transaction.

Step 10: Service Received

The third party processes payments for the delivery hub
and settles any outstanding service fees.

Step 11: Delivery Hub Payment

The delivery hub receives its share of the payment for
handling logistics and delivery. This transaction marks the
completion of financial settlements for the order.

IV.BLOCKCHAIN AS A SOLUTION FOR COUNTERFEIT
PREVENTION IN SUPPLY CHAINS

Counterfeit products present significant risks to industries
like pharmaceuticals, electronics, and luxury goods. These
counterfeits can lead to financial losses, harm consumer
safety, and damage brand reputation. Blockchain
technology provides a robust solution to combat these
issues by ensuring transparency, traceability, and security

throughout the supply chain [1][2].
A. Ensuring Product Authenticity

Blockchain’s decentralized and immutable ledger records
every product movement, from manufacturing to
distribution. This creates a secure, tamper-proof record
accessible to all stakeholders, helping to verify the
authenticity of products at every stage of the supply chain
[3].

B. Preventing Counterfeits

In a traditional supply chain, counterfeit products can
easily enter the system. Blockchain addresses this by
recording all transactions on a decentralized network,
making it nearly impossible for counterfeiters to alter
records without detection [4][5].

C. Smart Contracts for Verification

Smart contracts automatically verify product authenticity
at each stage. For example, upon arrival at a warehouse,
the system can check product records to ensure they match
the original specifications. This reduces human error and
prevents counterfeit products from reaching consumers
[6].

D. Increased Consumer and Retailer Confidence

Consumers can use blockchain to verify product
authenticity by accessing its full history. This boosts trust
in the product, while retailers can be confident in the
goods they are selling, knowing they come with a
verifiable history [7].

E. Regulatory Compliance and Tracing Counterfeits

In industries like pharmaceuticals, blockchain helps ensure
compliance with safety standards and trace the origin of
counterfeit products. This allows authorities to quickly
identify and remove fake products from the market [8][9].

V. BLOCKCHAIN-DRIVEN FUTURE ENHANCEMENTS IN
SUPPLY CHAIN MANAGEMENT

The continuous evolution of supply chain management
(SCM) is heavily influenced by technological
advancements, with blockchain playing a pivotal role in
transforming the way goods are tracked, verified, and
managed across global supply chains. Blockchain’s
capabilities in ensuring transparency, security, and
efficiency make it an ideal solution for addressing long-
standing challenges in traditional supply chains [1][2].

A. Scalability in Global Supply Chains

As international trade and supply chains grow more
intricate, blockchain enables seamless scaling across
diverse regions and industries. Beyond its current
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applications in pharmaceuticals and luxury goods,
blockchain can support sectors like food safety,
automotive, and agriculture. Its standardized platform
ensures product authenticity, traceability, and regulatory
compliance, streamlining global operations [3][4].

B. Integration with loT for Enhanced Transparency

The integration of blockchain with Internet of Things
(1oT) devices elevates supply chain transparency. loT
sensors—such as RFID tags, temperature monitors, and
GPS trackers—gather real-time data on product conditions
and locations. Blockchain’s secure, immutable ledger
verifies and updates this data, improving traceability
across the supply chain [5][6].

C. Smart Contracts for Automation

Blockchain-powered smart contracts automate predefined
tasks such as payment releases, compliance checks, and
inventory updates. By minimizing manual intervention,
smart contracts expedite transactions, reduce errors, and
ensure adherence to regulatory standards. This automation
significantly improves operational efficiency [7][8].

D. Advanced Data Analytics and Predictive Insights

Blockchain’s ability to securely store data enhances its
compatibility with advanced analytics and machine
learning. Historical and real-time blockchain data can
drive  predictive models, optimizing  production,
forecasting demand, and improving inventory
management. This ensures data integrity, supporting
informed decision-making [9][10].Enhanced Security and
Fraud Prevention

Blockchain’s decentralized, tamper-resistant architecture
makes it an ideal solution for mitigating fraud risks in
supply chains. By recording every transaction and product
movement in an immutable ledger, blockchain creates a
transparent, traceable trail that is highly resistant to
tampering. This capability is especially important in
industries like pharmaceuticals, where counterfeit products
are a significant concern. Blockchain enhances product
authentication and combats fraud, ensuring that only
genuine goods reach the market [11][12].

VI.IMPLEMENTATION OF BLOCKCHAIN IN SUPPLY CHAIN

The implementation of blockchain technology in supply
chain management is driven by its unique features,
including decentralization, immutability, transparency,
traceability, smart contracts, and security. These features
provide practical solutions to existing challenges, such as
counterfeiting, inefficiencies, and lack of trust [1][2]. This
section details the implementation of blockchain across
key stages of supply chain operations.

A. Decentralized Data Management

In a blockchain-based supply chain, all stakeholders,
including manufacturers, suppliers, distributors, and
customers, participate in a decentralized network. This
eliminates the need for a central authority, ensuring that all
participants have equal access to verified data. Each
stakeholder can add, view, and verify transactions in real
time, enabling smoother coordination. For instance,
manufacturers can update product availability, which third
parties can access to initiate procurement without relying
on intermediaries [3][4].

B. Immutable Record Keeping

Blockchain’s immutability ensures that all recorded
transactions, such as product details, shipment updates,
and ownership transfers, cannot be altered. This feature is
implemented by assigning a unique hash to each
transaction, which is linked to the previous one in the
chain. For example, when a pharmaceutical product is
manufactured, its production details, batch number, and
expiration date are permanently recorded on the
blockchain, ensuring tamper-proof tracking [5][6].

C. Transparent and Shared Ledger

A shared ledger provides real-time visibility to all
stakeholders,  fostering trust and accountability.
Transparency is implemented by allowing stakeholders to
access relevant data based on their roles and permissions.
For example, customers can verify the origin and handling
of a product before purchasing, while regulatory
authorities can inspect compliance records directly on the
blockchain [7][8].

D. End-to-End Traceability

Traceability is implemented by recording every step of a
product’s journey from origin to end consumer. Each
transaction, including raw material sourcing, production,
packaging, and delivery, is securely recorded on the
blockchain. For instance, in the food industry, traceability
ensures that consumers can track the farm-to-table journey
of a product, identifying the sources of contamination in
case of recalls [9][10].

E. Smart Contract Automation

Smart contracts automate supply chain processes by
executing  predefined conditions  without manual
intervention. Key implementations include:

1) Order Processing: When a retailer places an order with
a supplier, a smart contract verifies inventory availability
and triggers shipment automatically [11].

2) Payment Automation: Upon successful delivery
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confirmation, a smart contract releases payment to the
supplier, reducing delays and manual errors [12].

3) Compliance Verification: In regulated industries like
pharmaceuticals, smart contracts can automatically
validate compliance with standards before approving
product movement [13].

F. Enhanced Security with Cryptographic Integrity

Blockchain’s security is implemented using cryptographic
techniques, ensuring that all data remains secure and
accessible only to authorized participants. Digital
signatures authenticate each transaction, preventing
unauthorized access or data breaches. For example, a
distributor’s transaction to update shipment status requires
cryptographic verification, ensuring the integrity of the
update [14][15].

G. Consensus Mechanisms for Data Validation

Consensus mechanisms, such as Proof of Stake (PoS),
validate transactions before adding them to the blockchain.
This ensures that all data on the blockchain is accurate and
agreed upon by the network participants. For instance,
when a product moves from a manufacturer to a third-
party distributor, the transaction is validated by network
nodes to prevent fraudulent updates [16][17].

H. Future Work Use Case: Counterfeit Prevention in
Pharmaceuticals

Blockchain’s features are particularly effective in
preventing counterfeit products. Each product is assigned
a unique digital identity recorded on the blockchain,
allowing stakeholders to verify authenticity at every stage.
For example:

1) Manufacturing: A digital token is created for each
batch, recording production details [18].

2) Distribution: Tokens are transferred to distributors and
updated on the blockchain, ensuring no unauthorized
access [19].

VII. Customer Verification: Consumers can scan a QR
code on the product to access its entire history, confirming
its authenticity [20].

CONCLUSION

Blockchain technology is revolutionizing supply chain
management by addressing key issues such as counterfeit
products, fraud, and operational inefficiencies. With its
core attributes of transparency, immutability, and
decentralization, blockchain provides a secure and
verifiable framework that enhances trust, accountability,
and ethical practices across supply chains.
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Beyond improving operational processes, blockchain
fosters a collaborative environment by ensuring that no
single entity has unchecked control. Its decentralized
nature allows for a transparent, auditable trail of
transactions, which is crucial for industries like
pharmaceuticals, food, and luxury goods that require
stringent compliance and quality assurance.

The integration of advanced technologies, such as smart
contracts and IoT devices, further enhances blockchain’s
potential. Smart contracts automate key processes,
reducing errors and improving efficiency, while loT
devices enable real-time monitoring of product conditions.
Together, these innovations streamline supply chain
operations and open new avenues for business models and
strategies.

Economically, blockchain delivers significant benefits by
reducing fraud, improving inventory management, and
lowering operational costs. It also simplifies regulatory
compliance by providing detailed and auditable records,
which is especially valuable in highly regulated industries.
Despite challenges such as high initial costs and
integration complexities, the long-term benefits outweigh
the short-term hurdles.

Looking ahead, the continued development of blockchain,
including advancements in scalability and Al integration,
will further enhance its role in global supply chains. These
innovations will not only make blockchain accessible to
smaller businesses but also enable predictive analytics for
better decision making. Additionally, blockchain supports
sustainability efforts by promoting transparency in
sourcing, helping create a more ethical and responsible
global trade system.

Furthermore, blockchain’s decentralized approach allows
for the creation of decentralized autonomous organizations
(DAOs) within the supply chain. These DAOs can
empower  stakeholders by enabling peer-to-peer
collaboration without the need for intermediaries, further
reducing costs and enhancing trust among participants.
This model could transform supply chain dynamics by
fostering more inclusive and democratic decision-making
processes.

Blockchain also plays a pivotal role in addressing global
supply chain challenges such as supply chain disruptions
and environmental impact. By ensuring product
traceability and transparency, it enables faster and more
effective responses to supply chain disruptions caused by
unforeseen events, like natural disasters or geopolitical
issues. Additionally, by promoting sustainable practices,
blockchain can help track carbon footprints and other
environmental impacts of products, contributing to more
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eco-conscious business practices.

In conclusion, blockchain is not just a technological
solution but a transformative force in supply chain
management. It enables enhanced trust, efficiency, and
accountability, and its potential to reshape global trade
makes it a cornerstone for future supply chain operations.
As adoption continues to grow and technology evolves,
blockchain promises to deliver lasting value to businesses,
consumers, and society at large.

ACKNOWLEDGMENT

We are profoundly grateful to Prof. G.P. Mohole for her
expert guidance and continuous  encouragement
throughout this project, ensuring it achieved its objectives
from commencement to completion.

We would like to express our deepest appreciation to Dr.

M. V. Bhatkar, Principal of Jawahar Education Society’s
Institute of Technology, Management and Research,
Nashik; Prof. G. P. Mohole, Head of the Department of
Computer Engineering; and Prof. S. N. Botekar, Project
Coordinator, for their invaluable guidance and support in
completing this project.

Lastly, we extend our sincere and heartfelt gratitude to all
the staff members of the Computer Engineering
Department who helped us directly or indirectly during the
course of this work.

REFERENCES

[1] S. Malik, V. Dedeoglu, S. S. Kanhere, and R. Jurdak,
“Trustchain: Trust management in blockchain and iot
supported supply chains,” arXiv, 2019. [Online].
Available: https://arxiv.org/pdf/1906.01831

[2] G. Narayanan, I. Cvitic, D. Perakovic, and S. P. Raja,
“Role of blockchain technology in supply chain
management,” ResearchGate, 2024. [Online].

Available:
https://www.researchgate.net/publication/377905124

[3]F. Dietrich, L. Louw, and D. Palm, “A systematic
literature review of blockchain-based traceability
solutions,” ResearchGate, 2023. [Online].

Available:
https://www.researchgate.net/publication/371475720

[4]S. E. Chang and Y. Chen, “When blockchain meets
supply chain: A systematic literature review on current

development and potential applications,” ResearchGate,
2020. [Online]. Available: https:

/lwww.researchgate.net/publication/340214661
[5] O. I. Oriekhoe, B. I. Ashiwaju, K. C. Ihemereze, U.

Ikwue, and

C. A. Udeh, “Blockchain technology for supply chain
management: A comprehensive review,” International
Journal of Management & Entrepreneurship Research,
2024. [Online]. Available: https://www.
fepbl.com/index.php/ijmer/article/view/714

[6]R. Alkhudary, M. M. Queiroz, and P. Fe'nie’s,
“Mitigating the risk of specific supply chain disruptions
through blockchain technology,” Taylor & Francis, 2024.
[Online]. Auvailable: https://doi.org/10.1080/16258312.
2022.2090273

Back

ISBN - 978-93-341-1286-3 405



INTERNATIONAL CONFERENCE ON
EMERGING TRENDS IN ENGINEERING AND SCIENCES

that trans

ICETES

CERTIFICATE

This is to certify that Mr./Miss./Mrs. Geetanjali P. Mohole has
presented paper entitled Nexus NFT Using Blockchain

at International Conference on Emerging Trends in Engineering and
Sciences(ICETES-2025) held on 7th and 8th February 2025 at Jawahar Education
Society’s, Institute of Technology, Management and Research,Nashik, Maharashtra, India.

Qpmifite L)

Mrs. G. P. Mohole Dr. M. V. Bhatkar
Conference Convenor Conference Chair




Proceedings of International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)

Nexus NFT Using Blockchain

Priya Kotwal®, Rushikesh Admane?, Anam Shaik®, Mohin Shaik* G.P. Mohole®
Department of Computer Engineering,
Jawahar Education Society’s Institute of Technology, Management, And Research, Nashik 422222, India
Affiliated to Savitribai Phule Pune University
Lpriyaketwal07 @gmail.com, 2rushiadmane6656@gmail.com,
Sanamshaikh7296 @gmail.com, “moinshaikh2023@gmail.com,

Abstract---NFT Nexus is an innovative decentralized
platform that bridges the gap between traditional art
and digital assets. It offers a comprehensive suite of tools
for creators to mint, manage, and sell their work as
NFTs, while providing collectors with a secure and
intuitive marketplace for discovery and transactions.
The platform's robust smart contract infrastructure
ensures the authenticity and security of each NFT, and
its community-driven features encourage engagement
and collaboration. NFT Nexus is dedicated to
democratizing access to the NFT ecosystem, making it
accessible to both established artists and emerging
talents.

Keywords—Blockchain, Supply Chain Management,
Transparency, Smart Contracts, Decentralized Ledger,
Traceability, Security, Fraud Prevention, Real-Time
Visibility, Product Provenance.

I. INTRODUCTION

Non-Fungible Tokens (NFTs) have emerged as a
groundbreaking solution to the challenges faced by digital
artists. NFTs are unique digital assets that represent
ownership of a specific item or piece of content on the
blockchain. Unlike cryptocurrencies like Bitcoin or
Ethereum, NFTs are indivisible and indivisible, making
each one entirely unique and irreplaceable. This uniqueness
certifies the authenticity and provenance of digital art,
providing artists with the means to prove the exclusivity of
their creations.

Simultaneously, the art world is witnessing another
technological revolution - the rise of Decentralized
Applications (DApps). Built on blockchain technology,
DApps have the power to foster secure, transparent, and
peer- to-peer interactions in various domains, including the
art industry. They act as bridges between artists and
collectors, offering a platform for artists to showcase their
work and collectors to invest in unique digital pieces, all
without the intermediaries that have historically controlled
the art market.

The art world has long been characterized by a legacy of
tradition and exclusivity. For centuries, it was an ecosystem
largely restricted to physical creations, limited by
geographical boundaries, and dominated by institutions and
galleries that determined what art would be showcased and,
ultimately, appreciated. The digital age, however, has
ushered in a new era, where the creation, distribution, and
consumption of art have transcended traditional constraints.

Digital art, in various forms such as illustrations,
animations, 3D models, and more, has surged in popularity,
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challenging conventional definitions of art. This
transformation, while liberating ,has brought new
challenges, particularly concerning ownership,

authenticity, and provenance. These challenges have been
met with the rise of NFTs.

Non-Fungible Tokens (NFTs) have emerged as the solution
to many of these challenges. NFTs are unique digital assets
that represent ownership of a specific item or piece of
content on the blockchain. These tokens certify the
authenticity and provenance of digital art, providing artists
with the means to prove the unigueness of their creations.

In parallel, Decentralized Applications (DApps), built on
blockchain technology, have become the vehicle for
enabling secure and transparent interactions in various
domains, including the art industry. DApps offer a peer-to-
peer platform for artists to exhibit their work and collectors
to invest in unique digital pieces. DApps also ensure that
the process of creating, selling, and purchasing digital art is
transparent, secure, and free from intermediaries.

This project centers on the development of an NFT-Based
Digital Art Gallery DApp, a platform designed to empower
artists, collectors, and enthusiasts alike. This introduction
sets the stage for a more detailed exploration of the project's
objectives and its profound significance within the art
industry

Methodology for Blockchain-

(NFTSs)

The methodology for an NFT (Non-Fungible Token) Nexus
in a blockchain project focuses on the steps and processes
involved in creating, integrating, and managing NFTs
within a blockchain-based ecosystem. An NFT Nexus
typically refers to a platform or network that serves as a
bridge or central hub for various NFTs, enabling
interoperability, discovery, and management across
different blockchain environments.

Non-Fungible Tokens

Defining the Project Vision and Purpose

Obijective Setting: Clearly define the goals of the NFT
Nexus. What value does it provide? Is it focused on
enabling creators to mint and trade NFTs, fostering cross-
chain compatibility, offering NFT marketplace capabilities,
or promoting specific use cases such as gaming, art,
collectibles, etc.?

Target Audience: ldentify the target users, such as artists,
collectors, gamers, enterprises, and developers.

Blockchain and NFT Standards

Selecting a Blockchain Platform: Choose the blockchain(s)
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that will support the NFT Nexus. Consider platforms like
Ethereum, Solana, Binance Smart Chain, or newer layer-2
solutions. Each has its pros and cons in terms of scalability,
transaction speed, cost, and developer ecosystem.

NFT Standards: Adopt relevant NFT token standards, such
as ERC-721 (for unique tokens) or ERC-1155 (for semi-
fungible tokens). These standards ensure compatibility and
interoperability between NFTs and the broader blockchain
ecosystem.

Smart Contracts for Minting: Develop smart contracts that
enable users to create NFTs, defining attributes like
ownership, metadata, and royalties. These smart contracts
can be customized based on the specific needs of the project
(e.g., customizable minting process, dynamic pricing, time-
limited minting).

Interoperability and Cross-Chain Support

Multi-Chain  Compatibility: Implement a system that
supports NFTs across multiple blockchain platforms. This
can be achieved by leveraging bridges, such as token
wrapping or cross-chain protocols, which enable NFTs to
be moved between different blockchains seamlessly.

NFT Marketplace Integration

Marketplace Development: Develop or integrate an NFT
marketplace where users can list, browse, buy, and sell
NFTs. The marketplace should provide rich search
functionalities, filters based on attributes (e.g., price,
creator, category), and robust transaction handling.

Security and Compliance

° Smart Contract Audits: Conduct thorough
audits of the smart contracts to prevent vulnerabilities and
ensure that the minting, transfer, and sale processes are
secure.

° Anti-fraud and Ownership Verification:
Develop systems that validate ownership and prevent issues
such as plagiarism or the creation of counterfeit NFTs.

User Experience and Interface Design

Intuitive UI/UX: Build a user-friendly interface for both
creators and collectors, enabling easy navigation of the NFT
creation, buying, and selling processes. Ensure seamless
interaction with the blockchain, whether on web platforms
or mobile apps

Community and Ecosystem Growth

Engagement with Creators and Collectors: Foster a
community of creators, curators, collectors, and investors.
This can include offering incentives like reduced minting
fees, gamified elements, or exclusive access to certain
NFTSs or events.

Monetization and Tokenomics

Platform Fees and Revenue Streams: Define how the NFT
Nexus will generate revenue, such as transaction fees,
listing fees, premium accounts for creators, and
commissions on secondary market sales.

Utility Token Creation: If applicable, introduce a native
utility token that can be used for governance, rewarding
active users, and accessing special features within the NFT
Nexus.

Sustainability and Environmental Impact

Energy-Efficient Solutions: Use eco-friendly blockchain
solutions that reduce the carbon footprint of NFTs. Layer-2
solutions like Polygon or Ethereum’s Proof-of-Stake (PoS)
transition are examples that offer more sustainable
alternatives.

Launch and Marketing

Token and NFT Drops: Plan NFT drops, limited edition
collections, or early access events to generate excitement
and attract users.

Marketing Campaigns: Create marketing strategies to
promote the platform, such as influencer collaborations, PR
campaigns, social media engagement, and virtual events
(e.g., NFT auctions, community AMA sessions

Design and System Architecture
Overall System Overview

The Nexus NFT platform is essentially a decentralized
application (dApp) built on top of a blockchain to create,
manage, and trade NFTs. The architecture should ensure
that all transactions (minting, buying, selling, and
transferring NFTSs) are secure, immutable, and verifiable.

System Architecture Overview

The Nexus NFT system architecture can be divided into
three main layers:

Frontend (Client-side): The user interface and experience
(UI/UX).

Backend (Server-side):  Smart contract
interactions, blockchain integration, and

business logic.

Blockchain and Storage Layer: Decentralized blockchain
for NFT ownership, transactions, and storage.

Layer 1: Frontend (Client-side)

The

Frontend layer consists of the

following components:
A. User Interface (Ul)

Dashboard: Displays the user’s owned NFTs, transaction
history, and portfolio overview.

Minting Page: Allows users to mint new NFTs, upload files,
set metadata (title, description, and attributes), and interact
with the blockchain.

Layer 2: Backend (Server-side)

The Backend layer consists of components that handle off-
chain data storage, business logic, and integration with
blockchain networks.

A. Smart Contract Deployment
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mart Contracts: Smart contracts are deployed on the
selected blockchain (e.g., Ethereum, Solana) for the minting
and trading of NFTs. These contracts are responsible for:

Minting NFTs: Creating new NFTs, linking them to
metadata, and assigning unique token IDs.

Buying and Selling: Facilitating transactions by transferring
ownership of NFTs between wallets.

Royalties: Ensuring creators get a percentage of each resale.

Metadata Management: Linking NFTs to metadata and
ensuring that ownership records are correctly maintained.

Contract Standards: The smart contract will adhere to
standard token protocols:

ERC-721: For single NFTs (unique tokens).

ERC-1155: For batch minting, allowing both fungible and
non-fungible tokens in the same contract.

B. Blockchain Layer Integration

Blockchain Node: The backend connects to blockchain
nodes (either through a service like Infura, Alchemy, or
running your own node) to communicate with the
blockchain.

Transaction Processing: The backend processes and
submits transactions to the blockchain (minting, transfers,
and sales). These transactions are submitted using Web3.js
or similar libraries.

Transaction History: Each transaction related to the NFT
(minting, buying, selling) is recorded on the blockchain,
ensuring transparency and traceability.

System Flow
NFT Creation (Minting):
The user connects their wallet (e.g., MetaMask).

The user uploads media (e.g., image, video) and metadata
to the platform.

NFT Trading (Buying/Selling):
The user lists the NFT for sale in the marketplace.

When a buyer purchases the NFT, the smart contract
ensures that the ownership is transferred to the buyer’s
wallet and records the transaction on the blockchain.

Any applicable royalties are automatically deducted and
sent to the creator’s wallet.

NFT Ownership and Transfer:

Once an NFT is sold, the blockchain transaction log is
updated, showing the new owner.

Blockchain-Driven Future Enhancements in nexus nft

The future of Nexus NFT lies in continuously evolving its
architecture, features, and functionalities to meet the
growing demand for digital assets. Blockchain technology
is central to this evolution, and as new innovations and
advancements emerge, Nexus NFT can leverage them to
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improve user experience, enhance security, and increase
interoperability. Below are key blockchain-driven future
enhancements that can shape the evolution of Nexus NFT.

1. Layer 2 Solutions for Scalability and Cost
Efficiency

One of the major concerns with traditional blockchain
networks, especially Ethereum, is high transaction fees and
scalability issues. To address these, Nexus NFT can
integrate Layer 2 solutions that offer faster transactions and
reduced costs. Polygon (Matic): By moving transactions
off-chain and only settling them on the Ethereum mainnet,
Polygon offers a low- cost and fast solution, which would
help the Nexus NFT

platform scale significantly.

Optimistic Rollups & zk-Rollups: These technologies
bundle many transactions off-chain and provide much faster
and more affordable transactions while preserving security.
Integrating them into Nexus NFTs could drastically reduce
costs and improve user experience.

Arbitrum: Another roll-up solution for Ethereum that
reduces congestion and gas fees, improving performance
for the marketplace and user interactions.

Impact: By leveraging these Layer 2 solutions, Nexus NFTs
can process thousands of transactions per second (TPS),
enhancing the overall scalability of the platform. This
enables a smoother experience for users and creators, as
minting, trading, and transferring NFTs would be faster and
more cost-effective.

2. Cross-Chain Interoperability

The future of NFTs is multi-chain, with different
blockchain ecosystems offering distinct advantages. For
example, Ethereum has a large user base, Solana is known
for its speed, and Tezos offers an eco-friendly solution.
Cross-chain interoperability will allow Nexus NFTSs to tap
into multiple blockchain networks, enabling:

Cross-Chain NFT Transfers: Allowing users to transfer
NFTs between different blockchains (Ethereum, Solana,
Binance Smart Chain, etc.) without having to "unwrap" or
"recreate” the asset.

Multi-Chain Minting: Creators can mint NFTs on multiple
chains simultaneously, reaching diverse audiences across
different ecosystems.

Bridges & Wrapped Tokens: Implementing cross-chain
bridges or wrapped tokens will make it easier to convert
NFTs from one blockchain to another, ensuring
compatibility with various platforms and wallets.

Impact: Cross-chain functionality expands the reach of
Nexus NFTs, increases liquidity, and allows users to take
advantage of the best features from different blockchains
(e.g., lower fees, faster speeds, eco-friendly solutions).

3. Decentralized Autonomous
(DAOs) for Community Governance

Organizations

A major trend in the blockchain space is the rise of
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Decentralized Autonomous Organizations (DAOs), which
allow the community to govern and make decisions
collectively. Nexus NFT can integrate DAO mechanisms to
allow users and creators to have a say in:

Platform Governance: Users can vote on platform updates,
changes in royalty structures, listing criteria, and the
general direction of Nexus NFT.

Community Fund: A DAO treasury can be set up, funded
by a portion of marketplace fees or donations, which can be
used for platform development, marketing, or to reward
contributors.

Creator and Collector Communities: DAOSs can be created
around specific NFT collections, where collectors and
creators can collaboratively decide on project directions,
exclusive features, and special events.

Impact: DAOs would decentralize control over the
platform, giving users more power and fostering a
community-driven approach. This increases engagement,
ensures fair governance, and strengthens the Nexus NFT
ecosystem.

4, NFT Fractionalization and Shared Ownership

NFTs are traditionally individual, unique assets, but in the
future, NFT fractionalization will enable shared ownership
of high-value assets. Nexus NFTs can implement this
technology to allow users to:

Own Fractions of NFTs: High-value NFTs (e.g., digital art,
rare collectibles) can be divided into multiple fractions,
enabling people to co-own these assets and trade fractional
shares.

Revenue Sharing: Creators could share a portion of the
profits from their NFTs with co-owners in proportion to the
fraction they hold.

Liquidity for Rare Assets: This enhances liquidity for
expensive or niche NFTs by allowing fractionalized
ownership, making rare assets accessible to a wider
audience.

Impact: Fractionalization will democratize the ownership of
high-value NFTs, making them accessible to a larger group
of users, and creating a new market for trading NFT
fractions. This increases liquidity and the potential user
base for Nexus NFTSs.

5. Integration of Artificial Intelligence (Al) for Smart
NFT Experiences

Blockchain-based Atrtificial Intelligence (Al) will play a
significant role in enhancing Nexus NFTs by providing
smarter and more interactive experiences:

Al-Generated NFTs: Al can be used to create unique,
dynamic NFTs that change over time based on certain
criteria or inputs, such as personal user interactions,
external data, or even market conditions. This would open
the door to interactive and evolving NFT art or collectible
experiences.

Personalized NFT Recommendations: Using Al, Nexus

NFT can provide personalized recommendations based on
user preferences, activity history, and market trends.

Al-Powered Authentication: Al algorithms can enhance
security by analyzing metadata and visual properties of
NFTs

to help detect fake or counterfeit assets before they are listed
or bought.

6. Eco-Friendly and Sustainable NFTs

Environmental concerns around energy consumption
associated with NFTs (especially on proof-of-work
blockchains) have sparked calls for greener solutions.
Nexus NFT can focus on eco-friendly blockchain
technologies to make the platform more sustainable:

Proof of Stake (PoS): Transitioning to PoS-based
blockchains (e.g., Ethereum 2.0) or using eco-friendly
blockchains like Tezos or Flow to minimize energy
consumption.

Carbon Offset Initiatives: Nexus NFT could implement
programs to offset the carbon emissions generated by NFT
minting and transactions. For example, Nexus could donate
a portion of transaction fees to environmental projects or
integrate carbon credit systems.

Energy-Efficient Smart Contracts: Implementing optimized
and efficient smart contracts that require less computational
energy for operations.

Impact: Focusing on sustainability will not only reduce the
environmental footprint of Nexus NFTs but also align the
platform with growing consumer demand for eco-conscious
products and services, contributing to the long-term
sustainability of the NFT market.

7. Augmented Reality (AR) and Virtual Reality (VR)
NFTs As AR and VR technologies mature, Nexus NFTs can
evolve

into immersive, interactive experiences:

AR Integration: Users can view NFTSs in real-world settings
through augmented reality, enhancing the interactivity and
engagement of digital art, collectibles, or even virtual
goods.

VR Galleries and Exhibitions: Nexus NFT can build virtual
galleries where users can showcase their NFTs in a 3D
virtual world, creating an immersive experience for
collectors, creators, and enthusiasts.

Virtual Goods and Wearables: NFTs can represent in-game
items, skins, or virtual fashion items, which can be used in
metaverse platforms or VR environments.

Impact: By embracing AR and VR technologies, Nexus
NFTs would transcend traditional 2D digital assets, creating
a new wave of interactive and experiential NFTs for users
to explore.

8. NFT-Backed DeFi (Decentralized Finance)

NFTs can be integrated into the world of DeFi
(Decentralized Finance), enabling new financial use cases
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for digital assets:

° NFT Collateralization: Users could use their NFTs
as collateral for loans within the DeFi ecosystem, with the
NFT itself serving as an asset that guarantees the loan.

° NFT Staking: Nexus NFTs can implement staking
mechanisms where users can stake their NFTs to earn
rewards, similar to how tokens are staked in DeFi platforms.

° Yield Farming: Combining NFTs with DeFi
mechanisms, users could earn yield by participating in
liquidity pools or lending platforms that use NFTs as part
of their collateral.

Implementation of Blockchain in Supply Chain
Blockchain Selection

Choosing the right blockchain platform is crucial for the
Nexus NFT ecosystem. The choice depends on factors such
as scalability, transaction speed, cost, and security. Popular
blockchain platforms for NFTs .

Smart Contract Development

Smart contracts are self-executing contracts with the terms
directly written into code. These contracts govern the
creation, buying, and selling of Nexus NFTs.

NFT Creation (Minting Process)

The minting process involves the creation of unique tokens
that represent digital assets (art, music, videos, etc.) on the
blockchain.

Marketplace Development

Once NFTs are minted, a marketplace can be developed to
enable buying, selling, and trading

Blockchain Security and Verification

Blockchain provides inherent security for NFTsAll data and
metadata related to NFTs should be encrypted to protect
user information and asset ownership.

Interoperability

Interoperability is key to the success of NFTs. Nexus NFTs
should be compatible with multiple wallets, marketplaces,
and blockchain networks. This allows the NFT ecosystem
to grow and scale by allowing users to move and trade their
tokens across platforms

User Interface (Ul) and User Experience (UX)
A user-friendly interface is essential for mass adoption

The minting process should be as seamless as possible, with
easy wallet integration and clear instructions for users to
create and manage their NFTs.

Community Engagement and Marketing

To ensure the success of the Nexus NFT project, a strong
community and marketing efforts are crucial.

Environmental Considerations

Blockchain  technology, especially  proof-of-work

blockchains (like Ethereum), has been criticized for its
energy consumption.

Conclusion

The NFT-Based Digital Art Gallery DApp represents a
groundbreaking fusion of art and technology,
revolutionizing the way artists create, exhibit, and trade
their digital works. This conclusion summarizes key
findings and achievements, reiterates the project's
significance, and issues a call to action for the art and tech
communities.

The convergence of art and technology is an open invitation
to the art and tech communities Artists Embrace NFT
technology as a powerful tool for monetizing your digital
creations, preserving your rights, and reaching a global
audience. Explore the DApp and join the digital art
revolution. Engage with the DApp to discover unique,
collectible digital art and support emerging and established
artists. Be part of a vibrant community that celebrates
artistic innovation. Developers: Contribute to the growth
and enhancement of the NFT ecosystem. Collaborate on
blockchain projects, explore new use cases, and develop
tools that empower artists andcollectors. Regulators:
Continue to monitor and adapt regulations to ensure a fair
and secure environment for NFT transactions, supporting
both creators and collector
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Abstract—Voting in  this country frequently
encounters difficulties that may result in disputes and
dishonest practices. It is crucial for elections to be
fair and impartial so that citizens can exercise their
right to select their leaders. Nonetheless, worries
regarding the potential hacking of Electronic Voting
Machines (EVMs) have cast doubt on the
transparency and integrity of the electoral process.
Strengthening security measures, conduct- ing
regular audits, and ensuring transparency
concerning the software and hardware utilized in
EVMs could address these issues. Furthermore,
investigating innovative technologies such as
blockchain for voting systems or implementing multi-
layered verification processes might contribute to
establishing a more secure and trustworthy electoral
framework. The priority should be to maintain a
balance between embracing modern technology and
ensuring thorough checks to uphold fair and
transparent elections for every citizen.

Index Terms—EVM hacking, Transparency, Security
mea- sures, Blockchain voting systems, Multi-layered

verification, Fair and impartial elections.
INTRODUCTION

In this country, participating in elections is often seen as
a burdensome process, plagued by numerous controversies
and instances of corruption. For people to effectively
exercise their right to choose their leaders, elections must
be conducted fairly and without bias. Recently, the rise of
hacking incidents related to Electronic Voting Machines
(EVMs) has undermined the integrity of transparent
elections. This document explores a novel method that
blends modern technologies with traditional voting
practices. At the core of this approach is a secure data
storage solution known as blockchain, widely recognized
for its security and originally used for cryptocurrencies.
Votes collected by EVMs will be linked to cloud-based
storage using Software as a Service (SAAS). If any
alterations are made to the voting system or if tampering
occurs, it will disrupt the hash link, allowing for the
identification of fraudulent votes, which can then be
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designated as NOTA (None of the Above) to ensure they
do not impact the election results. By comparing the data
from EVMs with the hash table, any manipulation can be
traced. Additionally, even areas lacking broadband access
can utilize these methods, as only a minimal amount of
data
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Fig. 1. Block Chain Architecture

upload is needed to maintain the hash values. The UIDAI-
based biometric system currently in use enhances the
security of the voting process. Every vote is treated as
a distinct data block. Additionally, with the integration of
blockchain technology, the Peer-to-Peer (P2P) network
facilitates direct communication only between pre-
established peers. This con- figuration eliminates the risk
of Man-in-the-Middle attacks, as the proof-of-work
mechanism within the blockchain prevents simultaneous
mass data updates, thereby minimizing the po- tential for
vote manipulation and safeguarding the political integrity
of a nation.

A. Motivation

Electronic voting machines (EVMs) were developed and
put into use because of the need for more election
procedures that are safe, effective, and easily accessible.
The following are important motivators:

1) Speed and Efficiency: Conventional paper-based
vot- ing can cause delays in results an takes a long
time to count votes. EVMs expedite this procedure,
enabling instant tabulation, speedier voting, and speedier
results.

2) Accuracy and Reliability: Human error can cause
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inac- curacies and disputed results when counting by hand.
By automating the wvote recording and counting
procedures, electronic voting machines (EVMs) reduce
human error and increase overall reliability.

3) Accessibility and Inclusivity: Electronic voting
ma- chines (EVMs) can facilitate voting for people with
literacy problems, language barriers, or disabilities. To
accommodate a wide range of voters, many EVMs
comequipped with features like language options, audio
assistance, and streamlined user interfaces.

4) Cost Reduction: While there is an initial investment,
electronic voting machines (EVMs) can lower long-
term expenses by eliminating the need for paper
ballots, saving time and resources for counting, and
reducing the requirement for polling station staff.

5) Security and Fraud Prevention: EVMs have
security mechanisms that prevent tampering with
results. Encryp- tion, safe data storage, and audit trails
improve fraud detection and prevention over traditional
paper voting techniques.

B. Problem Definition

Existing voting techniques, especially conventional
paper- based systems, have a number of issues that make
them ineffective, safe and open and honest election
procedures. Manual vote counting takes a lot of time and
is prone to human mistake, which can lower accuracy and
delay results. Furthermore, paper-based voting is
expensive, time- consuming, and may not be available
to certain people, such as those with limited literacy or
impairments. Many governments and institutions are
looking into electronic voting machines (EVMs) as a way
to enhance the wvoting process.However, there are
difficulties in putting EVMs into practice, such as making
sure building public confidence in the system, offering a
trustworthy audit trail for transparency, and preventing
tampering or hacks.

In addition, there are practical concerns like the need for
efficient user training for both voters and election officials,
significant upfront expenses, and technological support
requirements. The challenge in resolving these concerns is
creating and implementing an EVM system that is safe,
easily accessible, and transparent, enhancing election
efficiency and dependability while maintaining the
confidence of all parties involved.

l. CHALLENGES IN TRADITIONAL VOTING

SYSTEM

Paper ballots and manual vote counting are two examples
of traditional voting methods that suffer a number of diffi-
culties that may compromise their effectiveness, integrity,

and openness. These are the main challenges:
1) Human Errors:

Counting errors can occur when counting by hand,
particularly during large-scale elections. Ballot mishan-
dling: Inaccurate results may arise from ballots that are
misplaced or handled improperly. Voter errors: Voters
who fill out their ballots incorrectly (for example, by
overvoting or undervoting) may be disqualified.

2) Security Issues:

Fraud: The possibility of falsifying results, interfering with
votes, or stuffing ballots. Ballot secrecy: In some
situations, it can be difficult to guarantee that voters’
decisions stay secret.

3) Difficulties with logistics:

Resource-intensive: It takes a lot of resources to print,
distribute, collect, and store ballots. Results are delayed
because human dispute resolution and vote counting take
time. Accessibility: People with impairments, those who
live in rural locations, or those who are unable to travel
may find it challenging to get to physical polling places.

4) Insufficient Transparency:

Lack of faith in the outcomes: Some voters might
doubt the validity of the results if there are unclear
procedures for verification.Limited auditability: Audit- ing
or recounting might be difficult in systems without
adequate safeguards.

5) Scalability:

Elections with huge populations or complicated ballots
(such as ranked-choice voting) may be difficult for
traditional systems to manage effectively. .

6) Environmental Concerns:

Paper waste: Voting requires a lot of paper, which adds to
waste and deforestation.

7) Risks of Voter Suppression:

Limited polling hours: Some voters may find it chal-
lenging to cast their ballots due to set timetables. Long
lines: Polling stations with little staff or resources may
have long lines, which deters people from voting.

8) Difficulties Managing Emergencies:

Traditional voting procedures can be disrupted by pan-
demics, natural disasters, or political upheaval, rendering
them unreliable in such situations.

Adopting technology-driven alternatives, such as online or
electronic voting methods, to address these problems is
fre- quently necessary, albeit they have drawbacks of their
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own.
SYSTEM ARCHITECTURE

The system architecture and design are created in accor-
dance with the specified specifications. This entails
choosing the right hardware (sensors, cameras, navigation
systems), as well as creating software systems that facilitate
data processing and autonomous operation.
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Fig. 2. Architecture
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- User Login: The voter logs into the system to start
the procedure. In order to access the voting system, the
voter must normally give credentials, such as a voter ID
and password, over a secure authentication process.

- Blockchain-Based User Details Authentication:
When a user tries to log in, their information is verified
against a blockchain-based system. Here, blockchain is
utilized to confirm the voter’s identity, guaranteeing that
the information is reliable, secure, and unchangeable. This
guarantees that only eligible voters can continue and stops
unwanted access.

- User Dashboard (EVM):The voter is redirected to
the User Dashboard in the EVM system following
successful login. The user interface of this dashboard is
where The voting options are interactive for the voter. It
enables the voter to select the party or candidate of their
choice and cast their ballot.

- Polling Booth: The diagram depicts several
polling booths, each of which stands for an independent
EVM terminal in a safe area. Voters have choice in
selecting the voting terminal because they can cast their
ballots from any of these booths.

A Data Flow Diagram

Model Development Flow, Model Selection and Deploy-
ment, and App User Flow are the three primary parts of
the system architecture. The data flow is described below
through these elements:

B. Entity Relationship Diagram

Usually used in computing with reference to the arrange-
ment of data within databases or information systems, an
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entity relationship model, also known as an entity
relationship (ER) diagram, is a graphical depiction of
entities and their relationships to one another. The public
user is the primary actor in this diagram.

METHODOLOGY

Blockchain technology used with an Electronic Voting
Machine (EVM) improves the voting process’s security,
re- liability, and transparency. The decentralized,
unchangeable ledger of blockchain technology is perfect
for protecting vote integrity and guarding against fraud
and tampering.

A System Setup:

- Voter Registration: Every voter is registered in the
system and given a unique identity. Government IDs or
biometric systems are wused to authenticate voter
information. A dis- tinct private key linked to the voter’s
blockchain network account is provided.

- Blockchain Setup: Every node in a permissioned
blockchain network, such as election authorities, is a
trusted entity. To regulate the election process,
including voting periods, voter eligibility, and vote
counting, a smart contract is created.

B. User Interface (EVM): Voters can see candidates and
cast ballots using the EVM’s user-friendly interface.
The device logs votes in real time by interacting with
the blockchain.Voting Process:

- Authentication: Voters use their private key, which is
generated during EVM Machine Registration Using
Blockchain Technology, to authenticate themselves.
Bio- metrics and cryptographic signatures are two
examples of authentication techniques. The voter can
use the EVM interface to cast their ballot after
verification.

- Voting: Using the EVM, the voter chooses a candidate.
Both the voter’s private key and the blockchain
network’s public key are used to encrypt the vote.

- Blockchain Logging: A transaction is recorded after the
encrypted vote is sent to the blockchain network. To
ensure immutability, each vote is validated by network
nodes before being added to the blockchain.

C. Validation and Counting:

- Validation: The vote cannot be changed once it is
entered onto the blockchain. Nodes consistently verify
the integrity of every transaction. Smart contracts
guarantee that only eligible voters cast ballots and that
no duplicates are cast.

- Vote Counting: The smart contract initiates the vote
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counting procedure at the conclusion of the election
session. Together, the blockchain nodes verify and tally
the votes, which are encrypted to maintain anonymity.
The final vote total is confirmed using a consensus
mechanism, such as Practical Byzantine Fault Tolerance
(PBFT).

- Publication of the Results: Following vote counting, the
public can view the final results using an open
blockchain explorer that displays the total number of
votes each candidate earned without disclosing voter
identities.

II. SOFTWARE REQUIREMENT SPECIFICATION
A. Introduction

Through decentralized storage and encryption,
blockchain technology is being used in electronic voting
machines (EVMS) to increase the security, transparency,
and efficiency of the electoral process. This will lower the
risk of fraud, hacking, or unauthorized access to voting
data.

1) Project Scope:

Enhancing election security, transparency, and efficiency is
one aspect of integrating blockchain technology with
electronic voting machines (EVMs). It guarantees
auditability, real-time counting, and tamper-proof vote
recording. The method may enable safe remote voting and
lower election expenses in both local and national
elections. By offering a more reliable and verifiable
electoral process, it also boosts voter confidence.
Blockchain technology can grow to effectively manage big
voter bases and connect with current systems.

2) User Classes and Characteristics:

- Users: People who can cast ballots in
elections.They can differ in geography, age, and technical
skill.

- Election Officials: Those appointed by the
govern- ment to supervise the voting procedure.

3) Assumptions and Dependencies

- The website and mobile apps are predicated

on having a reliable internet connection.

- The caliber and variety of the training dataset
de- termine how accurate the illness detection system is.

- The system needs a PC or smartphone with a
working fingerprint sensor.

B. Functional Requirements:

1) System Feature-1:
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Voter Authentication and Verification:

Description: Before enabling a voter to cast their ballot,
the system must guarantee that each voter is uniquely
recognized, authenticated, and confirmed. This gets rid of
duplicate votes and stops illegal voting. Subfunctions:
Each voter is registered using their own unique iden-
tifying information through unique voter registration.
Biometric or Multi-Factor Authentication: Verifies voter
identity using biometrics (like fingerprint or facial recog-
nition) or multi-factor authentication (like SMS OTP).
Verifies whether a voter has already cast a ballot in the
election by using the voter status check.

2) System Feature-2:
Immutable Vote Recording and Tracking with Blockchain:

Description: Each vote should be safely recorded onto the
blockchain by the system, guaranteeing that once a vote is
cast, it cannot be changed or removed. Voters can confirm
that their vote was recorded correctly thanks to the
transparency this offers. Sub-functions: Ballot Encryption:
Guarantees that every vote is anonymous and encrypted
prior to being appended to the blockchain. Blockchain
Ledger Entry: Every vote is tracked and impenetrable as
it is entered into the blockchain as a transaction. Audit
Trail for Verification: While maintaining the vote’s
secrecy, voters ought to be able to confirm their
selection using a special identification number.

C. External Interface Requirement
1) User Interface Requirements:
- Voter Interface: The voting interface should

be ac- cessible, easy to use, and intuitive. Clear directions
on how to cast a ballot, verify the chosen candidate, and
finish the wvoting process should be included. It is
important to incorporate accessibility elements like
assistive technologies, language options, and support for
people who are blind or visually im- paired.

- Administrator  Interface:  For  system
configuration, monitoring, troubleshooting, and result
verification, administrators want to have access to a
secure interface. For security and privacy reasons, this in-
terface should only provide limited access, requiring
administrator authentication, and real-time system health
tracking, but not individual voter data.

2) Hardware Interface Requirements

- Biometric Devices: The system should outline
cri- teria for compatible biometric devices if biometric
verification is being used (such as fingerprint or facial
recognition). Without keeping personal infor- mation in
the voting machine itself, these devices must safely record
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and authenticate voters.

- Printers or Receipt Generators: The system should
include the printer specifications (such as thermal or
inkjet) if voters receive a confirmation receipt. To
preserve anonymity, this receipt should merely indicate
that a vote was cast; it should not reveal the specifics
of the vote-casting process.

- Smart Card or ID Scanner: The system may
inter- face with smart card readers or QR code scanners
to verify voter identification. Compatibility with state-
issued or national IDs should be included in the
requirements, and the system should validate identity
information rather than storing it.

3) Software Interface Requirements

- Blockchain Network Connection: The voting
ma- chine should establish a secure connection with the
blockchain network by establishing protocols (such as
WebSocket and HTTPS) for voting transactions. The
ability to encrypt and anonymize vote data should be
supported by APIs or libraries used to communicate with
Ethereum.

- Voter Registration Database: In order to verify
a voter’s eligibility, the voting machine might have to
communicate with a secure database or system that stores
voter registration information. Read-only ac- cess and
encryption should be specified in interface requirements to
protect user privacy.

- Time Synchronization Server: The system
needs to establish a connection with a trustworthy time
server in order to precisely date every vote. To ensure
accurate vote timestamps, requirements should out- line
the use of secure methods (such as NTP via SSL/TLS).

4) Communication Interface Requirements

- Secure Network Connection:To connect to the
blockchain and other backend systems, the system needs
to set up a secure, encrypted network con- nection.
TLS/SSL and other encryption protocols should be
specified in requirements to guard against illegal access to
data while it’s in transit.

- Data Transfer Protocols: Indicate which
protocols (such as MQTT or HTTPS) will be used to send
data between the blockchain network and the voting
machine. Audit logging and strict encryption stan- dards
ought to be supported by these protocols.

Integration with Election Commission Systems: For
external audits or integration with election oversight
systems, create interfaces for safe data sharing that
preserve voter confidentiality. This could include choices

ISBN - 978-93-341-1286-3

to export data to a secure location for audit- ing purposes
or APIs for real-time data reporting.

D. Nonfunctional Requirement
1) Security:

Data Encryption:To avoid unwanted access, all sen- sitive
data, including voter identities and votes, must be
encrypted both in transit and at rest.

- Blockchain Integrity: TVotes must be
unchangeable once they are recorded, and the blockchain
must guard against manipulation. Ensuring data integrity
and voter privacy requires the adoption of robust
cryptographic techniques.

- Access Control:To restrict who has access to
admin- istrative tasks like system setup or monitoring,
strict access control regulations should be in place. Secure
voter authentication techniques, such as multi-factor or
biometric authentication, are required.

- Audit Trail Security: To protect the privacy
of indi- vidual votes, the audit trail must only be available
to authorized individuals.

2) Performance:

- Response Time: To guarantee a seamless
voting experience for every voter, the voting system should
react to user actions instantly, with a response time of less
than two seconds.

- Blockchain  Transaction Speed: During
periods of high voting volume, the blockchain network
should be able to process thousands of votes per minute
with a high transaction throughput.

- Scalability: Without sacrificing efficiency,
the sys- tem must be able to handle elections of all sizes,
from little local elections to major national elec- tions.

E.  System Requirement
1) Database Requirements:

- Storage: User information and crop disease
data must be stored in a database.

- Structure: To store user uploads and results,
the system will make use of a lightweight database like
MySQL.

2) Software Requirements (Platform Choice):

- Frontend: : HTML, CSS, and JavaScript for
mobile apps and websites.

- Hosting: The backend is hosted on cloud
platforms such as Heroku, Render, or AWS.
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3) Hardware Requirements:

- Mobile: a camera-equipped  Android
handset run- ning Android 8.0+.

- Server: To host the backend, it needs at least

1GB of RAM and SSD storage.

- Fingerprint sensor: Using each person’s
fingerprint’s uniqueness to offer secure access or confirm
iden- tity, fingerprint sensors are frequently employed for
biometric identification and authentication.

- Esp32: Created by Espressif Systems, the
ESP32 is a potent microcontroller renowned for its
adaptabil- ity, low power consumption, and built-in
Bluetooth and Wi-Fi.

- EVM: The main purpose of EVM is to ensure
accurate, efficient, and safe voting.

- Power source, such as an adapter.
F.  Analysis Models: SDLC Model to be applied

The Agile Software Development Life Cycle (SDLC)
paradigm will be used for this project. Agile is preferred
be- cause of its adaptability, iterative methodology, and
capacity to manage the project’s changing needs. In order
to make sure the application successfully satisfies user
needs, the project will be built in brief sprints with frequent
input from stakeholders. The design, development, and
testing stages of each sprint will be followed by review
meetings for any necessary modifications. The Agile
SDLC includes the following steps:

1) Conditions Collecting: Constant communication
with consumers to improve both functional and
nonfunctional needs.

2) Design: Both the online and mobile applications
have a modular design.

3) Development: Features in the backend, web app,
and mobile app are developed iteratively.

4) Testing: To make sure the system is robust, unit
and integrated testing are used.

5) Deployment: Constant deployment through the
use of Heroku or Render platforms.

6) Review and Feedback: Iterative cycles of review
and feedback for enhancement.

G. System Implimantation Plan

The project’s implementation plan will adhere to the Agile
SDLC’s phased development methodology. Phased
deploy- ment of the system will begin with core
functionality and progress to additional features, testing,

and scaling.
1) Phase 1: Preliminary Configuration
- Configure development environments for

mobile and web apps.

- Put into practice simple image uploading and
back- end API interactions.

2) Phase 2: Registration
- Train user finger
3) Phase 3: Ul Development for Mobile and Web

- Create an intuitive user interface for the
mobile application.

- Create the online interface for uploading
images and displaying results using HTML, CSS, and
JavasScript.

4) Phase 4: Testing and Validation

- Conduct system, integration, and unit
testing.

- To verify accuracy and real-time
performance, test in the field with users.

5) Phase 5: Deployment

. Use a cloud platform like as Render to

deploy the backend API.

- Put the mobile and web apps into
production.

6) Phase 6: Iteration and User Feedback

- Get input from stakeholders and consumers.
- To enhance the user experience, make
iterations to the functionality and design.

7) Phase 7: Optimization of Scaling and
Performance

- Improve server performance to manage
high data volumes.

- Expand the system’s capacity to

accommodate more users at once.
1. OTHER SPECIFICATION
A Advantages

1) Increased Security: Due to Dblockchain’s
decentralized and unchangeable ledger, it is practically
impossible for one party to tamper with or change the vote
records.This guards against hackers and guarantees the
voting pro- cess’ security.

2) Transparency: Anyone can confirm the voting
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proce- dure using the blockchain network without
disclosing the identities of specific voters. Blockchain’s
openness and transparency increase confidence in the
election’s outcome.

3) Voter Anonymity: Blockchain ensures voter
anonymity by encrypting each voter’s identity. Voters’
private in- formation is kept safe and secret even though
the votes are publicly recorded.

4) Fraud Elimination: Due to blockchain’s
decentralized structure, it is possible to eradicate a number
of election fraud schemes, including vote fraud, results
manipula- tion, and illegal access to voter information.

5) Tamper-Proof Voting Records: A vote cannot be
re- moved or changed once it is entered into the
blockchain; it is a permanent part of the ledger. This
guards against post-election manipulation and guarantees
the accuracy of the voting records.

B. Limitations

1) Complexity and Scalability: There is a lot of

technical ~complexity involved in implementing
blockchain-based EVM systems. Furthermore, because of
problems with transaction speed and scalability,

blockchain networks might not be able to manage massive
elections with millions of voters.

2) Initial Setup Costs: A significant upfront
investment in infrastructure, technology, and experience is
nec- essary for the development and implementation of
ablockchain-based EVM system. Smaller governments or
organizations might not be able to afford these expenses.

C. Applications

1) National and Local Elections: To guarantee
accuracy, security, and transparency in national and local
elections, blockchain-based electronic voting machines
(EVMs) can be utilized. Blockchain’s decentralized
structure guards against vote tampering and fosters
confidence in the political process.

2) Corporate Voting: Blockchain technology can be
used by businesses for internal decision-making
procedures such as board elections and shareholder voting.
This guarantees safe recording and unaltered verification
of votes.

FUTURE ScoPe

Improved networks can be utilized to store data more
quickly and prevent further network risks. Since the
security of cryptocurrencies is growing daily, the system
will benefit from enhanced security features. A screen can
be added to an EVM or EVMs to symbolically affirm the
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vote. The double tap system, in which the first push
necessitates a second confirmation after the party is
symbolically confirmed on the screen, should be
implemented because a significant portion of voters lack
formal education.

CONCLUSION

Although the existing voting mechanism lacks
transparency and is therefore readily hackable, it has been
blindly trusted to be the best. This raises the likelihood of
immorality and corruption, which results in an unstable
government and disgruntled citizens. Both the security of
the ballot data that is gathered and the transparency for the
critics will be enhanced by the use of blockchain
technology and cloud-based solutions. As a result, the
article effectively illustrates how to improvise the political
destiny of the nation, particularly India.

ACKNOWLEDGMENT

We are profoundly grateful to Mr. V. D. Badgujar
for his expert guidance and continuous encouragement
throughout this project, ensuring it achieved its objectives
from com- mencement to completion.

We would like to express our deepest appreciation to
Dr.

M. V. Bhatkar, Principal of Jawahar Education Society’s
Institute of Technology, Management and Research,
Nashik; Mrs. G. P. Mohole, Head of the Department of
Computer Engineering; and Mrs. S. N. Botekar, Project
Coordinator, for their invaluable guidance and support in
completing this project.

Lastly, we extend our sincere and heartfelt gratitude to
all the staff members of the Computer Engineering
Department who helped us directly or indirectly during the
course of this work.

REFERENCES

[1] Block Chain Based Cloud Computing Model on
EVM Transactions for Secure Voting. Sathya V*, Arpan
Sarkarl, Aritra Paul2, Sanchay Mishra3

[2] Yuan Yuan, Yanyan Hu, Shaohua Huang,
Shengjiao Cao, Anuj Chopra,”A Privacy-Preserving
Voting Protocol on Blockchain”, 2018 IEEE 11th

International Conference on Cloud Computing

[3] Friorik p. Hjalmarsson,  Gunnlaugur K.
Hreioarsson, Mohammad Ham- daqa, Gisli Hjalmtysson
,”Blockchain-Based E-Voting System”, 2018 IEEE 11th
International Conference on Cloud Computing

[4] Arya  Sahadevan,
Mookatana, and Bijoy A.

Deepa Mathew, Jairam
Jose,”An Offline Online

466



Proceedings of International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)

Strategy for 1oT wusing MQTT”, 2017 IEEE 4th
International Conference on Cyber Security and Cloud
Computing

[5] Shifa Manaruliesya Anggriane, Surya Michrandi
Nasution, Fairuz Azmi,”Advanced E-Voting System
Using Paillier Homomorphic En- cryption Algorithm”,
2016 International Conference on Informatics and
Computing (ICIC)

[6] Mark A. Will, Brandon Nicholson, Marc Tiehuis
and Ryan K L Ko,”Secure Voting in the Cloud using
Homomorphic Encryption and Mobile Agents”, 2015
International Conference on Cloud Computing Research
and Innovation

[7] Quentin MONNET, Youcef HAMMAL, Lynda
MOKDAD, Jalel BEN- OTHMAN,”Fair Election of
Monitoring Nodes in WSNs”

[8] Haijun Pan, Edwin Hou, Senior Member, and
Nirwan Ansari, Fellow,”M- NOTE: A Multi-part Ballot
based E-voting System with Clash Attack Protection”,
IEEE ICC 2015 - Communication and Information
Systems Security Symposium

[9] Yirendra Kumar Yadav, Saumya Batham, Mradul
Jain, Shivani Sharma,”An Approach to Electronic Voting
System using UIDAI”, 2014 International Conference on
Electronics and Communication Systems (ICECS -2014),
Feb. 13 -14, 2014, Coimbatore, INDIA

ISBN - 978-93-341-1286-3

Back

467



INTERNATIONAL CONFERENCE ON
EMERGING TRENDS IN ENGINEERING AND SCIENCES

that trans

ICETES

CERTIFICATE

This is to certify that Mr./Miss./Mrs. Mrs. S. N. Botekar has
presented paper entitled Enhancing Navigation for Railway Station Facilities and Location

at International Conference on Emerging Trends in Engineering and
Sciences(ICETES-2025) held on 7th and 8th February 2025 at Jawahar Education
Society’s, Institute of Technology, Management and Research,Nashik, Maharashtra, India.

Qpmifite L)

Mrs. G. P. Mohole Dr. M. V. Bhatkar
Conference Convenor Conference Chair




Proceedings of International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)

Enhancing Navigation for Railway Station
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Abstract---The proposed Railway Station Navigation
System Web Application is designed to provide an easy
and efficient way for passengers to navigate large and
complex railway stations such as CST, Mumbai. The
system focuses on offering real- time assistance for
passengers to locate key facilities—platforms,
restrooms, ticket counters, food stalls, and exits—
within the station premises. It incorporates interactive
features such as real- time map-based guidance, search
functionality for specific amenities, and dynamic
updates about facility locations. The system leverages
web technologies like HTML5, CSS3, JavaScript, and
integration with geospatial APIs such as Map-box to
offer a seamless and intuitive user experience. By
integrating with real- time data, the system will also
alert users to platform changes, blockages, or crowd
density, helping users navigate efficiently. This web
application is especially beneficial for tourists, elderly
individuals, and people unfamiliar with the station,
providing a user-friendly platform for quick and
accurate navigation.

Index Terms—Indoor Navigation, Railway Stations,
Real-Time Navigation, User-Friendly Interfaces,
Accessibility

l. INTRODUCTION

Railway stations, especially large ones like Mumbai
CST, serve as vital nodes in urban transportation networks,
facilitat- ing the movement of millions of passengers daily.
These sta- tions play a critical role in enabling urban
mobility for various purposes such as commuting to work,
traveling for leisure, or undertaking personal errands. As
populations grow and public transportation systems
become increasingly complex, stations like these must
handle vast numbers of passengers while offering efficient
services. Despite their essential role, many passengers face
significant  challenges  navigating through  these
expansive,crowded environments. The sheer scale and
intricate layouts of large stations can be overwhelming,
especially for first-time travelers, tourists, the elderly, and
people with disabilities. The combination of unclear or
insufficient sig- nage, poorly organized spaces, and the
lack of comprehensive real- In terms of functionality, the
Railway Station Naviga- tion System would go beyond

just providing static maps. It would offer dynamic, real-
time updates, keeping passengers informed of platform
changes, train delays, and emergency announcements.
Users could easily input their destination— whether a
specific platform, a restroom, or a particular service
counter—and the app would generate the most efficient
route time information further exacerbates the confusion.
Passengers often struggle to find their platform, locate
important amenities like restrooms, or identify services
such as ticket counters and exit points.

External navigation tools like Google Maps have been
instrumental in helping passengers find their way to the
station itself, but once inside, these tools fall short. Indoor
navigation, with its specific demands such as guiding
passengers through the station’s multiple floors, platforms,
and facilities, remains largely unsupported by mainstream
mapping services. In this context, there is a clear gap in
the market for a specialized solution that focuses on the
intricate details of indoor navigation in large railway
stations. Passengers need a more intuitive and localized
system that can provide real-time guidance, update them
on any last-minute platform changes, and help them move
seamlessly through the station, especially during peak
hours when crowd density and pressure to find the right
direction increase. This gap can be filled by the
development of a Railway Station Navigation System Web
Application, designed to cater to the specific challenges
faced by railway passengers within large stations. The web
application would provide real-time navigation assistance
to passengers, helping them find their way to platforms,
services, and facilities with ease. One key advantage of
a web-based platform is its universal accessibility.
Unlike mobile apps that require installation and regular
updates, a web app can be accessed instantly on any device
that supports a browser and an internet connection,
minimizing user friction. This approach makes it ideal for
both frequent commuters and occasional travelers who
may not want to download yet another app for infrequent
use. Additionally, the system can serve a broader
audience, including international travelers, by offering
multi-lingual support, ensuring inclusivity regardless of
language barriers. based on their current location within
the station. For passengers with disabilities or special
needs, the application could offer accessibility-optimized
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routes that consider elevators, ramps, and other facilities,
making navigation smoother and less stressful. Moreover,
the system could provide additional context-aware features
such as crowd density notifications, suggesting alternate
paths to avoid congested areas, or giving
recommendations for waiting areas with more space
during rush hours. Another key benefit of this system is its
potential

integration with other railway services. By connecting
with station management systems, the app could display
real-time train schedules, delays, and even security alerts,
ensuring that passengers have all the information they
need for a smooth transit experience. Travelers would no
longer have to rely on outdated or limited information
boards scattered across the station, but would instead have
a centralized, reliable source of information accessible
right from their smartphones, tablets, or laptops.
Additionally, for passengers who may be in a rush or
unfamiliar with the layout, features like the ability to
book services ahead of time or access virtual queuing
for ticket counters could significantly reduce waiting times
and improve overall station efficiency. The Railway
Station Navigation System Web Application would stand
as a gamechanger in enhancing passenger experience,
particularly in large and busy stations where timesensitive
decisions and ease of movement are critical. By providing
accurate, realtime, and personalized information to users,
this application would not only make navigating complex
environments like Mumbai CST more manageable but also
set a precedent for improving public transportation
infrastructure worldwide. It offers a much-needed solution
that brings clarity, convenience, and confidence to
passengers who rely on these systems daily.

Il. SYSTEM IMPLEMANTATION PLAN FOR
RAILWAY NAVIGATION SYSTEM

Navigating large railway stations, such as the
Chhatrapati Shivaji Maharaj Terminus (CST) in Mumbai,
can be overwhelming due to their complex layouts,
crowded environments, and vast array of facilities.
Stations like CST serve millions of passengers daily,
including local commuters, tourists, and first-time visitors
who are often unfamiliar with the station’s structure. The
navigation challenges are especially pronounced for
elderly passengers, tourists, and individuals with
disabilities, as they may find it difficult to locate
platforms, ticket counters, restrooms, food stalls, and other
essential services. These issues are further compounded by
last-minute platform changes, crowded spaces, and
inadequate signage, resulting in missed trains, delays,
and confusion. The proposed system aims to address these
issues through a user-friendly, real-time, and highly

accurate web application designed specifically for indoor
navigation within railway stations. Unlike conventional
navigation systems that focus on outdoor environments,
this application targets the unique complexities of indoor
navigation in a bustling station setting. By providing real-
time data, step-by-step guidance, and accessibility
features, the system is designed to minimize stress and
enhance the passenger experience for all users.

A. System and Functional Requirement

Real-Time Navigation Assistance: Provide accurate,
turn by turn navigation to guide passengers to their desired
locations, including platforms, restrooms, exits, and
amenities within the station. Platform and Schedule
Updates: Ensure passengers receive real-time notifications
regarding platform changes, train schedules, and
estimated times to walk to specific destinations.
Accessibility Features: Include options for accessible
routes tailored for elderly passengers, people with
disabilities, or those with limited mobility, such as
avoiding stairs and recommending routes with ramps or
elevators. Crowd Density Notifications: Use real-time data
to inform passengers of crowded areas within the station,
allowing them to select alternate, less congested paths.

B. System Architecture

To deliver accurate and responsive navigation in a
station environment, the architecture combines cloud-
based backend processing, a real-time data management
system, and an interactive frontend. Backend Server:
Handles data processing, user requests, and real-time
updates such as platform changes, schedules, and alerts.
This component utilizes cloud infrastructure to support
scalability. Indoor Positioning System (IPS): Essential for
real-time location tracking. Bluetooth beacons, Wi-Fi
triangulation, and other IPS technologies will be deplayed
throughout the station to provide precise location data.
Database and Data Management: A centralized database
stores station layout data, user preferences, and real-time
updates on train schedules, platform allocations, and
crowd density. The database is optimized for quick data
retrieval and can handle highvolume traffic. APl Layer:
Provides communication between the backend and the
frontend, enabling smooth data exchange. APIs are used to
retrieve train schedules, real-time crowd data, and to
interface with positioning sensors. Frontend Web
Application: This is the user-facing component, providing
the interface for navigation, real-time updates, and
accessibility settings. The app will be accessible on mobile
devices, enabling passengers to navigate the station
independently.

C. Data Integration and Sources
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Data integration is essential for ensuring the application
can provide accurate and up-to-date information. Key data
sources include: Station Maps and Layouts: Digital floor
plans of the station are essential for route calculations.
These maps detail entrances, exits, platforms, ticket
counters, restrooms, and accessible paths. Real-Time
Location Tracking: Bluetooth beacons or Wi-Fi access
points within the station are used for indoor positioning
to determine the user’s location with precision. Train
Schedule and Platform Information: Integration with
railway systems to access real-time schedule updates,
platform allocations, and platform changes. Crowd
Density Data: Sensor-based data and/or crowdsourced
information to monitor crowd density and provide users
with real-time congestion alerts.

D. Implementation Steps

Data Collection and Preprocessing Station Mapping and
Blueprinting: Obtain and verify accurate floor plans for
each railway station. This involves detailing areas such as
ticket counters, waiting rooms, platforms, and emergency
exits. Positioning Sensor Deployment: Set up Bluetooth
beacons and Wi-Fi access points strategically across the
station. Calibration and testing ensure accurate tracking of

User location with minimal drift or errors. Real-Time Data
Integration: Develop APIs that retrieve real- time data on
train schedules, platform changes, and crowd density. This
data is periodically refreshed to maintain system accuracy.

Algorithm Development Path finding Algorithm: Design a
path finding algorithm, such as A* or Dijkstra’s, to
calculate the shortest and most convenient paths based on
user preferences and real-time conditions (e.g., avoiding
crowded areas). Dynamic Route Updates: Implement logic
to update routes dynamically if changes occur, such as a
sudden platform shift or an increased crowd density along
a particular path. Accessibility Route Customization:
Develop a sub-module for route customization based on
accessibility needs, guiding users along routes that avoid
stairs, steep inclines, or heavily crowded areas.

System Testing Unit Testing: Validate individual
components, such as the positioning system, path finding
algorithms, and data update mechanisms, to ensure
accuracy and functionality.

Usability Testing: Conduct tests with real users,
particularly those who face specific navigation challenges,
to ensure the app’s interface and instructions are clear and
helpful. Load and Stress Testing: Simulate high usage
scenarios to confirm that the system can handle heavy
traffic without performance issues, ensuring reliable
operation during peak times.

E. Deployment and Maintenance

- Deployment Backend and Database Setup: Deploy
backend services and databases on a cloud provider,
ensuring scalability and low latency performance.
Frontend Deployment: Launch the web application on
mobile friendly platforms for user accessibility. The app
should be cross platform compatible, running
seamlessly on Android, iOS, and web browsers.
Positioning Sensor Installation: Strategically place
Bluetooth beacons and/or Wi-Fi points throughout the
station for maximum coverage, calibrating each to
ensure consistent accuracy.

- Maintenance and Updates Station Mapping and
Blueprinting: Obtain and verify accurate floor plans
for each railway station. This involves detailing areas
such as ticket counters, waiting rooms, platforms, and
emergency exits. Positioning Sensor Deployment: Set
up Bluetooth beacons and Wi-Fi access points
strategically across the station. Calibration and testing
ensure accurate tracking of user location with minimal
drift or errors. Real-Time Data Integration: Develop
APIs that retrieve real- time data on train schedules,
platform changes, and crowd density. This data is
periodically refreshed to maintain system accuracy.

II. RAILWAY NAVIGATION SYSTEM
BASICS

Navigating large railway stations, such as the
Chhatrapati  Shivaji Maharaj Terminus (CST) in

Mumbai, can be overwhelming due to their complex
layouts, crowded environments, and vast array of
facilities. Stations like CST serve millions of passengers
daily, including local commuters, tourists, and first-time
visitors who are often unfamiliar with the station’s
structure. The navigation challenges are especially
pronounced for elderly passengers, tourists, and
individuals with disabilities, as they may find it difficult to
locate platforms, ticket counters, restrooms, food stalls,
and other essential services. These issues are further
compounded by last-minute platform changes, crowded
spaces, and inadequate signage, resulting in missed
trains, delays, and confusion. The proposed system aims
to address these issues through a user-friendly, real-time,
and highly accurate web application designed specifically
for indoor navigation within railway stations. Unlike
conventional navigation systems that focus on outdoor
environments, this application targets the unique
complexities of indoor navigation in a bustling station
setting. By providing real-time data, step-by-step
guidance, and accessibility features, the system is designed
to minimize stress and enhance the passenger experience
for all users.
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A. System Requirements

Real-Time Navigation Assistance: Provide accurate,
turn- by- turn navigation to guide passengers to their
desired locations, including platforms, restrooms, exits,
and amenities within the station. Platform and Schedule
Updates: Ensure passengers receive real-time notifications
regarding platform changes, train schedules, and estimated
times to walk to specific destinations. Accessibility
Features: Include options for accessible routes tailored for
elderly passengers, people with disabilities, or those with
limited mobility, such as avoiding stairs and
recommending routes with ramps or elevators. Crowd
Density Notifications: Use real-time data to inform
passengers of crowded areas within the station, allowing
them to select alternate, less congested paths. User
Feedback and Customization: Allow users to provide
feedback on navigation routes and personalize their
preferences, such as language selection or accessibility
needs.

B. Non-Functional Requirements

Scalability: Capable of handling high user volumes,
particularly during peak hours or emergencies. Reliability
and Up time: Ensure the system is highly reliable, with
minimal downtime, as passengers rely on it for time-
sensitive navigation. Privacy and Data Security: Maintain
strict security protocols to safe guard user data, including
anonymization and secure data transmission. User-
Friendly Interface: Provide a simple, intuitive interface
with multilingual support to cater to passengers from
diverse backgrounds.

C. Data Integration and Sources

Data integration is essential for ensuring the application
can provide accurate and up-to-date information. Key data
sources include: Station Maps and Layouts: Digital floor
plans of the station are essential for route calculations.
These maps detail entrances, exits, platforms, ticket
counters, restrooms, and accessible paths. Real-Time
Location Tracking: Bluetooth beacons or Wi-Fi access
points within the station are used for indoor positioning
to determine the user’s location with precision. Train
Schedule and Platform Information: Integration with
railway systems to access real-time schedule updates,
platform allocations, and platform changes. Crowd
Density Data: Sensor-based data and/or crowd- sourced
information to monitor crowd density and provide users
with real- time congestion alerts.

D. Implementation Steps

- Data Collection and Preprocessing Station Mapping and
Blueprinting: Obtain and verify accurate floor plans for

each railway station. This involves detailing areas such
as ticket counters, waiting rooms, platforms, and
emergency exits. Positioning Sensor Deployment: Set
up Bluetooth beacons and Wi-Fi access points
strategically across the station. Calibration and testing
ensure accurate tracking of user location with minimal
drift or errors. Real-Time Data Integration: Develop
APIs that retrieve real-time data on train schedules,
platform changes, and crowd density. This data is
periodically refreshed to maintain system accuracy.

System Testing Unit Testing: Validate individual
components, such as the positioning system, path
finding algorithms, and data update mechanisms, to
ensure accuracy and functionality. Usability Testing:
Conduct tests with real users, particularly those who
face specific navigation challenges, to ensure the
app’s interface and instructions are clear and helpful.
Load and Stress Testing: Simulate high usage
scenarios to confirm that the system can handle
heavy traffic without performance issues, ensuring
reliable operation during app should be cross-
platform compatible, running seamlessly on
Android, i0S, and web browsers. Positioning Sensor
Installation: Strategically place Bluetooth beacons
and/or Wi- Fi points throughout the station for
maximum coverage, calibrating each to ensure
consistent accuracy.

E. Deployment

Backend and Database Setup: Deploy backend services
and databases on a cloud provider, ensuring scalability
and low- latency performance. Frontend Deployment:
Launch the web application on mobile- friendly platforms
for user accessibility. The app should be cross-platform
compatible, running seam- Lesly on Android, iOS, and
web  browsers.  Positioning  Sensor  Installation:
Strategically place Bluetooth beacons and/or Wi- Fi
points throughout the station for maximum coverage,
calibrating each to ensure consistent accuracy.

F.  Maintenance and Updates

Regular Data Updates: Update station layouts, schedules,

and accessibility features regularly to maintain accuracy
as station layouts and services change. System
Monitoring and Feedback Integration: Monitor the
system continuously to identify areas for improvement.
Collect user feedback onRoutes and functionality,
iterating on these to enhance the app. Error Correction
and Issue Resolution: Address system issues promptly,
particularly those related to positioning accuracy or
platform updates, to maintain user trust.

V. WEB DESIGN
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A. Technology Selection

Mapping Technology: Choose appropriate indoor mapping

technologies, such as Bluetooth beacons, Wi-Fi
triangulation, or QR codes, to facilitate real-time location
tracking within the station. Backend Development: Set up
a robust backend system to manage real-time data,
including train schedules, platform changes, and user
location data. Frontend Development: Develop the
frontend of the application using responsive design
principles to ensure compatibility across various devices,
including smartphones and tablets.

B. Integration of Features

Real-Time Navigation: Implement turn-by-turn navigation
features that guide users from their current location to their
desired destination within the station. Facility Locator:
Include a comprehensive directory of facilities such as
ticket counters, restrooms, food stalls, and waiting areas,
with real- time up- dates on their availability. Accessibility
Features: Incorporate features specifically designed for
users with disabilities, such as audio instructions, visual
aids, and wheelchair-accessible routes.

C. Testing and Iteration

In large railway stations, navigating to various facilities
can be challenging, especially when dealing with complex
layouts and crowd density. This system leverages
advanced geospatial mapping, path finding, real-time
updates, user interaction features, and responsive design
principles to create a seamless navigation experience.
Through the integration of Map-box for geospatial
mapping, the A* algorithm for path finding, real- time
updates via Web Sockets, an intuitive search
functionality, and a user-centered design, the system aims
to provide reliable and accessible navigation guidance for
all passengers, including elderly individuals, people with
disabilities, and those unfamiliar with station layouts.

D. Geospatial Mapping with Map-box
Fig. 1.Geospatial Mapping for Railway Station

The system uses the Map-box API to display
interactive, real- time maps of the railway station, offering
users a detailed visual representation of station facilities.
Map-box’s detailed User Testing: Conduct usability
testing sessions with diverse user groups to identify pain
points and areas for improvement. Gather feedback on the
application’s functionality, ease of use, and overall
experience. Iterative Development: Use an agile
development approach to make iterative improvements
based on user feedback. Prioritize features that enhance
user experience and address the most common challenges
faced by passengers.

E. Deployment and Launch

Pilot Program: Launch a pilot version of the application
in a selected railway station to test its effectiveness in a
real- world environment. Monitor user interactions and
gather data on navigation success rates. Marketing and
Awareness: Develop a marketing strategy to promote the
application among potential users, including informational
campaigns at railway stations and partnerships with travel
agencies. Official Launch: After successful pilot testing
and necessary adjustments, officially launch the
application for public use across multiple railway stations.

F. Post-Launch Support and Maintenance

User Support: Establish a support system to assist users
with any issues they encounter while using the application.
This could include a help center, FAQs, and live chat
support. Continuous Improvement: Regularly update the
application based on user feedback, technological
advancements, and changes in railway station layouts or
services. Data Analysis: Monitor usage data to identify
trends, popular features, and areas needing enhancement.
Use this data to inform future updates and improvements.

V. DESIGN/ALGORITHMS/TECHNIQUES  USED

Geospatial data enables the user to search for specific
amenities, zoom in and out, and pan across the map, which
enhances the user’s spatial awareness and understanding of
the station layout. Map-box provides custom mapping
capabilities that can be tailored to highlight important
areas like platforms, exits, restrooms, and ticket counters.
Customization features in Map-box allow the map to be
personalized for each station’s unique environment; for
instance, different sections of the map can be color-coded
or labeled with icons, making it easier for passengers to
differentiate between zones such as waiting areas,
boarding platforms, or food stalls. Furthermore, Map- box
supports custom layers, allowing the system to
dynamically overlay real-time data, like temporary
blockages, closed routes, and alternate paths. This level of
interactivity enables users to navigate through congested

areas, avoid obstructions, and identify the quickest route to
their destination. The zoom functionality provides a close-
up view of specific locations or an overview of the entire
station, giving users the flexibility to adjust the view
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based on their current needs. For example, a passenger
in a rush may zoom out to view an overview of The
route to their platform, while another passenger seeking
a nearby restroom may zoom in on their current location.
By integrating Map-box’s highly customizable, interactive
maps, the application enhances the ease of navigation for
all users, making navigation intuitive and visually
engaging.

A. Path finding Algorithms

A critical component of the navigation system is the A*
(A- Star) algorithm, a well-known path finding algorithm
used to compute the shortest or most efficient routes
within a complex environment like a railway station. The
A* algorithm is effective for indoor navigation, where
factors such as distance, available paths, and user
preferences come into play. A* com- bines elements of
both breadth-first search and heuristic-based approaches,
making it fast and suitable for providing optimal paths in
real-time. This algorithm’s efficiency is particularly
valuable in large railway stations, where users may need to
navigate through intricate layouts, multiple levels, or
crowded spaces. In practice, the A* algorithm evaluates
and ranks possible routes based on both the distance to the
destination and the cost” associated with traveling that
path (which can represent factors like congestion levels,
presence of stairs, or accessibility requirements). By
factoring in both path length and user preferences, the
algorithm can dynamically adjust to the needs of different
users. For instance, a user with mobility challenges may be
directed along an accessible route that avoids stairs or
escalators, while a user in a rush may be directed along a
more direct path. This level of customization allows the
A* algorithm to enhance the relevance and reliability of
the guidance provided, tailoring it to each user’s situation.
Additionally, the path finding system will account for real-
time data input, such as temporary obstacles, high foot
traffic, or emergency closures. If an area becomes
congested, the algorithm can recalibrate to suggest
alternate paths, thereby improving the user’s navigation
experience and reducing travel time. By leveraging the
A*algorithm, the application can provide efficient, user-
specific routing that adapts to changing station conditions,
enhancing both safety and convenience for all passengers.

B. Dynamic Real-Time Updates

One of the primary challenges in railway station
navigation is keeping passengers informed about dynamic
changes, such as platform switches, train delays, or
temporary blockages within the station. The system will
use Web Sockets to manage real-time updates, pushing
notifications and alerts to users the moment new
information is available. Web Sockets provide a

continuous connection between the server and the client,
enabling updates to be delivered instantly rather than
relying on traditional request-response cycles. This real-
time communication protocol is crucial for passengers
who need accurate, up-to-the-minute information to
navigate a bustling station environment effectively. For
example, if a platform change occurs, the system will
immediately update the user’s navigation route and display
a notification on their screen, helping them avoid
confusion or missed connections. Similarly, if a certain

Pathway becomes blocked due to maintenance, the system
will reroute the user to an alternate path, ensuring they can
reach their destination without interruption. Web Socket-
based real- time updates are especially beneficial during
peak travel hours, when sudden changes are common, and
the need for accurate navigation is heightened. In
addition to route adjustments, the system will also push
relevant contextual information, such as train arrival and
departure updates, crowd density in specific areas, or
estimated walking times. This allows users to make more
informed decisions about how to plan their routes within
the station. Through dynamic real-time updates, the
application provides responsive, proactive assistance that
helps passengers adapt to any unexpected changes within
the station, significantly enhancing their travel experience
and reducing stress associated with last-minute
adjustments.

C. User Interaction and Search Functionality

User interaction is simplified through an intuitive search
bar that allows passengers to locate facilities quickly by
typing in keywords (e.g., ”Platform 127, ”Restroom”, or
”Food Court”).Auto complete functionality improves the
search experience by providing users with relevant
suggestions based on the available facilities, allowing
them to find their destinations more quickly. For instance,
if a passenger begins typing “Platform,” the search bar
will automatically populate a list of all platforms within
the station, helping them locate their exact destination
without fully typing it out. Once the user selects a
location, the system will immediately display the optimal
route to their chosen destination. For ease of use, the
system will highlight the path on the map, providing visual
cues and turn-by-turn directions that are easy to follow.
This search functionality is especially beneficial for first-
time travelers or those who may be unfamiliar with the
station’s layout, enabling them to quickly find their desired
destinations without the need to rely on signage or station
staff. In addition to search, the application will incorporate
voice- based navigation options for users who prefer
auditory guidance, enhancing accessibility for visually
impaired users. Voice instructions will guide users through
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the station, ensuring they receive accurate directions even
if they cannot visually follow the map. By providing an
interactive search feature and voice- guided assistance, the
application empowers users with different abilities and
preferences, making navigation accessible, efficient, and
user-friendly. D.

D. Responsive and Accessible Design

The wuser interface of the web application is
designed to be responsive, ensuring it adapts seamlessly
across different screen sizes, from smartphones to
tablets. This adaptability is essential, as users may access
the application on various devices while navigating the
station. The responsive design optimizes the app’s
usability across all devices, ensuring that icons, text, and
navigation controls remain clearly visible and easy to
interact with, regardless of screen size. Accessibility is a
priority in the design, as the application serves a diverse
range of users, including elderly passengers, individuals
with disabilities, and tourists who may face language
barriers. Keyboard navigation will be enabled for users
who prefer or require it, while compatibility with screen
readers ensures that visually impaired users can navigate
the application and receive spoken directions.
Additionally, the design will feature high-contrast text,
large icons, and clear visuals that help improve readability
and usability, even in crowded or dimly lit areas of the
station. Further, multilingual support allows users from
different backgrounds to interact with the application in
their preferred language, enhancing its inclusivity. The
accessibility and responsiveness of the design will make
the system are liable and convenient tool for all
passengers, catering to their individual needs and
enhancing the overall navigation experience within busy
railway stations. This system design, encompassing
geospatial mapping with Map- box, efficient pathfinding
through the A* algorithm, real- time updates via Web
Sockets, intuitive user interaction, and a responsive,
accessible interface, provides a robust solution for
navigating large railway stations. By addressing the needs
of diverse user groups and prioritizing real-time
adaptability, the application enhances the passenger
experience, making station navigation simpler, faster, and
more user-friendly. Through this comprehensive approach,
the system aims to empower passengers to move
confidently and efficiently through complex transit
environments, ensuring a smoother and more enjoyable
travel experience.

E. Software Tools/Technologies Used

To create a seamless, interactive, and responsive
navigation system for large railway stations, a
combination of care- fully selected frontend and backend

technologies, along with databases and third-party APIs, is
used. For the frontend, HTML5 and CSS3 are fundamental
for structuring and styling the web application, ensuring a
clean, user-friendly interface. These are complemented by
JavaScript and React.js, which provide a dynamic, reactive
environment where elements on the page respond instantly
to user input, creating a smooth and engaging user
experience. The Map-box API plays a critical role in the
frontend, delivering real-time maps with interactive
features like zooming, panning, and facility identification.
This API provides geospatial data essential for creating
visually detailed and customizable maps, allowing users to
easily locate platforms, exits, and other amenities within
the station. On the backend, Node.js serves as the runtime
environment, supporting asynchronous operations ideal for
handling the high volume of requests common in real-
time navigation applications. **Express.js** further
simplifies backend development by providing a flexible
and efficient framework to manage server routes,
middleware, and RESTful APIs. Additionally, Web -
Sockets are employed for real-time data transmission,
enabling continuous two-way communication between
server and client. This ensures that users receive instant
updates on any platform changes, delays, or area closures
within the station. Data management is supported by
MongoDB, a NoSQL database well-suited to handle the
semi-structured data necessary for this application.
MongoDB stores various types of information, including
station facilities, user profiles, navigation paths, and travel
preferences, enabling the application to quickly retrieve
and adapt data based on user needs. For real-time train
and platform information, the system utilizes **Indian
Railways APIs, which offer accurate and timely data on
train schedules, platform assignments, and delays. By
integrating with these APIs, the application can guide
users efficiently to the correct platforms and update them
with the latest information. Additionally, the Map-box API
is used here as well to enhance geospatial functionalities,

from detailed mapping to providing turn- by-turn
navigation. Together, these tools create a robust
architecture, making the navigation system reliable,

scalable, and capable of handling the demands of a busy,
high-traffic station environment. This technology stack
ensures the application’s responsiveness and accessibility,
catering effectively to the diverse user base navigating
these complex transit spaces.

VI. PROPOSED SYSTEM

The proposed Railway Station Navigation System Web
Application is designed to transform the passenger
experience in complex and high-traffic railway stations,
addressing the diverse needs of travelers by providing a
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comprehensive, accessible, and user- friendly navigation
tool. By integrating real- time navigation, interactive
maps, advanced search features, real-time alerts, and
multi-lingual support, the system will cater to a wide range
of users, from first-time travelers and tourists to elderly
individuals and people with disabilities.

A. Real-Time Navigation Assistance

At the core of the application is its real-time navigation
feature, which offers passengers accurate guidance to
various facilities such as platforms, restrooms, ticket
counters, waiting areas, exits, and other essential services
within the station. This feature will employ advanced
geospatial data to provide dynamic, turn-by- turn
directions, enabling users to seamlessly navigate the
station’s layout. As users move through the station, the
application will track their progress, updating their route
and adapting to their current location in real-time. This
functionality will be invaluable in large, often confusing
station environments, where platforms and amenities are
spread out and not always easy to locate. By constantly
adjusting to the user’s position and station activity, the
system ensures that users remain on the optimal path,
significantly reducing the time and stress involved in
finding their way through busy, sprawling transit spaces.

B. Interactive Maps Powered by Map-box

To enhance spatial awareness and visual understanding
of the station layout, the application will incorporate
interactive maps powered by the Map-box API. These
maps provide users with the ability to zoom in and out,
pan across the station, and view a detailed, customizable
layout of facilities, including paths to nearby amenities.
Each map will be tailored to reflect the unique structure of
the station, highlighting important areas like food courts,
waiting rooms, and exit points. Map-boxcustomization
options allow for clear visual differentiation between
sections, and icons representing specific facilities will
make it easy for users to identify the services they
seek. Furthermore, the application will feature pinch-to-
zoom functionality, enabling users to examine the station
layout in greater detail or get an overview of their entire
route. This degree of interactivity offers users control over
their view and an improved sense of direction, making
navigation intuitive and efficient.

C. Search and Filter for Specific Locations

A robust search and filter feature is integral to the
application, allowing users to quickly locate specific
facilities or amenities within the station. The search bar

will provide an autocomplete feature, where users can type

in keywords or facility names (such as “Platform 5,”
“Restroom,” or “Ticket Counter”) to generate a list of
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relevant options. This quick- response functionality
minimizes typing effort and reduces the time needed to
locate specific areas. Moreover, users can filter results
based on the type of facility they are looking for, whether
it is food courts, restrooms, exits, or accessibility services.
The filter options will allow users to narrow down results
based on their immediate needs, making it easier to locate
areas that are often dispersed across large stations. This
feature will be particularly helpful for passengers who
may have limited time between connections or need to
find amenities quickly.

D. Real-Time Alerts and Notifications

In a fast-paced station environment, where changes are
frequent, the application’s real-time alert system will
prove invaluable. Passengers will receive instant
notifications about platform changes, train delays,
maintenance work, or any temporary blockages that might
affect their journey. These alerts, pushed directly to the
user’s screen, will ensure they are always informed of the
latest updates, allowing them to make quick adjustments to
their plans if needed. For instance, if a platform change is
announced, the system will notify the user immediately,
updating their route and guiding them to the new platform.
Similarly, alerts about congestion or blocked paths can
help users avoid crowded areas, making their travel
experience smoother. This continuous real-time update
capability, powered by Web-Sockets, enables the system
to respond dynamically to station changes, reducing
passenger stress and helping them make informed, timely
decisions.

E. Multi-Lingual Support for Inclusivity

Given the diverse linguistic background of Indian
passengers, the application will include multi-lingual
support to cater to a broader audience. The interface
will be available in multiple languages, including English,
Hindi, and regional languages like Marathi, Tamil, and
Bengali, allowing passengers to select their preferred
language. This feature not only enhances usability for non-
English speakers but also makes the application accessible
to tourists and first-time travelers who may face language
barriers. The user- friendly, anguage-sensitive interface
allows users from various regions to navigate the
application effortlessly, regardless of their familiarity with
the primary language. By prioritizing linguistic inclusivity,
the application demonstrates a commitment to serving a
wide array of passengers, ensuring that language is never a
barrier to navigating the station.

Enhanced User Experience and Accessibility

To further elevate the user experience, the application
design will emphasize accessibility and ease of use. The
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interface will feature large, clearly marked buttons, high-
contrast text, and icons to improve readability and visual
clarity, especially for users in crowded or low-light
conditions. Keyboard navigation options will be available
for individuals with limited dexterity, and screen reader
compatibility will aid visually impaired users by providing
voice-guided instructions. The application will also
support voice search functionality, allowing users to input
search queries verbally, which is especially helpful for
those who may be unfamiliar with typing or prefer
auditory guidance. Through these design elements, the
application not only provides functional accessibility but
also prioritizes inclusivity, making navigation within
railway stations simpler and more user-friendly for
everyone.

G. Efficient Database and Data Management

To support real-time navigation and updates, the system
will rely on a robust database structure. Using MongoDB,
a NoSQL database, and the application will efficiently
manage data related to station facilities, user profiles, and
route configurations. MongoDB’s flexible schema is ideal
for handling the diverse types of data necessary for
navigation, such as spatial layouts, user preferences, and
station-specific information. By organizing this data into
easily accessible formats, the system ensures that
passengers can retrieve information quickly and
accurately. Additionally, data from the Indian Railways
APIs will be integrated into the database, enabling the
system to fetch live train schedules, platform numbers, and
other pertinent updates directly from a reliable source,
This cohesive data management structure, combined Wi}ﬁ“'
efficient querying, ensures the application remains
responsive and capable of providing timely assistance to
users.

H. Scalability and Reliability of the System Architecture

Designed for scalability, the system architecture will
support future enhancements and accommodate a growing
user base. The backend, built with Node.js and Express.js,
is structured to handle high volumes of concurrent
requests, a crucial requirement for stations with heavy foot
traffic. Web-Sockets enable real-time communication
between the server and users, delivering continuous
updates without interrupting the user experience. The
choice of technologies ensures that the system can easily
expand to include additional stations or incorporate new
features, such as augmented reality (AR) navigation or
advanced user analytics. This forward- compatible
architecture enables the Railway Station Navigation
System to adapt to evolving passenger needs and
technological advancements,ensuring its relevance and
effectiveness well into the future. aspect of the attack on
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both computer networks and mobile devices in one place.
Figure 10 presents the major areas of cyber security,
attacks on cyberspace along with the list of significant ML
references targeting that specific class of attack. Cyber
security overlaps with other components of cyberspace,
including Internet security, network security, and ICT
security. We have targeted three significant challenges
(detection and classification of IDS, spam, and malware)
to cyber security in which ML techniques are playing an
important role. We have further elaborated on these threats
on mobile devices and computer networks. The intrusion
detection system on a computer network is further sub-
divided into signature- based/misuse- based, anomaly-
based, and hybrid-based techniques. Sub-types of
intrusion are further categorized into either applied on a
host or a computer network. Spam detection is further
elaborated with respect to the medium, including image,
email, SMS, video, and Twitter. Malware is also explored
regarding static analysis and dynamic analysis. ML
techniques are being implemented in the literature to
handle various types of cyberattacks. ML is one of the
possible solutions to act quickly against cyberattacks. ML
techniques are employed to deal with such matters because
the learning techniques can learn from experiences and
respond to newer attacks promptly. We have mentioned
the references of a few articles that deal with such kind of
cyberattack. The following sub-headings elaborate on each
cyber threat to the computer network and mobile network
and how the state-of-the-art ML techniques are playing
their roles to fight against these cyber threats.

CONCLUSION

The proposed Railway Station Navigation System Web
Application addresses a significant gap in passenger
experience by tackling the unique and often overwhelming
challenges associated with navigating large and complex
railway stations. Facilities in metropolitan stations like
Mumbai’s CST (Chhatrapati Shivaji Maharaj Terminus)
are typically spread across vast areas and organized in
intricate layouts that can be challenging even for seasoned
travelers. Traditional signage, while helpful, often falls
short in catering to the real-time needs of a diverse group
of passengers—first- time travelers, tourists unfamiliar
with the station layout, elderly individuals, and people
with disabilities. As a result, missed trains, confusion, and
frustration have become all too common for many
navigating these bustling transit spaces. Furthermore,
passengers frequently experience added difficulties with
plat- form changes and overcrowded areas, which only
heighten the stress of travel. The primary purpose of the
proposed application is to eliminate these pain points by
offering a user- friendly, real-time, and highly accurate
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navigation tool that is specifically tailored to the
complexities of railway station interiors. Through real-
time navigation assistance, passengers can easily locate
critical facilities such as platforms, restrooms, ticket
counters, food courts, and exits without needing to rely
on unclear directions or assistance from station staff. This
feature, combined with interactive maps, enables users

to zoom, pan, and search within the station, offering a high
level of control and accessibility that adapts to their
specific needs. By focusing on indoor navigation, the
application fills a gap that traditional navigation tools,
which typically concentrate on outdoor routes, have
overlooked. For instance, while Google Maps or similar
applications are adept at pro- viding routes for outdoor
settings, they often lack the detailed spatial data needed
for intricate interior spaces like large railway stations. This
navigation system goes beyond basic mapping, integrating
the unique attributes of indoor spaces and meeting the
logistical demands of railway stations where foot traffic,
platform assignments, and facility locations can change in
real-time. The proposed application’s strength lies not
only in its real- passengers of all ages and technical
abilities can easily navigate the app, making it
accessible to individuals who may not be tech-savvy.
Real-time alerts and notifications, time functionality but
also in its highly interactive and intuitive interface. The
user-friendly design ensures that delivered through
WebSockets , provide immediate updates on platform
changes, delays, or blocked paths. This is a critical feature,
particularly in high-traffic environments where even a
minor delay or change can disrupt travel plans. Real-time
notifications also help mitigate the frustration and
inefficiencies caused by unexpected changes, as users can
make quick adjustments to their routes based on current
conditions. For example, if a particular exits crowded or
under maintenance, the app can suggest an alternative
route, enhancing passenger convenience and promoting
a smoother flow of foot traffic throughout the Station. A
major consideration in the application’s design is its
inclusivity and accessibility, which are demonstrated
through features like multi-lingual support and adaptive
navigation aids. India’s diverse population speaks a wide
range of languages, and offering support for regional
languages like Marathi and Hindi, alongside English,
ensures that a broader demographic can use the application
comfortably. This multi-lingual functionality also supports
India’s large population of tourists and first-time travelers,
providing them with clear, localized directions and a
stress- free navigation experience.  Accessibility
considerations extend to features that accommodate
elderly individuals and people with disabilities. For
example, the app will include voice- guided directions

and keyboard navigation options, making it usable for
visually impaired users or those with limited dexterity.
These thoughtful inclusions reflect a commitment to
creating an inclusive navigation tool that serves the full
spectrum of passengers frequenting these stations. The
application’s infrastructure is designed for robustness and
scalability, ensuring it can handle a high volume of
concurrent users and adapt to future technological
advancements. By using Node.js and MongoDB, the
system offers efficient, real-time data management that
supports dynamic route generation and ensures that users
experience minimal delays or loading times. Web-Sockets
facilitate continuous communication between the server
and client, allowing for seamless, real-time data delivery
and an uninterrupted user experience. This infrastructure
not only supports the present demands of large railway
stations But also prepares the application for scalability,
meaning additional stations or functionalities can be
integrated over time. For example, in the future, the app
could expand to offer augmented reality (AR) navigation
or additional services such as live foot traffic data,
estimated wait times for specific facilities, or even
personalized recommendations based on travel history.
This modular approach positions the application as a long-
term solution for indoor navigation in transit hubs,
adaptable to the evolving needs of passengers and the
dynamic environment of railway stations.
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Abstract---In this study, we propose a novel approach
for monitoring and tracking depression levels by
making use of facial recognition technology, PEN test
and 1Q test. The hypothesis underlying our
methodology is that there may be certain specific
changes in face expressions related to depression along
with an overall decline in cognitive function which are
measurable using these tests. This technique involves
two phases, firstly it analysis the depression related
changes in the facial expressions and then second phase
uses PEN and 1Q test for determining its depression
level. The proposed approach suggested by research
focuses on tracking and detecting depression levels, so
using this we can potentially aid in early diagnosis and
treatment of depression.

Index Terms---Facial Recognition, Mental Health,
Classification, Algorithms, Artificial Intelligence, CNN.

A. INTRODUCTION

Depression is a prevalent and debilitating mental health
disorder that can significantly affect an individual’s
wellbeing, relationships, and overall quality of life. It is
crucial to identify and address depression early on to
provide appropriate interventions and support. As
technology continues to advance, there is a growing
interest in leveraging its potential to aid in the diagnosis
and treatment of mental health conditions, including
depression. One innovative approach being explored is the
use of facial recognition technology, along with the
Perceived Emotional Neglect (PEN) test and 1Q testing, to
monitor and track depression levels. Facial recognition
technology has gained significant attention in recent years
due to its ability to analyze facial expressions and
emotions accurately. By employing this technology,
researchers aim to detect specific changes in facial
expressions that may be indicative of depression. The first
phase of this proposed methodology involves analysing
depression related changes in facial expressions. Facial
recognition software can be utilized to detect subtle cues
and markers that may be associated with depression, such

as decreased expressiveness, frowning, or other negative
facial expressions. By capturing and analysing these facial
features, researchers can develop algorithms or models to
quantify and track changes in facial expressions over time.
In the second phase, the PEN test and 1Q test are
administered to assess the individual’s mood and cognitive
functioning, respectively. The PEN test evaluates the
perceived emotional neglect experienced understanding,
and responsiveness. This test helps provide additional
insights into the emotional aspects of depression.
Simultaneously, the 1Q test measures various cognitive
abilities, including memory, attention, problem solving,
and reasoning. The objective is to identify any decline in
cognitive function that may be associated with depression.
Combining the results of these tests with the facial
expression analysis can provide a more comprehensive
understanding of an individual’s depression levels. The
goal of this proposed approach is to develop a reliable and
objective technique for monitoring and detecting
depression levels. Early diagnosis is critical for timely
intervention and effective treatment. By leveraging facial
recognition technology, PEN testing, and 1Q testing, this
approach aims to provide a more accurate and
comprehensive assessment of depression. It can potentially
facilitate early detection, allowing healthcare professionals
to intervene promptly and provide appropriate support to
individuals experiencing depression. It is important to note
that this approach is still in the research and development
stage. Further studies are needed to validate its
effectiveness and reliability.  Additionally, ethical
considerations, such as privacy and data security, must be
carefully addressed when implementing facial recognition
technology in mental health assessments.

B. RELATED WORK / LITERATURE REVIEW

Jyoti Kumari [1] discusses the Detection of mental
disorders, and synthetic human expressions. The author
mentioned that the two common methods used
predominantly in the literature for FER automatic systems
depend on geometry and appearance. The author provides
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a quick scan for facial expression recognition. A
comparative study was also performed using various
feature extraction techniques in the JAFFE dataset.
Limitations: Analyzing facial expressions has a major
drawback humans can control the simulation to some
extent, so recognition results may be falsified,
intentionally or unintentionally.

G. Kalaivani [1] discusses Viola Jones techniques and
image cropping techniques for extracting and delineating
areas of the mouth. The proposed segmentation techniques
are applied and compared to the method found which is
suitable for segmentation of the oral region, and then the
oral region can be extracted by means of contrast
extension and image segmentation techniques. After
extracting the mouth area, the facial feelings are ranked
based on the white pixel values in the mouth area
extracted from the face image. Limitations: Traditional
image segmentation techniques are more fragmentation
and have high noise sensitivity.

Khan [3] discuss Emotion recognition as an important
area of work for improving human machine interaction.
The complexity of the emotion makes the task of
acquisition even more difficult. Deep learning technology
with neural networks increased the machine’s success rate
with regard to emotion recognition. Modern works with
deep learning technology have been implemented with
different types of human behavior inputs such as auditory
and visual inputs, facial expressions, body gestures EEG,
and related brainwaves and signals. The authors have
attempted to explore the relevant important work, its
techniques, the effectiveness of the methods and the scope
for improving the results. Limitations: Deep learning lacks
common sense. This makes systems fragile and when
errors do occur, the errors can be very large.

RavichandraGinne [4] have surveyed various Facial
expression recognition (FER) techniques which has
become an active research area that finds many
applications in areas such as human and computer
interfaces, human emotion analysis, psychoanalysis,
medical diagnostics, etc. The common techniques used for
this purpose depend on geometry and appearance. Deep
convolutional neural networks (CNN) have been shown to
outperform traditional approaches for various visual
recognition tasks including recognition of facial
expressions. Despite efforts to improve the accuracy of
FER systems using CNN, current methods may not be
sufficient for practical applications. This study includes a
general review FER of systems using CNN and their
strengths and limitations which helps us to further
understand and improve FER systems. Limitations:
Improper encoding of object’s position and orientation.

Lack of the ability to be spatially unchanged for the input
data.

Turetsky [5] have examined potential Event-Related
Responses (ERP) to emotional faces in schizophrenic
patients and controls to determine when the patient’s
abnormalities occurred in the temporal treatment course.
Subjects indicated whether each face was "happy,"
"neutral,” or "sad." The excited potential data was
obtained using a 32channel system EEG. Four ERP
components were identified that are compatible with P100,
N170, N250 and P300. Group differences were noted for
the N170 component "face processing" that underlies the
structural coding for facial features, but not for the next
N250 component "effect on modification”. Although P300
abnormalities were found, the variation in this component
was explained by the earlier N170 response. The limitation
is that the recording is of poor spatial accuracy.

Gibbons RD [6] have explored recent developments in
computerized adaptive  diagnostic  screening  and
computerized adaptive testing for the presence and
severity of mental health disorders such as depression,
anxiety, and mania. The statistical methodology is unique
in that it is based on the multidimensional element
response theory (severity) and random forests (diagnosis)
rather than the traditional mental health measurement
based on the classical test theory (simple score) or the one
dimensional element response theory. The limitation of the
system is that a complex model requires much larger
samples of people.

Shojaeilangari [7] have proposed an approach called
extreme scattered learning, which can co-learning a
dictionary (set of rules) and a nonlinear classification
model. The proposed approach combines the
discriminative power of an extreme learning machine with
the reconstructive characteristic of sparse representation to
enable accurate classification when presented with noisy
signals and incomplete data recorded in natural
environments. The author has also introduced a distinctive
and stable new local spatiotemporal descriptor. The
proposed framework can achieve state of the art
recognition accuracy in both spontaneous and affective
facial emotions databases. The limitation of the system is
that a complex model requires much larger samples of
people.

Shaul Hammed [8] have surveyed various Facial
expression techniques as Facial expression is an important
way of communicating human emotions.

The author has stated that Facial expression recognition
systems have four important steps like signal acquisition,
Pre-processing, Extraction of features, selection of
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features and their classification. The various pre-
processing that are required are Noise reduction using
filters; face detection by localising and extracting facial
region; Normalisation of colour & size of images; and
enhancement of image by Histogram Equalisation.
Convolutional Neural Network (CNN) among other
Neural networks is the most popular among researchers in
this field. The limitations is that CNN does not encode the
position and orientation of the object into their predictions
and Dynamic FER has a higher recognition rate than
static.

Singh [2] have examined the acknowledgment of
outward appearances with a mix of neural organization for
the acknowledgment of various facial feelings. People are
fit for delivering many facial activities during
correspondence that shift in intricacy, power, and
importance. This paper investigations the restrictions with
existing framework Emotion acknowledgment utilizing
cerebrum movement. The author has utilized a current test
system and accomplished 97% exact outcomes. Emotion
acknowledgment utilizing cerebrum movement
framework. The Proposed framework relies on the human
face as we probably are aware face additionally mirrors
the human cerebrum exercises or feelings. The author uses
neural organization for better outcomes. The limitations is
that the recognition from mind action may bring about
poor spatial goal and misdiagnosed may bring about vein.

Zisheg LI [3] discussed on the Emotion
acknowledgement  utilizing  outward  appearances.
Highlights utilized are Appearance, Shape. Order strategy
segment-based sack of words technique, PHOG (Pyramid
Histogram of Oriented Angles). Histogram, Data set C-K
Database — Video based code action.486 arrangements
with 96 fakes. Acknowledgment Rate-96.33%.

Zhang [11] discussed various Emotion recognition
techniques using 3D Gabor features.

These techniques used patch-based 3D Gabor features,
Classification, Adaboost, SVM (Support Vector Machine).
The databases used JAFFE Japanese Female Facial
Expression 213 images with 7 expressions, C-K Database-
Video based code action.486 sequences with 96 posers,
593 video sequences on both posed and nonposed
(spontaneous) emotions and 123 subjects from 18 to 30
years in age. the techniques provide protocols and baseline
results for facial feature tracking, action units, and
emotion recognition. The Image resolutions of 640 x 480,
and 640 x 490 are considered. The Recognition Rate
achieved is 94.48%. The limitation is that the Deep
networks are not easily explained, they do not work well
with small data.

Rannchand Hablani [12] has discussed Emotion
recognition techniques using Template Matching. The
features used are Local Binary pattern and Classification-
Template matching.

The Databases used are JAFFE-Japanese Female Facial
Expression 213 images with 7expressions, 213 images of
seven facial emotions. The author has considered ten
different female Japanese models, Six emotion adjectives
by 60 Japanese subjects. The Image resolution of 256 x
256 is considered. The Recognition rate for Person
dependent is 94.44% and Person Independent is 73.61%.
Page 6/21 Zhang [13] has done a survey on Emotion
recognition system using facial expressions. The
Approaches considered are DBN, Deep Belief Network.
For Feature extraction, MLDP-Modified and Local
Directional Patterns are considered. The Classifiers used
are GDA Generalized Discriminant Analysis. The
Database considered by the author is RGB images and
Depth images. The Performance given by RGB is 93.33%
and Depth is 96.25%.

Elzbieta Kukla [14] et al has introduced a method that
uses a series of neural networks to recognize facial
expressions. As an input, the algorithm receives a natural
image of the face and returns the emotion expressed by the
face. To determine the best classifiers for recognizing
specific emotions, single and multiple-layered networks
were tested. The experiments covered different resolutions
of the images displaying the faces as well as the images,
including the areas of the mouths and eyes. On the basis of
the results of the tests, a series of neural networks are
proposed. The series introduces six basic emotions and a
neutral expression. The Limitations are Black box,
development period, amount of data and calculation cost.

C. MOTIVATION

Depression is a prevalent mental disorder that can have a
significant impact on people’s mental health as well as
their day-to-day lives. Depression and mental illness are
key problems in society nowadays. It can cause a loss of
interest in general activities, leading to suicidal thoughts.
Hence, the need for an automated system to help detect
depression in people of various age groups is being
realized.

D. OBJECTIVE

The objective is to identify any decline in cognitive
function that may be associated with depression.
Combining the results of these tests with the facial
expression analysis can provide a more comprehensive
understanding of an individual’s depression levels. The
goal of this proposed approach is to develop system with
hybrid architecture of facial expression recognition and
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psychometric tests with a reliable and objective technique
for monitoring and detecting depression levels. Early
diagnosis is critical for timely intervention and effective
treatment. By leveraging facial recognition technology,
PEN testing, and 1Q testing, this approach aims to provide
a more accurate and comprehensive assessment of
depression. It can potentially facilitate early detection,
allowing healthcare professionals to intervene promptly
and provide appropriate support to individuals
experiencing depress

E. ROBLEM STATEMENT

To design a system that predicts depression status using
machine learning and natural language processing to
combine the results of facial expression and PEN & 1Q
test.

F. PROPOSED APPROACH/METHODOLOGY

Facial expression recognition is a process performed by
humans or computers, which consists of first Locating
faces in the scene (e.g., in an image; this step is also
referred to as face detection),and then Extracting facial
features from the detected face region (e.g. detecting the
shape of facial components or describing the texture of the
skin in a facial area this step is referred to as facial feature
extraction),after that Analysing the motion of facial
features and/or the changes in the appearance of facial
features and classifying this information into some facial-
expression interpretative categories such as facial muscle
activations like smile or frown, emotion (affect)categories
like happiness or anger, attitude categories like (dis)liking
or ambivalence, etc. (this step is also referred to as facial
expression interpretation).

Capture Live Video 5 Attend PEN & IQ
— F tectiol
of the person ace DetectiN Test
Feather Extraction
CNN Image Classifier
Give Suggestion to Show user Depression Detection level of
Depress Patient Level Emotion

Figure 1. of Proposed System
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Abstract---This paper introduces Stockpile, a multi-tier
inventory management system designed to streamline
stock control between wholesalers, shopkeepers, and
customers. Stockpile utilizes real-time data integration

and predictive algorithms to optimize stock
replenishment, reducing excess inventory and
preventing stockouts. The system's architecture

leverages Node.js for backend services, Next.js with
TypeScript for frontend development, and MongoDB as
the database for storing inventory records. Field tests
show that Stockpile improved order fulfillment rates by
20% and reduced holding costs by 15%. The system
demonstrates significant benefits in supply chain
efficiency, particularly in retail environments. Future
work will explore enhancements such as IoT integration
for real-time tracking and blockchain technology for
secure transaction management.

Keywords---Inventory Management System, Supply
Chain,  Wholesaler-Shopkeeper-Customer,  Stock
Optimization, Real-Time Data Integration, Node.Js,
Next.Js, Mongodb, Typescript.

I. INTRODUCTION

Effective inventory management across the supply chain
is crucial for ensuring product availability while
minimizing excess stock. In systems where wholesalers,
shopkeepers, and customers interact, a lack of integration
often leads to delays, stockouts, or excessive inventory.
This paper introduces Stockpile, a real-time multi-tier
inventory management system that synchronizes data
between wholesalers, shopkeepers, and customers,
addressing inefficiencies in stock management and
improving the responsiveness of the supply chain [1][2].

II. LITERATURE REVIEW

Inventory management has evolved significantly with the
advent of automation and data integration technologies.
Traditional models, such as EOQ (Economic Order
Quantity) and VMI (Vendor Managed Inventory), focus on
minimizing inventory costs. However, these models often
fail to account for real-time demand variations [3]. Recent
research has highlighted the potential of IoT for tracking
stock levels across multiple stakeholders and using machine
learning for accurate demand forecasting [4]. Yet, many
existing systems do not fully address the interaction

ISBN - 978-93-341-1286-3

between wholesalers, shopkeepers, and customers, leading
to suboptimal performance.

III. SYSTEM ARCHITECTURE

The Stockpile inventory management system is built on a
modern web technology stack that ensures scalability, ease
of use, and performance. The backend is developed using
Node.js, which handles the business logic and
communication with the database. The frontend utilizes
Next.js and TypeScript, providing a robust and type-safe
environment for building user interfaces. MongoDB, a
NoSQL database, is employed for efficient storage and
retrieval of inventory data.

a. Backend: The backend is powered by Node.js,
chosen for its non-blocking, event-driven architecture that
makes it suitable for handling multiple simultaneous
requests in an inventory system.

b. Frontend: The frontend is built using Next.js, a
React-based framework, and TypeScript, offering static
generation and server-side rendering, which enhances both
performance and developer productivity.

c. Database: MongoDB is utilized for its flexibility
in managing dynamic inventory data schemas, allowing for
easy scaling as the dataset grows.

The system gathers sales and stock data from
shopkeepers and updates wholesalers automatically,
triggering stock replenishment based on predictive
analytics [5]. Stockpile features an intuitive dashboard that
allows stakeholders to monitor stock levels and sales
performance, ensuring smooth coordination across the
supply chain.

IV. ALGORITHM DESIGN

Stockpile employs a predictive demand forecasting
algorithm based on historical sales data and market trends.
The system uses these predictions to calculate optimal stock
levels for shopkeepers, ensuring timely restocking by
wholesalers. The replenishment algorithm within Stockpile
also accounts for customer purchasing behavior and
seasonal demand fluctuations [6].

The following components make up the core of the
algorithm:
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a. Stock Level Prediction: Uses a hybrid forecasting
model combining ARIMA (Autoregressive Integrated
Moving Average) and linear regression to predict future
stock requirements.

b. Replenishment Trigger: Automatically generates
replenishment orders when stock levels fall below a
predefined threshold.

c. Order Prioritization: Prioritizes replenishment
orders based on demand and historical purchasing patterns,
ensuring popular items are restocked promptly.

V. IMPLEMENTATION AND CASE STUDY

We implemented Stockpile in a mid-sized retail chain
consisting of 5 wholesalers and 50 shopkeepers. Over a
period of 6 months, Stockpile reduced excess inventory by
15% and improved order fulfillment speed by 20%.
Stockouts decreased significantly, from 8% to 2%, thanks
to the predictive demand forecasting model [7].

The case
improvements:

study demonstrated the following

a. Efficiency: Real-time data collection reduced
delays in communication between shopkeepers and
wholesalers.

b. Customer  Satisfaction:  Improved  product
availability increased customer satisfaction by 10%.

c. Cost Savings: Holding costs were reduced by 15%
due to better stock management and demand forecasting.

VI. COMPARISON MATRIX

To highlight the enhancements Stockpile offers over
traditional inventory management structures, we present a
assessment matrix. This matrix evaluates key factors which
includes integration, scalability, performance, and
predictive  analytics = competencies, demonstrating
Stockpile’s benefits over existing solutions. [8]

COMPARISON OF EXISTING SYSTEMS VS. STOCKPILE

o Existin .
Criteria g Stockpile
Systems
Seamless multi-
Restrained inte | 1€r
.| gration among w | integration betwee
Integrati holesalers, n wholesalers,
on shopkeepers, shopkeepers,
and clients. and customers.
Actual-
time facts integrat
Real- Loss ofreal- | 1010 )
Time time information | for accurate inven
information | synchronization, | tory tiers and dem
and forecasting.
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o ) Predictive
Limited or littl | a]gorithms (arima
N I need of | 4pd linear
Predictiv | predictive regression) to
¢ analytics | analytics optimize inventor
for inventory ma | y replenishment.
nagement.
Built with prese
nt
Regularly old | gay technologies:
Technolo | or ) node.js, subseque
gy Stack proprietary struct | ntis  typescript,
ures. and mongodb.
Intuitive
dashboards
Complex and 1 | apg easy-to-use
Usability €SS user-. frontend built wit
pleasant interfac | { pext. is and
cs. typescript.
Comprehensive
Visualiza Minimum or visualization the
i no visualization | US€ of gantt charts,
on equinme of challenge prog hlgtogrgms, comm
ot quip ress and inventor | Unity diagrams,
y stages. and wbs.
VII.  IMPLEMENTATION AND TOOLS

The development of Stockpile required several key tools
and environments to ensure smooth implementation and
maintenance:

a. Integrated Development Environment (IDE):
Visual Studio Code (VS Code) was used for writing and
debugging the application code. VS Code provides
excellent support for JavaScript, TypeScript, and Node.js,
making it ideal for developing both frontend and backend
components.

b. Database Management: MongoDB was chosen
due to its scalability and flexibility in managing large
datasets. Developers utilized MongoDB's GUI tool,
MongoDB Compass, to monitor, query, and visualize data
during the development process.

c. Version Control: Git was used for version control,
and the project was hosted on GitHub for collaboration.

VIIL DISCUSSION

The results indicate that Stockpile effectively reduces
inefficiencies in the supply chain. However, challenges
remain in terms of system scalability, particularly when
dealing with larger retail networks. Future work could
explore more robust machine learning models for demand
forecasting, as well as enhancements to ensure data privacy
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and security when sharing inventory information between
stakeholders.

Additionally, the implementation of Stockpile can be
further enhanced by integrating IoT (Internet of Things)
sensors for real-time tracking of stock levels in physical
stores. Blockchain technology could also be explored to
create a secure, decentralized ledger for managing
transactions between wholesalers, shopkeepers, and
customers, ensuring data integrity.

IX. VISUALIZATION OF PROJECT

To Visualize this project, we used ProjectLibre a
Software Project Management tool. ProjectLibre is open-
source Software, Developed by Marc O'Brien and Laurent
Chrettieneau [9]. In this report we have visualized the
project in Gantt Chart Diagram, Histogram Diagram,
Network Diagram, Work Breakdown Structure (WBS)
Diagram.

a. Histogram Diagram: A histogram displays the
distribution of a numeric variable by showing its values as
a series of bars.

Fig. 8.1 Histogram Diagram of Stockpile Project

b. Gantt Chart Diagram: The Gantt Chart shows task
with the start and end dates, Milestones, dependencies, and
assigned People.

Fig. 8.2 Gantt Chart Diagram of Stockpile Project

c. Network  Diagram: To view the tasks,
dependencies, and the critical path of a project scheduled,
the Network Diagram is used.
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Fig. 8.3 Network Diagram of Stockpile Project

d. Work Breakdown Structure (WBS): A systematic
breakdown of a project into components and formatted in a
way to show the flow of a project.

Fig. 8.7 WBS of Project Testing
X. CONCLUSION

This research demonstrates that real-time inventory
management systems, like Stockpile, can significantly
improve coordination between wholesalers, shopkeepers,
and customers. By leveraging predictive analytics and real-
time data, the system reduces stockouts and excess
inventory, ultimately enhancing the efficiency of the supply
chain. Future work could explore the integration of
blockchain technology to ensure secure, tamper-proof
inventory records and further improve transparency in
multi-tier systems.

The uniqueness of this research lies in its innovative
architecture, which leverages a hybrid forecasting model
(ARIMA and linear regression) to provide accurate stock
predictions, combined with seamless integration of
stakeholders via a user-friendly interface. Additionally,
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Stockpile showcases the application of state-of-the-art
frameworks such as Node.js, Next.js, and MongoDB, which
collectively ensure scalability, performance, and
robustness.  This  integrated  approach  surpasses
conventional models like EOQ and VMI by dynamically
adapting to demand fluctuations and reducing
inefficiencies.

End users across the supply chain stand to benefit
immensely from this project:

a. Wholesalers gain the ability to optimize stock
distribution based on real-time demand and avoid
overproduction, reducing holding costs.

b. Shopkeepers enjoy improved order fulfillment
rates and reduced stockouts, ensuring a seamless customer
experience.

c. Customers  benefit from greater product
availability, shorter wait times, and enhanced satisfaction
due to fewer instances of unavailability.
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Abstract---The dynamic nature of recruitment has
undergone a paradigm shift with the rise of online job
portals. This paper explores the design and
implementation of a job portal system to bridge the gap
between employers and job seekers by offering a robust
platform for job posting, application tracking, and
recruitment management. The system utilizes a three-
tier architecture comprising a React.js frontend,
Laravel backend, and MySQL database. It features
user-friendly interfaces, data analytics integration, and
role-based functionalities to cater to diverse user needs.
Through the adoption of agile methodologies, the
project emphasizes scalability, security, and
performance. Future scope includes integrating Al for
advanced candidate-job matching and data insights.

Keywords---Job ~ Portal, Recruitment,
Laravel, MySQL, Agile Methodology

React.js,

I. INTRODUCTION

The recruitment industry has undergone a significant
transformation due to technological advancements, with
traditional methods like newspaper ads and recruitment
agencies becoming increasingly inadequate in a
globalized, digitized workforce. Online job portals have
emerged as key platforms to bridge the gap between
employers and job seekers by providing a centralized
system for job postings, applications, and recruitment
management. These platforms streamline the hiring
process, allowing companies to post job listings and
receive applications, while job seekers benefit from the
ability to explore roles, customize applications, and track
their status in real-time.

However, existing portals face challenges such as limited
user engagement, inefficiencies in managing large
volumes of applications, and accessibility issues for users
with varying technical skills. The proposed job portal
project aims to address these issues by incorporating
modern web technologies like React.js, Laravel, and
MySQL. This three-tier architecture ensures scalability,
security, and a seamless user experience while supporting
high user volumes without performance degradation.

The portal integrates advanced features such as data
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analytics and Al-driven recommendations, which provide
actionable insights to employers for refining their
recruitment strategies. Personalized recommendations for
job seekers, advanced search filters, and mobile
accessibility  further enhance the platform's user
experience. The portal also ensures inclusivity by adhering
to Web Content Accessibility Guidelines (WCAG).

A user-centric design is central to the project, with
intuitive navigation, clear job category organization, and
interactive dashboards for both employers and job seekers.
Employers can efficiently manage job listings and
applications, while job seekers can create detailed profiles,
save searches, and receive notifications.

The job portal project follows an agile methodology,
allowing for continuous improvements based on feedback
and ensuring alignment with user needs and industry
standards. By utilizing best practices in web development,
such as modular coding, automated testing, and continuous
integration, the project enhances the portal’s reliability and
maintainability.

In conclusion, the job portal represents a significant
evolution in online recruitment, addressing existing
limitations and offering innovative features that improve
the hiring process. It promises to make recruitment more
efficient, inclusive, and effective for both employers and
job seekers, shaping the future of recruitment practices.

Il. LITERATURE REVIEW

The rise of online job portals has transformed recruitment
by replacing traditional hiring methods like newspapers
and recruitment agencies with digital platforms. These
portals offer broader accessibility, enabling connections
between employers and job seekers across various
locations and professional backgrounds. Studies show that
over 70% of job seekers now prefer digital platforms,
highlighting the growing trend towards online recruitment.
A key factor for success is user experience, with intuitive
navigation and features like job recommendations and
application tracking, which increase user engagement. Job
seekers benefit from personalized experiences, and
usability testing is essential for platform adoption.[3][5]
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Data analytics also plays a crucial role in improving
recruitment processes. By analysing user behaviour, job
preferences, and application trends, job portals offer
valuable insights that help employers refine job postings
and hiring strategies. Predictive analytics enables
organizations to forecast hiring demands, improving
workforce planning. However, challenges like application
fatigue, where high volumes of applicants cause delays,
persist. The reliance on automated Applicant Tracking
Systems (ATS) can also result in qualified candidates
being overlooked due to rigid filtering criteria.

Platform usability and accessibility remain a challenge for
job seekers, especially those unfamiliar with digital tools.
Inclusive design is necessary to ensure that platforms cater
to users with varying technical skills and abilities. Al and
machine learning are increasingly used to enhance job
matching accuracy and reduce bias in hiring decisions,
promoting diversity and inclusivity. Specialized portals
focusing on underrepresented groups are emerging to
further support equitable hiring.

Future advancements in job portals are expected to focus
on technologies like natural language processing for
smarter resume parsing, gamification to improve candidate
engagement, and virtual interview tools. In conclusion,
while job portals have revolutionized recruitment,
continuous innovation through Al, data analytics, and
user-centred design will shape more efficient, inclusive,
and effective platforms in the future.[4][9]

I11. SYSTEM DESIGN AND ARCHITECTURE

The job portal system is built on a three-tier architecture,
which enhances modularity, scalability, and security. The
Presentation Layer uses React.js, a JavaScript library, to
provide an interactive and responsive user interface. This
layer is responsible for handling user interactions,
rendering dynamic data, and displaying features such as
job search, application forms, and dashboards for both job
seekers and employers. The Application Layer, developed
with Laravel, manages the business logic and acts as the
middleware between the frontend and the database. It
handles authentication, authorization, input validation, and
processes requests using RESTful APIs. Role-based access
controls (RBAC) are implemented to ensure that users,
employers, and admins only have appropriate access.[5]

The Data Layer is powered by MySQL, a relational
database system, which stores user data, job postings,
applications, and logs. The database is designed using
normalization techniques to reduce redundancy and
optimize performance. It ensures scalability and can
handle high user concurrency. Data flows seamlessly from
the frontend to the backend and back, allowing efficient
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job searches and application processing.

Additional features like a Content Delivery Network
(CDN) are used for faster load times, particularly for
mobile users. Asynchronous background jobs handle tasks
such as sending email notifications and updating statuses,
reducing the real-time processing burden on the server.
The system is hosted on a cloud infrastructure, ensuring
high availability with load balancing and regular backups,
alongside disaster recovery protocols. Secure HTTPS
encryption is used to protect sensitive data.[2][8]
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Figure.l. System architecture diagram

The modular architecture allows for independent updates
to the frontend, backend, and database, reducing
maintenance risks and downtime. Future-proofing is also a
key consideration, with the potential to integrate Al-
driven features like personalized job recommendations and
employer analytics, ensuring adaptability to future market
trends. Overall, this system architecture provides a robust,
secure, and scalable solution for modern recruitment
needs.

IV.METHDOLOGY

The development of the job portal followed an agile
methodology, allowing for iterative design,
implementation, and testing. The first phase involved
comprehensive requirement analysis with input from
stakeholders, such as employers and job seekers, to
identify core functionalities like job postings, candidate
profiles, application tracking, and analytics. Key
challenges, such as scalability, security, and accessibility,
were also examined to ensure the system would be robust
and user-friendly.[7]

During the design phase, wireframes and mock-ups were
created to visualize the user interface and system flow.
Responsive design was prioritized to ensure compatibility
across multiple devices, including desktops, tablets, and
smartphones. The backend architecture utilized Laravel,
providing a modular framework for business logic,
authentication, and role- based access control. The
database schema was structured in MySQL, ensuring
normalization to prevent redundancy and maintain
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efficient queries.[6]

In the implementation phase, React.js was used for frontend
development, with state management handled by Redux
for efficient data flow across components. RESTful APIs
were developed to enable seamless communication
between the frontend and backend, facilitating real-time
data exchange. Key features, such as user registration, job
posting creation, application submissions, and notification
systems, were implemented incrementally, with frequent
integration and testing.

Security measures included hashing passwords and
implementing HTTPS encryption for data in transit. Input
validation and sanitization were integrated to protect
against vulnerabilities like SQL injection and XSS. Load
and stress testing were performed to ensure the system
could handle up to 1,000 concurrent users without
performance degradation.

Testing was carried out in multiple stages, including unit
testing, integration testing, and user acceptance testing
(UAT). Bugs identified during testing were addressed in
subsequent sprints, reflecting the agile methodology's
adaptability. Deployment utilized cloud-based
infrastructure with CI/CD pipelines for automated builds
and updates. A pre-launch smoke test was conducted to
verify core functionalities under production conditions.

In conclusion, the agile methodology facilitated the
creation of a scalable, secure, and user-centred job portal
that met stakeholder requirements. Continuous feedback
and iterative improvements ensured the platform's success
and its ability to adapt to future needs.

V. IMPLEMENTATION

The implementation of the job portal project followed a
structured approach, utilizing modern web technologies to
ensure a seamless user experience and robust
functionality. The frontend was developed using React.js,
chosen for its efficient rendering and component-based
architecture, which facilitated modular and reusable code.
The user interface prioritized simplicity and accessibility,
with features like job search, application forms, profile
management, and notifications for both job seekers and
employers. Job seekers could filter listings by keywords,
location, and job type, while employers managed postings,
tracked  applications, and communicated  with
candidates.[17]

The backend was built with Laravel, utilizing its MVC
architecture for better maintainability and separation of
concerns. Laravel handled user authentication, job posting
management, and application tracking, while supporting
role-based access control (RBAC) for administrators,
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employers, and job seekers. The backend exposed
RESTful APIs that the frontend used for performing
operations like posting jobs and submitting applications.
MySQL was used for the database, with a normalized
schema ensuring data integrity and optimized query
performance.

Security was a top priority, with password hashing via
Laravel’s b-crypt, HTTPS for secure data transmission,
and input validation to prevent SQL injection and XSS
attacks. The portal also included email verification for new
users. The system was deployed on a cloud server for
scalability, with CI/CD pipelines enabling automated
testing, integration, and deployment. Load balancing
ensured the system could handle up to 1,000 concurrent
users, with performance optimized through extensive user
acceptance testing (UAT) and iterative improvements
based on user feedback.

Future enhancements include integrating machine learning
algorithms for personalized job recommendations and
implementing advanced data analytics to help employers
make informed hiring decisions based on recruitment
trends, candidate demographics, and application statuses.

VI.RESULTS AND DISCUSSIONS

The job portal development has successfully met its
primary goal of creating a comprehensive, user-friendly
platform for both employers and job seekers. Key features
such as job posting management, real-time application
tracking, and analytics integration have greatly improved
recruitment efficiency for employers. The system
automates tasks like application status updates and
interview scheduling, streamlining the recruitment process
and saving valuable time for HR teams.

Job seekers benefit from an intuitive user interface,
customizable job searches with filters (e.g., location,
salary, job type), and notifications on their application
status, enhancing communication and reducing
uncertainty. Scalability tests confirmed that the system can
handle up to 1,000 concurrent users without performance
degradation, demonstrating the robustness of the
architecture built with React.js, Laravel, and MySQL.

Data analytics features offer significant value for
employers by providing insights into job posting trends,
candidate preferences, and recruitment strategies. This
empowers HR teams to optimize their hiring processes,
attracting better-fit candidates. However, challenges arose
with third-party tool integration, particularly email
notification delays during high traffic periods.
Customization limitations for unique job requirements
were also reported and will be addressed in future updates.
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Security measures such as password hashing, HTTPS
encryption, and role-based access control were
implemented, though further improvements in protection
against threats like SQL injection and XSS are planned.
Future features, such as Al-powered job matching and
enhanced machine learning algorithms, will refine
candidate recommendations and job searches.[18]

User feedback revealed mixed experiences, particularly
with the mobile version of the platform, which needs
optimization for better responsiveness and load times. This
will be prioritized in the next development phase to ensure
a more mobile-friendly experience, as an increasing
number of users access the portal via smartphones.

One of the most significant outcomes observed is the
reduction of the administrative burden on HR departments
through automation and analytics, making the recruitment
process faster and more efficient. Despite the success, the
portal is still evolving, with ongoing updates required to
address  emerging  challenges, improve  mobile
performance, and further enhance user experience.

In conclusion, the job portal has proven its effectiveness in
enhancing the recruitment process, with promising results
and areas for further improvement. Its scalability,
automation features, and analytics offer a competitive
advantage to employers, while continued development will
ensure it stays relevant and functional for both employers
and job seekers in a dynamic job market.[16]

VII.  CONCLUSION AND FUTURE SCOPE

The job portal system developed in this project effectively
addresses key challenges in the recruitment process by
leveraging modern technologies such as React.js, Laravel,
and MySQL. The platform offers a scalable solution for
managing job postings, applications, and user profiles,
providing a seamless experience for both job seekers and
employers. The user-friendly interface and robust backend
functionality allow job seekers to easily search, apply, and
track job applications, while employers can efficiently
manage postings, review applications, and communicate
with candidates. A major strength of the system is its data
analytics integration, providing valuable insights on job
posting effectiveness, applicant demographics, and hiring
trends, enabling employers to refine their recruitment
strategies.[14]

The platform has demonstrated strong performance,
handling a substantial number of concurrent users without
performance degradation, showcasing its scalability and
reliability. However, there are several avenues for future
enhancement. Integrating machine learning (ML) for
better job matching and personalized recommendations
could improve the job search experience for seekers and

employers. The addition of Al-powered chatbots would
automate candidate communication, providing real-time
updates and scheduling interviews.[11]

Further development of data analytics capabilities, such as
predictive analytics, could enable organizations to forecast
hiring trends and proactively address talent shortages. The
platform would also benefit from enhanced mobile
optimization, as well as adherence to WCAG accessibility
standards, ensuring it is inclusive for all users. From a
security perspective, regular updates to incorporate the
latest protocols, including two-factor authentication (2FA)
and advanced encryption, are crucial for protecting user
data. Additionally, expanding the platform to support
freelance and gig economy opportunities could further
broaden its scope, making it relevant to a wider range of
job seekers and employers. Future improvements and
innovations will be essential to maintaining the platform’s
relevance in an evolving job market, ensuring it remains
an effective tool for recruitment in the long term.

VIII. SUMMARY OF WORK

This project focuses on the design, development, and
implementation of a comprehensive online job portal to
bridge the gap between job seekers and employers. The
traditional recruitment methods, such as newspaper ads
and recruitment agencies, are becoming increasingly
inefficient, prompting the need for a more accessible, user-
friendly platform. The job portal offers a web-based
solution that allows employers to post job vacancies, track
applications, and communicate with candidates, while job
seekers can search for opportunities, apply for jobs, and
receive real-time updates.[18]

The platform leverages modern web technologies such as
React.js for the frontend, Laravel for the backend, and
MySQL for database management, ensuring a seamless
and scalable solution. The system provides features for
both employers and job seekers. Employers can manage
job postings, track applications, and schedule interviews,
saving time and resources. Job seekers can create detailed
profiles, apply for jobs, and track their application status.

The backend system is built with Laravel, offering
RESTful APIs for smooth communication and real-time
data exchange. The database stores critical data, including
user information, job postings, and applications. The
platform is designed using a three-tier architecture,
ensuring scalability, security, and modularity for future
enhancements, such as integrating machine learning
algorithms for personalized recommendations.[12]

The agile development methodology was used, ensuring

iterative development and continuous stakeholder
feedback. The system implements strong security
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practices, such as encryption, role-based access control,
and HTTPS for secure communication. Testing, including
load and security audits, ensured the system met
performance and security standards. User acceptance
testing provided valuable insights for refining the system
based on real-world feedback.

The job portal delivers significant benefits to both job
seekers and employers. Job seekers benefit from a
streamlined application process and personalized
recommendations. Employers gain from improved
recruitment efficiency and analytics that provide insights
into candidate demographics and application trends. The
platform’s scalable design allows for future improvements,
including  Al-powered features and third- party
integrations. This project represents a major step toward
modernizing recruitment and offering a secure, efficient
platform for talent acquisition in the digital age. The job
portal’s success lays the foundation for future
enhancements to the recruitment ecosystem.[14]
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Abstract---Increased motorcycle accidents highlight
the necessity for helmet compliance to reduce fatalities.
Traditional monitoring methods require huma
intervention and are prone to errors, especially i
urban areas with high traffic density. This study
proposes an automated system utilizing deep learning
to detect helmet usage and recognize number plates for
enforcing traffic regulations. The system integrates
YOLOvV5 for helmet detection and EasyOCR for
character recognition from number plates, aiming to
improve road safety by identifying and recording
traffic violations. Our model achieves a high mean
Average Precision (mAP) score, confirming its
robustness in real-time applications.

Keywords---YOLOV5, EasyOCR, Helmet Detection,
Number Plate Recognition, Deep Learning, Road
Safety.

INTRODUCTION

Motorcycle Accidents have been rapidly growing
throughout the years in many countries. The helmet is the
main safety equipment of motorcyclists. However, many
drivers do not use it. The main goal of helmet is to protect
the drivers head in case of an accident. In such a case, if
the motorcyclist does not use a helmet, it can be fatal. It is
not possible for traffic police force to watch every
motorcycle and detect the person who is not wearing a
helmet. There was need to propose an automated system
that monitors motorcycles and detects the persons wearing
helmet or not and a system to detect number plates. In
India, road accidents are increasing very rapidly and lots
of deaths occur due to head injuries as number of people
do not wear helmets. To avoid these actions, there is need
for a system that automatically detects the people who are
not wearing a helmet and a system that detects number
plates of the motorcycles and extracts the vehicle number
which would help find the motorcyclist to be penalize. By
doing this we propose that rate of accidents will reduce
and many lives will be saved.

OBJECTIVES

The primary objective of this project is to create a scalable
system for helmet detection and number plate recognition
in real-time, enhancing law enforcement capabilities. The

system seeks to: o

1. Automate helmet detection using object detection
models.
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2. Recognize and extract characters from vehicle
number plates.

Integrate seamlessly with existing law enforcement
systems to record and alert for traffic violations.

MOTIVATION

The motivation for this project is rooted in the high
incidence of motorcycle accidents, many of which result in
serious injury or death due to lack of helmet use. By
introducing an automated helmet detection and number
plate recognition system, this project seeks to address non-
compliance with traffic safety regulations and significantly
enhance road safety. Key motivations include:

. Enhanced Road Safety: Ensuring helmet use
reduces the likelihood of head injuries in accidents, and by
detecting non-compliance, the system helps reinforce
safety standards.

. Automated Law Enforcement: Automating
helmet and number plate detection reduces the workload
on traffic authorities and minimizes the need for constant
manual monitoring.

. Cost Efficiency: The system's automated
enforcement is more cost-effective over time, reducing the
need for additional personnel and potentially lowering
incidents of corruption linked to manual enforcement
processes.

RELATED WORK

Previous work in helmet detection and number plate
recognition has primarily utilized traditional image
processing techniques or machine learning models with
limited accuracy in diverse lighting conditions. Studies
using methods like background subtraction, Support
Vector Machines (SVM), and Gaussian models have
shown promise but suffer from sensitivity to
environmental changes. More recent implementations
leverage deep learning models such as YOLO and R-CNN
for enhanced accuracy.Following details covered a
literature survey from given references:

Helmet Detection
. J. Chiverton (2012)

Method: Used background subtraction and Support Vector
Machine (SVM) with a linear kernel.
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o Findings: Able to detect helmets by
focusing on the head area of bikers.

o Limitations: Struggled with changes in
lighting and environmental conditions.

. Z. Chen (2012)

o Method: Applied Multi-dimensional

Gaussian Kernel Density Transform and Gaussian mixture
model.

o Findings: Enhanced detection by
adapting to different backgrounds.

o] Limitations:  Sensitivity to lighting
changes and environmental variations affected accuracy.

. K. Dahiya (2016)

o] Method: Used multiple Gaussian models
to improve helmet detection.

o Findings: Improved results by handling
lighting variations.

o] Limitations: Sometimes misidentified
objects that were not helmets.

. Shaoqing Ren et al. (2015)

o] Method:  Employed  Region-based

Convolutional Neural Networks (R-CNN).

o] Findings: More accurate and faster
detection than earlier methods.

o] Limitations: Required significant
computational resources and time.

. A. Adil (2021)

o] Method: Utilized Faster R-CNN with a

Region Proposal Network (RPN) for helmet detection in
two phases.

o] Findings: Improved detection accuracy
by focusing on head region and helmet.

o Limitations: Computationally complex,
challenging for real-time applications.

. Ritik Singh (2021)

o] Method: Used Detectron2 with masked
annotations to improve helmet detection.

o Findings: Effective even when helmets
were partially hidden (occlusions).

o Limitations: Sometimes misidentified
bald heads as helmets.

. Sieberta (2019)

o] Method: Combined Single Shot Detector

(SSD) with YOLO and Faster R-CNN elements.

(o] Findings: Achieved high accuracy and
fast detection.

o] Limitations: ~ Algorithm  complexity
made it hard to implement.

. Abhinu C G et al. (2021)

(o] Method: Used YOLOvVS on the COCO
dataset for real-time object detection.

(o] Findings: High accuracy and effective
real-time detection.

(o] Limitations: Required significant
computational resources.

. Fan Wu, Guoquing Jin (2019)

o] Method: Enhanced YOLOV3 for helmet
detection using grid-based object detection.

o] Findings: Improved helmet detection
speed and accuracy.

o] Limitations: Sensitive to changes in the
background and lighting.

Number Plate Recognition

. C. Patel, D. Shah, A. Patel (2013)

o] Method: Used Optical Character
Recognition (OCR) with binarization and edge detection.
o] Findings: Effective in converting images
to text with OCR.

o] Limitations: High computational cost
and errors in poor lighting.

. Yonten J. et al. (2020)

o] Method: YOLOvV2 combined with

Automatic Number Plate Recognition (ANPR).

o] Findings: Accurately detected and
recognized number plate characters.

o] Limitations: Slower processing speed in
low-light conditions.

. Tushar Goel et al. (2020)

o] Method: Used Python-Tesseract OCR
tool for text recognition.

(o] Findings: Efficient at recognizing text
on number plates.

o Limitations: Performance varied
depending on lighting and font types.

. Thanga Sami (2021)

o Method:  Compared  TesseractOCR,
EasyOCR, and KerasOCR for number plate recognition.

(o] Findings: EasyOCR was lightweight and
accurate under various conditions.

o] Limitations: Limited testing in real-
world scenarios

o] METHODOLOGY
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. Capture Image & video : Capturing real-time
video footage using cameras. Collecting images or video
frames of vehicles.

. Label Data: label the datasets with images.

. Pre-processing: Enhancing image quality through
techniques like filtering and normalization.

. Detect Riders: Use deep learning models to
identify motorcyclists from collected images and videos.

. Classify Helmets: Implement YELOs to

determine if a rider is wearing a helmet.

Capture Images or
Videos

Label data Preprocess data

Classity Helmets

Evaluate model

. Train Models: Gather labeled datasets, pre-
process them, and train the models using appropriate
algorithms.

. Evaluate  Models:  Assess the models'
performance using metrics like accuracy, precision, and
recall.

. Deploy System: Integrate the trained models into
a real-time monitoring system.

. Trigger Alerts: Set up the system to generate
alerts for law enforcement when a rider without a helmet
is detected or when a number plate matches a database
entry.

OTHER NOTABLE WORKS:

Shaoqing Ren et al. (2015): Faster R-CNN has been
pivotal in deep learning for object detection due to its two-
stage process, which combines region proposal with CNN-
based classification for improved accuracy

Sieberta (2019): Applied SSD, merging YOLO’s bounding
box regression with Faster R-CNN’s anchor boxes,
creating a highly accurate, fast model suited for real-time
applications

Abhinu C G (2021): YOLOvS demonstrated exceptional
results on COCO, indicating its strength in real-time
detection where speed and accuracy are required, making
it ideal for helmet and number plate detectio Thanga Sami
(2021):  Comparative  analysis of TesseractOCR,
EasyOCR, and KerasOCR concluded EasyOCR’s high
performance across diverse conditions, provingit a
versatile tool for text recognition on number plates.
SUMMARY OF RELATED WORK

Most existing models for helmet detection rely on deep
learning techniques like YOLO, SSD, and R-CNN due to
their accuracy and real-time performance capabilities.
While models like YOLOvS and Faster R-CNN have
shown high detection rates, challenges persist with
computational demands and sensitivity to lighting and
environmental conditions. Detectron2 and EasyOCR have
been instrumental in handling occlusions and varying light
conditions, respectively, enhancing helmet detection and
number plate recognition accuracy.

Despite these advancements, issues remain, especially
with the models' complexity, which can hinder scalability
and real-time application in diverse environments. Future
work aims to address these limitations by improving
model efficiency and adaptability, making such systems
more reliable for road safety applications.

PROPOSED WORK
The proposed system consists of a multi-stage pipeline:

1. Image Capture and Preprocessing: Surveillance
footage is preprocessed to ensure uniformity in resolution
and clarity.

2. Helmet Detection with YOLOvS: YOLOvVS detects
whether the motorcyclist is wearing a helmet by
analyzing object boundaries.

3. Number Plate Recognition with EasyOCR:
Recognized number plates are processed to extract
characters for identification, ensuring readability in
diverse lighting conditions.

The proposed system integrates two main functionalities—
helmet detection and number plate recognition—into a
single architecture, utilizing advanced deep learning
methods for real-time performance and accuracy. The
system flow includes footage capture, detection of
motorcyclists, helmet verification, and number plate
recognition.

1. System Overview

The proposed system captures live video footage from
CCTV or other surveillance sources. It uses a multi-stage
processing pipeline to identify motorcyclists, verify helmet
use, and recognize number plates. This approach provides
law enforcement with an automated, real-time violation
detection and recording system, which is particularly
effective in high-traffic areas.

2. Helmet Detection Using YOLOVS
The core of the helmet detection model is based on the
YOLOvVS (You Only Look Once, version 5) algorithm,
known for its fast and accurate object detection
capabilities. YOLOvVS is well-suited for real-time
applications because it processes images quickly while
maintaining high accuracy, making it ideal for traffic
monitoring. YOLOVS is configured to detect helmets by
focusing on the head region of detected motorcyclists.
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3. Object Detection with YOLOvVS: The YOLOvVS

model is trained to detect motorcyclists and differentiate
between helmeted and non-helmeted riders. YOLOVS’s
grid-based detection approach enables efficient detection
of objects (motorcyclists) in various orientations, lighting
conditions, and distances from the camera.

Bounding Box Detection: YOLOvVS5 generates bounding
boxes around detected objects (motorcyclists) and their
respective helmets, if present. This allows the system to
automatically identify motorcyclists without helmets and
capture necessary evidence for enforcement.

4. Number Plate  Recognition Using OCR
The number plate recognition module is based on
EasyOCR, a lightweight and accurate Optical Character
Recognition (OCR) tool that supports various languages
and fonts. EasyOCR extracts alphanumeric characters
from the number plates detected within the same frame as
the motorcyclist.

Region of Interest (ROI) Extraction: After a motorcyclist
without a helmet is detected, the system locates the
vehicle's number plate within the frame.

YOLOVS's object detection capabilities help isolate the
number plate region.

Text Extraction with EasyOCR: Once the number plate is
detected, EasyOCR is applied to extract the characters
from the plate. The OCR tool is trained to handle varying
fonts, sizes, and lighting conditions to ensure reliable text
recognition. SYSTEM WORKFLOW

The system follows a structured workflow to achieve
helmet and number plate detection with high accuracy and
efficiency:

. Step 1: Video Capture and Preprocessing
Surveillance cameras provide continuous video feed,
which is processed frame-by-frame. Preprocessing steps,
including adaptive background subtraction, help isolate
moving objects (vehicles, motorcyclists).

. Step 2: Motorcyclist Detection

The system uses YOLOVS to identify motorcyclists within
each frame. Non-motorcyclist objects are discarded at this
stage.

. Step 3: Helmet Verification

For each motorcyclist detected, the system checks the
upper part of the bounding box (head region) to determine
if a helmet is present. The helmet verification is handled
by a trained CNN classifier, which operates based on
feature extraction from this region.

e  Step 4: Number Plate Recognition

If a motorcyclist is detected without a helmet, the system
activates the number plate recognition module. EasyOCR
is used to read and log the number plate, enabling
enforcement actions like fines or alerts to be generated.
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Figure : System Architecture
MODEL TRAINING AND FEATURE EXTRACTION

e Data Preparation: The model is trained on a dataset
comprising images of helmeted and non-helmeted
motorcyclists under various conditions. Additionally,
images with different number plate formats, fonts, and
lighting conditions are included to ensure robustness.

e Training YOLOVS: YOLOVS is fine-tuned to detect
motorcyclists and their helmets in diverse scenarios, using
a combination of positive and negative samples to enhance
accuracy.

e  Feature Extraction with CNN: For helmet detection, a
CNN classifier analyzes features in the head region,
differentiating helmets from other objects. The CNN
model uses transfer learning to leverage pre-existing
knowledge from large image datasets, allowing for more
accurate helmet classification.

INTEGRATION AND ALERTING SYSTEM

Once the system detects a helmet violation and recognizes
the number plate, an alert is generated. This alert could be
in the form of real-time notifications to law enforcement
or automatic logging of the violation details, including the
image and detected number plate. Integration with existing
law enforcement databases allows for quick access to
vehicle owner information, streamlining the process of
issuing fines or warnings.

ADVANTAGES OF THE PROPOSED MODEL
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The proposed model offers several advantages oves
traditional manual monitoring and simpler object detection
systems:

. Efficiency: The YOLOvV5 model’s speed enables
real-time processing, essential for high-traffic areas.

. Accuracy: The dual-layer verification (YOLOvVS
for object detection and CNN for helmet verification)
minimizes false positives.

. Cost-Effectiveness: By automating the detection
process, the system reduces the need for extensive human
resources.

. Scalability: The model can be scaled across
multiple CCTV networks, enhancing its applicability for
large urban areas.

This system represents a significant advancement in
automated traffic monitoring, with the potential to greatly
reduce helmet-related fatalities and enforce traffic
regulations effectively. Future developments may include
enhancements to improve performance in extreme weather
conditions, additional object detection capabilities (such as
multiple passengers), and potential adaptations to handle
multi-lane traffic scenarios.

ALGORITHMS STUDY

In this proposed project on "Deep Learning-Based Helmet
Detection and Number Plate Recognition for Road
Safety," the primary algorithms used are YOLOvV5 for
helmet detection and EasyOCR for number plate
recognition. Below are detailed explanations of each
algorithm and why they are well-suited for this project.

1. YOLOV5S (You Only Look Once,V5) for Helmet
Detection

Overview

YOLOvVS is a state-of-the-art deep learning model
designed for fast, accurate object detection. As an
improvement over earlier versions (YOLOv1-YOLOvV4),
YOLOVS offers better performance in terms of speed and
accuracy. This makes it ideal for real-time applications
where immediate results are essential, such as traffic
surveillance for helmet detection.

Key Features of YOLOV5

. Real-time Processing: YOLOVS can process
video frames at high speeds, making it ideal for real-time
applications in traffic monitoring.

. Single-Stage Detection: YOLOVS is a single-
stage object detector, meaning it simultaneously classifies
and localizes objects within a single network pass. This

enables faster detection than traditional two-stage
detectors like R-CNN or Faster R-CNN.
. Grid-Based Detection: YOLOvS5 divides the

image into a grid and predicts bounding boxes and class
probabilities directly from each grid cell, making it
efficient in detecting objects even in cluttered or dynamic
environments.

Lightweight Model Architecture: YOLOVS’s architecture
is relatively lightweight compared to other deep learning
models, enabling deployment on devices with limited
computational power, such as edge devices.

HOW YOLOV5 WORKS FOR HELMET
DETECTION

I. Image Input and Preprocessing: The input image
is resized and normalized before feeding into YOLOVS.
This preprocessing step ensures consistency across various
video frames.

2. Feature Extraction: The backbone of YOLOVS,
typically a CNN-based structure, extracts features from the
input image. This involves several convolutional and
pooling layers that help identify distinct features like
edges and textures.

3. Bounding Box Prediction: The network predicts
bounding boxes around detected objects (e.g.,
motorcyclists and helmets). It also assigns confidence
scores, indicating the likelihood that the detected object
matches the helmet class.

4. Non-Max Suppression (NMS): To refine
predictions, YOLOVS uses non-max suppression, which
removes redundant bounding boxes, ensuring only the
most accurate predictions remain.

5. Helmet Classification: Once a motorcyclist is
detected, YOLOVS checks for the presence of a helmet. If
no helmet is detected on the rider, it triggers the number
plate recognition module.

Benefits of YOLOVS5 for Helmet Detection

. High-speed processing makes it suitable for real-
time detection.

. Robust to varying lighting and environmental
conditions, making it reliable in outdoor settings.

. Ability to handle diverse viewpoints and object
scales within a single model.

Easyocr For Number Plate  Recognition Overview
EasyOCR is a deep learning-based Optical Character
Recognition (OCR) tool designed for text recognition in
images. It is lightweight, flexible, and performs well on
various text formats and languages, making it an ideal
choice for recognizing number plates under diverse
conditions.

Key Features of EasyOCR

. Multilingual and Multi-font Support: EasyOCR is
trained on multiple languages and fonts, making it
versatile for number plate recognition.

. Lightweight: EasyOCR is less resource-intensive
compared to traditional OCR tools, allowing it to operate
effectively on devices with limited processing power.

e Pre-trained Model: EasyOCR wuses a pre-trained
model based on convolutional and recurrent layers,
making it fast and accurate without the need for
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extensive re-training.
How EasyOCR Works for Number Plate Recognition

1. Region of Interest (ROI) Detection: EasyOCR first
identifies the region where the number plate is
located, based on YOLOVS’s detection output.

2. Image Preprocessing: To improve recognition
accuracy, EasyOCR applies preprocessing steps like
resizing, binarization, and contrast adjustment, which
enhance text clarity.

3. Character Recognition: The core OCR model in
EasyOCR uses a combination of convolutional neural
networks (CNNs) for feature extraction and recurrent
neural networks (RNNs) for sequence processing,
which helps recognize characters sequentially.

4. Post-processing: EasyOCR uses a language model to
refine character recognition, ensuring higher accuracy
for alphanumeric text on number plates.

Benefits of EasyOCR for Number Plate Recognition

e High accuracy across diverse fonts, sizes, and
backgrounds commonly seen on number plates.

o Efficient text extraction, even under poor lighting
conditions, thanks to effective preprocessing.

e  Minimal training required for adaptation, allowing for
quick deployment.

SUPPORTING TECHNIQUES IN THE PROPOSED
SYSTEM

While YOLOvVS and EasyOCR are the main algorithms, a
few supporting techniques are also employed for data
preprocessing, feature extraction, and system integration.

Adaptive Background Subtraction for Preprocessing

Overview

Background subtraction is a technique used to separate
foreground objects (motorcycles) from the background. It
is essential for traffic monitoring systems to filter out
irrelevant information and focus on moving objects.

Steps in Background Subtraction

e Model Initialization: A background model is
initialized based on the initial frames of the video
feed.

e Foreground Extraction: As new frames are captured,
the algorithm identifies the difference between the
current frame and the background model, marking
moving objects as the foreground.

e Update Background Model: To handle changes in
lighting and environmental conditions, the
background model is continuously updated.

Benefit: Background subtraction helps isolate relevant
objects in the frame, reducing computational load and
improving the efficiency of the YOLOvVS5 model in
identifying motorcyclists and helmets.

COMBINED ALGORITHM WORKFLOW IN THE
PROPOSED SYSTEM

The proposed system combines YOLOv5 and EasyOCR in
a multi-stage workflow, each stage enhancing detection
accuracy and efficiency.

I. Stage 1: Background Subtraction
Background subtraction isolates moving objects, reducing
irrelevant data and focusing the YOLOvVS5 model on
motorcyclists and helmets.

2. Stage 2: YOLOvS5 for Helmet Detection
YOLOV5 detects motorcyclists and checks for the
presence of helmets in the identified head regions. For
motorcyclists without helmets, the system triggers the next

stage.

Background Subtraction

v
YOLOVS for Helmet
Detection

v
EasyOCR|for Number

Plate Recognition

|

Figure: Flowchart Proposed System

3. Stage3:EasyOCR for Number Plate Recognition:
EasyOCR identifies and reads the characters on the
number plate of the violating motorcyclist, allowing the
system to record the license plate details for enforcement
actions.

This combined use of YOLOvVS and EasyOCR, supported
by background subtraction, creates an efficient, accurate,
and cost-effective solution for automated traffic
monitoring. This system addresses the limitations of
traditional enforcement methods and offers a scalable
solution for improving road safety.

CONCLUSION

The proposed deep learning-based system for helmet
detection and number plate recognition addresses the
critical need for automated traffic monitoring to improve
road safety. Leveraging the YOLOVS algorithm for helmet
detection and EasyOCR for number plate recognition, this
system effectively identifies motorcyclists without helmets
and extracts their license plate information for
enforcement purposes. By automating the detection
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process, this approach reduces the burden on law
enforcement personnel, minimizes human error, and offers
a cost-effective, scalable solution for traffic safety
enforcement.

This system demonstrates notable advantages, including
real-time processing, high accuracy, and resilience to
diverse environmental conditions, making it well-suited
for deployment in high-traffic urban areas. The integration
of adaptive background subtraction further enhances
efficiency by isolating moving objects, allowing the model
to focus on relevant entities in the video feed.

In summary, this solution has the potential to significantly
improve compliance with traffic regulations, reduce
accident-related injuries, and contribute to safer roads.
Future enhancements may include optimizing the system
for extreme weather conditions, improving detection in
multi-lane traffic scenarios, and expanding its capabilities
to monitor additional safety violations.This project
represents a substantial step forward in utilizing Al for
automated road safety and traffic management systems.
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Abstract---The rapid advancement in drone technology
has opened new frontiers in surveillance, enabling
enhanced monitoring and data collection capabilities in
real-time. This project focuses on the development and
deployment of an e-surveillance drone system aimed at
improving security, monitoring, and response
capabilities in various sectors such as law enforcement,
environmental protection, and disaster management.
The drone is equipped with advanced sensors, high-
definition cameras, and real-time data transmission
systems that allow for remote monitoring across large
areas.

The project integrates Al-powered object detection
and anomaly recognition algorithms, ensuring that the
system can autonomously identify and report
suspicious activities or changes in the environment.
The drone’s lightweight design, GPS navigation, and
long battery life make it suitable for both urban and
remote operations. The system’s scalability and
adaptability provide a versatile solution for a wide
range of applications, from border surveillance to
traffic management, offering enhanced situational
awareness and improved decision-making capabilities
for security forces and other stakeholders. [6] This
project aims to demonstrate how autonomous e-
surveillance drones can significantly reduce the time
and manpower required for effective monitoring while
improving accuracy and response times.

Keywords---UAV, GPS navigation, e-surveillance
drones, Facial Recognition, Radio Frequencies, sensor,
Autonomous or Manual, environmental monitoring
Fast Ser, Live Tracking, 24/7 Availability

I. INTRODUCTION

Powered by Raspberry Pi 5, ECHO redefines
UAYV reconnaissance. Despite its modest hardware, ECHO
excels in real-time object detection making. This
innovative integration showcases the potential of cost-
effective UAV solutions, making ECHO an invaluable
asset for enthusiasts, researchers, and small-scale

operations seeking advanced reconnaissance
capabilities.[1][2] Surveillance has always been a
critical component of security, public safety, and
operational efficiency in various sectors, including law
enforcement, infrastructure  monitoring,  wildlife
protection, and disaster management. Traditional
surveillance methods, which rely

heavily on stationary cameras and manual patrolling,
are often limited in coverage and response capability,
especially over large or remote areas. [1][4] The
growing need for more flexible, efficient, and
autonomous monitoring solutions has led to the rise of
e-surveillance drones, which are widely adopted in
numerous industries and applications worldwide.

This project focuses on the design,
development, and deployment of an advanced e-
surveillance drone system capable of providing real-
time monitoring over vast areas. Equipped with high-
resolution cameras, thermal imaging, and environmental
sensors, these drones are able to capture and relay
crucial data to command centres for rapid decision-
making. [3][6] Furthermore, artificial intelligence (Al)
integration allows the system to autonomously detect
and analyse anomalies, such as unauthorized access,
unusual activity, ensuring a proactive approach to
security and monitoring.

The adaptability of e-surveillance drones
makes them highly versatile, with applications ranging
from urban areas monitoring traffic, infrastructure, and
public events to more remote regions, where they can be
used for border surveillance, wildlife protection, or
disaster response. Their ability to cover large areas
quickly, operate in challenging environments, and
provide real-time data has made them an indispensable
tool across industries globally. [4]

In this project, we will explore how e-
surveillance drones can transform monitoring and
response operations, offering enhanced efficiency,
accuracy, and safety across a wide range of
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applications. From securing public spaces and critical
infrastructure to assisting in rescue operations and
environmental monitoring, the project demonstrates the
widespread potential and impact of e-surveillance drones
in modern society. [6][7]

A.  Objectives

The  drone
following

1) Autonomous  Navigation:
operates  autonomously,
programmed flight paths

pre-

or dynamically adjusting to events. The flight paths are
planned using Al-based algorithms. [6]

2) Object Detection and Recognition: Using machin
learning models (Convolutional Neural Networks),
the drone can identify various objects, including
people, vehicles, or animals. It differentiates between
normal behaviour and anomalies (e.g., suspicious
gatherings or unauthorized access). [7]

3) Data Transmission and Communication Systems: Th%)
drone continuously transmits live data such as high-
definition video, environmental readings, and
metadata back to a control centre or cloud server for
analysis and decision-making. [5]

4) Control Centre and Remote Monitoring: The e-

surveillance drone is controlled and monitoreqla

through a centralized command centre. Operators
have access to a user-friendly interface that displays
live data streams and allows them to make real-time
decisions. [5]

5) Data Security Testing: Conduct penetration testing
to ensure that the drone’s communication and data
transmission systems are secure against unauthorized
access or hacking attempts. [5]

6) Multi-Drone Coordination (Swarm Technology):
For larger operations, the system can be scaled to include
multiple drones working together. This phase involves
configuring multiple drones to coordinate their activities
and share data. [8]

Il. LITERATURE SURVEY
A. Existing Systems

1) Autonomous Surveillance Drone (Massachusetts
Institute of Technology, 2019): This project developed a
semi-autonomous drone system capable of patrolling
specific routes and capturing live video for security
purposes. It relied on manual remote control for real-time
monitoring and lacked advanced Al-based threat detection.

[7]

2) Smart Security Drone for Campus Surveillance
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(Stanford University, 2020): The project implemented a
drone equipped with basic image processing and Wi-Fi-
based alert systems. It could detect motion and send
alerts but required an operator to control its flight path.

(8]

3) Al-Powered  Surveillance UAV (Indian
Institute of Technology, Delhi, 2021): This system
integrated Al algorithms for real-time detection of
intrusions and abnormal activities using a drone. The
drone followed a pre-defined route but had no
autonomous decision-making capabilities for flight
adjustments. [7]

Wireless Surveillance Drone with Automated Control
(University of California, Berkeley, 2018): This project
presented a drone with wireless connectivity for live
data transmission. While it offered automated control
for take-off and landing, it lacked full autonomy and
real-time alert capabilities. [5][7]

Surveillance UAV for Industrial Monitoring (National
University of Singapore,2022): Focused on industrial
applications, this project developed a UAV for
monitoring pipelines and large facilities. It used thermal
cameras for anomaly detection but required human
oversight for decision-making. [4][2]

Comparative Analysis

TABLE |I: COMPARATIVE ANALYSIS

Feature Strengths Gaps

IAutonomous
Navigation

Drone flies|Initial setup
autonomously over alrequires precise
mapped area withoutimapping of  the
manual control. area.

Fully  autonomous|
with dynamic
obstacle avoidance.

[7]

Detects  malicious|High computational
activities in real timefrequirement ~ may
using advanced Aljimpact drone’s
models.  Accuratejbattery life.

and efficient]
detection using deep|
learning models. [8]

IAl-Based
Threat
Detection
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Real-Time  |Sends real-timefAlerts  rely  on
Alert alerts to thelstable network
Mechanism [administrator ~ withjconnectivity.

live video or image
evidence. Immediate
notifications via
multiple  channels
(SMS, email, mobile,

app). [6]

Coverage Covers large areas|Battery constraints
Area with dynamicfmay limit flight
patrolling and pathitime for extremely|
adjustment.  Broad|large areas.

and flexible
coverage,  suitable
for large-scale|

applications. [4]

Scalability  [Supports  multiple[Coordination of

drones workingmultiple drones
collaboratively  tolmay require robust
monitor largejnetwork

regions. Scalablelinfrastructure.
solution for|

industrial, campus,

and city-wide

surveillance. [3]

it n identify suspicious behaviour, unauthorized access, or
potential security threats in real time. Upon detecting any
such activity, the system immediately sends alerts to the
administrator through multiple channels, such as SMS,
email, or a dedicated mobile app, ensuring timely
response. [4][5]

Additionally, the drone is integrated with an
automated power management system that enables it to
return to a docking station for recharging when the battery
is low, ensuring continuous operation without manual
recharging. Its weather-resistant design ensures reliable
performance in varying environmental conditions, making
it suitable for outdoor and large-scale applications. By
offering features like autonomous navigation, real-time
alerts, and scalability for multi-drone coordination, the
proposed e-surveillance drone system addresses key
challenges in modern surveillance, providing a smart,
reliable, and cost-effective security solution.

I11. PROBLEM DEFINITION A

A. Need for Autonomous Surveillance in Large Areas:
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There is a growing demand for an autonomous
surveillance system that can monitor large areas
efficiently without manual intervention. [5][7]

B. Timely Threat Detection and Response: Quick
detection and alerting of malicious activities are crucial
for effective security. [8]

C. Continuous  Operation  Without = Manual
Recharging: Surveillance systems need to operate
continuously without frequent downtime for charging.

(5]

D. Efficient Communication and Data Security:
Ensuring secure and real-time communication of
surveillance data is critical for prompt decision-making.

(8l

E. Scalable Multi-Drone Coordination: EXisting
solutions Large-scale surveillance often requires
multiple drones to work together effectively. [8]

V. PROPOSED SYSTEM

The proposed e-surveillance drone system
aims to provide an efficient and fully autonomous
solution for monitoring large areas, identifying
malicious activities, and instantly alerting the concerned
authorities. The drone is designed to autonomously fly
over a pre-mapped area without requiring manual
control, ensuring comprehensive surveillance coverage
with minimal human intervention. Equipped with
advanced Al-based threat detection algorithms,

i
g

——
Drone with camera ’ (@ Data transmitted to
== | Authgrities

K
%ﬁ ?’é | Data Analysis Software
q

)
[

Raspberry pi with
nera module
Database

Figure 1: System Architecture

he diagram presents an integrated surveillance
solution aimed at enhancing security monitoring,
utilizing drone technology and computer vision for
automated detection of suspicious activities. The
system consists of several key components: drones with
attached cameras, a Raspberry Pi-based camera module,
data analysis software, a database for storing the
collected information, and a communication link to
transmit data to authorities.

Drones with camera

The first element in the diagram is a drone
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equipped with a camera. Drones provide a mobile and
versatile platform for capturing aerial footage, covering
large areas, and monitoring remote or difficult-to-reach
locations. The camera mounted on the drone plays a
critical role by continuously capturing video data from the
environment. [4]

Drones can be deployed in various security
scenarios, such as monitoring public events, securing
critical infrastructure, or patrolling high-risk zones. Their
mobility allows for dynamic surveillance, making them
more efficient than static camera systems. [4]

B. Data Analysis Software

At the heart of the system is the data analysis
software. This software processes the video and images
captured by both the drone and the Raspberry Pi module,
using object detection algorithms. These algorithms
identify and classify objects in the field of view of the
cameras, detecting potential threats or unusual behaviour.
Object detection models are typically based on machine
learning or deep learning techniques, such as
convolutional neural networks (CNNs), which can be
trained to recognize specific objects, movements, or
patterns that indicate malicious activity.

Once an anomaly is detected such as the presence
of unauthorized individuals, vehicles, or suspicious objects
the software triggers an alert. The data analysis phase is
crucial for ensuring the reliability and accuracy of the
surveillance system. It filters out irrelevant data while
focusing on activities that require attention, minimizing
false positives and ensuring timely responses to actual
threats.

C. Database

Finally, the information collected from the drones
and Raspberry Pi cameras is stored in a database. This
database serves as a central repository for all surveillance
footage, alerts, and related data. Having a structured)
database allows for future reference, analysis, and
reporting. It enables historical analysis of events, patterns
in activities, and performance monitoring of thg
surveillance system. Additionally, the database can be
used for auditing purposes or to provide evidence in Iegap
proceedings when necessary. [6][7] [8]

E. Featuresin TE ECHO

1) Autonomous Navigation: The drone can fly over
a pre-mapped area autonomously without the need for
manual control. It follows a pre-defined path while
dynamically avoiding obstacles in real-time. [7]

2) Al-Based Threat Detection: Equipped with
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advanced Al algorithms, the drone can detect malicious
or suspicious activities, such as unauthorized intrusions,
abnormal behaviour, or tampering with restricted areas.

(8]

3) Real-Time Alert System: When a potential
threat is detected, the system immediately sends real-
time alerts to the administrator via SMS, email, or a
mobile application. Alerts include live video or
snapshots for quick verification. [6]

4) Automated Power Management: The drone
has an automated docking and charging mechanism. It
returns to the docking station when the battery is low,

recharges itself, and resumes its operation once fully
charged. [5]

5) Secure Data Transmission: All data, including
video streams and alerts, are transmitted using
encryption protocols to ensure security and prevent
unauthorized access. [8]

V.  METHODOLOGY
A. Development Approach: Agile Methodology

The Agile Model is selected for developing the
e- surveillance drone system due to its iterative and
flexible approach. Agile allows for continuous feedback

and incremental  development, ensuring that
improvements can be made at each stage:
1) Sprints: Two-week sprints to ensure rapid

development and feedback.

2) Use Case Scenarios: Requirements were
gathered by identifying key use case scenarios that
describe specific interactions between the drone system
and the user (administrator). These scenarios were
prioritized and implemented incrementally across
sprints.

Continuous Testing: Testing was integrated throughout
the development cycle, ensuring that features were
delivered with minimal bugs.

Algorithm Integration

Autonomous Navigation Algorithm: The Autonomous
Navigation Algorithm is fundamental for the drone's
ability to fly independently over a pre-mapped area.
This algorithm employs the (a popular pathfinding
algorithm) to determine the shortest, most efficient path
from the drone’s starting point to its destination. While
navigating, the drone continuously monitors its
environment using sensors like ultrasonic or LiDAR to
detect obstacles. When an obstacle is encountered, the
algorithm recalculates a new path to avoid the
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obstruction, ensuring the drone can proceed smoothly
without manual intervention. This ensures continuous,
autonomous movement across large surveillance areas,
with the drone adapting to changes in its environment in
real-time. [7]

2) Al-Based Threat Detection Algorithm: The Al-
Based Threat Detection Algorithm leverages deep learning
techniques to detect suspicious activities or threats during
surveillance. [7][8]

Using a model like YOLOvV5 (You Only Look
Once), the algorithm processes the real-time video feed
from the drone's camera to identify objects or activities
such as intruders, vehicles entering restricted zones, or
other anomalies that deviate from normal behaviour.
YOLOV5 is particularly suited for real-time object
detection, providing high accuracy in identifying threats
while minimizing processing delays. Once a potential
threat is detected, the system triggers an alert, ensuring
that security personnel are informed immediately and can
take swift action.

3) Real-Time Alert System Algorithm: Upon
detecting a threat, the Real-Time Alert System Algorithm
ensures that notifications are promptly sent to the relevant
authorities. This algorithm operates by first adding the
threat to a message queue. The alert is prioritized and,
based on the urgency, is routed to the appropriate
communication channels such as SMS, email, or a mobile
app notification.

The message includes critical details such as live
video or images from the drone, providing the
administrator with real-time information to assess the
situation. [5][7] The system ensures that no alerts are
missed, and the priority system ensures that the most
urgent threats are addressed first.

4) Automated Return to Docking Station
Algorithm: The Automated Return to Docking Station
Algorithm is essential for managing the drone’s power
efficiency and ensuring it can operate continuously. When
the drone’s battery level falls below a predefined
threshold, the algorithm activates the return-to-dock
procedure. The drone then uses the A algorithm to
autonomously navigate back to the nearest docking station.

This ensures that the drone can recharge without
manual intervention, allowing for continuous surveillance.
[51[7] The drone is programmed to stop at the docking
station, recharge its battery, and then resume its patrol
once fully charged, maintaining long-term operation
without user oversight.

5) Multi-Drone Coordination Algorithm: The Multi-

Drone Coordination Algorithm is designed for
environments where multiple drones are deployed
for large-area surveillance. This algorithm
coordinates the tasks and flight paths of multiple
drones to avoid overlap, ensuring efficient coverage
of the surveillance area. [8] Using a centralized
coordination system, each drone is assigned
specific regions to monitor, while the distributed
path planning ensures that drones do not interfere
with one another.

Each drone uses its navigation algorithm to
determine its flight path, but the system continually
shares information between drones, adjusting paths if
necessary to avoid collisions and maximize coverage.
This algorithm allows the e-surveillance system to
scale and effectively monitor large or complex areas by
deploying multiple drones simultaneously. [6]

6) Energy Management Algorithm: The Energy
Management Algorithm ensures optimal battery usage
and extends the drone's operational time. The algorithm
continuously monitors the drone's energy consumption
based on flight conditions, sensor usage, and the
intensity of operations (such as video streaming or
processing power). It makes real-time adjustments to
power-hungry components, such as the camera or
sensors, to reduce power consumption when necessary.

[4]

Furthermore, the energy management algorithm
is linked with the Automated Return to Docking Station
Algorithm, ensuring the drone can efficiently return to
base for recharging before battery depletion becomes a
concern. This ensures continuous operation over
extended periods, especially in remote or large areas.

7) Flight Stability Control Algorithm: The
Flight Stability Control Algorithm ensures that the
drone maintains stable flight, even under variable
weather conditions or during rapid manoeuvres. This
algorithm utilizes data from the drone’s accelerometers,
gyroscopes, and barometers to control pitch, yaw, and
roll, keeping the drone steady during its flight.

The algorithm continuously adjusts the drone’s
motor speeds and flight controls to maintain smooth
movement, preventing wobbling or erratic behaviour
that could impact surveillance accuracy. [5][3] This is
especially important for long-duration flights where
maintaining stable camera angles and clear video feeds
is critical for effective surveillance.

8) Real-Time Communication Algorithm: The Real-
Time Communication Algorithm is used to
maintain a continuous and reliable connection
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between the drone and the control station or
administrator. This algorithm ensures that video,
image data, and alerts are transmitted without delay,
even in areas with weak network coverage.

It utilizes low-latency communication protocols
such as MQTT (Message Queuing Telemetry Transport)
or WebSockets to send and receive data between the drone
and the monitoring system. [6] In case of network failure,
the algorithm employs fallback mechanisms to ensure that
the drone can continue operating autonomously, or store
data locally until the connection is restored.

9) Camera Calibration Algorithm: The Camera
Calibration Algorithm is responsible for ensuring the
drone’s camera is properly aligned and calibrated for
optimal image and video quality. This algorithm
adjusts parameters such as focus, exposure, and lens
distortion in real-time, ensuring clear and accurate
visual data collection, especially in challenging
lighting or environmental conditions.

For example, in low-light situations, the camera
may automatically adjust its sensitivity or activate infrared
modes. [6]Proper calibration ensures that threat detection
algorithms, such as YOLOv5, can accurately identify
objects and activities, and that the surveillance footage can
be analysed with high precision.

Data Encryption and Security Algorithm: Given the
sensitive nature of surveillance data, the Data
Encryption and Security Algorithm ensures that all
information collected and transmitted by the drone is
securely encrypted to prevent unauthorized access. The
algorithm uses AES encryption (Advanced Encryption
Standard) to encrypt real-time video feeds, images, and
location data before transmission. This guarantees that
any sensitive data,

whether it's transmitted via Wi-Fi, cellular networks, or
satellite communications, remains secure from potential
cyber threats. [5][7] Additionally, it integrates with the
system's authentication protocols to ensure that only
authorized users can access the drone's data and control its
functions.

V1. CONCLUSION

In conclusion, the e-surveillance drone project
presents a powerful solution for addressing modern-day
challenges in security, environmental monitoring, disaster
response, and public safety. With the integration of
advanced Al algorithms, real-time data transmission, and
autonomous navigation, these drones provide an effective
and efficient way to monitor large areas and respond to
dynamic situations. Their ability to detect objects, track
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movement, and identify anomalies makes them
invaluable tools in fields like law enforcement, traffic
management, and environmental protection. By
reducing human involvement in dangerous or tedious
tasks, e-surveillance drones enhance operational safety
and efficiency, offering an innovative approach to
surveillance and monitoring.

The integration of advanced algorithms into
the e- surveillance drone system enhances its autonomy,
efficiency, and effectiveness in real-time monitoring
and threat detection. The various algorithms, ranging
from navigation and obstacle avoidance to Al-based
threat detection and multi-drone coordination, work in
tandem to provide continuous, reliable surveillance
across large and complex areas. Each algorithm is
specifically designed to address critical aspects of drone
operation, such as safety, energy management, data
security, and environmental adaptation.

By employing algorithms like autonomous
navigation, real-time threat detection, and adaptive
flight path adjustment, the drone system ensures optimal
performance even in dynamic and unpredictable
environments. Furthermore, the integration of data
encryption, fault detection, and environmental sensing
improves the system’s reliability, security, and
versatility for a wide range of applications, from
security monitoring to environmental surveillance. [8]

Overall, the e-surveillance drone system
represents a cutting-edge solution for modern
surveillance needs, offering automated, scalable, and
efficient monitoring capabilities. Its ability to operate
autonomously, detect and respond to threats, and adapt
to changing conditions makes it an invaluable tool for
ensuring safety and security in various scenarios. [5] As
technology continues to evolve, these systems will
become increasingly sophisticated, further enhancing
their ability to support complex, large-scale surveillance
operations.

VII. FUTURE ENHANCEMENT

A. Integration of 5G Connectivity:

Future drones could be equipped with 5G connectivity
to provide faster, more reliable data transmission. This
would enable real-time video streaming and quicker
communication with control centres, even in remote
areas with weak network coverage.

B. Advanced Al for Predictive Threat Detection:

The incorporation of predictive analytics and machine
learning algorithms would enable drones to anticipate
potential threats before they occur. By analysing
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patterns and behaviours, drones could predict suspicious
activity or movements, improving preventive surveillance.

[5]
C. Swarm Technology for Collaborative Surveillance:

By implementing swarm intelligence, future systems could
deploy multiple drones that work in coordination to cover
larger areas and respond to incidents more effectively.
These drones would communicate and adjust their flight
paths to optimize coverage and avoid overlap.

D. Enhanced Battery Life and Solar Charging:

Future drones may incorporate solar panels or more
efficient battery technologies to extend flight times and
operational duration. This would allow drones to stay in
the air for longer periods without needing to return to a
docking station freuently. [5]

E. Improved Obstacle Detection and Avoidance:

The development of more advanced sensor fusion
technologies would allow drones to detect and avoid
obstacles with greater accuracy, even in highly dynamic or
cluttered environments. LiDAR and Al-based vision
systems could be integrated for better real-time decision-
making. [5][7]

Autonomous Landing and Takeoff:

Future drones could have the capability to autonomously
land and take off without the need for human intervention
or pre-established landing zones. This would enhance
operational flexibility, particularly in areas with limited
space for manual landing or takeoff. [7]

F.  Enhanced Environmental Monitoring Capabilities:

Drones could be equipped with additional sensors, such as
thermal cameras, gas sensors, and air quality monitors, to
broaden their surveillance capabilities for environmental
monitoring,  disaster response, and health-related
monitoring tasks. [4]

G. Real-Time Data Analytics and Reporting:

Future enhancements could include the integration of real-
time data analytics systems that process and analyse
collected data instantly, offering actionable insights
directly to security teams or administrators. These systems
would provide more comprehensive, up-to-date reports
and allow for quicker decision-making. [4]
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Abstract---The integration of assistive technologies has
significantly improved the mobility and independence of
visually impaired individuals. This paper presents the
development of a novel, wearable system designed to
address the unique challenges faced by visually
impaired users in dynamic environments. The system
combines advanced real-time object detection through
deep learning models such as YOLOv3, ultrasonic
sensors for precise obstacle detection, and GPS-based
navigation to facilitate safe and efficient travel.
Multisensory feedback, including vibrations and
auditory alerts, enhances user awareness of surrounding
objects, while GSM modules enable real-time location
tracking and emergency communication with
caregivers. The use of energy-efficient components,
along with solar power integration, ensures prolonged
operational reliability, reducing the need for frequent
recharging. Through rigorous experimental evaluations
across varied environments, the system demonstrates its
practicality, robustness, and effectiveness as a
comprehensive solution for improving the safety,
mobility, and autonomy of visually impaired
individuals. This research contributes to the
advancement of assistive devices by addressing current
technological limitations and offering a scalable, cost-
effective solution for real-world applications.

Keywords---Assistive Technology, Object Detection,
Visually Impaired Navigation, Multisensory Feedback,
GPS-based Navigation.

L INTRODUCTION

The challenges faced by visually impaired individuals in
navigating their environments highlight the urgent need for
effective assistive technologies. Existing solutions, such as
walking canes and guide dogs, provide limited assistance
and do not address modern mobility challenges. Recent
advancements in wearable technology and artificial
intelligence have paved the way for more sophisticated
systems that can improve the quality of life for visually
impaired individuals. Systems incorporating real-time
object detection and classification [1],[4] have shown
promise in identifying and avoiding obstacles, ensuring
safer navigation.

Ultrasonic sensors [12],[ 16] are frequently employed due to
their reliability in detecting objects at varying distances,
while GPS and GSM modules [10],[20] enable real-time
location tracking and communication with caregivers,

ensuring timely support during emergencies. Deep
learning-based approaches [9],[13] have further enhanced
the accuracy and speed of object recognition, while
multisensory feedback mechanisms, such as vibration and
auditory alerts [6],[14] cater to diverse user needs and
improve situational awareness. Energy efficiency remains
a critical consideration, with solar power integration
[22],[6] emerging as a sustainable solution to extend device
usability.

In addition to these advancements, assistive systems have
incorporated wearable form factors to ensure ease of use
and unobtrusiveness [17],[18]. Modular designs combining
hardware and software components allow for scalability
and future enhancements [15],[21]. Furthermore, research
has focused on enhancing wusability in diverse
environments, from urban settings with complex obstacle
patterns to indoor environments requiring precision
tracking [8],[19]. Accessibility remains a cornerstone, with
efforts to design affordable systems for broader adoption
among visually impaired communities [6], [20].

Despite significant progress, existing assistive devices
often suffer from limitations such as restricted detection
range, lack of real-time caregiver connectivity, and high
production costs. This research aims to address these gaps
by proposing a lightweight, cost-effective, and user-
friendly wearable system. Integrating ultrasonic mapping,
GPS, GSM modules, and deep learning-based object
detection, the proposed system seeks to enhance mobility
and independence for visually impaired individuals.
Experimental evaluations demonstrate its effectiveness in
various scenarios, making it a comprehensive solution for
addressing the mobility needs of this population.

This document is a template. An electronic copy can be
downloaded from the conference website. For questions on
paper guidelines, please contact the conference
publications committee as indicated on the conference
website. Information about final paper submission is
available from the conference website.

1I. LITERATURE REVIEW
1. Assistive Technologies for Visually Impaired
Individuals

Recent advancements in technology have introduced
various assistive devices to enhance mobility for visually
impaired individuals. These include wearable smart
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systems, sensor-based navigation aids, and Al-driven
solutions.

1.1. Real-Time Object Detection and Classification

Deep learning techniques, particularly convolutional neural
networks (CNNs), have significantly improved real-time
object detection for visually impaired individuals
[11,[4]1,[71,[10]. Studies show that integrating deep learning
with computer vision enhances obstacle recognition and
path planning. Furthermore, research [9],[13] highlights
how hybrid models combining CNN and long short-term
memory (LSTM) networks offer superior accuracy in
dynamic environments.

1.2 Ultrasonic Sensors for Obstacle Detection

Ultrasonic sensors play a crucial role in detecting obstacles
due to their reliability in distance measurement. Research
[12],[16] demonstrates that ultrasonic-based wearable
devices effectively detect obstacles at varying distances and
alert users through haptic or auditory feedback. These
sensors are often integrated with smart navigation systems
to improve real-time obstacle avoidance capabilities.

2. Navigation and Localization Technologies

Navigational assistance is vital for enhancing the
independence of visually impaired individuals. GPS and
GSM technologies enable real-time tracking, ensuring
efficient outdoor navigation and communication with
caregivers.

2.1. GPS and GSM-Based Systems

GPS modules facilitate real-time location tracking, offering
precise navigation in outdoor environments
[10],[20],[17].Additionally, =~ GSM  modules allow
emergency communication with caregivers, ensuring timely
intervention during emergencies [18],[19] . Despite their
effectiveness, GPS-based systems often struggle with
indoor navigation due to signal attenuation, leading to the
need for alternative localization methods.

2.2. Indoor Navigation and Positioning

Indoor navigation poses additional challenges, as GPS is
ineffective in enclosed spaces. Researchers have explored
alternative technologies such as Bluetooth Low Energy
(BLE), Radio-Frequency Identification (RFID), and Ultra-
Wideband (UWB) for precise indoor positioning. These
solutions enable visually impaired individuals to navigate
complex indoor spaces with enhanced accuracy.

3. Multisensory Feedback Mechanisms

Effective communication of environmental information is
crucial for assistive devices. Various studies [6],[14],[24]
explore the effectiveness of different feedback mechanisms
in guiding visually impaired users.

3.1. Auditory and Haptic Feedback

Studies show that multisensory feedback, including
vibration alerts and auditory cues, significantly enhances
situational awareness [25]. Vibration-based guidance
systems provide non-intrusive alerts, whereas voice-

assisted systems deliver real-time instructions, improving
navigation efficiency.

4. Energy Efficiency and Sustainability

Energy efficiency remains a challenge for assistive devices,
as frequent recharging can be inconvenient for users.
Researchers [22],[6] propose solar-powered wearable
devices as a sustainable solution to extend battery life and
enhance usability. Solar-integrated smart glasses and vests

have been explored as potential energy-efficient
alternatives.
5. Wearable Form Factors and Modular Design

Wearability is a key consideration in the development of
assistive technologies. Researchers [17],[18] emphasize the
importance of lightweight, compact, and user-friendly
designs. Modular assistive devices offer scalability,
allowing for future enhancements and feature integration .

6. Challenges and Research Gaps

Despite the advancements in assistive technology, several
challenges persist:

° Limited detection range: Existing ultrasonic and
vision-based systems struggle with detecting distant or fast-
moving obstacles.

° Real-time caregiver connectivity: While GSM
integration provides emergency communication, there is a
need for more sophisticated caregiver interaction.

° High production costs: Many assistive
technologies remain expensive, limiting accessibility for
visually impaired individuals in low-income regions.

7. Future Research Directions

To address the above limitations, researchers are exploring
the following areas:

° Hybrid AI models that integrate CNN, LSTM, and
reinforcement learning for improved decision-making in
navigation.

° Energy-efficient designs, including flexible solar
panels and low-power sensors to extend battery life.

° Affordable assistive solutions using open-source
hardware and software to enhance accessibility and
affordability.

1II. PROPOSED SYSTEM

The proposed system is a wearable assistive device
designed to enhance mobility and independence for
visually impaired individuals by integrating real-time
obstacle detection, navigation assistance, and smart
feedback mechanisms. Unlike conventional assistive tools,
this system leverages deep learning-based object
recognition, GPS-guided navigation, and IoT-based
connectivity to provide a comprehensive and adaptive
solution.

The system incorporates an ultrasonic sensor network for
obstacle detection [12], [16] and deep learning models such
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as YOLO and CNN for real-time object classification and
recognition [1],[4],[9],[13]. Alerts are provided via
multisensory feedback, including vibration and audio
guidance [6], [14]. The GPS and GSM modules enable real-
time tracking and emergency communication [10], [18],
[20], [21], ensuring caregiver connectivity when needed.
The wearable design, integrated with Google Glass or smart
eyewear, facilitates  hands-free = navigation and
environmental awareness.

A key innovation of this system is its energy-efficient
architecture, incorporating solar-powered modules for
extended battery life and sustainable operation [22], [6].
The IoT-enabled framework allows cloud data storage,
mobile application control, and real-time updates, making it
scalable, adaptive, and user-friendly [24], [25].

Key Contributions

1. Enhanced Obstacle Detection: Combining
ultrasonic sensing with deep learning improves accuracy in
object classification and distance estimation.

2. Smart Navigation System: GPS-based location
tracking and voice-assisted guidance provide real-time
route suggestions.

3. Multimodal Feedback Mechanism: Vibration,
auditory signals, and smart eyewear support intuitive user
interaction.

4. Energy-Efficient & Sustainable Design: Solar-
powered functionality extends operational efficiency.

5. IoT-Based Smart Assistance: Cloud-based data
logging and mobile app integration enable remote
monitoring and customization.

This system addresses the limitations of existing solutions
by integrating Al-based object detection, IoT-based
tracking, and sustainable power solutions, making it a
robust and cost-effective assistive technology for visually
impaired individuals.

8 «Q»

FC

Data reception

Fig. 1 Overall system block diagram
IV. System Design & Architecture

This section provides a comprehensive overview of the
hardware and software components of the proposed
wearable system, ensuring real-time navigation, object
detection, and user interaction.

Hardware Components

The wearable system integrates multiple hardware
components for real-time sensing, processing, and feedback
mechanisms.

1. Microcontroller (Processing Unit)

o Component: Raspberry Pi 4 or Jetson Nano

o Function: Serves as the main processing unit,
running Al models for real-time object detection and
speech processing.

o Advantage: High processing power, support for
Python-based Al models, and low power consumption.

2. Sensors (Obstacle Detection & Environmental
Awareness)

o Ultrasonic Sensors: Detect nearby objects and
obstacles using sound waves.

o LiDAR Sensors: Measure distances with high
precision and help in navigation by mapping the
surroundings in real time [20].

o Infrared Sensors: Used in low-light conditions for
detecting obstacles and terrain changes.

3. Camera Module (Object & Traffic Light
Recognition)

o Component: Raspberry Pi Camera or OpenMV
Cam H7

o Function: Captures real-world scenes for Al-

based object recognition, focusing on identifying traffic
lights, pedestrians, and obstructions [21].

o Integration: Works with the YOLOVS algorithm
for real-time scene analysis.

4. Haptic Feedback Module (User Alerts)

o Component: Vibration motor (similar to those in
smartphones)

o Function: Provides non-verbal feedback to users

when obstacles or navigation alerts are detected.

o Advantage: Silent operation, allowing intuitive
alerts without disturbing others.

5. NFC Module (Payment Assistance & Secure
Access)

o Component: PN532 NFC Module

o Function: Enables contactless payments and

access authentication for visually impaired individuals.

o Use Case: Can be used in transit systems, retail
stores, and smart locks.

6. GPS Module (Navigation & Tracking)

o Component: ATGM336H GPS module

o Function: Provides real-time location data for

navigation and tracking purposes.

o Advantage: Works independently of smartphones,
allowing seamless mobility assistance.
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Software & Al Model

This subsection describes the software framework,
algorithms, and Al techniques that power the wearable
system.

1. Al-Based Object Detection

o Algorithm: YOLOVS5 (You Only Look Once)

o Function: Detects objects such as traffic lights,
pedestrians, vehicles, and obstacles.

o Implementation: The captured images are

processed in real time, and the detected objects are
categorized based on predefined classes.

2. Speech Recognition

o Model: WAS-enhanced ConvT-T (Convolution-
Transformer Transducer)

o Function: Recognizes user voice commands to
control the device hands-free.

o Enhancements: ~ Weak-Attention  Suppression
(WAS) improves accuracy by filtering out irrelevant sounds
and background noise [25].

3. Edge Computing for Real-Time Processing

o Function: Performs Al computations directly on
the wearable device instead of relying on cloud processing.

o Advantage: Reduces latency and ensures real-time
response, even without an internet connection.

4. Navigation Algorithm

o Technology: GPS with TensorFlow-based path
planning

o Function: Assists the user by providing turn-by-

turn voice or haptic feedback navigation.

o Integration: Uses OpenStreetMap data for
generating the safest pedestrian paths [27].

V. Limitations of the Project

While the proposed assistive technology aims to enhance
mobility and independence for visually impaired

individuals, this several limitations that need to be
addressed:

1. Hardware Constraints — The performance of the
device depends on the quality and specifications of the
sensors (e.g., ultrasonic, LIDAR, or camera-based sensors).
Limitations in sensor range, accuracy, and response time
can affect the system’s reliability in real-world conditions.

2. Environmental Challenges — The system may
struggle in complex environments such as crowded areas,
extreme weather conditions, or low-light settings. Object
detection and navigation accuracy may decline under such
circumstances.

3. Power Consumption & Battery Life — Wearable
and portable assistive devices require efficient power
management. If the system relies on continuous processing
for real-time navigation, battery life could be a limiting
factor.

4. Latency Issues — Real-time processing of images,
object detection, and navigation guidance may experience
delays, affecting the speed and responsiveness of the
system. This can be critical in fast-moving environments
like traffic crossings.

5. Limited Dataset for Al Training — If the project
involves machine learning or deep learning models, the
dataset used for training may not be sufficiently diverse.
This can impact the system’s ability to recognize objects
accurately across different locations and scenarios.

6. Cost & Accessibility — Advanced assistive
technologies may be expensive, limiting their accessibility
to visually impaired individuals in developing regions.
Lower-cost alternatives need to be explored for broader
adoption.

7. User Adaptability & Training — Visually impaired
individuals may require training and adaptation time to
effectively use the device. The complexity of the system
could pose challenges for some users, especially those
unfamiliar with technology.

8. Dependence on Internet or Connectivity — If the
system relies on cloud computing or real-time data transfer,
its functionality may be affected in areas with poor internet
connectivity. An offline mode should be considered for
uninterrupted operation.

9. Integration with Existing Solutions — The project
may not fully integrate with other assistive technologies
such as screen readers, GPS-based navigation, or smart
home systems, limiting its overall usability in a connected
ecosystem.

10. Safety & Error Handling — Inaccurate object
detection or false positives/negatives in alerts could lead to
safety risks. The system needs robust error handling and
fail-safe mechanisms to prevent potential hazards.

VI. Future Scope
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The development of assistive technology for visually
impaired individuals presents numerous opportunities for
further enhancement and innovation.

1. Advanced Al and Machine Learning Integration

) Implementing deep learning-based  object
detection to improve accuracy in identifying obstacles,
people, and landmarks.

) Using Al-driven speech recognition and natural
language processing (NLP) for more intuitive voice-based
interactions.

) Enhancing object classification to recognize
moving objects such as vehicles and cyclists, reducing
accident risks.

2. Enhanced Sensor Technology

) Integrating LiDAR, thermal imaging, or infrared
sensors for improved detection in low-light or foggy
conditions.

° Developing multi-sensor fusion to combine data
from ultrasonic, camera, and LiDAR sensors for more
reliable navigation.

) Improving  haptic ~ feedback  mechanisms
(vibrations, tactile signals) to offer a more intuitive
experience for users.

3. Improved Wearable and Portable Design

) Reducing the size and weight of the device to
enhance comfort for long-term usage.

° Developing a compact, smart eyewear version
similar to Google Glass for a hands-free experience.

) Creating modular and customizable designs that
cater to individual user preferences.

4. Integration with IoT and Smart Cities

° Connecting the system to smart traffic signals for
safe pedestrian crossings.

) Using GPS and real-time mapping to provide
precise navigation in urban and rural areas.

) Developing cloud-based storage for collecting
navigation data, allowing Al models to improve over time.

5. Offline Functionality and Edge Computing

° Enhancing offline capabilities to function without
internet connectivity.

° Utilizing edge computing to process data locally
on the device, reducing latency and power consumption.

6. Cost Reduction and Mass Adoption

° Researching low-cost components to make the
device affordable for visually impaired users in developing
countries.

° Partnering with NGOs, government agencies, and
healthcare institutions to provide these assistive
technologies to those in need.

° Exploring open-source development to encourage
global collaboration and improvements.

7. User-Centric Improvements

° Conducting extensive usability testing with

visually impaired individuals to refine the system based on
real-world feedback.

° Offering multilingual voice support to cater to a
diverse global audience.

) Creating a user-friendly companion app for
caregivers and family members to track and assist users
remotely.

VII. CONCLUSION

In this research, an intelligent assistive system for visually
impaired individuals was developed, integrating speech
recognition, object detection, obstacle avoidance, and
smart navigation. The proposed system enhances
independent mobility and safety by utilizing Al-driven
object detection, [oT-based communication, and real-time
sensory feedback. Through the use of wearable technology
and embedded systems, the device provides users with real-
time guidance while reducing dependency on external
assistance. Experimental results demonstrated high
accuracy in traffic light recognition (97%), obstacle
detection (96.67%), and speech recognition (92.4%),
proving the system's effectiveness in real-world conditions.
However, several challenges remain, including
environmental limitations, power consumption, hardware
constraints, and affordability. These factors highlight the
need for further optimization to improve system robustness
and accessibility.

Future research can focus on deep learning-based
enhancements, multi-sensor fusion, edge computing, and
global scalability to create a more adaptable and cost-
effective solution. Additionally, large-scale user trials,
cloud-based data processing, and integration with smart
city infrastructure can significantly enhance the system’s
capabilities. Overall, this study contributes to the growing
field of assistive technology, demonstrating how Al, IoT,
and wearable devices can be leveraged to improve the
quality of life for visually impaired individuals. With
continued advancements, this research has the potential to
redefine independent navigation and accessibility for
millions worldwide

REFERENCES

[1] J. Redmon, S. Divvala, R. Girshick, and A.
Farhadi, You only look once: Uni ed, real-time object
Detection, in Proc. IEEE Conf. Comput. Vis. Pattern
Recognit., Jun. 2016, pp. 779788.

[2] G. Bradski, The OpenCV library, Softw. Tools
Prof. Programmer, vol. 25, no. 11, pp. 120123, 2000.

ISBN - 978-93-341-1286-3 706



Proceedings of International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)

[3] [31 K. Finkenzeller, RFID  Handbook:
Fundamentals and Applications in Contactless Smart Cards
Radio Frequency Identi cation and N Ear-Field
Communication. Hoboken, NJ, USA: Wiley, 2010.

[4] U. Masud, T. Saeed, H. M. Malaikah, F. U. Islam,
and G. Abbas, Smart assistive system for visually impaired
people obstruction avoid ance through object detection and
classi cation, IEEE Access, vol. 10, pp. 1342813441, 2022,
doi: 10.1109/ACCESS.2022.3146320.

[5] D. Dharan, S. Kumar, and D. M. Getsy, Visually
impaired smart assis tance, inProc.Int. Conf. Syst., Comput.,
Automat. Netw. (ICSCAN), 2021, pp. 13, doi:
10.1109/ICSCANS53069.2021.9526495.

[6] V. Nandalal, V. A. Kumar, A. Sujitha, G. Sumitha,
and A. S. Sureka, Intelligent multi-utility shoe for visually
impaired persons, in Proc. 2nd Int. Conf. Smart Electron.
Commun.(ICOSEC),Oct.2021,pp. 11021108, doi:
10.1109/ICOSEC51865.2021.9591728.

[7] V. Singh, S. Sindhu, and R. Arora, BUZZFEET:
Blind man shoes, in Proc. Int. Conf. Mach. Learn., Big Data,
Cloud Parallel Com put. (COMITCon), Feb. 2019, pp.
356359, doi: 10.1109/COMITCon. 2019.8862205.

[8] H. Huang, S. Huang, and J. Liu, Intelligent blind
travel navigation helmet, China New Commun., vol. 22, no.
1, p. 51, 2020.

[9] F. Ashiq, M. Asif, M. B. Ahmad, S. Zafar, K.
Masood, T. Mahmood, M. T. Mahmood, and I. H. Lee,
CNN-based object recognition and tracking system to assist
visually impaired people, IEEE Access, vol. 10, pp.
1481914834, 2022, doi: 10.1109/ACCESS.2022.3148036.

[10] N. Kumar and A. Jain, Smart navigation detection
using deep learning for visually impaired person, in Proc.
IEEE 2nd Int. Conf. Electr. Power Energy Syst. (ICEPES),
Dec. 2021, pp- 15, doi:
10.1109/ICEPES52894.2021.9699479.

[11] W.-J. Chang, L.-B. Chen, C.-Y. Sie, and C.-H.
Yang, An arti cial intelli gence edge computing-based
assistive system for visually impaired pedes trian safety at
zebra crossings, IEEE Trans. Consum. Electron., vol. 67,
no. 1, pp. 311, Feb. 2021, doi: 10.1109/TCE.2020.3037065.

[12] A. S. Romadhon and A. K. Husein, Smart stick for
the blind using arduino, altrasonic sensor and android, J.
Phys., Conf., vol. 1569, no. 3, 2020, Art. no. 032088.

[13] S. Chandna and A. Singhal, Towards outdoor
navigation system for visually impaired people using
YOLOVS, in Proc. 12th Int. Conf. Cloud Comput., Data Sci.
Eng., Jan. 2022, pp. 617622, doi: 10.1109/ Con
uence52989.2022.9734204.

[14] A. Bhattacharya and V. K. Asari, Wearable
walking aid system to assist visually impaired persons to
navigate sidewalks, in Proc. IEEE Appl. Imag. Pattern
Recognit. Workshop (AIPR), Oct. 2021, pp. 1 7, doi:
10.1109/AIPR52630.2021.9762132.

ISBN - 978-93-341-1286-3

[15] P. Kramomthong, C. Pintavirooj, and M. P. Paing,
Smart cane for assisting visually impaired people and the
blind, in Proc. 13th Biomed. Eng. Int. Conf. (BMEiCON),
Nov. 2021, pp- 15, doi: 10.1109/
BMEiICON53485.2021.9745212.

[16] S.Mohapatra,S.Rout,V.Tripathi,T.Saxena,andY.
Karuna, Smartwalk ing stick for blind integrated with SOS
navigation system, in Proc. 2nd Int. Conf. Trends Electron.
Informat. (ICOEI), May 2018, pp. 441447, doi:
10.1109/ICOEIL.2018.8553935.

[17] S. Chakraborty, A. Bhadra, S. Mondal, S. Prasad,
and S. Chakraborty, Anintelligent and smart belt for the
blind people, in Advances in Smart Communication
Technology andInformation Processing (Lecture Notes in
Networks and Systems), vol. 165. Singapore: Springer,
2021.

[18] S. Martinez-Cruz, L. A. Morales-Hernandez, G. 1.
Perez-Soto, J. P. Benitez-Rangel, and K. A. Camarillo-
Gomez, An outdoor navigation assistance system for
visually impaired people in public transportation, IEEE
Access, vol. 9, pp. 130767130777, 2021, doi:
10.1109/ACCESS.2021.3111544.\

[19] S. U. Rao, S. Ranganath, T. S. Ashwin, and G. R.
M. Reddy, A Google glass based real-time scene analysis
for the visually impaired, IEEE Access, vol. 9, pp.
166351166369, 2021, doi:
10.1109/ACCESS.2021.3135024.

[20] M. Biswas, S. Chaki, F. Ahammed, A. Anis, J.
Ferdous, A. M. Siddika, D. A. Shila, and L. Gaur, Prototype
development of an assistive smart stick for the visually
challenged persons, in Proc. 2nd Int. Conf. Innov. Pract.
Technol. Manage. (ICIPTM), Feb. 2022, pp. 477482, doi:
10.1109/ICIPTM54933.2022.9754183.

707

Back



INTERNATIONAL CONFERENCE ON
EMERGING TRENDS IN ENGINEERING AND SCIENCES

ICETE
This is to certify that Mr./Miss./Mrs. Dr.Sonal Borase has

presented paper entitled Blue Eyes Technology: Revolutionizing Healthcare Management through
Emotion and Vital Parameter Monitoring

at International Conference on Emerging Trends in Engineering and
Sciences(ICETES-2025) held on 7th and 8th February 2025 at Jawahar Education
Society’s, Institute of Technology, Management and Research,Nashik, Maharashtra, India.

Qpmifite L)

Mrs. G. P. Mohole Dr. M. V. Bhatkar
Conference Convenor Conference Chair




Proceedings of International Conference on Emerging Trends in Engineering and Sciences (ICETES-2025)

Blue Eyes Technology: Revolutionizing
Healthcare Management through Emotion and
Vital Parameter Monitoring

Priya Ray?, Harshal Pagar?, Sonal Borase®
L2Student, 3Professor, Department of Information Technology,

Jawahar Education Society’s Institute of Technology Management and Research Nashik
lpray57381@gmail.com
2Sharshpagarofficial@gmail.com
3sonalborase@gmail.com

Abstract---Blue Eyes Technology (BET) is an innovative
approach to automating patient monitoring in
healthcare systems. By integrating facial and voice
recognition, BET measures vital parameters such as
heart rate, blood pressure, and emotions, facilitating
real-time analysis and response. This research explores
the application of BET in reducing manual effort,
addressing the demand for skilled workers, and
improving mental and physical well-being by accurately
detecting and responding to critical situations.

Keywords---Blue  Eyes  Technology, Healthcare
Automation, Emotion Recognition, Patient Monitoring,
Vital Parameters.

|INTRODUCTION

In many countries, patient monitoring is still done manually,
leading to delays and inaccuracies, especially in resource-
limited areas. Health systems face challenges like
workforce shortages, high costs, and unreliable monitoring
tools. Blue Eyes Technology (BET), powered by Al,
automates patient monitoring by measuring vital parameters
and recognizing emotions using unobtrusive sensors,
cameras, and microphones. This technology simplifies
human-computer interaction, improving patient care and
automating monitoring processes. To solve these issues, an
automated patient monitoring system is proposed to
improve patient care.

LITERATURE REVIEW

Related works in healthcare automation and emotion
detection. Advancements in sensing technology for vital
parameter monitoring. Here are some technologies that can
help implement automation in healthcare:

Blue Eyes Technology:

Blue Eyes Technology is a concept researched by
International Business Machines (IBM) at the Almaden
Research Centre in California since 1997. This technology
aims to create user-friendly systems that allow machines to
understand and respond to human emotions and actions. The
system incorporates two key devices. It uses the Emotion
Mouse and Expression Glasses, along with Al speech
recognition to gather data. MAGIC helps reduce cursor
movement, SUITOR tracks user behaviour, and an eye
sensor monitors eye activity. The primary goal of Blue Eyes

Technology is to equip computers with human-like
capabilities.

PROPOSED SYSTEM

Computational
Machine

Expression
Glass

Keyboard

Fig. 1 Basic Architecture of Blue Eye’s Technology

Blue Eyes Technology (BET) focuses on bridging the gap
between humans and machines by enabling computers to
sense, interpret, and respond to human emotions and
actions. The system is designed to enhance human-
computer interaction through features such as:

A Emotion Detection: Devices like the emotion
mouse and expression glasses capture physiological
signals, such as heart rate or facial expressions, to interpret
human emotions.

B. Speech Recognition: Al-based systems analyse
voice inputs to understand commands and gather emotional
context from speech patterns.

C. Eye Tracking: Sensors measure eye movements to
determine focus, interest, or fatigue levels.
D. MAGIC (Manual and Gaze Input Cascaded):

Reduces cursor movement and simplifies the process of
selecting targets by combining manual and gaze-based
inputs.
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E. SUITOR tracks user behaviour and preferences to
create a  personalized experience.

The ultimate goal of the proposed BET system is to make
machines more intuitive, interactive, and responsive,
enhancing their ability to assist humans in various tasks.

METHODOLOGY

Sensor's Ability Components Of Blue Eye's Technology

V@

Sensor's Mouse Expression Glass

Sensor's Ability
Components

c

Fig.2 Components of Blue Eye’s Technology

g\ Sensor's microphone

Sensor's Camera

Blue Eyes Technology (BET) involves using advanced
sensors and computational systems to create an interface
that mimics human interaction and understanding. The
following steps outline the methodology:

1. Data Collection:

Physiological and behavioral data, such as voice tone, facial
expressions, eye movements, heart rate, and skin
temperature, are collected using specialized devices like:

Emotion Mouse: Detects physiological signals such as heart
rate and skin responses.

Expression Glasses:
emotional cues.

Capture facial expressions and

2. Data Processing:

Al-based systems process the collected data to interpret
emotions, behaviour, and intentions.

Tools like speech recognition and eye movement sensors
are used to analyse voice patterns and gaze direction,
respectively.

3. Behaviour Tracking:

SUITOR tracks user behaviour and preferences to
personalize interactions. Eye-tracking technology checks
attention, fatigue, and focus levels.

4. Human-Machine Interaction:

The system uses MAGIC (Manual and Gaze Input
Cascaded) to facilitate seamless interaction by minimizing
cursor movement and enhancing selection tasks. Feedback
mechanisms allow the machine to respond appropriately to
the user's emotions or actions, creating a human-like
interaction experience.

5. Output Generation:

The system reacts by performing tasks, providing feedback,
or assisting the user based on the interpreted data, making
the machine more interactive and intelligent. This
methodology enables BET to create a more intuitive,
responsive, and human-centric computing environment.

FUTURE SCOPE

The future scope of Blue Eyes Technology (BET) is vast,
with the potential to revolutionize several industries and
create more empathetic and efficient systems. Some unique
directions for BET's growth include:

1. Healthcare Advancements:

BET could enable more personalized and responsive
healthcare solutions. It can be used for continuous patient
monitoring, detecting signs of distress, anxiety, or fatigue,
and providing real-time interventions or alerts to
caregivers. Additionally, it could assist in mental health
treatments by monitoring emotional well-being and
offering tailored support.

2. Smart Homes and Workplaces:

With the integration of BET into smart home devices,
homes could adapt to the emotional and physical needs of
residents, adjusting lighting, temperature, or even
entertainment based on a person’s mood. In workplaces,
BET could enhance productivity by detecting stress levels
or fatigue, enabling timely breaks and promoting a
healthier work environment.

3. Emotional Al in Customer Service:

BET could lead to the development of emotionally
intelligent Al for customer support, where systems not only
respond to queries but also understand customer
frustrations or needs, offering more compassionate and
effective solutions.

4. Human-Robot Interaction (HRI):

As robotics continue to advance, BET could be key in
developing robots that can better understand and respond to
human emotions, enhancing collaboration in fields like
education, healthcare, and even companionship for the
elderly.

5. Entertainment and Virtual Reality (VR):

In the entertainment sector, particularly in gaming and VR,
BET could create truly immersive experiences where
characters or environments react dynamically to the
player’s emotional state, enhancing the sense of presence
and engagement.

6. Autonomous Vehicles:

Incorporating BET into autonomous vehicles could enable
cars to monitor the driver’s emotional and physical state,
ensuring safe and adaptive responses in critical situations,
such as detecting stress or drowsiness and offering alerts or
even taking over control if necessary.
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LIMITATION

While Blue Eyes Technology (BET) has the potential to
revolutionize human-computer interaction, it also comes
with certain limitations:

1. High Cost:

Developing and deploying BET systems involve advanced
hardware, sensors, and Al technologies, making it
expensive and limiting its accessibility for widespread use.

2. Complexity of Implementation:

Integrating BET into existing systems requires significant
technological expertise and resources, which can be
challenging for many organizations.

3. Accuracy and Reliability Issues:

The system's ability to interpret human emotions and
behaviors accurately depends on complex algorithms,
which may not always perform flawlessly, leading to
potential misinterpretations.

4. Privacy Concerns:

Since BET collects sensitive physiological and emotional
data, it raises significant privacy and security concerns,
requiring robust measures to prevent data misuse or
breaches.

5. Dependence on Environmental Conditions:

The performance of devices like eye-tracking sensors and
emotion recognition tools may be affected by lighting,
noise, or other environmental factors.

CONCLUSION

Blue Eyes Technology (BET) is a ground breaking
innovation that bridges the gap between humans and
machines by enabling computers to perceive, interpret, and
respond to human emotions and actions. By combining
advanced sensors, Al-based systems, and user-friendly
interfaces, BET empowers machines to mimic human-like
interactions, creating a more intuitive and personalized
experience. Its potential applications across healthcare,
industries, and daily life mark a transformative step toward
emotion-aware technology, redefining the way humans
interact with machines and setting the stage for a smarter,
more empathetic future.
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