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1. ABSTRACT

The design and construction of a solar-
powered, temperature-controlled e-uniform
for troops is presented in this study with the
goal of enhancing their comfort and safety
in inclement weather. For soldiers who
frequently serve in harsh settings, the
inability to predict weather patterns due to
climate change presents serious difficulties.
Conventional military clothes offer minimal
protection, but they are ineffective at
controlling body temperature, particularly

in harsh environments. To overcome these

obstacles, the suggested e-uniform
combines a  temperature sensor,
microcontroller, solar power source,
heating (LEDs), cooling (DC motor), and
GPS tracking. The soldier's body

temperature is continuously monitored by

the  temperature sensor, and the

microcontroller uses this information to
turn on heating or cooling systems as
necessary. The soldier is kept at the ideal

body temperature by using LEDs to
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generate heat and a DC motor to help with

cooling. Because the e-uniform is solar-

powered, it is ideal for usage in distant or
energy-constrained locations, such military
operations in rural areas. The uniform has
GPS tracking

comfort, allowing for real-time position

in addition to thermal

monitoring for improved safety and
coordination. The lightweight, long-lasting
e-uniform is made to minimize any negative
effects on the environment while offering
comfort and protection. This idea provides
an environmentally sustainable solution to
energy demands in remote regions while
also ensuring the soldier's well-being in a

variety of climes.
2. INTRODUCTION

Due to climate change, soldiers have

been subjected to more harsh and

unpredictable weather in recent years,
which has made it harder for them to
function well in the field. Although they
offer

rudimentary weather protection,
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lack the
body
temperature in the face of quickly shifting

traditional military uniforms

adaptability needed to control
climatic conditions. In the end, this lack of
adaptive gear
health, and
performance by causing problems like
heat

can jeopardize soldier
comfort, operational
hypothermia in cold areas or
exhaustion in hot ones. The proposed
proposal  offers a  solar-powered,
temperature-controlled soldier e-uniform as
a solution to these issues. This creative
system combines cutting-edge technologies
to produce a uniform that enhances soldiers'
general well-being in the field while also
adapting to changing temperatures. Even in
isolated locations with little access to
electricity, the e-uniform is self-sufficient
and efficient since it is powered by solar
energy. Real-time

body temperature

monitoring is possible thanks to its
temperature sensor, which is processed by a
microprocessor that then turns on the proper
heating or cooling systems. In hotter
weather, cooling equipment like fans or air
vents are powered by a DC motor, while
LED heating components give warmth
when needed. The e-uniform is made to be
comfortable, strong, and lightweight so that
it won't limit a soldier's range of motion or
productivity. By offering a holistic solution

to the environmental issues that soldiers
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encounter, this initiative hopes to enhance

soldiers’ comfort, safety, and general

performance in a variety of harsh

environments.

3. LITERATURE SURVEY
Shiva M, W. Abitha Memala, M.

Pushpavalli, C. Bhuvaneswari, Vignesh A,
and M. Kavitha, "Intelligent Solar-Based
Climate  Adjustable
Soldiers,” in Proceedings of the 2023

E-Uniform  for

International Conference on Advances in
Computing, Communication, and Applied
Informatics (ACCAI), 2023. For military
applications, the study "Intelligent Solar
Based Climate Adjustable E-Uniform for
Soldiers" focuses on combining solar
energy, wearable technology, and climate
adaptation. Wearable technology, such as
adaptive uniforms and smart textiles,
improves soldiers' efficiency and safety in
harsh conditions. Off-grid operation is
made possible by solar-powered gadgets
with flexible photovoltaic cells, which
provide sustainable energy options. While
integrated  sensors

keep an eye on

temperature, humidity, and ambient
variables, climate control elements like
phase-change materials and thermoelectric
modules offer thermal comfort.

[5.2]

Divyadarshini S, Hema S, Jeeva B, and

Basineni Udaya Priyanka,

Bangi Karuna Sree, "Smart E-Uniform for
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Soldiers,” in Proceedings of the 2023 7th
International  Conference on
Innovation for 3Cs:

Communicate, Control (ICDI3C), 2023.

The goal of the article "Smart E-Uniform

Design
Computer,

for Soldiers” is to increase soldier safety
and efficiency by utilizing cutting-edge
technologies. In order to continuously
monitor critical metrics like temperature,
heart rate, and ambient variables, smart e-
uniforms combine wearable sensors, the
Internet of Things, and adaptive textiles. In
harsh settings, these garments guarantee
health

awareness.

improved management  and
These

heavily rely on recent developments in

situational systems
communication technology, smart textiles,
and wearable electronics. Nonetheless,

issues like seamless communication,
durability during demanding activities, and

power efficiency continue to be crucial.

4. EXISTING SYSTEM

Currently, military uniforms are
made to offer rudimentary comfort and
protection in typical situations, but they are
unable to adjust to harsh or quickly
changing climatic circumstances. When
deployed in regions with harsh or
unpredictable climates—such as extremely

hot or cold temperatures—soldiers have
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many difficulties that might affect their
general safety, performance, and health.
Conventional uniforms mainly provide
protection from the weather, such as wind,
rain, and UV rays, but they lack active
temperature control, which is necessary to
maintain the ideal body temperature while
operating in a variety of climates. Standard
body armor and insulated clothes are two
examples of current technologies that aim to
offer protection from severe weather. They
don't, however, adequately handle the
problem of real-time temperature control.
Layers of insulation are employed in colder
climates, although they can not be warm
enough in very cold temperatures or could
lead to overheating in warmer climates.
Cooling vests and evaporative cooling
clothing are available in hot climes, but they
are usually heavy and need external power
sources, which limits their usefulness and
applicability in isolated, energy-poor areas.
Furthermore, existing military tracking and
monitoring systems depend on independent,
stand-alone technologies like wearable

sensors or GPS units.
DISADVANTAGES:

The
functions of Peltier modules are heating and

e Limited Functionality:

cooling; they do not have the further
features that ESP8266and GPS provide,
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such as communication or location tracking.

Real-time information regarding the
soldier's location and surroundings, which
can be crucial in battle or rescue operations,
is not provided by the Peltier module
system.

e Inefficiency: Compared to an
ESP8266

microcontroller,

system based on a

Peltier ~modules are
notoriously energy-inefficient because they
convert a large portion of input energy into
heat loss, which causes the battery to drain
more quickly.

e Lack of Remote Monitoring : The
Peltier-based system's strategic usefulness
is diminished since it cannot provide critical
data to command centres, such as
environmental data or body temperature,
(like

without  wireless

ESP8266).

connectivity

eNo GPS Integration: Location-
based services are not possible with the
Peltier module, in contrast to an ESP8266
and GPS-based uniform. For instance,
depending on the soldier's position or the
weather, the ESP8266-based system might
dynamically modify the temperature
settings.

5. PROPOSED SYSTEM

The

temperature-controlled, solar-powered e-

suggested system offers a

uniform that is intended to improve troop
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comfort, safety, and operational
effectiveness in harsh and variable weather.
By combining several technologies into a
single uniform, this creative approach
guarantees that soldiers can maintain the
body

environmental obstacles. A temperature

ideal temperature despite
sensor woven into the fabric is the main part
of the uniform and keeps track of the
soldier's body temperature continuously. A
micro controller processes this data to
decide whether heating or cooling is
necessary. The uniform is energy self-
sufficient and perfect for deployment in
distant locations with limited access to
conventional power sources since it is
powered by solar panels that are
incorporated into the fabric. By doing away
with the need for extra batteries, this solar-
powered approach makes the uniform
sustainable and lightweight. The uniform
has GPS technology for real-time position
tracking, which improves situational
awareness and increases military safety in
addition to heat regulation. During military
operations, the GPS module helps with
response and coordination by enabling
commanders to keep an eye on the soldier's
whereabouts. Because of its long-lasting,
lightweight, and comfortable construction,
this e-uniform can be worn for extended
time without

periods of sacrificing

https://doi.org/10.36893 /IEJ.2024.V5411.009

60


https://doi.org/10.36893/IEJ.2024.V54I1.008

Industrial Engineering Journal

ISSN: 0970-2555

protection. The effectiveness of the uniform
is guaranteed by the incorporation of solar
electricity and sophisticated temperature
management, which also adds to its
environmentally  friendly design. By
integrating various technologies, the system
provides a comprehensive, long-term
solution to enhance troops' general well-
being and operational performance in the
field, addressing the significant problems

they encounter in harsh environments.

ADVANTAGES

eOptimal  Body

Regulation: In both hot and cold weather,

Temperature

soldiers can be comfortable thanks to the
uniform's real-time thermal regulation. This
improves overall performance and safety by
preventing heat exhaustion, hypothermia,
and other weather-related health problems.

e Energy Efficiency Sustainability:
The self-sufficient, solar-powered uniform
is perfect for usage in isolated or energy-
constrained  locations. By  lowering
dependency on outside power sources, solar
utilization  offers a

panel more

environmentally responsible and
sustainable option.

e Comfortable and lightweight: By
adding GPS tracking, commanders can keep
an eye on soldiers' whereabouts in real time,

improving situational awareness. During
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military operations, this enhances response
times, safety, and coordination.

e Real Time GPS Monitoring: By
adding GPS tracking, commanders can keep
an eye on soldiers' whereabouts in real time,
improving situational awareness. During
military operations, this enhances response

times, safety, and coordination.

6. BLOCK DIAGRAM

7.HARDWARE DESCRIPTION

ESP8266
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The ESP8266 offers a versatile and
standalone Wi-Fi networking solution,
capable of either hosting the program itself
or delegating all Wi-Fi networking tasks to
an  external  application

The ESP8266 can boot up straight from an

processor.

external flash when it is the only application
processor in the device and hosts the
program. Its built-in cache reduces memory
needs while enhancing system performance
kinds of applications.
The CPU AHB bridge interface or the

UART interface can also be used as a Wi-Fi

in certain

adapter to add wireless internet access to
any microcontroller-based device with

basic connectivity.
LED
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An LED is a light-emitting p-n junction
diode made from a specific type of
semiconductor with special doping. When
forward-biased, the diode emits light, hence
the term “light-emitting diode.” LEDs are
easy to manufacture, typically by depositing
three layers of semiconductor material onto
a substrate. These layers are arranged
sequentially with the P-type region on top,
the active region in the middle, and the N-
type region at the bottom. In this structure,
electrons are present in the N-type region,
holes in the P-type region, and both
electrons and holes exist in the active region
where light emission occurs.
GPS

At least 24 satellites make up the Global
Positioning System (GPS), a satellite-based
navigation system. GPS operates around the
clock, in all weather situations, and there are

no setup or subscription fees.

GPS satellites orbit the Earth twice a day
along precise paths, transmitting distinct
signals and orbital data that enable GPS
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devices to decode and determine exact
positions. Using this information, GPS
receivers calculate a user's location through
trilateration. Essentially, the receiver
measures the time it takes for a signal to
reach it from each satellite to calculate the
distance. By determining the distances from
multiple satellites, the receiver can pinpoint
the user's location. For a 2-D position
(latitude and longitude), the receiver needs
to connect to at least three satellites, while
four or more satellites are required to
calculate the 3-D position, including
altitude. Depending on the time of day and
the user's location, a GPS receiver may
track eight or more  satellites

simultaneously.

RAIN SENSOR

Water is a basic necessity for everyone,
but it's crucial to conserve it and maintain it
properly. The rain sensor detects rainfall in
agricultural fields and triggers an alarm,
allowing us to take timely measures to

conserve water and protect crops. This

Volume: 54, Issue 1, January:2025

enables the implementation of an
underwater recharge process to increase
subsurface water levels. A rain sensor is a
device specifically designed to detect
rainfall or water droplets. This type of
sensor functions similarly to a switch. This
sensor is composed of a sensor module and

a sensing pad.
DC MOTOR

A direct current motor is a device that
transforms DC electrical power into
mechanical power. The foundation of DC
motor operation is the idea that a current-
carrying  conductor  experiences a
mechanical force when it is exposed to a
magnetic field. An electric motor is a device
that converts electrical energy into
mechanical energy. The operation of a DC
motor is based on the principle that "a
current-carrying conductor placed in a
magnetic field experiences a mechanical
force. The direction of the force is
determined using Fleming's left-hand rule,
while its magnitude is calculated using the
formula \( F = BIL \), where \( B \) denotes
the magnetic flux density, \( 1 \) represents
the current, and \( L \) is the length of the
conductor in the magnetic field.

BUZZER
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An auditory signalling device, such as a
buzzer or beeper, can be mechanical,
electromechanical, or piezoelectric (piezo
for short). Buzzers and beepers are
commonly used for timers, alarm devices,
and verifying user input, such as a keystroke
or mouse click.

A buzzer is a compact yet effective part that
gives our system or project sound
capabilities. This component is frequently
used in most electrical applications because
of its small and compact 2-pin structure,
which makes it easy to utilize on PCBs, Perf
Boards, and breadboards.
Commonly available buzzers come in two
varieties. The buzzer shown here is a simple
buzzer that emits a continuous beep sound
when powered. The second type is a
preassembled buzzer, which is bulkier and
emits a repetitive "beep, beep, beep" sound
due to its internal oscillating circuit.
However, the buzzer displayed here is the

most commonly used, as it can be easily

UGC CARE Group-1

Volume: 54, Issue 1, January:2025

customized with additional circuits to suit

various applications.
DHT11

Here, this sensor is utilized to track
changes in the humidity in the area where
the crops are grown. This digital sensor
calculates the humidity level as a
percentage. The DHT11 temperature and
humidity sensor is available in both sensor
and module forms. The key distinction
between the two is the pull-up resistor and
power-on LED found in the module. The
DHT11 sensor measures relative humidity
using a capacitive humidity sensor and a
thermistor. The humidity sensor features a
substrate that holds moisture, serving as a
dielectric layer between two electrodes.
Variations in humidity levels affect the
capacitance, and these changes are
measured, processed, and transformed into

a digital signal by the integrated circuit (1C).

For temperature sensing, the sensor
incorporates a Negative Temperature
Coefficient (NTC) thermistor, which
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reduces its resistance with an increase in
temperature. The thermistor is generally
made from semiconductor ceramics or
polymers, offering a high resistance even

with small temperature fluctuations.

SOLAR PANEL

Devices that convert solar radiation into
heat or electricity are known as solar panels.
Solar energy is sourced from the sun, where
light, made up of energy particles called
"photons," is transformed into electricity by
solar panels (also referred to as "PV
panels™) to supply power to electrical loads.
These panels are commonly used in a
variety of applications, including remote
power systems for cabins,
telecommunications, remote sensing, and
electricity generation for both residential
and commercial solar systems.
Furthermore, solar panels are considered

highly secure and dependable. Since silicon
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sheets make up the majority of their
construction, there is little risk that the
photovoltaic cells may leak or release any

toxins or fumes.
GAS SENSOR

The best sensor to use if you suspect a
hazardous LPG leak in your vehicle, a
service station, or a storage tank. This unit
can be easily integrated into an alarm
system to trigger an alert or provide a visual
indication of the LPG content. The sensor
responds quickly and has outstanding
sensitivity. Cigarette smoke, LNG, propane,
and iso-butane can also be detected by the
sensor. With 400 different kinds of scent
receptors in the nose, the average person
can detect over 1 trillion distinct scents.
However, many of us are still unable to
determine the kind or concentration of gas
that is present in our atmosphere. This is the
role of sensors, which come in a variety of

forms to measure various factors.

8.SOFTWARE DESCRIPTION
ARDUINO IDE
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ArduinoSoftware(IDE)

2 sketch_jan1s&a | Arduine 1.53-Intel1.0.4

00 BEEB

Programs created using the Arduino

Integrated  Development  Environment
(IDE) are referred to as sketches. These
sketches are written in the text editor, which
allows users to save them with a specific file
extension. The editor also offers features
such as text search, replacement, and basic
functions like cutting and copying. While
trading and saving, the message section
input. The

Arduino Software (IDE) outputs all of the

shows errors and solicits

data, including thorough error warnings, to
the terminal. In the lower right corner of the
window, you can find the sequential port
and the designated board. The toolbar
buttons allow you to build, open, and check
programs, upload them, and open the serial

monitor.

10T
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Three key features distinguish cloud
services from traditional web hosting. First,
cloud services are elastic, allowing users to
scale up or down based on their needs at any
given time. Second, they are offered on
demand, typically billed by the minute or
hour. Lastly, the provider manages all
aspects of the service, requiring only a
personal computer and internet connectivity
from the customer. The growing interest in
cloud computing is driven by significant
advances in distributed computing and
virtualization, along with improved access

to high-speed internet.

..ﬁ..

_\ Internet

m ThingSpeak.com

2
BlinkUp imp

°
L]
user
..@f..é
WiF

ThingSpeak is an open-source Internet
of Things (loT) application and API that
allows for the storage and retrieval of data
from sensors and hardware devices. It
communicates using the HTTP protocol
over a LAN or the
MATLAB analytics is integrated to help

either internet.
analyze and visualize the data collected
from hardware or sensor devices. Each type

of sensor data can be assigned its own
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channel, which can be either public or
While

additional

private for sharing purposes.

commercial features offer
capabilities, the free version is sufficient for

our educational use.
9.APPLICATION

Temperature Regulation in  Extreme
Climates Hot Environments: The e-uniform
employs advanced cooling systems, such as
phase-change materials or micro air
circulation, to regulate body temperature
and prevent heat exhaustion during
operations in desert or tropical climates.
Cold Environments: Integrated heating
elements powered by solar energy provide
thermal insulation, ensuring comfort and
protection in sub-zero temperatures. Energy
Independence for Portable Devices The e-
uniform features solar panels that harness
renewable energy to power essential
devices such as communication tools, GPS
systems, night vision equipment, and
medical monitoring devices. This reduces
reliance on external power sources and
extends operational autonomy in remote or
Health

Sensors

Real-Time
Embedded

continuously monitor vital signs such as

hostile  terrains.

Monitoring

heart rate, body temperature, hydration
levels, and fatigue. Data is transmitted to
command centers for real-time monitoring,

enabling timely medical intervention and

Volume: 54, Issue 1, January:2025

ensuring soldier safety during prolonged

missions.

10.CONCLUSION

To sum up, the temperature-

controlled,  solar-powered  e-uniform
provides a revolutionary answer to the
difficulties soldiers encounter in harsh and
variable weather. The uniform prevents heat
exhaustion and hypothermia by combining
solar  power, temperature  sensors,
microcontrollers, LED heating components,
and DC motors to guarantee that soldiers
maintain the ideal body temperature in both
hot and cold conditions. It is self-sufficient
and powered by solar energy, which makes
it perfect for usage in isolated or energy-
constrained locations. Furthermore, adding
GPS

awareness,

tracking  improves  situational

which raises safety and
facilitates mission coordination. Because of
the uniform's comfort, durability, and light
weight, more mobility is possible without
compromising protection. By reducing the
requirement for external power sources, its
environmentally friendly design lessens its
influence on the environment. All things
considered, the e-uniform enhances military
safety, operational effectiveness, and well-
being while providing a comprehensive and
long-lasting response to the problems

caused by harsh weather.
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This project is a major advancement in the

design of military uniforms.

11.REFERENCES

1].The Intelligent Solar Based Climate
Adjustable E-Uniform for Soldiers by
Vignesh A., C. Bhuvaneswari, Shiva M.,
W. Abitha Memala, M. Pushpavalli, and M.
the 2023

International Conference on Advances in

Kavitha was presented at

Computing, Communication, and Applied
Informatics (ACCAI).

2]. The 7th International Conference on
Design
Communicate Control (ICDI3C) in 2023

included a smart uniform for soldiers by

Innovation for 3 Cs Compute

Jeeva B, Bangi Karuna Sree, Basineni
Udaya Priyanka, Divyadarshini S, and

Hema S.

3]. Sun-Powered Tactical Uniforms for
Soldiers in Military Applications, Dhanya
Sree Bala Subramani, Eduru Joel Vittan,
Chowdam Anila, Ashokkumar, N., and
10th
Conference on Advanced Computing and
Communication Systems (ICACCS), 2024

Balamanikandan, A., International

4]. "Design and Fabrication Of Solar Based
E-Jacket For by  Rahul
Khairamode, Rahul Khangouka, and Rutik

Soldiers"

UGC CARE Group-1

Volume: 54, Issue 1, January:2025

Patil was published in July 2022 in the

International Journal of Engineering

Technology and Management Sciences.

5]. "Solar Based E-Uniform for Soldiers" by
Dipali H. Kale, Yogita P. Phapale, S.
Kamble Shivani, and S. L. Shirke was
published in May 2021 in the International
Research Journal of Engineering and

Technology (IRJET).

6]. "Design and Implementation of a Smart
Soldier Uniform™ by A. Abi Zeid Daou, C.
Haddad, and R. Abi Zeid Daou, IEEE 3rd
International Multidisciplinary Conference
on Engineering Technology (IMCET),
2021, pp. 130135, 2021.

7]. In June 2019, S.M.D. Tuljapurkar,
Ashitosh Gadhve, Sumit Gulve, Nilesh
Madane, and Ajit Kolpe published "Solar
Based E-Uniform For Soldiers Working at

Extreme Weather Conditions."

8]. "Climate Adjustable E-Military Suit™ by
S. Ramesh, Dr.

Dharani, and P. Kandeepan was published

R. Sankarganesh, N.

in March 2020 in the International Research
Journal of Modernization in Engineering

Technology and Science.

9]. E-Smart Army Jacket Based on Climate
Condition Using Arm Microcontroller, M.
Vasanthi, S. Anitha, M. Suganya, S.

https://doi.org/10.36893 /IEJ.2024.V5411.009

68


https://doi.org/10.36893/IEJ.2024.V54I1.008

Industrial Engineering Journal

> ISSN: 0970-2555

Volume: 54, Issue 1, January:2025
Ashma, K. Janani, and M. Kaviyasri, vol. 9,

no. 5, 2020.

10]. "Design and Implementation of a Smart
Soldier Uniform™ by A. Abi Zeid Daou, C.
Haddad, and R. Abi Zeid Daou, IEEE 3rd
International Multidisciplinary Conference
on Engineering Technology (IMCET),
2021, pp. 130135, 2021.

UGC CARE Group-1 https://doi.org/10.36893 /IEJ.2024.V5411.009
69



https://doi.org/10.36893/IEJ.2024.V54I1.008

