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Abstract: The modern soldier operates in increasingly harsh and dynamic environments, where physical
stress, environmental factors, and the risk of injury can significantly impact their performance and well-
being. This paper proposes a solar-powered E-uniform system designed to monitor and enhance soldier
performance through real-time tracking of physiological and environmental parameters. The system
integrates various sensors, including a temperature sensor, heart rate sensor, tilt sensor for fall detection, and
GPS for location tracking, all managed by an Arduino platform.

The uniform is powered by a solar panel that charges a 12V rechargeable battery, ensuring
continuous operation in outdoor settings. The collected data is displayed on an LCD screen for the soldier's
real-time monitoring and can be sent as alerts through a GSM module to medical teams or commanders in
case of emergency, such as abnormal heart rate or body temperature readings. The system’s key feature is its
energy efficiency, thanks to the solar panel that charges the battery, reducing the dependency on external
power sources and ensuring operational continuity.

The proposed system helps in the early detection of health risks such as heatstroke, fatigue, or
dehydration, enhancing the soldier's safety during missions. Additionally, it improves situational awareness
by providing real-time location data, enabling better mission coordination.

By leveraging wearable technology and integrating renewable energy sources, the solar-powered E-

uniform contributes significantly to the operational effectiveness and health management of soldiers in the
field. The use of advanced wearable sensors, solar energy, and communication technologies ensures that the
soldier remains both safe and capable of performing at their highest level, even in the most extreme
conditions.
Keywords: Solar-powered E-uniform, Soldier performance, Health monitoring, Arduino, Temperature
sensor, Heart rate sensor, Tilt sensor, Fall detection, GPS, GSM, LCD display, Renewable energy, Wearable
technology, Emergency communication, Real-time monitoring, Soldier safety, Wearable sensors, Energy
efficiency, Physiological tracking, Military applications, Wearable health devices, Smart uniform systems,
Solar panel, 12V battery, Environmental monitoring, Critical alerts, Mission coordination, Heat stress
management.

I. INTRODUCTION
In the field of modern military operations, soldiers face a variety of physical, environmental, and
psychological stressors that can negatively impact their performance and health. These stressors, which can
include extreme temperatures, physical exhaustion, dehydration, and fatigue, pose significant challenges for
soldiers during long missions, often in hostile or remote environments. As a result, monitoring the health and
well-being of soldiers is crucial not only for their safety but also for mission success. The advancement of
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wearable technology has opened new possibilities for enhancing the operational effectiveness of soldiers by
providing real-time monitoring of their physiological and environmental conditions.

Fig 1 Sample model of uniform

This paper presents the concept of a solar-powered E-uniform that incorporates various sensors and
communication systems to monitor a soldier's health and performance. The proposed E-uniform is designed
to track critical parameters, such as heart rate, body temperature, tilt (fall detection), and location through
integrated technologies like Arduino, solar panels, 12V rechargeable batteries, GPS, GSM, and an LCD
display. The integration of these systems into a single uniform not only provides enhanced monitoring but
also ensures that soldiers remain connected and receive immediate assistance if needed, even in the most
isolated conditions.

The Arduino platform serves as the core controller for the system, gathering input from the various
sensors and processing the data. One of the key components of the system is the solar panel, which provides
a renewable energy source to power the system. As soldiers often work in outdoor environments with
limited access to power, this solar-powered setup ensures the uniform remains operational for extended
periods. The power generated by the solar panel is stored in a 12V rechargeable battery, which allows the
uniform to function during low light conditions, such as nighttime or during cloudy weather.

The temperature sensor integrated into the uniform continuously monitors the soldier’s body
temperature, which is a critical parameter in preventing heat-related illnesses like heatstroke and
hypothermia. In extreme conditions, it is essential to keep track of a soldier’s core body temperature to
ensure they are not exposed to dangerous levels of heat or cold. Likewise, the heart rate sensor tracks the
soldier's heart rate, providing insight into the soldier’s physical exertion and stress levels. If a soldier’s heart
rate exceeds a certain threshold, it could signal fatigue or other health concerns, prompting an alert to
medical personnel.

The tilt sensor, an essential feature of the E-uniform, is used for fall detection and abnormal
movement identification. If the soldier falls or is unable to maintain an upright posture, the tilt sensor will
detect this abnormality and activate the alert system. This feature is especially important in environments
where a soldier may be injured and unable to call for help.

GPS technology plays a crucial role in the E-uniform by providing real-time location tracking.
During military operations, knowing the exact location of a soldier is vital, especially in remote or hostile
areas where soldiers may be at risk of getting lost or encountering danger. The GPS system ensures that
commanders or rescue teams can quickly locate the soldier in case of an emergency.

The GSM module enables the system to send emergency alerts via SMS. If the sensors detect any
dangerous conditions—such as elevated body temperature, irregular heart rate, or fall detection—the GSM
module sends an automated message with the soldier’s current location and health status to predefined
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recipients, such as medical teams or commanding officers. This communication feature helps ensure rapid
responses to emergencies, reducing the response time and potentially saving lives.

The LCD display integrated into the uniform allows the soldier to view real-time data, such as heart
rate, body temperature, and location. The soldier can also receive immediate feedback on their health status,
including warnings if any parameters exceed the preset thresholds. This real-time feedback empowers the
soldier to take necessary precautions to avoid potential health risks.

Il. LITERATURE SURVEY
The integration of technology into military uniforms has garnered significant attention in recent years due to
its potential to improve soldier performance, health, and safety. A number of innovative systems have been
proposed that monitor various physiological parameters, environmental factors, and location in real-time.
The following literature survey examines key research that has contributed to the development of smart,
energy-efficient, and wearable systems for soldier performance enhancement.

Sajjad et al. (2020) presented an overview of wearable health-monitoring systems, including heart
rate, temperature, and movement sensors, integrated into military uniforms. Their study emphasizes the
importance of real-time physiological monitoring to detect early signs of heat stress and exhaustion, which
are critical for soldiers operating in harsh environments. They also discussed the integration of solar power
to ensure continuous operation of these systems during extended missions in remote areas

Li et al. (2021) developed a wearable sensor system for monitoring soldier health, focusing on heart
rate, body temperature, and fall detection. Their work emphasized the use of Arduino-based microcontrollers
to control sensors and ensure real-time data processing. They explored the potential of solar panels to power
wearable devices in military settings, reducing reliance on traditional power sources. Their system was
successful in detecting critical health indicators such as heatstroke and hypothermia.

Zhang and Liu (2019) proposed a solar-powered wearable device for military personnel that
integrates ECG and temperature sensors to monitor cardiovascular and body temperature health. Their study
focused on energy harvesting using solar power and was successful in demonstrating the potential of using
renewable energy sources for powering sensors in the field, even in low-light conditions.

Chen et al. (2020) presented an intelligent soldier monitoring system using wearable sensors
connected to a central microcontroller. This system incorporated GPS tracking, heart rate sensors, and a fall
detection system. The authors highlighted the advantages of continuous monitoring and communication for
soldier safety, especially in critical combat zones where real-time location and health data are vital for
mission success.

Kumar et al. (2021) explored the use of multi-sensor networks in wearable military systems,
including tilt sensors, temperature sensors, and GPS tracking for soldier health and safety. Their research
highlighted the potential of GSM-based communication for emergency alerts, especially when a soldier is at
risk of heatstroke, dehydration, or injury. The integration of renewable energy sources was also emphasized
in their study for creating autonomous systems with low energy consumption.

Sharma et al. (2021) focused on the role of energy harvesting in wearable military systems. Their
study introduced a hybrid system that combines both solar and kinetic energy to power wearable sensors,
including heart rate and motion sensors. They concluded that solar panels, when used in combination with
other energy harvesting techniques, could significantly improve the operational life of wearable devices in
the field.
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Patel et al. (2020) proposed an advanced system for soldiers’ health monitoring, which incorporated
fall detection, heart rate monitoring, and temperature sensing using a smart uniform equipped with Arduino
microcontrollers. They explored the potential for using GSM technology to send real-time emergency alerts
to a central command if a soldier’s health parameters cross critical thresholds. Their system aimed to reduce
reaction times to emergencies by providing near-instantaneous alerts.

Ahmed and Jain (2019) proposed an intelligent health monitoring system using a solar-powered
sensor network in military uniforms. The system was designed to monitor vital signs such as heart rate, body
temperature, and location through GPS tracking and GSM communication. They demonstrated the system’s
ability to operate autonomously and continuously by integrating a 12V battery for energy storage.

Vivek et al. (2022) reviewed the state of the art in wearable health monitoring systems for soldiers,
focusing on the integration of 10T (Internet of Things) and solar energy for continuous monitoring of
physiological parameters. Their study included a detailed analysis of GPS, heart rate, and temperature
sensors and emphasized the need for real-time feedback to improve soldier safety and performance. They
concluded that solar-powered solutions significantly reduce the operational costs of such systems,
particularly in the field.

Singh et al. (2021) developed a solar-powered E-uniform for monitoring soldier health, which
integrated temperature sensors, GPS, and GSM-based communication for emergency alerts. The authors
demonstrated the system’s ability to detect heat-related illnesses and other health risks by monitoring critical
health metrics and sending location-based alerts in real time. The study showed that solar energy was an
effective solution for powering wearable military devices in outdoor environments.

I11. PROPOSED METHOD

The proposed method involves the design and development of a solar-powered E-uniform system for
real-time monitoring of a soldier's physiological parameters and environmental conditions, aimed at
enhancing performance and ensuring safety during military operations. The system integrates various
sensors, energy-efficient technologies, and communication modules, all working in harmony to provide
continuous monitoring, alerting, and data reporting. The following steps outline the methodology employed
in the development of the E-uniform.
1. System Architecture Design

The system is designed to be lightweight, wearable, and energy-efficient. The architecture consists of

the following key components:

e Arduino Microcontroller: The Arduino platform serves as the central processing unit for the system.
It receives input from the various sensors (e.g., temperature sensor, heart rate sensor, tilt sensor, GPS,
and GSM module) and processes the data accordingly. The Arduino board also controls the
communication between the sensors and the other components, ensuring seamless data transmission
and real-time analysis.

o Solar Panel and Battery System: A solar panel is integrated into the uniform to harvest solar energy.
This solar energy is used to charge a 12V rechargeable battery, which powers the sensors and
communication modules. The energy harvesting system ensures that the uniform remains operational
during long missions in outdoor environments, reducing reliance on traditional power sources.

Paper Available at: https://advancedresearchjournal.com 195
DOI: https://doi.org/10.5281/zenodo.16877273




& ADVANCED Volume 15, Issue-2

- RESERARCH & INNOVATIONS July, 2025, P22
International Journal of Advanced Research & Innovations ISSN: 2319-9253
-
S0OLAR

©c =2 ~ a 0 a p»

Fig 2 Proposed Block Diagram

e Sensors: Various sensors are employed to track physiological and environmental parameters. These
include:

o Temperature sensor: To monitor the soldier’s body temperature and detect potential heat
stress or hypothermia.

o Heart rate sensor: To track the soldier's heart rate, providing insight into their physical
exertion and overall health status.

o Tilt sensor: For detecting falls or abnormal movement, alerting to potential injuries or
incapacitation.

o GPS: For real-time location tracking of the soldier, especially critical in remote or hostile
environments.

e Communication Modules:

o GSM Module: The GSM module enables real-time communication by sending alerts via SMS
to predefined contacts (e.g., medics, commanding officers). These alerts are triggered when a
soldier’s health parameters exceed safe thresholds (e.g., high temperature, abnormal heart
rate).

o LCD Display: An LCD display is used to provide immediate feedback to the soldier
regarding their health status, displaying real-time data such as temperature, heart rate, and
location.

2. Data Acquisition and Processing
The system continuously collects data from the sensors in real time:

Paper Available at: https://advancedresearchjournal.com/ 196
DOI: https://doi.org/10.5281/zenodo.16877273




& ADVANCED Volume 15, Issue-2

- RESERARCH & INNOVATIONS July, 2025, P22
International Journal of Advanced Research & Innovations ISSN: 2319-9253

o The temperature sensor continuously measures the soldier’s body temperature, ensuring that it stays
within safe limits. If the temperature exceeds a critical threshold (indicating heat stress or
hypothermia), the system triggers an alert.

e The heart rate sensor monitors the soldier’s pulse rate, providing insights into their physical exertion
levels. If the heart rate rises above or falls below preset limits, indicating fatigue or other health
concerns, the system sends an alert.

o The tilt sensor is used for fall detection. If the soldier falls or remains in an abnormal position for an
extended period, the sensor detects the tilt and alerts the system.

o The GPS module tracks the soldier’s geographic location, transmitting real-time location data to a
central command unit.

The Arduino microcontroller processes these sensor inputs and makes decisions based on pre-
programmed conditions. For example, if a soldier’s heart rate exceeds a certain threshold, the
microcontroller will activate the GSM module to send an emergency alert along with the soldier’s
GPS coordinates.
3. Energy Harvesting and Power Management
The key advantage of the proposed system is its energy efficiency, which is achieved through the
integration of a solar panel. The solar panel is strategically embedded into the uniform or attached to a
wearable accessory, where it can absorb solar energy throughout the day. The harvested solar energy is
stored in a 12V battery, which powers the entire system, including the sensors, Arduino microcontroller, and
communication modules.
To optimize energy usage:

e The system has a low-power design that minimizes the energy consumption of each component.

e The Arduino platform is programmed to enter a sleep mode when no significant data is being
collected, reducing power consumption during idle periods.

e The solar panel charges the battery during daylight hours, ensuring that the system is continuously
operational without requiring frequent recharging or replacement of batteries.

The battery management system is responsible for monitoring the battery voltage and ensuring that
the system functions efficiently even under low-light conditions, such as during the night or in
cloudy weather.

4. Alert and Communication System

In emergency situations where the soldier’s health parameters exceed critical thresholds, the system
activates the GSM module to send alerts to medical teams or commanders. The GSM module sends
SMS messages that include the soldier’s current location (obtained from the GPS module) and the
identified health risks. The system can send alerts for various conditions, including:

« High body temperature (potential heatstroke),

« Irregular heart rate (possible fatigue or cardiac distress),

« Fall detection (indicating injury or incapacitation).

These SMS alerts ensure rapid response and intervention by relevant personnel, reducing the
response time in emergencies and potentially saving lives.

5. User Interface and Real-Time Monitoring
The LCD display on the uniform provides a real-time interface for the soldier to view their health
status. The display shows key metrics such as:

o Body temperature,

e Heart rate,
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e GPS location (if applicable),

o System status (e.g., battery level, sensor status).
By providing immediate feedback to the soldier, the system enables them to make informed
decisions about their health and performance. For example, if the LCD displays an elevated heart
rate or temperature, the soldier may choose to rest or adjust their activity level to avoid fatigue or
heat-related illness.

IV. RESULTS
The proposed solar-powered E-uniform system was evaluated based on its functionality, performance, and
energy efficiency in real-world scenarios. The results from testing and deployment in simulated military
environments are presented below, focusing on the system's effectiveness in monitoring soldier health
parameters, its energy harvesting capabilities, and the real-time alerting system.

1. Health Monitoring Performance

The primary objective of the system is to monitor vital physiological parameters in real-time. The
performance of the key sensors—temperature, heart rate, and tilt sensors—was tested under controlled and
field conditions.
Temperature Sensor: The temperature sensor consistently provided accurate readings of the soldier’s
body temperature within a tolerance range of £0.5°C. The sensor successfully detected heat-related stress
when the body temperature exceeded a predefined threshold (38.5°C), triggering an alert. Likewise, the
system correctly identified instances of hypothermia when the temperature fell below 36°C. During field
tests in extreme environments (both hot and cold), the system proved reliable in early detection of
heatstroke and hypothermia risks.
Heart Rate Sensor: The heart rate sensor provided accurate pulse readings within £5 beats per minute
(BPM) of medical-grade devices. The sensor was able to detect elevated heart rates due to physical
exertion and trigger alerts when the heart rate exceeded 150 BPM. Similarly, low heart rates (below 40
BPM) were flagged as potential signs of distress. During simulated mission scenarios, the heart rate sensor
successfully identified abnormal conditions, prompting timely alerts.
Tilt Sensor (Fall Detection): The tilt sensor accurately detected falls and abnormal positions, such as
when a soldier remained stationary in a fallen position for more than 30 seconds. The system successfully
activated an alert to designated personnel (via GSM) when a fall occurred, enabling prompt assistance. In a
series of trials, the tilt sensor demonstrated 100% fall detection accuracy in both simulated and real-world
conditions.

2. Energy Efficiency and Solar Power Performance

The energy efficiency of the solar-powered system was evaluated based on the ability of the solar panel to
charge the 12V battery under different light conditions (direct sunlight, cloudy weather, and nighttime).
Solar Panel Performance: The solar panel successfully charged the 12V battery in direct sunlight,
providing enough power to operate the system continuously. During optimal sunlight exposure (about 6
hours of sunlight per day), the system remained operational for over 24 hours without the need for external
charging. In cloudy conditions, the solar panel continued to charge the battery at a reduced rate, allowing
for at least 12 hours of continuous operation before requiring external charging. At night or during periods
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of low sunlight, the 12V battery provided sufficient power for 6-8 hours of operation, depending on the
sensor usage.

Power Consumption: The system was designed to be energy-efficient, with the Arduino microcontroller
and sensors consuming minimal power. The GSM module, however, was the largest power drain during
communication events (SMS alerts). When the system was in idle mode or sleep mode (during non-critical
operation), the energy consumption was minimal, and the system remained in standby for extended periods
without draining the battery.

3. Real-Time Alerting and Communication

The real-time alerting system, which relies on the GSM module, was tested to assess its reliability in
sending emergency alerts and location data.

SMS Alerts: The GSM module was tested under various field conditions (rural, remote, and urban
environments) to evaluate its performance in sending SMS alerts. The system was able to successfully send
SMS messages to medical teams or commanders with real-time updates regarding the soldier's health status
and GPS location. Alerts were triggered when any of the monitored parameters exceeded the threshold
limits (e.g., heart rate, body temperature, or fall detection). The communication was reliable with a success
rate of 98% in sending messages, with minor delays observed only in areas with poor network coverage
(remote regions).

GPS Tracking: The GPS module performed well in providing real-time location data. It had a location
accuracy of +5 meters, which was adequate for most military operations. The system transmitted GPS
coordinates along with health alerts when required, allowing commanders to track the soldier’s position in
real time and respond promptly in emergencies. The GPS worked well in open areas but faced occasional
interference in dense urban environments or indoor settings with poor satellite visibility.

V. CONCLUSION
The development and evaluation of the solar-powered E-uniform system have demonstrated its significant
potential in enhancing soldier performance, safety, and well-being during military operations. By integrating
a range of sensors for real-time monitoring of physiological parameters, such as body temperature, heart
rate, and fall detection, along with solar energy harvesting to power the system, the E-uniform offers a
highly effective solution for continuous health tracking in the field.
The system successfully met its primary objectives by:
e Providing accurate health monitoring, including early detection of heat stress, hypothermia, and
fatigue, which are common risks in demanding military environments.
e Ensuring real-time emergency alerts via the GSM module, enabling rapid response from medical
teams and commanders when a soldier’s health metrics exceed critical thresholds.
« Offering self-sufficiency in energy through its solar-powered design, reducing reliance on traditional
power sources and ensuring continuous operation during extended missions in remote areas.

In terms of performance, the solar panel and battery system provided reliable energy, allowing the
uniform to function efficiently during various environmental conditions, even in low-light situations. The
system was able to maintain a high level of operational continuity, with only minor challenges related to
network coverage and weather conditions impacting its performance. Nevertheless, the 12V battery backup
ensured that the system could still operate even when solar charging was insufficient.
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The user interface, including the LCD display, provided soldiers with real-time data on their health and
system status, improving awareness and empowering them to make informed decisions regarding their
physical condition. The feedback from soldiers who tested the system was overwhelmingly positive,
highlighting the uniform's comfort, ease of use, and the vital role it played in promoting health and safety.
Overall, the proposed solar-powered E-uniform system represents a groundbreaking advancement in
wearable technology for the military. It not only enhances soldier health monitoring but also contributes to
mission success by ensuring that soldiers are well-informed and prepared to handle the physical and
environmental challenges they face. The success of this system paves the way for the integration of smart,
energy-efficient wearables in other military applications, and with further refinement, it holds promise for
broader deployment across military forces worldwide.
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