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Abstract:  

 

The Smart Soldier Safety Suit and Helmet are an IoT-based 

wearable safety system developed to improve the protection 

and monitoring of soldiers during field operations. This setup 

integrates multiple sensors into a smart suit and helmet to track 

vital signs like body temperature and heart rate, as well as 

soldier movement and ambient environmental factors. A 

microcontroller collects and processes the sensor data 

continuously. When an abnormal condition, fall, or hazardous 

situation is detected, the system generates an emergency alert 

and can transmit the soldier’s status and location to a remote 

monitoring unit using wireless communication. 

 

The system delivers instant monitoring capabilities, enabling 

quicker reaction times when critical events occur. We 

engineered this prototype to be lightweight, budget-friendly, 

and highly adaptable. This opens up clear paths for scaling the 

design, such as embedding AI-driven health diagnostics, 

upgrading to next-generation wireless modules, or integrating 

specialized safety sensors. Ultimately, this technology serves 

as a reliable asset to elevate situational awareness and protect 

personnel operating in unpredictable operational zones. 
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IoT, Wearable Technology, Soldier Safety, Health Monitoring, 
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1. INTRODUCTION   
 

Soldiers are frequently required to work in challenging and 

unpredictable environments where physical safety, health status, 

and communication are important concerns. During field 

operations, soldiers may be exposed to extreme temperatures, 

physical stress, accidental falls, hazardous gases, and other 

environmental risks. In such situations, continuous monitoring 

can help identify abnormal conditions at an early stage and 

support timely action. 

 

Traditional military protective equipment is mainly designed to 

provide physical protection against external threats. The 

development of wearable electronics and Internet of Things 

(IoT) technologies provides opportunities to integrate sensing 

and communication capabilities into protective equipment. 

 

The Smart Soldier Safety Suit and Helmet are proposed as a 

wearable safety system that combines a protective suit and 

helmet with multiple sensors. Depending on the selected 

prototype configuration, sensors can be used to monitor 

parameters such as body temperature, heart rate, movement, fall 

conditions, and environmental factors. The collected 

information is processed by a microcontroller to determine the 

current status of the soldier. 

 

Wireless communication can be used to transfer important 

sensor information from the wearable system to a remote 

monitoring unit. When a predefined abnormal condition is 

detected, the system can generate an emergency alert. A location 

module such as GPS can also be integrated to provide the 

approximate location of the soldier when location data is 

available, which may assist the monitoring team during an 

emergency. 

 

By integrating sensing, processing, communication, and alert 

mechanisms into wearable equipment, the system can reduce the 

need for multiple independent monitoring devices. The design 

can also be adapted according to the requirements of different 

field conditions and available hardware components. 

 

The Smart Soldier Safety Suit and Helmet provide a foundation 

for future development of intelligent soldier-monitoring 

systems. Future enhancements may include artificial 

intelligence for abnormal-condition analysis, improved wireless 

communication, additional environmental sensors, energy-

efficient hardware, and advanced monitoring interfaces. Such 

developments can improve situational awareness and provide 

additional support for soldier safety in challenging 

environments. 

2. Body of Paper 
The proposed Smart Soldier Safety Suit and Helmet is an IoT-

based wearable safety system designed to monitor the soldier’s 

health, movement, location, and surrounding conditions. The 

MPU6050 sensor is used to detect sudden movement, impact, 

and changes in orientation, while the MAX30102 sensor 

monitors heart rate and SpO₂ (Peripheral Capillary Oxygen 

Saturation). A temperature sensor such as DHT11 or DS18B20 

is used for temperature monitoring. 

 

For location tracking, the NEO-6M GPS module provides the 

soldier’s location information. A LoRa module is used to 

transmit sensor data wirelessly from the wearable unit to the 

base station. A panic button allows the soldier to manually 

trigger an emergency alert. A buzzer and LEDs provide local 

warning and system status indications. The complete system is 

powered using a rechargeable battery with a charging module. 

 

The ESP32 continuously receives data from the connected 

sensors and processes the collected information. When a 

predefined abnormal condition, sudden impact, or emergency 

event is detected, the system can activate the local alert 

mechanism and transmit relevant information to the monitoring 

unit. The proposed architecture combines health monitoring, 
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motion detection, location tracking, wireless communication, 

and emergency indication in a single wearable platform. 

 

 

2.1. Hardware Description  
The hardware of the Smart Soldier Safety Suit and Helmet is 

developed to continuously monitor the soldier’s health, 

movement, location, and environmental conditions. The system 

primarily consists of an ESP32 microcontroller, MPU6050 

motion sensor, NEO-6M GPS module, LoRa, MAX30102 

heart-rate and SpO₂ sensor, temperature sensor, panic button, 

buzzer, LEDs, and a rechargeable battery with charging 

module. These components work together to collect sensor 

data, process the information, and provide an emergency alert 

when an abnormal condition is detected. 

 

1. ESP32 Microcontroller 

 

                 

                  
 

           Fig. 1: ESP32 Microcontroller 

 
The ESP32 microcontroller acts as the central control unit of 

the Smart Soldier Safety Suit and Helmet. It is responsible for 

collecting inputs from the connected sensors, processing the 

soldier’s health and safety parameters, controlling the alert 

devices, and managing wireless communication. The ESP32 is 

selected because of its built-in Wi-Fi and Bluetooth 

capabilities, low-power operation, sufficient GPIO pins, and 

processing capability, making it suitable for IoT-based 

wearable safety applications. 

 

The ESP32 continuously receives data from sensors such as the 

MPU6050, MAX30102, temperature sensor, and panic button. 

Based on the sensor readings, it processes the soldier’s 

movement, heart rate, SpO₂, temperature, and emergency 

status. When a predefined abnormal condition or emergency 

event is detected, the ESP32 activates the buzzer and LEDs and 

can transmit the relevant information through LoRa.  

 

2. MPU6050 Module 
 

 

                         
              

 

                              Fig. 2: MPU6050 Module 

 The MPU6050 acts as a motion and orientation sensing unit in 

the Smart Soldier Safety Suit and Helmet. It combines a 3-axis 

accelerometer and a 3-axis gyroscope to measure the soldier’s 

movement, acceleration, and orientation. The sensor provides 

motion data to the ESP32 through the I²C communication 

interface, allowing the controller to continuously monitor 

changes in the soldier’s movement. 

 

The MPU6050 is mainly used to detect sudden movement, 

impact, abnormal orientation, and possible fall conditions. The 

ESP32 processes the sensor readings and compares them with 

predefined conditions. If a significant movement or possible 

fall is detected, the system can activate the buzzer/LED alert 

and transmit the emergency status through the wireless 

communication module. This feature helps improve the safety 

monitoring capability of the proposed wearable system. 

 

3. NEO-6M GPS 

  

 

  
 

                                 Fig. 3: NEO-6M GPS 
 

The NEO-6M GPS module is used as the location-tracking unit 

in the Smart Soldier Safety Suit and Helmet. It receives signals 

from GPS satellites and provides geographical location 

information such as latitude and longitude. The module 

communicates with the ESP32 through a serial interface, 

allowing the controller to receive and process the location data. 

In this project, the NEO-6M continuously provides the soldier’s 

location information when a valid GPS signal is available. 

During an emergency condition, such as a detected fall, sudden 

impact, or activation of the panic button, the ESP32 can use the 

GPS coordinates along with the emergency status and transmit 

them through the LoRa to the monitoring or base station. This 

helps the monitoring team identify the approximate location of 

the soldier and supports faster emergency response. 

 

 

4. DHT11 Temperature Sensor 
 

 

                      
 

 

                 Fig. 4: DHT11 Temperature Sensor 
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The DHT11 temperature sensor is used to monitor temperature 

conditions in the Smart Soldier Safety Suit and Helmet. It 

measures the surrounding temperature and provides the 

temperature data to the ESP32 microcontroller through a digital 

signal. The DHT11 is selected because it is simple to interface, 

low-cost, and suitable for prototype-level monitoring 

applications.  

 

The DHT11 continuously provides temperature readings to the 

ESP32. The controller processes the measured value and 

compares it with a predefined threshold. If the temperature 

exceeds the specified limit, the system can activate the buzzer 

and LED alert and transmit the warning through the wireless 

communication module. This feature helps in monitoring 

temperature-related conditions and enhances the overall safety-

monitoring capability of the proposed system. 

 

5. LoRa (Long Range) 
 

 

                   
 

           Fig. 5: LoRa (Long Range) 
The LoRa (Long Range) communication module is used for 

wireless communication in the Smart Soldier Safety Suit and 

Helmet. It provides long-range, low-power data transmission 

between the soldier’s wearable system and a remote monitoring 

or base station. The LoRa module is connected to the ESP32 

microcontroller, which sends important sensor information 

through the wireless link. 

 

The LoRa module can transmit the soldier’s health status, 

motion/fall alert, temperature information, and GPS location to 

the monitoring unit. When an emergency condition is detected, 

the ESP32 sends the relevant data through LoRa so that the 

monitoring team can receive the alert and take appropriate 

action. This makes LoRa suitable for applications where long-

range and low-power communication is required. 

 

6. MAX30102 

                 
                                Fig 6: MAX30102 

 

The MAX30102 is a biosensor module used for monitoring the 

soldier’s heart rate and blood oxygen saturation (SpO₂) in the 

Smart Soldier Safety Suit and Helmet. It uses integrated red and 

infrared LEDs along with a photodetector to measure changes 

in blood flow. The sensor communicates with the ESP32 

microcontroller through the I²C interface, allowing the 

collected physiological data to be processed.   

 

The MAX30102 continuously measures the soldier’s heart rate 

and SpO₂ level. The ESP32 processes the sensor readings and 

checks them against predefined conditions. If an abnormal 

reading is detected, the system can activate the buzzer and LED 

alert and transmit the health status through the LoRa 

communication module. This provides an additional health-

monitoring feature for the proposed wearable safety system. 

 

7. Buzzer 
 

                            
                                    

                                   Fig. 7: Buzzer 
 

The buzzer is used as an audible alert device in the Smart 

Soldier Safety Suit and Helmet. It is controlled by the 

ESP32 microcontroller and provides an immediate 

warning when an abnormal or emergency condition is 

detected.  

 

The buzzer can be activated when conditions such as a 

possible fall, abnormal health parameter, high temperature, 

or panic button activation are detected. The ESP32 sends a 

control signal to the buzzer, which produces an audible 

warning to notify the soldier and nearby personnel. The 

buzzer therefore provides a simple and effective local 

emergency indication and complements the wireless alert 

system. 

 

8. LED (Light Emitting Diode) 
                                 

                            

 

                                     Fig. 8: LED  

 

The LED (Light Emitting Diode) is used as a visual status and 

alert indicator in the Smart Soldier Safety Suit and Helmet. It 

is controlled by the ESP32 microcontroller and provides a 

simple visual indication of the current system condition. 
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In this project, the LED can indicate different conditions such 

as normal operation, emergency status, sensor detection, or 

panic activation. When an abnormal condition is detected, the 

ESP32 activates the LED along with the buzzer to provide a 

visual warning. This helps the soldier and nearby personnel 

quickly identify the system status and emergency conditions. 

 

3. CONCLUSION 
 

The Smart Soldier Safety Suit and Helmet are a wearable safety 

system designed to monitor the soldier’s health, movement, 

temperature, and location in real time. The system uses sensors 

and an ESP32 microcontroller to collect and process important 

information. In emergency situations, it can provide local alerts 

and transmit relevant information through wireless 

communication. The integration of health monitoring, motion 

detection, GPS tracking, and emergency alerts can improve 

soldier safety and support faster response. The system can be 

further enhanced with solar-assisted charging, AI-based 

monitoring, advanced sensors, and improved wireless 

communication for future applications. 
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