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Abstract: Heatstroke is a critical risk in high-temperature occupational settings, especially for
construction workers. Traditional manual monitoring methods are often inadequate in preventing
heat-related illnesses. This project develops an IoT-based intelligent system to predict and prevent
heatstroke incidents in real-time. The system integrates wearable sensors, the ESP8266
microcontroller, and machine learning algorithms to continuously monitor physiological parameters
such as body temperature, heart rate, and skin conductance, along with environmental data. Real-
time data is analyzed to predict heatstroke risk, issuing timely alerts via a smartphone interface.
This proactive approach enhances worker safety, improves health outcomes, and boosts productivity
by enabling early detection and intervention. The project also advances healthcare IoT technology,
offering a scalable model for other high-risk industries. Testing and validation confirm the system's
reliability and effectiveness in real-world conditions.
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1. Introduction

In the realm of technology, advancements have been made that not only revolutionize industries but
also play a pivotal role in safeguarding human lives. One such area where technology's impact is
profoundly felt is in the field of medicine. Over the years, technological developments have led to
innovative solutions that enhance medical practices, improve patient outcomes, and ultimately save
lives. Among the critical challenges faced in healthcare is the timely prediction and prevention of
life-threatening conditions like heatstroke. Heatstroke is clinically diagnosed as a severe elevation
in body temperature accompanied by central nervous system dysfunction, often manifesting as
combativeness, delirium, seizures, and coma. Particularly in certain occupational settings such as
construction sites, the risk of heatstroke is heightened due to prolonged exposure to extreme
temperatures and strenuous physical activity.[1]

Recent statistics reveal a concerning rise in heatstroke cases among construction workers, with
approximately 70% of occupational heatstroke fatalities occurring within the construction industry.
To address this pressing issue and prevent heatstroke-related incidents, there is a crucial need to
develop accurate predictive systems that can assess both the thermal environment of construction
sites and the physiological conditions of workers in real-time. This brings us to the concept of an
IoT-based Intelligent System designed specifically to predict and prevent heatstroke incidents. This
innovative system integrates the capabilities of the Internet of Things (IoT) with intelligent
algorithms to create a self-aware early-warning mechanism. The integration of IoT (Internet of
Things) technology within this intelligent system plays a crucial role in its effectiveness. IoT
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enables seamless connectivity and communication between various devices and systems, facilitating
real-time data collection, analysis, and response. In the context of predicting heatstroke, [oT allows
for continuous monitoring of environmental conditions such as temperature and humidity at
construction sites, as well as monitoring the physiological parameters of workers through wearable
sensors. This interconnectedness and data exchange empower the system to generate accurate
insights, identify potential risk factors, and proactively issue alerts or interventions as needed.
Furthermore, IoT-based solutions are scalable and adaptable, allowing for the integration of
additional sensors or functionalities to enhance the system's capabilities over time. Overall,

IoT technology enhances the efficiency, reliability, and intelligence of the heatstroke prediction
system, contributing significantly to its utility in saving human lives and promoting occupational
safety.[2]

The primary objective of this project is clear: to save valuable lives by introducing a selfaware
heatstroke early-warning system that leverages advancements in healthcare IoT and machine
learning techniques. The architecture of this system comprises three main components: a wearable
device worn by the workers, a wireless transmission module for data communication, and a
sophisticated back-end monitoring system. Key tools utilized in this project include a processor
such as ESP8266, sensors like GSR (Galvanic Skin Response), temperature, and heart-rate sensors,
as well as a regulator for system stability. The data collected from these sensors is transmitted
wirelessly to the back-end system, where it undergoes analysis and processing. The working
principle of the system involves the collection of physiological information from the wearable
device's user interface, including vital signs such as body temperature, heart rate, and skin response.
This information is then analyzed in real-time using machine learning algorithms to detect patterns
indicative of heatstroke risk. Upon detecting such patterns, the system triggers early warning alerts,
enabling timely intervention and preventive measures. In essence, the loT-based Intelligent System
to Predict Heatstroke represents a cutting-edge application of technology in healthcare and
occupational safety, emphasizing proactive measures to mitigate the risks associated with heat-
related illnesses and ultimately contribute to saving human lives in highrisk environments.|[3]

1.2 Internet of Things (IoT)

The Internet of Things (IoT) refers to a network of interconnected physical devices, sensors,
actuators, software, and systems that exchange data and communicate with each other over the
internet or other networks. These "smart" devices can collect, transmit, and receive data, enabling
them to interact with the environment and perform various tasks autonomously or based on remote
commands. The history of the Internet of Things (IoT) can be traced back to the late 20th century,
although the concept gained significant traction and development in the early 21st century. The
roots of 10T can be found in the evolution of computer networking and the integration of embedded
systems with internet connectivity. In the 1980s and 1990s, advancements in telecommunications
and networking technologies laid the foundation for connecting devices and systems over the
internet. The emergence of protocols like TCP/IP and the widespread adoption of the World Wide
Web facilitated the communication between computers and eventually extended to include other
devices.[6]

One of the early milestones in IoT history was the development of RFID (Radio Frequency
Identification) technology, which enabled objects to be uniquely identified and tracked wirelessly.
This technology found applications in supply chain management, inventory tracking, and asset
monitoring. The term "Internet of Things" was coined by Kevin Ashton in 1999 while working at
Procter & Gamble. Ashton envisioned a network where everyday objects could be equipped with
sensors and connected to the internet, enabling them to communicate, share data, and perform tasks
autonomously. As the 21st century progressed, IoT technologies continued to evolve with the
advent of wireless communication standards such as Bluetooth, Wi-Fi, and Zigbee. The
miniaturization of sensors, the development of low-power processors, and the rise of cloud
computing further accelerated the growth of IoT applications across industries, including smart
homes, healthcare, transportation, agriculture, and industrial automation. Today, loT has become an
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integral part of the digital ecosystem, driving innovation, efficiency, and connectivity in various
domains while also presenting challenges such as security, interoperability, and data privacy that
require ongoing attention and solutions.[7]

2. Work of IOT

The Internet of Things (IoT) operates through a complex network of interconnected devices,
sensors, actuators, and systems that communicate and exchange data over the internet or other
networks. Understanding how IoT works involves exploring its key components, communication
protocols, data flow, and overall functionality.

1) Components of IoT:
IoT systems consist of several essential components:

» Devices and Sensors: These are physical objects embedded with sensors to collect data from the
environment. Examples include temperature sensors, motion sensors, GPS trackers, and humidity
Sensors.

» Connectivity Modules: IoT devices use various communication protocols like WiFi, Bluetooth,
Zigbee, Lora WAN, or cellular networks (3G/4G/5G) to connect and transmit data.

» Data Processing Units: Devices may have microcontrollers or processors to process data locally
or transmit it to centralized servers or cloud platforms.

» Cloud Services: Data collected by IoT devices is often stored, processed, and analyzed in cloud-
based platforms that offer scalability, storage, computing power, and data analytics capabilities.

» Applications and User Interfaces: loT applications and user interfaces (Uls) enable users to
interact with and control IoT devices, monitor data, set alerts, and automate processes.

2) Communication Protocols:
IoT devices use various communication protocols to exchange data:

» MQTT (Message Queuing Telemetry Transport): Lightweight protocol for IoT devices to
publish/subscribe to data streams.

» HTTP/HTTPS: Used for web-based communication, data transfer, and API interactions.

» CoAP (Constrained Application Protocol): Designed for constrained IoT devices with limited
resources.

» AMQP (Advanced Message Queuing Protocol): Ensures reliable message delivery and
communication.

» WebSockets: Provides full-duplex communication channels for real-time data exchange.
3) Data Flow and Processing:

v" ToT devices collect data from the environment through sensors, which is then processed locally
or transmitted to cloud platforms.

v" Cloud platforms store, process, and analyze incoming data streams using big data analytics,
machine learning algorithms, and real-time processing engines.

v Processed data generates insights, triggers actions or alerts, and can be visualized through
dashboards or reports.

v Feedback or commands from users or automated systems can be sent back to IoT devices to
control actuators, adjust settings, or initiate responses.

4) Applications of IoT:

1. Smart Homes: [oT devices for home automation, security systems, energy management, and
entertainment.
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2. Healthcare: IoT in telemedicine, remote patient monitoring, medical devices, and personalized
healthcare.
3. Industrial IoT (IIoT): IoT in manufacturing, logistics, predictive maintenance, supply chain
optimization, and industrial automation.
4. Smart Cities: IoT for smart infrastructure, transportation systems, waste management,
environmental monitoring, and public safety.
5. Agriculture: 10T for precision agriculture, crop monitoring, irrigation management, livestock
tracking, and farm automation.
6. Retail: IoT for inventory management, supply chain optimization, customer experience
enhancement, and personalized marketing.
7. Energy Management: loT for smart grids, energy monitoring, demand response, and
renewable energy integration.[10]
- T 0~
’ N\
/
! LoRAWAN
\ RFID
i NB-loT
\ / -
~ 7’
' platform
\ /
\ /
Figure (1.1): technology are used in loT
3. Scope
The scope of this project includes:
v" Development of an IoT-based system comprising wearable devices, sensors, and a wireless
communication module.
v Continuous monitoring of physiological parameters such as body temperature, heart rate, and
skin response of construction workers.
v’ Real-time analysis of collected data using machine learning algorithms to predict heatstroke
risk.
v' TIssuing timely alerts and recommendations to workers and supervisors based on risk
assessments.
v' Testing and validating the system in a controlled environment to ensure accuracy and reliability.
v Evaluation of the system's potential for scalability and adaptability in various occupational

settings.
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4. Significance
The significance of this project lies in its potential to:

v Enhance occupational safety by proactively predicting and preventing heatstroke incidents in
high-risk work environments.

v Improve workers' health outcomes and productivity by providing real-time monitoring and
intervention.

v" Contribute to the advancement of healthcare ToT technology and its application in occupational
safety.

v' Serve as a model for similar predictive systems in other industries and settings with heat-related
risks.

v' Ultimately save lives by mitigating the risks associated with heat-related illnesses and fatalities
in occupational settings.

5. Project Components:
5.1 Hardware components
5.1.1 ESP8266:

The ESP8266 is a popular and versatile microcontroller with built-in Wi-Fi capabilities, making it
an ideal choice for IoT projects. It features a low-cost yet powerful architecture, suitable for
processing data, managing communication with other devices or networks, and controlling
connected sensors and actuators. Its small form factor and low power consumption make it suitable
for various applications, from home automation to industrial IoT solutions. With its ability to
connect to the internet and exchange data wirelessly, the ESP8266 plays a crucial role in enabling
IoT systems to gather, process, and transmit data efficiently.[4]

Figure.ESP8266.

5.1.2 GSR Pulse Sensor:

The GSR (Galvanic Skin Response) pulse sensor measures the skin's electrical conductance, which
correlates with emotional or physiological changes. In the context of the project, the GSR pulse
sensor is used to monitor stress levels or emotional responses related to heatstroke risk. It detects
variations in skin conductance caused by sweat gland activity, providing insights into the user's
stress levels. By integrating this sensor into the IoT system, it enhances the system's ability to detect
early signs of heat-related stress or potential heatstroke, contributing to proactive preventive
measures and user safety.[5]
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Figure :GSR Pulse Sensor

5.1.3 Temperature Sensor:

A temperature sensor is a crucial component in the project for monitoring body temperature,
especially in environments prone to heatstroke. This sensor detects variations in temperature and
provides accurate readings, allowing the IoT system to assess the user's thermal status. By
continuously monitoring body temperature, the sensor helps detect abnormal increases that could
indicate heat-related stress or potential heatstroke. Integrating a temperature sensor enhances the
system's capability to identify early warning signs, enabling timely interventions and preventive
measures to mitigate heatstroke risks effectively.[3]

Figure : Temperature Sensor

5.2.4 Heart-rate Sensor:

The heart-rate sensor measures the user's heart rate, providing insights into cardiovascular activity
and stress levels. In the context of the project, the heart-rate sensor is vital for monitoring
physiological responses related to heatstroke risk. By detecting changes in heart rate, such as
increases due to physical exertion or heat stress, the sensor contributes to assessing the user's health
status. Integrating a heart-rate sensor enhances the IoT system's ability to monitor vital signs
comprehensively, aiding in early detection of heat-related stress or potential heatstroke and
facilitating prompt interventions for user safety.[8]
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Figure: Heart-rate Sensor
5.1.5 Regulator:

A regulator is an essential component in electronic circuits, including IoT systems, that ensures
stable voltage levels and regulates power supply. In the context of the project, the regulator plays a
crucial role in providing consistent power to the sensors, microcontroller (e.g., ESP8266), and other
electronic components. By maintaining stable voltage levels, the regulator helps prevent damage to
sensitive components, ensures accurate sensor readings, and enhances the overall reliability and
performance of the IoT system.[2]

5.1.6 Smartphone:

The smartphone serves as a key interface for the IoT system, allowing users to interact with the
system, receive alerts or notifications, and access real-time data. Through a web-based or mobile
application interface, users can view physiological information collected by sensors (such as
temperature and heart rate), monitor their health status, and receive warnings related to heatstroke
risks. The smartphone's connectivity enables seamless communication with the I[oT system,
providing users with actionable insights and recommendations to manage heat related risks
effectively. Integrating smartphone capabilities enhances the accessibility, usability, and
functionality of the IoT system, promoting user engagement t and safety.[9]

Q

Figure: Smartphone
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5.2 Software Tools:
5.2.1 Arduino IDE

Arduino IDE (Integrated Development Environment) serves as the software platform for Arduino. It
functions as a text editor, akin to a notepad, but incorporates various features tailored for
programming. This software is utilized for writing code, compiling it to identify any errors, and
subsequently uploading the code to the Arduino hardware. It is a cross-platform application
compatible with all major operating systems, including Windows, Linux, and macOS. The IDE
supports programming in C/C++ languages and is open-source, allowing users the flexibility to
utilize the software according to their needs. Users can also create custom modules and functions to
enhance the software's capabilities. It accommodates all available Arduino boards, such as Arduino
Mega, Arduino Leonardo, and Arduino Ethernet, among others. Just as a Word file is referred to as a
Document, an Arduino file is termed a Sketch, where users write their code. The format for Arduino
files is saved with a. extension.

Work of Arduino IDE

When a user writes code and compiles, the IDE will generate a Hex file for the code. (Hex file are
Hexa Decimal files which are understood by Arduino) and then sent to the board using a USB cable.
Every Arduino board is integrated with a microcontroller, the microcontroller will receive the hex
file and runs as per the code written.[11]

Figure: Connect the Components

172



Journal of Science in Medicine and Life, Volume: 3 Issue: 1 Year: 2025 2992-9202

6. Result

The result of the project is an efficient and effective IoT-based system that provides real-time
monitoring and predictions of heatstroke risk based on sensor data. Users can access the data
through a smartphone web interface and receive timely warnings or interventions to prevent
heatstroke incidents. Testing and debugging the system may be required to ensure all components
communicate correctly and the system functions as intended. We note that the first case we tested
on the device gave a normal condition, as the measured values did not exceed the threshold values.
The test site was in a Central Library, as the case on which the test was conducted was a 23-year-old
female working as a student, and we did not notice any abnormal readings throughout the test
period
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Figure Health Monitor Dashboard. Thresholds

The second case was measured on a 22-year-old female who does not suffer from any diseases and
is considered a runner. The result was normal, as the readings that appeared throughout the
measurement period, which lasted for 5 hours, did not indicate a risk of heatstroke, as the device
was placed for 5 hours, and during this period the surrounding air temperature was measured, taking
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into consideration all the external influencing factor. A 40-year-old worker has high blood pressure.
When his temperature was measured, we found that it tended to be abnormal, 39.2, and his heart
rate was also 97 in rest.

7. Conclusion

The development of an IoT-based intelligent system for predicting and preventing heatstroke in
high-risk occupational settings presents a significant advancement in enhancing worker safety and
well-being. By integrating wearable sensors, wireless communication, and machine learning
algorithms, the system enables continuous monitoring of physiological and environmental data to
predict and mitigate heatstroke risks effectively. The system's ability to issue timely warnings and
interventions demonstrates its potential to prevent heat-related incidents and save lives in various
occupational settings. The real-time data access through a smartphone interface provides a user-
friendly experience for workers and supervisors, empowering them with information to manage
their work environments safely. The system's performance and accuracy improve through
continuous testing, feedback, and algorithm refinement. Overall, this research contributes to
occupational safety, sets a foundation for similar preventive systems in other industries, and
showcases the promising future of healthcare IoT technology.
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