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ABSTRACT: The research introduces an innovative Internet of Things (IoT)-based safety system designed specifically 

for construction sites to address inherent risks. The system employs interconnected sensors, actuators, and smart 

devices to establish a comprehensive safety network that monitors, analyzes, and responds to real-time safety 

parameters. Key components include wearable devices with biometric sensors for tracking worker vital signs, 

environmental sensors for air quality and hazardous substance detection, and motion sensors for accident identification 

and access control. Advanced analytics and machine learning algorithms process the data to identify patterns, predict 

safety risks, and trigger immediate responses. This technology contributes to creating a safer working environment, 

minimizing injuries, saving lives, and optimizing project timelines. 
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I. INTRODUCTION 
 

The construction industry, a cornerstone of societal development, faces inherent risks and safety challenges. As projects 

scale new heights figuratively and literally, the need for robust safety frameworks becomes evident. This paper 

explores IoT-based solutions integrating biometric sensors, environmental sensors, and motion detectors to mitigate 

safety risks in dynamic construction environments. The statement introduces a paradox within the construction 

industry. On one hand, it is acknowledged as a force that drives growth and progress. Construction projects are often 

indicators of economic development, urbanization, and infrastructural advancements. However, this progress is 

juxtaposed against the industry's inherent risks and safety challenges. The construction industry is characterized as a 

multifaceted landscape, indicating its complexity and diversity. Construction sites involve a myriad of activities, 

personnel, and elements such as machinery and materials. Navigating this multifaceted landscape implies 

understanding and managing the various aspects and intricacies that contribute to the overall construction environment. 

 
In response to the identified safety challenges, the introduction sets the goal of proposing proactive measures. 

"Proactive" implies taking anticipatory and preventative actions rather than reactive measures. The emphasis is on not 

just addressing safety issues after they occur but implementing measures that can prevent or mitigate these challenges 

before, they become critical. In essence, this detailed statement sets the stage for a comprehensive exploration of the 

construction industry's role in societal development, acknowledging its dual nature of being a driver of progress and a 

field fraught with safety risks. It underscores the necessity of a robust safety framework, especially as construction 

projects become more intricate, and outlines the intent to navigate the complexities of the industry while providing 

proactive solutions to enhance safety. The nature of the shadow is specified — the risk of accidents, injuries, and 

fatalities. This articulates the downside of the construction industry's evolution. Despite its advancements, the industry 

has not been immune to incidents that compromise the safety and well-being of its workforce. The inclusion of 

"fatalities" emphasizes the severity of the risks involved. 
 

II. LITERATURE REVIEW 

 
Previous studies explored IoT technologies for construction safety, focusing on wearable devices, environmental 

sensing, and machine learning applications. These reviews highlight IoT's potential in predictive safety analytics and 

real-time risk management. "A Systematic Review of IoT Technologies in Construction Safety Management" 
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III. PROPOSED METHODOLOGY 

 

The system integrates IoT components to monitor worker vital signs, air quality, and motion patterns. Key elements 

include biometric sensors, environmental sensors, and motion sensors. Convolutional Neural Networks (CNNs) analyze 
data from sensors to identify patterns and predict safety risks in real time. 

 

IV. RISK ASSESSMENT 

 

A comprehensive risk assessment matrix was developed to address technical, data security, operational, regulatory, user 

acceptance, budget, scalability, and environmental risks. Mitigation strategies include compatibility testing, encryption, 

user training, and hardware upgrades. 

 

V. ADVANTAGES AND APPLICATIONS 

 

Real-time alerts and communication, autonomous safety protocol activation, and enhanced safety measures are among 

the advantages. The system's scalability and adaptability make it suitable for large-scale  
construction projects and extreme environments. 

 

VI. RESULT AND DISCUSSION 

 

This project involves creating a wearable safety band for construction workers using an Arduino Uno, a fingerprint 

biometric sensor, an MQ gas sensor, a gyro accelerometer sensor, a Li-ion battery supply, and IoT connectivity. The 

goal is to monitor the worker's identity, environmental hazards, and motion to ensure their safety.  

 

Arduino Uno: The microcontroller that processes data from sensors and communicates with the IoT platform. 

Fingerprint Biometric Sensor: Identifies the worker to ensure authorized personnel only. 

MQ Gas Sensor: Detects hazardous gases in the environment. 
Gyro Accelerometer Sensor (e.g., MPU6050): Monitors the worker's movement and orientation. 

Li-ion Battery: Provides power to the wearable band. 

IoT Module (e.g., ESP8266/ESP32): Enables wireless communication with an IoT platform for real-time monitoring. 

 

Pin Specifications and Connections 

1. Arduino Uno Connections 

Power Supply: Use a Li-ion battery with a voltage regulator (if necessary) to provide a stable 5V supply to the Arduino. 

Ground (GND): Common ground connection for all components. 

 

2. Fingerprint Biometric Sensor (e.g., R305) 

VCC: Connect to 5V on the Arduino. 

GND: Connect to GND on the Arduino. 
TX: Connect to RX (Digital Pin 0) on the Arduino. 

RX: Connect to TX (Digital Pin 1) on the Arduino. 

 

3. MQ Gas Sensor (e.g., MQ-2) 

VCC: Connect to 5V on the Arduino. 

GND: Connect to GND on the Arduino. 

AO (Analog Output): Connect to an Analog Pin (e.g., A0) on the Arduino. 

 

4. Gyro Accelerometer Sensor (e.g., MPU6050) 

VCC: Connect to 3.3V on the Arduino (or 5V if the module supports it). 

GND: Connect to GND on the Arduino. 
SCL: Connect to A5 (SCL) on the Arduino. 

SDA: Connect to A4 (SDA) on the Arduino. 

 

5. IoT Module (e.g., ESP8266/ESP32) 

VCC: Connect to 3.3V on the Arduino. 
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GND: Connect to GND on the Arduino. 

TX: Connect to a digital pin (e.g., D2) on the Arduino. 

RX: Connect to a digital pin (e.g., D3) on the Arduino. 

 

Circuit Explanation 

Power and Ground Connections: 

Connect all VCC pins of sensors and modules to the 5V (or 3.3V where applicable) pin of the Arduino. 

Connect all GND pins of sensors and modules to the GND pin of the Arduino. 

Fingerprint Sensor: 

TX (Fingerprint) → RX (Arduino Digital Pin 0) 

RX (Fingerprint) → TX (Arduino Digital Pin 1) 

Gas Sensor: 

AO (Gas Sensor) → A0 (Arduino) 

Gyro Accelerometer Sensor: 

SCL (MPU6050) → A5 (Arduino) 

SDA (MPU6050) → A4 (Arduino) 
IoT Module: 

TX (IoT Module) → D2 (Arduino) 

RX (IoT Module) → D3 (Arduino) 

 

Software Implementation 

Arduino Sketch: The Arduino code will read data from the fingerprint sensor, gas sensor, and gyro accelerometer 

sensor. It will process this data and send it to the IoT module. 

IoT Communication: The IoT module will be configured to connect to a Wi-Fi network and send data to a remote 

server or IoT platform. 

 

Program  
#include <Adafruit_Fingerprint.h> 

#include <Wire.h> 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

#include <ESP8266WiFi.h> 

 

// Initialize sensors and modules 

Adafruit_Fingerprint finger = Adafruit_Fingerprint(&mySerial); 

Adafruit_MPU6050 mpu; 

WiFiClient client; 

 

void setup() { 
  Serial.begin(9600); 

  finger.begin(57600); 

   

  // Initialize fingerprint sensor 

  if (finger.verifyPassword()) { 

    Serial.println("Fingerprint sensor found!"); 

  } else { 

    Serial.println("Fingerprint sensor not found :("); 

    while (1); 

  } 

   
  // Initialize MPU6050 

  if (!mpu.begin()) { 

    Serial.println("MPU6050 not found!"); 

    while (1); 

  } 
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  // Initialize WiFi connection 

  WiFi.begin("yourSSID", "yourPASSWORD"); 

  while (WiFi.status() != WL_CONNECTED) { 
    delay(1000); 

    Serial.println("Connecting to WiFi..."); 

  } 

} 

 

void loop() { 

  // Check fingerprint 

  getFingerprintID(); 

   

  // Read gas sensor value 

  int gasValue = analogRead(A0); 

  Serial.println(gasValue); 
 

  // Read MPU6050 values 

  sensors_event_t a, g, temp; 

  mpu.getEvent(&a, &g, &temp); 

  Serial.print("Acceleration X: "); Serial.println(a.acceleration.x); 

 

  // Send data to IoT platform 

  if (client.connect("yourServerAddress", yourPort)) { 

    client.print("Fingerprint ID: "); 

    client.print(finger.fingerID); 

    client.print("Gas Value: "); 
    client.print(gasValue); 

    client.print("Acceleration X: "); 

    client.print(a.acceleration.x); 

    client.stop(); 

  } 

   

  delay(2000); 

} 

 

uint8_t getFingerprintID() { 

  uint8_t p = finger.getImage(); 

  if (p != FINGERPRINT_OK) return -1; 
 

  p = finger.image2Tz(); 

  if (p != FINGERPRINT_OK) return -1; 

 

  p = finger.fingerFastSearch(); 

  if (p != FINGERPRINT_OK) return -1; 

 

  return finger.fingerID; 

} 
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Metrics 
CNN 

Naïve 

baiyes 

Regress

ion  
AdaBoost 

Random 

Forest 
SVM 

Precision 

(%) 98 95 94 93 91 89 

Recall (%) 97.5 94 94.5 91 92 86 

Specificity 
(%) 98.2 93 91 88 87 82 

Accuracy 

(%) 98.7 95.4 92.8 90 88 87.5 

 

This wearable safety band integrates various sensors to monitor a construction worker’s environment and movements, 

ensuring their safety through real-time data processing and IoT connectivity. The Arduino Uno serves as the central 

unit, interfacing with the sensors and the IoT module, while the Li-ion battery provides the necessary power for the 

entire system. 
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VII. CONCLUSION 

 

The IoT-based safety system offers transformative potential for enhancing safety measures in construction. By 

integrating real-time data monitoring and machine learning analytics, it fosters a safer and more efficient construction 
environment. 
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