
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 8, June 2025 

 Copyright to IJARSCT       DOI: 10.48175/568        501 

    www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Multi Sensor Based Industrial Safety and Alert 

System 
Y. Sreeja1, Y. Vamshi2, M. Ajay3, M. Divya4, K. Yeshwanth5 

Professor, Dept. of Electronics & Communication Engineering1 

UG Student, Dept. of Electronics & Communication Engineering2,3,4,5 

Christu Jyothi Institute of Technology & Science, Jangaon, Telangana, India 

 

Abstract: Industrial environments, such as manufacturing plants, chemical facilities, and mining 

operations, pose significant hazards due to exposure to toxic gases, extreme temperatures, and 

equipment malfunctions. A multi-sensor-based industrial safety and alert system provides a robust 

solution for real-time hazard detection and prevention, enhancing workplace safety through automation 

and predictive analytics. This system integrates various sensors, such as gas sensors (MQ2, MQ7, 

MQ135), temperature and humidity sensors (DHT11), and motion detectors, to continuously monitor 

environmental parameters. Data from these sensors is processed using microcontrollers like ESP32 or 

Arduino Uno, enabling immediate detection of abnormal conditions. Advanced algorithms analyse sensor 

data trends, triggering alerts via visual indicators, alarms, and wireless notifications to relevant 

personnel when unsafe conditions arise. The incorporation of IoT connectivity allows remote monitoring, 

ensuring real-time visibility into safety metrics. Predictive analytics further enhances system efficiency by 

forecasting potential hazards based on historical data patterns, reducing the likelihood of accidents. The 

scalability of this solution supports adaptation across multiple industries, tailoring sensor configurations 

to specific workplace risks. This technology minimizes human intervention, enabling faster response 

times while maintaining high accuracy in detection. Future developments may include AI-driven 

decision-making  for  automated  corrective actions, improving system intelligence. By combining multi-

sensor integration, IoT-based connectivity, and predictive analytics, this system serves as an essential 

tool for ensuring industrial safety, preventing accidents, and safeguarding workers. 
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I. INTRODUCTION 

1.1 Project Outline: 

This project aims to enhance workplace safety in manufacturing, chemical processing, and mining industries by 

integrating a multi- sensor-based hazard detection system. The setup includes gas sensors (MQ2, MQ7, MQ135), 

temperature/humidity sensors (DHT11), and motion detectors, connected to ESP32 or Arduino Uno for real-time 

monitoring. Sensor data is analysed for anomalies, triggering alerts via buzzers, LED indicators, and mobile 

notifications. IoT connectivity ensures remote monitoring, while predictive analytics forecasts hazards based on 

historical trends, optimizing responses. The implementation involves hardware integration, software development, 

calibration, and industrial deployment. Expected benefits include reduced workplace accidents, improved safety 

measures, and scalability across various industries. Future enhancements focus on AI-driven automation and advanced 

predictive models, enabling a proactive approach to industrial safety. 

 

1.2 Project Objective: 

The objective of this project is to develop an intelligent hazard detection and alert system for industrial environments 

such as manufacturing plants, chemical facilities, and mining operations. By integrating multi-sensor technology, 

including gas sensors (MQ2, MQ7, MQ135), temperature and humidity sensors (DHT11), and motion detectors, the 

system provides real-time monitoring of workplace conditions. Sensor data is processed using ESP32 or Arduino Uno, 
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allowing for automated detection of anomalies. Alerts are triggered via buzzers, LED indicators, and mobile 

notifications, enabling timely response and accident prevention. IoT connectivity ensures remote access, while 

predictive analytics enhances system intelligence by forecasting potential hazards. This scalable and adaptable solution 

reduces workplace risks, improves safety standards, minimizes human intervention. 

 

II. LITERATURE SURVEY 

Multi-Sensor Integration for Hazard Detection 

Research by Sharma et al. (2021) proposed a system combining temperature, gas, and flame sensors to detect potential 

fire hazards in chemical plants. The system used microcontrollers for data processing and GSM modules for alerting. It 

emphasized that early detection through sensor fusion significantly reduces response time. 

 

IoT-based Safety Monitoring 

According to a study by Banerjee and Kumar (2020), an IoT-based system was developed using MQ-2 gas sensors and 

DHT11 temperature-humidity sensors. Data was sent to the cloud for continuous monitoring. Alerts were triggered via 

mobile applications. This approach showed high scalability and accessibility for remote locations. 

 

Wireless Sensor Networks (WSN) in Industrial Monitoring 

Patil and Deshmukh (2019) discussed WSN as a backbone for multi-sensor data acquisition in mines. Their system 

focused on CO gas, temperature, and humidity. It used Zigbee for communication and showed effective real-time 

response in field trials. 

 

Microcontroller-based Safety Systems 

Several works, such as by Joshi et al. (2018), implemented Arduino and Raspberry Pi for sensor integration. These 

systems were cost- effective and allowed easy interfacing with sensors like MQ series, IR flame detectors, and 

ultrasonic sensors. 

 

Machine Learning for Risk Prediction 

Recent advancements include the use of ML algorithms to analyze multi-sensor data, as seen in a study by Rajan et al. 

(2022). Their system predicted equipment failure based on vibration and temperature data. Such predictive maintenance 

models are gaining traction. 

 

Limitations in Existing Systems 

Although many systems are effective in detection, they often lack redundancy, secure data transmission, or integration 

with industrial control systems (SCADA). Moreover, false positives due to sensor noise and poor calibration remain 

challenges. 

 

Summary 

The literature reveals a strong trend toward sensor fusion, IoT, and real-time alert mechanisms in industrial safety. 

However, there is a scope for improving accuracy, data analytics, and system resilience. The proposed project aims to 

address these gaps by designing a robust, real-time multi-sensor safety and alert system with enhanced reliability and 

integration capabilities. 

 

III. EXISTING SYSTEM 

Traditional industrial safety systems generally rely on single-parameter sensors or dedicated alarm systems that are 

often limited in function.  For  example,  many  industries  use individual smoke detectors, LPG leak alarms, or heat 

sensors that can only detect one specific type of hazard. These systems lack the ability to detect a combination of 

threats like toxic gases, smoke, and fire simultaneously. In small- to medium-scale industries, manual inspection 
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methods using handheld gas analyzers and temperature readers are still common, but they are time-consuming, prone to 

human error, and incapable of providing continuous real-time monitoring. 

In more advanced and larger industrial environments, SCADA (Supervisory Control and Data Acquisition) systems are 

used for automated monitoring and control, but these are expensive, complex to maintain, and not easily adaptable for 

smaller setups. Some modern setups have started incorporating IoT-based devices, but these are often focused on 

single- parameter sensing and do not integrate multiple sensors into a cohesive safety system with alert mechanisms. 

 

IV. PROPOSED METHOD 

The proposed system addresses these shortcomings by integrating multiple sensors into a single, compact, and 

intelligent safety solution using the ESP32 microcontroller. It utilizes sensors like DHT11 for temperature and 

humidity, MQ135 for monitoring air quality and harmful gases, MQ2 for detecting smoke and flammable gases, MQ7 

for carbon monoxide detection, and a flame sensor for fire detection. The ESP32 collects real-time data from all these 

sensors, processes it, and compares it against predefined safety thresholds. When any sensor value exceeds safe limits, 

the system immediately triggers a buzzer for audio alert and displays the hazard information on an LCD using the I2C 

interface. Unlike traditional systems, this method provides real-time, multi-hazard detection with the ability to expand 

into IoT functionality using the ESP32’s built-in Wi-Fi. This makes the system highly suitable for small- to medium-

scale   industries   where   safety, affordability, ease of use, and reliability are crucial. The modular design allows easy 

upgrades and customization based on specific industrial needs, making it a scalable and future- ready safety solution. 

Figure 1: Block Diagram 

Figure 2: Schematic Diagram 

 

V. SOFTWARE EMPLOYED 

The software component of the Multi-Sensor Based Industrial Safety and Alert System is primarily developed using the 

Arduino IDE, which is an open-source development environment used to write, compile, and upload code to the ESP32 

microcontroller. The program (sketch) is written in C/C++, using built-in Arduino libraries along with additional 

libraries for specific sensors such as DHT. for the DHT11 temperature and humidity sensor, Wire and 
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LiquidCrystal_I2C.h for the I2C LCD display, and analog/digital reading functions for MQ series gas sensors and the 

flame sensor. The code is responsible for initializing sensor pins, reading data periodically, comparing it with 

predefined  threshold  values,  and  triggering output devices like the buzzer and LCD accordingly. Serial Monitor is 

also used during testing and debugging to display real-time sensor values and validate system behavior. In future 

expansions, the ESP32’s built-in Wi-Fi capabilities can be programmed using libraries such as WiFi or 

ESPAsyncWebServer to enable cloud integration or mobile app-based alerts. 

 

VI. RESULTS & DISCUSSION 

The multi-sensor-based industrial safety and alert system is designed to enhance workplace safety by integrating 

various sensors to detect potential hazards and trigger automated alerts. This system employs sensors such as gas 

detectors (MQ2, MQ7, MQ135), temperature sensors (DHT11), and smoke detectors to monitor environmental 

conditions in real time. When a sensor detects a deviation from safe operating parameters, it immediately activates an 

alert mechanism, which can include audible alarms, visual warnings, and digital notifications via SMS. The system 

ensures a rapid response to potential dangers, helping to prevent accidents and minimize damage. Additionally, it 

features emergency shutdown capabilities, allowing critical machinery or processes to halt automatically in hazardous 

situations. By integrating IoT-based connectivity, the system can transmit data to cloud-based platforms, enabling 

remote monitoring and predictive analytics for proactive hazard prevention. The reliability of this solution is 

strengthened by failsafe mechanisms such as redundancy and backup power sources, ensuring continuous operation in 

industrial environments. With applications across manufacturing, chemical processing, mining, and smart factories, this 

system plays a crucial role in advancing workplace safety through real-time hazard detection and automated 

intervention. Future enhancements may include AI-driven analytics for forecasting risks and optimizing responses, 

alongside improved sensor fusion for greater accuracy. 

 
Figure : Porotype of the Industrial safety management system 

 

VII. CONCLUSION 

A multi-sensor based industrial safety and alert system offers a comprehensive solution for ensuring workplace safety 

by integrating real- time monitoring, intelligent detection, and automated alert mechanisms. By leveraging diverse 

sensor technologies—such as gas, temperature, smoke, vibration, and motion sensors—these systems significantly 

reduce risks associated with industrial operations, such as fire, gas leaks, equipment failure, and unauthorized access. 

Such proactive safety frameworks not only protect human life and assets but also improve operational efficiency, 

reduce downtime, and help comply with industry safety standards. The implementation of a multi- sensor based 

industrial safety and alert system marks a significant advancement in enhancing workplace safety, operational 

reliability, and emergency preparedness. By integrating a variety of sensors—such as gas, smoke, fire, temperature, 

vibration, and motion detectors— these systems provide a layered and intelligent approach to hazard detection and risk 

management. Such systems enable real-time monitoring of critical environmental and operational parameters, ensuring 

timely alerts and rapid response to potential threats. 
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This integrated approach minimizes the possibility of human error, reduces downtime, and helps prevent catastrophic 

events such as fires, toxic gas exposure, or mechanical failures. 

Furthermore, the automation of safety protocols through sensor networks streamlines compliance with industrial safety 

regulations and standards. The continuous monitoring of worker environments also improves health and safety 

conditions, especially in hazardous industries such as manufacturing, chemical processing, mining, and energy 

production. In conclusion, multi-sensor safety systems are not only essential for protecting lives and assets but also for 

maintaining seamless industrial operations. Their adaptability and scalability make them a vital part of modern 

industrial infrastructure, laying the foundation for smarter, safer, and more resilient industrial environments. 

 

VIII. FUTURE SCOPE 

The future of multi-sensor based industrial safety and alert systems holds immense potential as industries continue to 

evolve toward smarter, more automated, and safer environments. With rapid advancements in technology, these 

systems are expected to become even more intelligent, responsive, and integrated. One of the most significant future 

developments lies in the integration of the Internet of Things (IoT). By connecting sensors to cloud-based platforms, 

safety data can be accessed and monitored remotely in real-time, allowing for better decision-making and faster 

emergency response. This opens up possibilities for centralized safety control rooms that can manage multiple 

industrial sites simultaneously. Artificial Intelligence (AI) and Machine Learning (ML) will also play a major role in 

the evolution of these systems. By analyzing historical sensor data, AI can detect patterns and predict potential hazards 

before they occur, enabling proactive maintenance and pre-emptive safety actions. These predictive capabilities can 

drastically reduce the occurrence of accidents caused by equipment failure or human oversight. Edge computing is 

another area of advancement that will enhance the speed and reliability of alerts. By processing data locally on the 

device or gateway level instead of relying solely on the cloud, these systems can react faster to emergencies—an 

essential feature in time-sensitive situations like gas leaks or fires. 

Furthermore, the future will likely see the widespread use of wireless sensor networks (WSNs). These networks 

eliminate the need for complex wiring and allow for greater scalability and flexibility in deployment, especially in large 

or hazardous environments where traditional cabling is impractical. Wearable technology will be increasingly 

integrated with safety systems, allowing real-time monitoring of worker health metrics such as heart rate, body 

temperature, fatigue levels, and even location tracking. This can significantly enhance personal safety, especially in 

high-risk areas such as chemical plants, mines, and confined spaces. Additionally, robotic and drone integration with 

multi-sensor systems may allow for automated emergency responses, such as drone-based surveillance of hazard zones 

or robotic fire suppression. These innovations could help respond to emergencies without endangering human 

responders. 
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