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Abstract- The Advanced Gas Thermal Sensing System 

(AGTSS) is an IoT-enabled industrial safety monitoring 

platform designed to detect hazardous gases and thermal 

anomalies in real time. Industrial environments such as 

chemical plants, manufacturing facilities, oil refineries, and 

storage units are highly vulnerable to gas leaks and 

temperature fluctuations that may lead to severe accidents, 

environmental damage, and operational disruptions. 

Traditional monitoring systems rely on standalone sensors 

and manual inspections, which often fail to provide timely 

alerts and centralized monitoring. The system utilizes cloud-

based storage and analytics, enabling real-time monitoring 

through web dashboards and mobile applications. Advanced 

encryption techniques such as AES-256 encryption and TLS 

protocols ensure secure transmission and storage of sensor 

data. 
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I. INTRODUCTION 

 

Industrial environments such as manufacturing 

plants, oil refineries, chemical industries, and storage facilities 

involve processes that generate hazardous gases and heat. 

These conditions pose serious risks to worker safety, 

equipment reliability, and environmental sustainability. Gas 

leaks and thermal anomalies can lead to catastrophic accidents 

including explosions, fires, and toxic exposure if they are not 

detected at an early stage. Traditional industrial safety 

monitoring systems typically rely on standalone gas sensors, 

manual inspection routines, and local alarm systems. 

Although these systems provide basic safety mechanisms, they 

often lack real-time monitoring, centralized data management, 

and predictive analysis capabilities. As a result, the response 

time to hazardous events is significantly delayed, increasing 

the likelihood of workplace accidents.  

 

 The Advanced Gas Thermal Sensing System 

(AGTSS) addresses these limitations by introducing an IoT-

enabled monitoring platform that integrates multiple 

sensors, cloud computing infrastructure, and real-time 

analytics. The system continuously collects environmental 

data from sensors deployed across industrial facilities and 

transmits the data to cloud servers for processing and 

visualization.  

 

1.1 PROBLEM STATEMENT 

 

Industrial environments such as manufacturing 

plants, oil refineries, and chemical industries often produce 

hazardous gases and high temperatures during operations. 

These conditions can cause serious accidents like fires, 

explosions, and toxic exposure if they are not detected 

early.Traditional monitoring systems mainly depend on 

standalone sensors and manual inspections, which lack real-

time monitoring and centralized data analysis. This delay in 

detecting dangerous conditions increases the risk to workers 

and equipment.Therefore, there is a need for an intelligent 

system that can continuously monitor gas levels and 

temperature, provide real-time alerts, and enable quick 

responses to prevent industrial accidents. 

 

1.2 OBJECTIVE OF THE STUDY 

 

Industrial environments such as manufacturing 

plants, oil refineries, chemical industries, and storage facilities 

involve processes that generate hazardous gases and heat. 

These conditions pose serious risks to worker safety, 

equipment reliability, and environmental sustainability. Gas 

leaks and thermal anomalies can lead to catastrophic accidents 

including explosions, fires, and toxic exposure if they are not 

detected at an early stage. Traditional industrial safety 

monitoring systems typically rely on standalone gas sensors, 

manual inspection routines, and local alarm systems. 

Although these systems provide basic safety mechanisms, they 

often lack real-time monitoring, centralized data management, 

and predictive analysis capabilities. As a result, the response 

time to hazardous events is significantly delayed, increasing 

the likelihood of workplace accidents.  

 

The Advanced Gas Thermal Sensing System 

(AGTSS) addresses these limitations by introducing an IoT-

enabled monitoring platform 

 

1.3 LITERATURE REVIEW 
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Several studies have explored job recommendation, 

skill gap identification, and career guidance using machine 

learning and data-driven techniques. The following works are 

closely related to the proposed system. 

 

In paper [1]    S. Panda, “Comprehensive Review on 

Gas Sensors: Unveiling Recent Developments,” Sensors and 

Actuators B: Chemical, 2024.  

 

In paper [2],    E. L. W. Gardner, “Micromachined 

Thermal Gas Sensors—A Review,” Sensors, vol. 23, no. 2, p. 

681, 2023.  

 

In paper [3]   N. Samotaev, B. Podlepetsky, 

M. Mashinin, I. Ivanov, I. Obraztsov, K. Oblov, and 

P. Dzhumaev, “Thermal   Conductivity Gas Sensors forHigh-

Temperature Applications,” Micromachines, vol. 15, no. 1, p. 

138, 2024.  

 

In paper[4]   X. Liu et al., “A Survey on Gas Sensing 

Technology,” Sensors & Transducers, vol. 168, no. 4, pp. 61–

75, Apr. 2014.  

 

[5]   Y. Qian, Y. Zhao, Z. Li, Q. Wang, and Y. Zhao, 

“Gas Detection Technology for Thermal Runaway of Lithium-

Ion Batteries,” Frontiers in Physics, 2025. 

 

II. PROPOSED SYSTEM 

 

The Advanced Gas Thermal Sensing System 

(AGTSS) is designed to overcome the limitations of 

traditional gas monitoring systems by providing a 

comprehensive IoT-based monitoring platform. The system 

integrates gas sensors, thermal sensors, microcontrollers, IoT 

gateways, cloud storage, and web-based monitoring 

applications. Multiple gas sensors are deployed across 

industrial environments to detect hazardous gases such as 

carbon monoxide, methane, hydrogen sulfide, ammonia, and 

other volatile organic compounds. These sensors 

continuously monitor environmental conditions and send real-

time data to microcontrollers such as ESP32 or Arduino. The 

microcontrollers process the sensor readings and transmit the 

data to IoT gateways using wireless communication protocols 

such as Wi-Fi, Zigbee, or LoRaWAN. The gateway encrypts 

the data and forwards it to cloud servers for storage 

and analysis.The proposed system provides an efficient and 

eco-friendly methodfor utilizing otherwise wasted mechanical 

energy in public areas such as sidewalks, shopping malls, and 

railway stations. The cloud infrastructure performs real-time 

analytics to detect abnormal patterns in gas concentrations and 

temperature levels. When hazardous conditions are identified, 

the system automatically triggers alerts that are sent to safety 

personnel through dashboards, mobile notifications, or email 

alerts. The proposed system also incorporates AES-256 

encryption and TLS-based communication to ensure data 

confidentiality and integrity. The use of cloud computing 

enables scalable data storage, real-time analytics, and remote 

monitoring capabilities.  

 

III. SYSTEM DESIGN 

 

The System Design of the Advanced Gas Thermal 

Sensing System (AGTSS) defines the overall architecture and 

interaction between hardware and software, components, 

used.for monitoring environmental conditions and detecting 

hazardous situations. The system is designed to integrate 

multiple sensors with a microcontroller to collect, process, 

and transmit environmental data in real time. The primary 

hardware components include the DHT11 temperature and 

humidity sensor, MQ-2 gas sensor, and flame detection 

sensor, all connected to an Arduino or ESP32 

microcontroller that acts as the central processing unit.  

  

The sensors continuously monitor environmental 

parameters such as temperature, humidity, gas concentration, 

and flame presence. These readings are collected by the 

microcontroller and processed according to predefined 

threshold values. When abnormal conditions such as high gas 

concentration, high temperature, or fire detection occur, the 

system generates alerts and sends the information to the output 

interface such as the Arduino Serial Monitor, display unit, or 

cloud-based monitoring platform. The design follows 

a layered architecture consisting of the sensing layer, 

processing layer, and monitoring layer. The sensing layer 

includes all sensors responsible for collecting environmental 

data. The processing layer consists of the microcontroller 

that analyzes the sensor data and determines whether the 

readings exceed safety limits. The monitoring layer provides 

visualization and alerts through serial communication, 

dashboards, or mobile applications. This architecture ensures 

efficient data flow, real-time monitoring, and quick response 

to hazardous situations.  

 

IV. RESULTS AND DISCUSSION 

 

The implementation of the Advanced Gas Thermal, 

Sensing.System.successfully demonstrated the capability of 

monitoring environmental parameters and detecting hazardous 

conditions in real time. The system integrates three primary 

sensors: the DHT11 temperature and humidity sensor, the 

MQ-2 gas sensor, and the flame detection sensor. During 

normal operating conditions, the DHT11 sensor recorded 

ambient temperature and relative humidity values, typically 

around room temperature (approximately 25°C) with moderate 
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humidity levels. The MQ-2 gas sensor produced 

low analog readings below the threshold value, indicating the 

absence of harmful gases such as LPG, smoke, or carbon 

monoxide. Similarly, the flame sensor remained in a stable 

state indicating that no fire source was detected in the 

environment.  When hazardous conditions were simulated 

during testing, the sensors responded accordingly. The MQ-2 

sensor detected increased gas concentration levels and 

produced higher analog values exceeding the defined 

threshold, indicating the presence of smoke or gas leakage. 

The flame sensor immediately detected infrared radiation 

emitted from a flame source and generated a digital 

signal representing fire detection. At the same time, the 

DHT11 sensor registered a gradual increase in temperature 

when exposed to heat sources. These outputs were displayed 

in the Arduino Serial Monitor, providing real-time feedback 

about environmental conditions. The results confirm that the 

system can reliably detect multiple types of hazards and 

provide early warning signals to prevent potential 

accidents. The developed system functions as a multi-hazard 

detection platform by combining gas, temperature, humidity, 

and flame sensors into a single monitoring unit. The 

integration of these sensors provides a redundant and reliable 

safety mechanism because different sensors respond to 

different indicators of hazardous conditions. For example, in 

the event of a fire, the flame sensor can detect infrared 

radiation immediately, while the MQ-2 

sensor identifies smoke or gas emissions produced by 

combustion. Subsequently, the DHT11 sensor registers rising 

temperature levels, confirming the presence of heat. This 

layered detection approach improves the reliability and 

responsiveness of the monitoring system.  

  

 
Fig.1   Gas sensor Model 

 

V. CONCLUSION 

 

The Advanced Gas Thermal Sensing System 

(AGTSS) provides an effective IoT-based solution 

for monitoring hazardous gases and thermal conditions in 

industrial environments. By integrating multiple gas sensors 

with real-time cloud monitoring and automated alert 

mechanisms, the system improves early detection of potential 

hazards and enhances workplace safety. The use of secure 

data transmission through AES-256 encryption ensures 

reliable protection of sensor data 

while maintaining compliance with industrial safety 

standards. Experimental results show that piezoelectric sensors 

can generate usable electrical energy when subjected to 

mechanical pressure. The generated energy can be stored and 

used to power low, power, electronic, devices.  The 

system demonstrates improved performance compared to 

traditional monitoring methods by enabling real-time data 

visualization, faster response times, and scalable cloud-

based infrastructure. Overall, the AGTSS offers a reliable, 

efficient, and intelligent platform for industrial safety 

monitoring, helping prevent accidents, reduce operational 

risks, and support proactive maintenance in high-risk 

environments.  

 

VI. FUTURE SCOPE 

 

The Advanced Gas Thermal Sensing System 

(AGTSS) can be further improved by integrating advanced 

technologies and expanding its capabilities. Future 

developments may include the use of Artificial Intelligence 

and Machine Learning to predict gas leaks or abnormal 

temperature patterns before they become dangerous.The 

system can also be enhanced with mobile applications to 

allow supervisors and safety officers to monitor conditions 

remotely and receive instant alerts. Integration with 

automated safety mechanisms, such as automatic ventilation 

systems or emergency shutdown controls, can further reduce 

the risk of accidents.Additionally, the system can be scaled to 

support large industrial facilities, smart factories, and 

smart cities, providing centralized monitoring across multiple 

locations. Future versions may also include more advanced 

sensors for detecting a wider range of hazardous gases and 

environmental conditions. 
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