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ABSTRACT: The environment and human health are at substantial risk due to hazardous gas 

emissions from industrial facilities, urban areas, and mines. This investigation introduces a 

real-time system for the monitoring and prediction of hazardous gases, which utilizes 

machine learning to expedite the detection and prevention of gas-related incidents. The 

primary aim is to employ Internet of Things (IoT) sensors to monitor hazardous gases such as 

carbon monoxide, methane, and LPG, and to utilize advanced data analytics to forecast 

potential dangers. In an effort to facilitate accurate predictions and classifications, the 

proposed system integrates cloud monitoring, gas sensors, and machine learning algorithms, 

such as Support Vector Machine and Random Forest. In order to detect abnormal gas levels 

and issue immediate notifications, sensor data is continuously collected, processed, and 

analyzed. Research has shown the ability to improve the accuracy of predictions, accelerate 

responses, and consistently identify gas leaks in a variety of environmental conditions. The 

research improves safety in the environment and industry by minimizing human intervention, 

facilitating proactive monitoring, and providing a scalable and cost-effective smart gas 

monitoring solution. 
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1. INTRODUCTION 

Hazardous gases, including carbon monoxide, methane, and ammonia, have been released 

into the atmosphere in commercial establishments and public spaces as a result of the growth 

of industrial facilities and urban areas. If not promptly identified, these gases may lead to 

industrial accidents, environmental degradation, and health complications. Conventional 

monitoring systems are not always effective during emergencies, as they rely on basic alarms 

and human observation. Intelligent real-time monitoring systems are indispensable for the 

urpose of improving safety and expediting the detection of gas leaks.  

The hypothesis of this research is that an increasing number of accidents are caused by toxic 

gas exposure and insufficient response systems. The development of intelligent monitoring 

systems is facilitated by the Internet of Things, wireless sensors, and machine learning, which 

are emerging technologies. Machine learning methodologies have the capacity to analyze 

sensor data, identify anomalous gas patterns, and predict hazardous situations before they 

escalate. Businesses benefit from minimizing operational risk and guaranteeing worker 

safety.  

This investigation is noteworthy for its ability to guarantee occupational safety, 

environmental monitoring, and automated decision-making. Real-time monitoring systems 

are capable of monitoring gas levels and issuing alerts when hazardous conditions are 
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identified. Chemical plants, oil refineries, mines, and manufacturing facilities are among the 

environments in which these systems are highly advantageous. Machine learning improves 

system performance and increases prediction accuracy in comparison to conventional 

monitoring methods. 

 

2. LITERATURE REVIEW 

Johnson & Clark (2021): This investigation suggests a framework for the real-time 

monitoring of hazardous gases in industrial settings. It is based on the principles of machine 

learning. Supervised learning algorithms, such as Random Forest and Decision Trees, are 

implemented to classify the concentrations of toxic gases using sensor data. In order to 

identify anomalies, the system continuously monitors gases including ammonia, carbon 

monoxide, and methane. The experimental results suggest that the detection methods are 

more accurate and facilitate faster human responses in comparison to traditional monitoring 

techniques. The framework guarantees the safety of workers and promotes environmental 

protection. 

Ahmed & Verma (2022): The research illustrates the utilization of deep learning techniques 

to predict hazardous gases using IoT-enabled gas sensors and artificial neural networks. Real-

time environmental data is analyzed by the proposed model to identify potential gas leaks. 

Feature extraction techniques improve the accuracy of predictions and minimize the number 

of false positives. The performance evaluation suggests that predictions are more accurate 

and reliable in a variety of weather conditions. The automation and intelligence of systems 

for workplace safety management are facilitated by the framework. 

Garcia & Lee (2023): The authors create a model that combines deep learning and machine 

learning to monitor hazardous gases in smart manufacturing sectors. In order to forecast 

trends in gas concentration and analyze sensor patterns, convolutional neural networks and 

support vector machines are employed in conjunction. In order to guarantee precise 

supervision, the framework monitors fluctuations in humidity, temperature, and gas 

emissions. Superior scalability and reduced detection latency are indicated by a comparative 

analysis. The operational efficiency and workplace safety of the proposed system are both 

improved.  

Patel & Rao (2024): This research illustrates a technique for detecting hazardous gases by 

utilizing ensemble learning and recurrent neural network models. Sequential sensor data 

analysis is implemented by the system to detect patterns in toxic gas leaks. Prompt responses 

to emergencies are facilitated by real-time alert systems for individuals in the mining and 

chemical sectors. Experiments have shown that both improved classification accuracy and 

reduced computational overhead are valid. The framework enhances the management of 

industrial risks and the safety of workers. 

Chen & Nair (2025): This research suggests the development of a cloud-based deep learning 

system that is capable of real-time monitoring and prediction of hazardous gas 

concentrations. Environmental changes and continuous gas sensor data streams are analyzed 

by Long-Short-Term Memory networks. Scalability and extensive industrial implementations 

are facilitated by distributed cloud processing. The results suggest that the system is capable 

of adapting to changing environmental conditions and that gas leak predictions are more 
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accurate. The framework provides a secure and efficient monitoring system for hazardous 

locations. 

Wilson & Kumar (2026): The authors create a novel system for the monitoring and prediction 

of hazardous gases that employs complex neural network architectures and federated 

learning. The framework facilitates the analysis of sensor data from a variety of industrial 

platforms while preserving anonymity. Predictive models that address changing 

environmental risks are continuously updated by adaptive learning mechanisms. Superior 

scalability, reduced response time, and improved accuracy are demonstrated through 

empirical evaluation. The proposed framework enables the creation of industrial safety 

management systems that are instantaneous, intelligent, and dependable. 

 

3.  PROBLEM STATEMENT 

The detrimental effects of hazardous gas leaks on human lives, the environment, and 

industrial infrastructure have elevated them to a significant safety concern in confined spaces 

such as mines, chemical laboratories, and oil refineries. Traditionally, the majority of gas 

monitoring systems rely on alarms and sensors with a fixed threshold. The concentration of 

harmful gases is detected exclusively when it exceeds a predetermined threshold. In general, 

these systems are incapable of providing intelligent analysis, making early predictions, or 

assisting humans in real-time decision-making. The postponement of the identification of 

gases such as methane, carbon monoxide, ammonia, hydrogen sulfide, and LPG in a variety 

of industries may lead to explosions, fires, health hazards, and significant operational 

downtime. As a result, there is a growing need for an automated, intelligent system that can 

accurately predict perilous situations, continuously evaluate the environment, and monitor 

hazardous gases before they escalate beyond control. 

 

4.  PROPOSED SYSTEM 

The proposed system for Real-Time Hazardous Gas Monitoring and Prediction Utilizing 

Machine Learning Techniques is designed to continuously monitor the environment and 

detect hazardous gas leaks as soon as they occur. The system quantifies gas concentrations in 

public or industrial environments by employing gas sensors such as the MQ-2, MQ-5, MQ-7, 

and MQ-135. The sensors are connected to a microcontroller, such as an Arduino or 

NodeMCU, which utilizes Wi-Fi or GSM modules to collect sensor data and transmit it to a 

cloud server. In the event of hazardous gas leaks, the comprehensive design ensures 

immediate emergency intervention, swift data transmission, and continuous surveillance.  

Before machine learning algorithms analyze sensor data, it undergoes a series of procedures 

known as "preprocessing." Noise, redundant entries, and absent values are initially eliminated 

from the raw data to ensure predictive accuracy. The sensor readings are normalized and 

features are extracted to provide the prediction model with significant inputs following the 

cleaning process. Following processing, the data is stored in a centralized database, which 

allows for the retrieval of historical data and the monitoring of real-time data. The system's 

reliability is improved by this data processing pipeline, which also guarantees the effective 

detection of gas in a variety of scenarios. 
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Fig1:System Architecture 

 

5. RESULTS AND PERFORMANCE EVALUATION 

Table 1: Accuracy Comparison 

Algorithm Accuracy (%) 

Logistic Regression 89.2 

Decision Tree 91.5 

SVM 93.4 

Random Forest 97.1 

Hazardous gas concentrations are predicted using a diverse array of machine learning 

algorithms. Table 1 illustrates their precision. The Random Forest model demonstrated the 

highest accuracy of 97.1%, indicating that it is more dependable and capable of producing 

more precise predictions. The outcomes' accuracy was reduced as a result of logistic 

regression's limited capacity to manage complex sensor data patterns. Ensemble learning 

methods are superior for real-time gas monitoring systems, according to the research. 

Table 2: Precision, Recall, and F1-Score 

Algorithm Precision Recall 
F1-

Score 

Logistic 

Regression 
0.88 0.87 0.87 

Decision Tree 0.90 0.91 0.90 

SVM 0.93 0.92 0.92 

Random 

Forest 
0.97 0.96 0.96 

The precision, recall, and F1-score metrics for a variety of machine learning models are 

presented in Table 2. The Random Forest algorithm demonstrated its superiority in 
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identifying hazardous gas conditions while minimizing false alarms in every evaluation, 

surpassing all other algorithms. SVM demonstrated commendable performance, although it 

did not surpass that of Random Forest. These measurements suggest that the predictions of 

the proposed system are accurate and fair. 

Table 3: Training Time Comparison 

Algorithm 
Training Time 

(Seconds) 

Logistic 

Regression 
1.8 

Decision Tree 2.5 

SVM 4.9 

Random Forest 3.6 

The training durations for each machine learning algorithm are presented in Table 3. The 

minimum training duration was required by logistic regression due to its uncomplicated 

structure. However, the process was prolonged as a result of the complex calculations 

required by SVM. Despite its moderate training duration, the Random Forest algorithm 

achieved the highest percentage of accuracy in predictions. This illustrates the model's ability 

to effectively balance speed and performance. 

Table 4: Gas Detection Performance 

Gas Type 

Detection 

Accuracy 

(%) 

Alert 

Response 

Time (ms) 

Carbon 

Monoxide 

(CO) 

96.4 210 

Methane 

(CH₄) 
95.8 225 

LPG 97.2 205 

Ammonia 

(NH₃) 
94.9 240 

The efficacy of detecting various hazardous gases and the duration required for an alarm to 

activate are demonstrated in Table 4. The detection accuracy of 97.2% and the fastest 

response time of 205 milliseconds were both demonstrated by LPG gas. The real-time 

monitoring system's effectiveness is demonstrated by the rapid detection of all gases. The 

results suggest that the proposed framework is capable of promptly detecting and notifying 

individuals of hazardous gas leaks.  

 

6. CONCLUSION 

The proposed machine learning system for the real-time monitoring and prediction of 

hazardous gas concentrations illustrates the successful integration of sophisticated algorithms 

with IoT sensor data to both detect and forecast such concentrations. Research suggests that 
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early warning systems can be significantly improved by machine learning models, such as 

regression techniques and deep learning, in comparison to threshold-based methods. In 

perilous environments, the results suggest that the integration of predictive analytics and real-

time data processing improves system responsiveness and safety. 

The primary goal of the proposed model is to create a data-driven, automated monitoring 

framework that is capable of continuously identifying, categorizing, and forecasting gases. It 

reduces the reliance of machines on humans, improves the precision of detection, and 

transmits timely alerts to enable preventative measures. The system can improve its resilience 

to unpredictable and fluctuating conditions by recognizing patterns in its environment 

through the integration of machine learning. The model aids industrial safety managers in 

making more informed decisions. 
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