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Abstract 
 
Gas leakage is one of the crucial issues in different industries and 

applications because the hazards gas creates serious health problems. Due to 

the leakage issues, gas leakage detectors are used in many industries to 

predict the gas level effectively. The sensor collects various information such 

as gas leakage, level of hazard, leaked time and so on. This information is 

processed by applying different baseline approaches, but those approaches 

fail to predict the exact gas leakage. Even though those algorithms created 

complexity while processing the complex and missing data. Because of the 

computation problem, the system enables the false alarm to the operator. 

Therefore, a novel wireless sensor device has been created for making the 

data collection process and the optimized machine learning techniques 

applied to process the gas leaked data. Here the primary objective of the 

work is to maximize the leakage prediction 
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1 Introduction 
 

Nowadays, gas leakage is one of the severe problems, which are also 

referred to as the unintended leak of natural gas. The gas leakage is 

hazardous to the environment and health because small gas leakage is 

converted into the explosive [1]. The gas leakage is happened due to global 

warming, ozone depletion potential, industrial operations, fugitive emissions, 

refrigerant gas, etc. In gas leakage, Methane gas is more significant gas 

leakage compared to the other natural gas leakage because 60% of coals are 

extracted from worldwide [2]. During the coal extraction process, Methane is 

produced gradually, when it reaches to the excessive concentration, it will 

create severe health issues. So, the methane concentration must be 

continuously monitored by using sensor devices. The sensor devices detect 

the presence of gas levels in a specific environment, which helps to maintain 

safety [3]. 

Along with this gas leak, the control system interface and other 

emissions also detected by this sensor device.Once the abnormal activity is 

identified by the sensor, it will make a sound to alarm the operator to 

minimize the severe damage [4]. In addition to this, the gas detector detects 

the toxic gases, flammable gases, combustible gas, and oxygen depletion. 

Due to the gas detector advantages in this work, a wireless gas detector 

sensor device is used to monitor the particular environment. According to the 

wireless gas detector, several types of researchhave been performed by using 

machine-learning techniques [5],[6].The introduced methods can predict 

water leakage and any liquid leakage effectively. More ever, machine-

learning approaches predict sudden leaks, burst, and hydraulic leaks. Still, 

those approaches fail to maintain high accuracy, which may lead to false 

alarms, difficulties in processing missing data, and complex to manage the 

gas leak data [7], [8]. For overcoming these issues, in this research work, an 

effective wireless sensor device is created to collect the leakage information. 

The collected details are processed by applying a generalized regression 

neural network to predict the gas leaks effectively [9]. The network function 

is optimized during the working process,the efficiency of the system is 

evaluated using experimental results, and discussion that used to identify the 

introduced system manages the accuracy with less computation complexity 

[10].  

The structure of the manuscript is organized as follows. Section 2 

provides the literature survwy carred out in the work. Section 3 briefs about 

the contribution done in the proposed work. Section 4 ellaborates the process 

flow of the proposed workd using rasperry pi, detection and estimation using 

machine learning approach.  
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Section 5 provides the results obatined in the porposed wor and 

discussion on it.Section 6 gives the conclusion of the work .   

 

2 Related Works 
 

This section discusses the various research work regarding the gas 

leakage prediction process using wireless sensor networks and machine 

learning techniques. In [11], they have proposed an effective gas leakage 

detection device using the SMS alert with IoT device. The developed system 

used to recognize the LPG leakage, petroleum leakage, Methane, and butane 

information using the MQ5 sensor device. This collected information 

transmitted to the operator via the specified mobile number. The continuous 

alert message helps to predict the gas leakage in an earlier stage without 

creating any difficulties. 

In [12], the author porposed a technique which includes applying remote 

sensing and sensor device to predicting the quantity of gas leakage. The 

sensor device continuously detects the amount of gas leakage, which helps to 

compute the economic loss in a specific industry also helps to identify the 

atmosphere condition and gas leakage level. The Methane and toxic 

hydrogen sulfide is the main component that needs to be detected with the 

help of a tunable diode laser absorption spectroscopy sensor device. The 

effective computation process reduces the severe damage in the industry. 

In [13], they created a methane emission detection system using an 

infrared camera. Initially, the methane leak information is collected from the 

methane leak video dataset. The collected information is processed by 

applying deep learning neural network to train the data because the trained 

data helps to predict the leakage very accurately. After that, the incoming 

video footages are analyzed using a background subtraction approach to 

eliminate the foreground details. Then different features are extracted that are 

processed using a convolution network that successfully recognizes the 

methane gas leakage with 97% accuracy. 

In [14], the authors created a methane leak detection using wireless 

sensor networks. From the survey, around 31% of methane emission is 

happened due to the gas and oil operations. So, the gas and oil emission 

locations must be identified with the help of sensor devices. The collected 

information is stored in the cloud for making the analysis process. This 

process helps to improve the overall oil and gas emission with maximum 

accuracy. 

 

3 Contributions of the Proposed Work 
 

The proposed system uses different techniques to create a wireless sensor 

device and machine learning techniques to process gas leakage information. 
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 Creating wireless sensor networks linked with Raspberry Pi for 

monitoring methane storage and leakage. 

 After that, generalized regression neural network is applied to 

predict the gas leakage and criticality. 

 Analyzing the anti-hazard strategies and the co2 monitoring 

process using generalized regression neural networks. 

 

4 Online Monitoring Of CH4 Level Using WSN 
 

In this research work, the wireless sensor networks are lined with the 

Raspberry device to making an effective data collection process. Initially, the 

methane storage regions are identified, which are connected with the data 

center via GPRS. The sensors are calibrated with the help of a standard 

machine sensor, and several inbuild sensors such as humidity and 

temperature sensors are used to monitor the methane storage location. During 

this process, Raspberry pi act like data acquisition units that create the 

interface between receiver GPRS and CPU server. Then the methane sensor 

collects natural gas, CH4 sensitivity, smoke, alcohol sensitivity, fast response, 

and drive circuit details.  Further, the methane storage unit, temperature level 

is monitored with the help of a temperature sensor. According to the 

discussion, the sensor-based collected information is depicted in figure 1. 

Based on the discussion, the sensors collect the data which are connected 

with memory for saving the data for future analysis. These wireless networks 

with Raspberry pi based obtained information help to monitoring the gas 

leakage in the methane storage location. This process only collects the gas 

leak information, but the leakage must be predicted before the incident 

happened. Therefore, the automatic prediction process is created by applying 

optimized machine learning techniques that are explained in the next section.  

 
Figure 1: Block representation of Methane storage and leakage process 



                                                                                                                  
 

 

 

 

 

Automatic Prediction of Environmental Hazardous Gas Leakage Using Machine 

Learning Technique and Wireless Sensor Networks 4057 

 

4.1 Gas Leakage Estimation Using Generalized Regression 
Neural Network (GRNN) 
 

The next process is performed by applying machine learning-based 

wireless sensor networks. Here, the machine learning technique called 

generalized regression neural network enhanced advection-diffusion model 

helps to predict the negative pressure wave. The method used to identify the 

leakage criticality, release rate, and location effectively. The first few 

assumptions are taken to create an effective gas leakage estimation process. 

The instantaneous gas leakage is represented in kg; leakage happened area is 

X0,Y0, and Z0 at time T0and wind with a mean velocity, which spreads the 

gas-particle concentration in the region. After making the assumption, the 

leakage detection should be performed by using three steps, such as 

detection, estimation, and classification. In the detection phase, thousands of 

sensors are used to cover the gas storage region because sensor information 

is collected from every location. After placing the sensors, information is 

gathered according to the concept of the cluster center. Therefore, the central 

processing unit is determined, and the information is gathered in a single 

location. Then the collected data is transmitted to the classification phase to 

detect the gas leakage. This phase uses the generalized regression neural 

network that predicts the possibility of gas leakage with criticality. The 

probability of the system is defined as follows, 

                                     (1) 

                                    (2)  

Here the distance between predicted value while training the feature is 

represented as . Based on the distance value, the feature training should 

be performed if the computed value is high, gas leakage computation error is 

high else low. According to the training, new sensor details are classified 

effectively. The predicted output is processed in the estimation phase to 

minimize the hazard level in the initial stage. The respective cluster is 

predicted by analyzing the cluster centers that help to reduce the severe 

damage in the gas storage area. Further, the efficiency of the system is 

improved by monitoring the co2 hazard level with future direction, which is 

discussed in the next section.In this work, the wireless sensor network with 

machine learning techniques is used to analyze and monitoring the CO2 level 

to avoid gas leakage. During this process, many sensors, such as CO2 

sensors, temperature, humidity, and light intensity sensors, are used to collect 

the gas information. The collected data is transmitted via the ARM cortex A7 

module that is stored in the cloud storage. The cloud storage helps to derive 

the gas relevant information in future purpose.  
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Here ARM cortex A7 module act as the central processing unit that 

consists of status, memory, and control, which used to gather the gas-related 

information in a specific area. The collected data is processed by a 

generalized regression neural network (GRNN) to predict the CO2 gas level. 

The network uses the input, pattern, summarize, and output layer to 

processing the incoming data. Here the generalized neural network structure 

is depicted in figure 2. 

 
Figure 2: Generalized Regression Neural Network Structure 

The neural network predicts the output according to the training samples. 

The feature training is performed based on eqn (1) and (2). Based on the 

distance measures, the network produces the minimum error value that 

directly indicates that the GRNN approach attains maximum recognition 

accuracy. This process is implemented using the following strategies. 

 The environment is decided to performing sensing, 

communicating, networking processes. 

 Different sensors are used to collect the data which is transmitted 

via the MQTT protocol. 

 The received information is saved in the cloud storage in which 

ISM acts as the processing module 

 ThingSpeak cloud platform used to save the sensor information 

 From the cloud storage, gas leak information is retrieved in 

which 60% of data is used for training, 10% for validation, and 30% used for 

testing purposes. 

 GRNN approach is used for both testing and training process. 

With the help of the trained value, the exact output is predicted effectively. 

 From the predicted output, the hazard gas is monitored 

continuously and controlled. 
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Based on the strategies, the CO2 gas monitoring system is created to 

eliminate future difficulties. Then the efficiency of the system is evaluated 

with the help of experimental results, which is discussed as follows. 

 

5 Result and Discussions 
 

This section evaluates the efficiency of wireless sensor networks and 

machine learning algorithms based on gas leakage prediction processes. First, 

the Raspberry Pi central unit is used to interconnect the sensor device with 

the control unit to collect the data. The Raspberry unit helps to check 

whether the received data consists of any missing or inconsistent data. This 

process used to improve the overall gas leakage prediction accuracy. Based 

on the interconnection, the methane measurement process is examined at a 

different time, and the respective result is shown in figure 3. 

 

 
Figure 3: Methane concentration level measurement 

 

From figure 3, it depicted that the sensor device successfully captures the 

methane concentration level with different time level. The collected gas 

information is processed by applying the enhanced generalized regression 

neural network. The network trains the features using different layers of the 

net. The effective prediction of system probability value helps to prepare the 

features with minimum error rate. Then the obtained error value for training, 

testing, and validation are depicted in figure 4. 
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Figure 4: GRNN Training Error Rate 

Due to the training rate, the system ensures a high accuracy value while 

classifying the incoming gas information. Then the efficiency of the GRNN 

enhanced AdvectionDiffusion Model is compared with the existing 

advection-diffusion model. The individual result is shown in table 1. 

 
Table 1: Efficiency of the Gas Leakage detection process 

Noise Methods 
Gas 

release 

Eddy 

diffusion 

X0 

Location 

Y0 

Location 

1% 

Proposed method 0.5696 0.0168 0.018 0.0356 

Existing 

Advection- 

Diffusion Model 

4.8 1.2 1.42 0.72 

2% 

Proposed method 0.79 0.0167 0.0184 0.018 

Existing 

Advection- 

Diffusion Model 

10.32 2.49 2.67 1.246 

3% 

Proposed method 0.963 0.0186 0.0182 0.0366 

Existing 

Advection- 

Diffusion Model 

14.64 3.46 4.521 1.988 

4% 

Proposed method 1.464 0.0365 0.0137 0.037 

Existing 

Advection- 

Diffusion Model 

19.69 4.61 5.25 2.48 

5% 
Proposed method 1.699 0.0361 0.0176 0.064 

Existing method 21.524 6.876 6.32 3.621 
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From table 1, it clearly shows that proposed GRNN enhanced Advection 

Diffusion Model ensures high efficiency while classifying the gas leakage 

information compared to another advection-diffusion model. In addition to 

this, the different noise level does not affect the ability of GRNN enhanced 

Advection Diffusion Model-based gas leakage prediction accuracy. The 

enhanced GRNN approaches not only predict methane gas leakage, but it 

also monitors and predicts the CO2 gas effectively. As discussed above, the 

GRNN approach train the CO2 gas-related features, and the obtained error 

rate different processes such as training, testing, and validation is 

demonstrated in figure 5. 

 
Figure 5: GRNN Performance-Training Representation 

 

The introduced approach train the CO2 related features effectively that is 

identified by using the above picture 5. The results demonstrated that the 

system consumes a minimum error rate that is examined up to 238 epochs. 

Due to the minimum error rate system consumes a high classification rate 

(96%) compared to traditional approaches. Further efficiency of the system is 

evaluated using different performance metrics such as target vs training 

instance, target vs training time, target vs mean square error rate and target vs 

accuracy. The obtained results are depicted in figure 6. 
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Figure 6: (a) Target vs training instance and (b) Target vs Training time 

The figure 6, it clearly state that, introduced wireless sensor networks 

with enhanced generalized neural network approach recognize the gas 

leakage effectively due to the successful feature training process. During the 

data training, the system consumes minimum time effectively process the 

instances with different number of epochs. The successful training process 

reduces the classification error rate. The obtained result is depicted in figure 

7. 

 
Figure 7: Error rate 

 

The figure 8, it clearly indicates that introduced approach obtained low 

error rate while analyzing the various natural gas leakages. The enhanced 

generalized regression neural network ensures 0.027 error rate while  
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processing the Methane and other gas information. During the training 

process, system computes the probability value that helps to process the 

information in 4 layers that minimize the error rate. Due to the minimum 

error rate, system consumes high gas leakage detection accuracy. The 

obtained accuracy result is depicted in figure 8. 

 
Figure 8: Accuracy 

 

From the analysis it clearly state that, enhanced generalized regression 

neural network recognize the gas leakage with 98.60% of accuracy. 

 

6 Conclusion 
 

In this thesis, gas leakage prediction accuracy is enhanced by applying 

the wireless sensor networks and machine learning techniques. Initially, 

different sensors such as temperature, humidity, lighting sensor,etc. areused 

to collect gas information. These sensors are interconnected with the 

Raspberry Pi control unit for making effective data transmission. Once the 

data is collected, it has been processed by an enhanced GRNN approach that 

recognizes the leakage present in the area. Further, the excellence of the 

system is improved by saving the data into the cloud server. The stored data 

is retrieved at any time according to the demands. The derived information is 

analysed by GRNN approaches in which level CO2 is examined adequately. 

At last efficiency of the system is determined using experimental results in 

which the system classifies the gas leakage up to 96% accuracy. Due to the 

sufficient sensor data,the collection and data analysis process minimize the 

discussed problem statement accurately. 
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