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Abstract 
Due to the complex environment of different coal mine working faces, it is difficult to 
monitor the air flow temperature. Based on neural network algorithm, this paper 
establishes a BP neural network model with temperature parameters as input and safety 
factor as output. The trained neural network model has an early warning error of about 
1% for the sample data and about 3% for the newly collected test data, indicating that 
the established neural network model has high precision and good stability. 
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1. Introduction 

With the advancement of coal mining, the safety requirements in the process of coal mining are higher 
and higher, and the prediction of mine temperature is particularly important[1]. The complex and 
harsh space environment has greatly affected the safety work. With the increase of mining depth, the 
original rock temperature rises, coupled with the large application of mechanized equipment, a large 
amount of heat is released during the operation of the equipment, As a result, the climatic conditions 
of underground operation environment in some coal mines have deteriorated, and high temperature 
has become the bottleneck restricting production[2]. The air supply volume is small and the air supply 
distance is long. Both air supply and air return are required in the same roadway[3]. Therefore, it is 
necessary to carry out special data analysis and safety early warning, and take corresponding 
measures to ensure that its work is carried out in a safe environment. 

This paper constructs a model based on BP neural network, takes the working face of Yangchangwan 
Coal Mine as the research object, predicts and warns the working face temperature, and provides an 
effective basis for taking corresponding measures. 

2. BP Neural Network Prediction Model 

 
Figure 1. Structure of BP neural network 
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Artificial neural network is an information processing technology similar to human neural system. It 
can be regarded as a powerful and widely used machine learning algorithm. It is widely used to realize 
the functions of classification, clustering, fitting, prediction, compression and so on. Among them, 
BP neural network is the most widely used neural network [4]. The neural network is mainly 
composed of input layer, hidden layer and output layer. The parameters connecting the information 
of each layer are called weights. The structure of BP neural network is shown in Figure 1. 

The input of the q-th hidden layer neuron: 

 

𝐼 = ∑ 𝑉 ∗ 𝑋                            (1) 

 

Input of neurons in the j-th output layer: 

 

𝛽 = ∑ 𝑊ℎ ∗ 𝑏                              (2) 

 

In: 

𝑏 = 𝑠𝑖𝑔𝑚𝑜𝑖𝑑() =                            (3) 

 

Where 𝑉   represents the weight from the input layer to the hidden layer, 𝑊  is the weight from 
the hidden layer to the output layer, and SIGMOD function is the activation function, which can 
transform the input signal from negative infinity to positive infinity into 0-1 output. 

The error of the prediction result is expressed by the least square method as: 

 

𝐸 = ∑ (𝑦 − 𝑦 )                            (4) 

 

Weight adjustment from hidden layer to output layer: 

 

∆𝑊ℎ = −𝜀
ℎ

= −𝜀(𝑦 − 𝑦 ) · 𝑦 · (1 − 𝑦 ) · 𝑏        (5) 

 

Weight adjustment from input layer to hidden layer: 

 

∆𝑉 = −𝜀 ∑ · · 𝑓 (𝛼 − 𝛾 ) = (∑ 𝑦 − 𝑦 · 𝑓 𝛽 − 𝜃 · 𝑊ℎ ) · 𝑓 (𝛼 − 𝛾 )(6) 

3. Establishment of Air Flow Temperature Early Warning Model of Working 
Face 

This paper takes the mining face of Yangchangwan Coal Yard as the research object, and the 
collection objects are the distance from the working face to the air inlet, the front-end temperature of 
dry ball, the front-end temperature of wet ball, and the coal wall temperature. The establishment of 
BP neural network model mainly includes data preprocessing and model training. 

3.1 Data Preprocessing 

In order to ensure its training accuracy, the sample data shall be preprocessed, normalized, and the 
input and output values shall be mapped between [0,1], using the following formula: 
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𝑋 =                                (7) 

 

Where, X is the normalized data, 𝑋  is the smallest data in the sample, 𝑋  is the largest data 
in the sample. At the same time, the output is labeled and output according to different situations. 

3.2 Model Training 

According to the influencing factors of air flow temperature, the input data is 4-dimensional, the 
output data is 1-dimensional, the number of hidden layer neurons is 5, and 1000 sample data are 
trained. Select the first 800 groups of sample data for model training, and the last 200 groups of 
sample data for prediction. Some sample data are shown in Table 1. 
 

Table 1. partial data sheet 

distance /m 𝑇  /℃ 𝑇  /℃ Coal wall temperature /℃ Safety warning 

22.25 20.8 15.9 21.2 security 

43.25 21.4 17.0 20.8 security 

64.25 21.5 17.8 19.8 security 

85.25 20.5 15.1 22.4 danger 

106.25 23.7 19.8 21.8 security 

127.25 24.0 20.2 23.8 security 

148.25 19.9 17.0 24.4 danger 

169.25 23.7 21.7 25.2 security 

190.25 24.5 22.0 26.0 security 

211.25 25.7 22.1 24.4 security 

232.25 18.7 22.6 25.6 danger 

253.25 16.0 20.8 25.4 danger 

277.25 26.9 24.7 27.0 security 

 

 
Figure 2. training accuracy 
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Model training was conducted for the first 800 groups of data. A total of 40 batches were trained with 
a learning rate of 0.01. Rmsprop was adopted by the optimizer, 

The loss function adopts categorical_ Crossintropy and evaluate the accuracy and error of the model. 
After the training, the accuracy is shown in the figure below. When the training reaches the 40th cycle, 
the accuracy of output label samples reaches 99.5%. 

After the model training is completed, the last 200 groups of sample data are tested. The following 
table shows the test results of some sample data, which are the comparative differences between 
samples. They are all selected from the sample cases with a distance of 22.25m, so the data in the 
column of distance is omitted. The test accuracy reached 97%, indicating that the model structure is 
stable and reliable. 

 

Table 2. sample test cases 

𝑇  /℃ 𝑇  /℃ Coal wall temperature /℃ Prediction results Actual results 

16.6 21.1 16.7 danger danger 

20.7 21.2 16.8 security security 

20.9 21.1 17.0 security danger 

18.3 21.2 16.3 danger danger 

19.2 21.3 16.9 danger danger 

22.9 21.0 16.3 danger danger 

22.8 21.2 16.0 danger danger 

22.7 21.1 15.9 danger danger 

20.0 21.2 15.8 danger danger 

20.3 21.1 15.8 security danger 

25.2 21.1 15.6 danger danger 

 

The following figure shows the sample data test and the label output results of the model. The output 
proportion of 7 groups of labels exceeds 0.6, and the output of 9 groups of labels is correct. It fully 
shows the reliability of the model established in this paper. 

 

 
Figure 3. Sample data test and label output results of the model 
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4. Conclusion 

1) Based on BP neural network, this paper establishes the air flow temperature safety evaluation 
model of coal mine working face to realize multi classification problem. The model has high accuracy 
and high reliability. 

2) According to the established model, the sample data of Yangchangwan Coal Yard is tested and 
analyzed by using Python to evaluate the safety and reliability of the sample data. The evaluation 
accuracy can reach ± 1 ℃ and the accuracy can reach 97%. The results are basically consistent with 
the reality, indicating that the prediction and evaluation results of the model are stable and reliable. 
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