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Abstract 

The current modeling of complex devices is generally physical modeling, but using this 
method makes modeling some MIMO systems somewhat difficult. Aiming at the above 
problems, a model is established and trained through the actual generation of data by 
complex equipment, and then the accuracy of the model is tested[1]. For a complex 
equipment with seventeen inputs and six outputs, a power plant coal mill is used as a target 
to study and model using two methods: least squares linear regression and multi-layer 
neural network. The accuracy of the model is established by comparison. It is found that the 
choice of least squares linear regression algorithm is more suitable for this coal mill 
modeling[3]. 
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1. Introduction 

1.1 Research background 

At present, thermal power generation, as the main power generation method in China, basically uses 

the heat energy generated by the combustion of coal as a combustible material, and converts it into 

electric energy to generate electricity. Although China's coal resources are abundant, in order to fully 

burn coal and meet the requirements of boiler combustion, coal mills use coal mills to crush and grind 
coal into coal powder[2]. Therefore, the importance of coal mills can be imagined. As various device 

systems become more complex and refined, and its product development and debugging for complex 

devices, its modeling and simulation has always been a difficult problem. Therefore, it is necessary 

to find a fast and effective modeling implementation method. 

1.2 Research Status 

The coal mill is an important part of the thermal power plant. Its operating status directly affects the 

stability, economy and environmental protection of the thermal power generating unit. It ensures the 

safety of power production, reduces the cost of coal consumption, and improves power generation. 

Benefits are also important. Nowadays, there is a model for the MPS medium-speed coal mill. It 

collects the historical operation data of the coal mill unit and combines the genetic algorithm to obtain 
the unknown parameters in the model. The model output is compared with the field data. result. 

1.3 The main research content of this paper 

In this paper, a complex equipment in a power plant, the coal mill, is selected as the research object. 

This type of system usually contains multiple control inputs and multiple controlled outputs. It is a 

typical multi-input and multi-output system. Through the collection of historical production data of 
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the coal mill, the actual data is used to establish and train the model of the coal mill[15]. Since it is 

not known whether the relationship between the input data and the output data of the coal mill is 

linear or nonlinear, two modeling methods have been adopted to model the coal mill. One is modeling 

using linear regression, and the other is modeling using a multilayer neural network. The accuracy of 

the model was established by two methods[4,5]. It was found that there was a linear relationship 

between the input data and the output data of the coal mill, and the effect of using linear regression 

modeling was better. 

2. Introduction to modeling methods 

2.1 Least squares linear regression 

First, let's talk about regression. Regression is an important issue in supervised learning. Regression 

is used to predict the relationship between input variables and output variables. The regression model 

is a function that represents the mapping between input variables and output variables. The learning 

of regression problems is equivalent to function fitting: using a function curve makes it fit well to 

known functions and predicts unknown data very well[2]. 

The regression problem is divided into two processes: learning and prediction of the model. A model 

is constructed based on a given training data set, and the corresponding output is predicted based on 

the new input data. 

The regression problem can be divided into one-way regression and multiple regression according to 
the number of input variables. According to the type of relationship between input variables and 

output variables, it can be divided into linear regression and nonlinear regression[3]. For the modeling 

object selected in this paper, it involves the multivariate regression problem, and in this paper, for the 

uncertainty of the linear problem, we first try to use the linear regression method to model the 

accuracy. 

The least squares method, also known as the least squares method, finds the best function match of 

the data by minimizing the sum of the squares of the errors. The least squares method can be used to 
easily obtain unknown data and minimize the sum of the squares of the errors between the obtained 

data and the actual data. When the linear regression algorithm is selected, that is, when there is a 

linear relationship between the data, the least squares method is used first. If the resulting model fits 

poorly, consider other linear regression algorithms. 

There are three parameters used to measure the least squares linear regression, which are[4]: 

(1)Determination coefficient (r2_score): To become the model goodness of fit, the better the model 

effect: r2_score→1, the worse the model effect: r2_score→0. 
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(2)Mean Squared Error: The mean square error is the expected value of the square of the difference 

between the parameter estimate and the true value of the parameter. The degree of change of the data 

can be evaluated. The smaller the value of the mean square error, the prediction model description 

experiment The data has better accuracy. 
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(3)Mean Absolute Error: The average absolute error is the average value of the absolute error, and 

the average absolute error can better reflect the actual situation of the predicted value error. 
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2.2 Multi-layer neural network 

MLP (Multi-Layer Perception), a multi-layer perceptron, is a forward-structured artificial neural 

network that maps a set of input vectors to a set of output vectors. MLP can be thought of as a directed 

graph, consisting of multiple node layers, each connected to the next layer. In addition to the input 

nodes, each node is a neuron (or processing unit) with a nonlinear activation function. A supervised 

learning method called backpropagation algorithm is often used to train MLP. MLP is a generalization 

of perceptrons, which overcomes the shortcomings that perceptrons cannot achieve linear indivisible 

data recognition[6]. 

In addition to the input and output layers, there can be multiple hidden layers in between. The simplest 

MLP contains only one hidden layer, that is, a three-layer structure, as shown below: 

 
Fig. 1 Multi-layer neural network diagram  

The input layer, such as the input, is an n-dimensional vector with n neurons.The hidden layer is first 

fully connected to the input layer. If the input layer is represented by the vector X, the output of the 

hidden layer is f(W1X+b1), W1 is the weight (also called the connection coefficient), b1 is the offset, 
and the function f Can be a commonly used activation function, such as sigmoid function.Finally, the 

output layer, in fact, the hidden layer to the output layer can be seen as a multi-category logistic 

regression[7]. 

Choosing the appropriate activation function is essential for the neural network. If the activation 

function is not used, each layer output is a linear function of the upper input. No matter how many 

layers of the neural network, the output is a linear combination of inputs. The most primitive 

perceptron. 

If used, the activation function introduces nonlinear factors into the neuron, allowing the neural 

network to arbitrarily approximate any nonlinear function, so that the neural network can be applied 

to many nonlinear models. 

3. Model establishment process 

3.1 Data Analysis Stage 

First, 788 pieces of data from a coal mill of a power plant were obtained. The data includes: data 

recording time, data recording period, inlet air flow, inlet air temperature, inlet air pressure, inlet air 

enthalpy, inlet coal volume, and inlet coal. Temperature, inlet coal pressure (grindability coefficient), 

inlet coal enthalpy value, nominal speed of coal mill motor, moisture content of inlet air (%), moisture 

content of inlet coal surface (%), ignition failure (digital quantity) , pulverized coal fineness, fire 
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steam flow rate, coal feeder nominal speed, inlet coal grindability coefficient, MB coal mill blockage 

(0-100), coal mill outlet pulverized coal temperature, outlet air flow moisture Content, coal storage 

capacity of the coal mill, average metal temperature of the coal mill machine, and motor power of the 

coal mill. It can be observed that this type of coal mill has many types of data, and contains multiple 

input quantities and multiple output quantities. Inlet air flow, inlet air temperature, inlet air pressure, 

inlet air enthalpy, inlet coal volume, inlet coal temperature, inlet coal pressure (grindability factor), 

inlet coal enthalpy value, coal mill motor nominal speed, Moisture content of inlet air (%), surface 
moisture content of inlet coal (%), ignition failure (digital quantity), fineness of coal powder, fire 

steam flow rate, nominal speed of coal feeder, grindability coefficient of inlet coal, MB The seven 

types of data of the coal mill plug (0-100) are used as the input to establish the model of the coal mill, 

the moisture content in the outlet air stream, the coal storage capacity of the coal mill, and the average 

metal temperature of the coal mill machine. The five types of data, as well as the power of the coal 

mill motor, are used as the output for establishing this coal mill model. The problem of modeling this 

coal mill is that it needs to deal with the regression problem between the data. Due to the uncertainty 

of the relationship between the input and output of the coal mill, the multi-layer neural network 

method is used first to carry out the modeling problem. According to the obtained effect, the linear 

regression method is used to model and compare the accuracy of the model under the two methods. 

3.2 Data Preprocessing Stage  

Because the data volume is relatively small, the data volume is divided into training data and test data 

in a ratio of 8:2, that is, 600 as training data and 188 as test data. For seventeen inputs, six inputs due 

to inlet coal temperature, nominal speed of the coal mill motor, moisture content of the inlet air, 

moisture content of the inlet coal surface, fineness of the coal powder and grindability of the inlet 

coal All are fixed parameters, as well as inlet coal pressure (grindability coefficient), inlet coal 

enthalpy value, ignition failure (digital quantity), fire steam flow rate and MB coal mill blockage, all 

of which are 0, these eleven The input can be ignored, so there are finally six inputs that need to be 

considered for the input of the final training model. Scramble the columns of the data set to increase 

the randomization of the data. The data is then normalized, using the 0-mean normalization method. 

This method normalizes the data to the mean and standard deviation of the raw data. The processed 
data conforms to the standard normal distribution, ie the mean is 0 and the standard deviation is 1. Its 

conversion function is as follows[8]: 

                    
deviation Standard

td
MeanX

S
−

=                      (4) 

3.3 Linear Regression Modeling  

(1) input the data after the pre-processing that has been completed; 

(2) In the Jupyter notebook environment, the linear_model.LinearRegression( ) least squares linear 

regression data model under the sklearn library is used to train the input and output data of the pre-

processed training set; 

(3) After the linear regression model is trained, the input data of the pre-processed test set is input 

into the trained model to predict the output data[11]; 

(4) According to the established model, the metrics module under the sklearn library is used to further 

output the model standard deviation (r2), mean square error (mse), and mean absolute error (mae) to 

measure the accuracy of the established model. 

3.4 Neural Network Modeling 

(1) Input the data after the pre-processing that has been completed; 

(2) In the Jupyter notebook environment, the Sequential data model under the keras library is used[13]. 

It is a stack that is linearly stacked by multiple network layers. The MLP multi-layer neural network 

is used to train the model using the training set. Here, a layer 2 hiding is established. Layer, the 

number of iterations is 1000; 
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(3) Then select the optimizer and specify the loss function to specify the back propagation calculation 

method. In keras, the compile method of the Sequential model is used to complete this operation. 

Here we choose the classification cross entropy function, which is a loss function for multiple outputs, 

which is suitable for modeling multi-input and multi-output object coal mills, and chooses a simple 

gradient decrement optimization algorithm as the optimizer. 

(4) Based on the established model, the test set is used to verify the accuracy of the model 

establishment. 

4. Modeling results and summary 

4.1 Least Squares Linear Regression Modeling Results 

 
Fig. 2 Schematic diagram of experimental results of least squares method 

It can be seen from the figure that the five predicted outputs of the model built using least squares 

linear regression basically agree with the five historical outputs in the test set. In addition, the 

prediction accuracy of this model is maintained several times each time. At about 98.35%, the three 
parameters of this model are evaluated and maintained several times: standard deviation (r2) is 

0.96548, mean square error (mse) is 2.94799, and mean absolute error (mae) is 0.971835. The model 

built by least squares linear regression is quite accurate. 

4.2 Multi-layer neural network model modeling results 

 
Fig. 3 Schematic diagram of Multi-layer neural network experiment results 
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The above figure shows the training process of a multi-layer neural network. The number of iterations 

used in the experiment is 1000. It can be found that when the number of iterations reaches 560, the 

accuracy of the neural network model tends to be stable to an accuracy of up to 75.5%. 

 
Fig. 4 Schematic diagram of Multi-layer neural network experiment results 

However, when the number of iterations continues to increase, the accuracy of the neural network 

model is dramatically reduced to 22%, which is the reason why the data set used in this paper is too 

small. 

The above two methods are: least squares linear regression modeling method and multi-layer neural 

network modeling method. According to the accuracy of the two models obtained by experiments, in 

the case of small data set, the grinding There is a linear relationship between multiple input quantities 
of coal machine and multiple output quantities, so the least squares linear regression modeling method 

is more accurate. 
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