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Abstract 

In the low voltage power supply system of coal mine, manual setting calculation method is 

mainly adopt, This method is inefficient and error-prone. This paper presents an adaptive 

topology analysis model of low voltage power supply system in coal mine based on incidence 

matrix, which can automatically complete the adaptive topology analysis of low voltage power 

supply system in coal mine. The simulation results show that the final incidence matrix G 

between the power supply line and the power supply line calculated by the model can accurately 

obtain the actual power supply relationship between the electrical equipment,and provides an 

effective network topology analysis model for the automatic setting calculation of the low - 

voltage power supply system of the coal mine. 
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1. Introduction 

In the process of setting calculating the low voltage power supply system in actual coal mine, most 

of them adopt manual calculation method, This method is inefficient and error-prone. In order to 

realize the automatic setting calculation of low voltage power supply system in coal mine , it is 

necessary to construct the network topology analysis model of low voltage power supply system and 

realize the self - learning of network topology , which is one of the main problems to be solved in this 

paper. 

The literatures [1,2]calculates according to the state of some switches, The topology analysis of the 
power system is completed by analyzing the node voltage equation in Switch closing state and 

opening state, This method only needs to search a few switching states to get the result. The literatures 

[3]Wang Xiangzhong et al. used the node-branch incidence matrix to represent the topology of the 

power network, which can also realize the analysis and identification of the power network topology 

faster. The literatures [4,5] incidence matrix marking method and loop matrix method are used to 
realize the network topology analysis, and the half-path search method is used to update the 

topological structure of the local network. The literatures [6],a new method of generating incidence 

matrix for on-line analysis of network topology is presented. The literatures [7] put forward the 

network topology analysis method based on incidence matrix can effectively realize the network 

topology identification of coal mine high voltage power network, but it only solves the problem of 

network topology learning under the single busbar separation operation mode of coal mine high 

voltage power network.  

The above methods are mainly based on the power system or coal mine high-voltage power supply 
system power network structure characteristics, and build the corresponding network topology 

analysis model. The adaptive topology analysis model of low voltage power supply system in coal 

mine based on incidence matrix is presented in this paper, which can automatically complete the 

adaptive topology analysis of low voltage power supply system in coal mine. It provides an effective 

network topology analysis model for realizing automatic setting calculation of low voltage power 

supply system in coal mine. 
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2. Adaptive Topological Analysis Model 

Set up system reactance of mine low voltage power supply system under maximum operation mode 

and system reactance under minimum operation mode. Set up low voltage switch of power supply 

for low voltage power supply system in mine, The low - voltage switch of the power supply refers to 

the low - voltage switch which is directly powered by the superior power supply department; The 

power supply line refers to the low-voltage cable in the low-voltage power supply system; Low-

voltage switches include feed switches and electromagnetic starters. 

According to the power supply relationship of mine low voltage power supply system, the incidence 
matrix A between power supply line and low voltage switch, the incidence matrix B between low 

voltage switch and power supply line, and the incidence matrix D between low voltage switch and 

low voltage switch are generated; The incidence matrix A of the power supply line and low voltage 

switch indicates the direct power supply relationship of the low voltage power supply line and the 

low voltage switch in the mine, low voltage switch and power supply line incidence matrix B 

represent the direct power supply relationship of low voltage switch and power supply line in mine 
low voltage power grid, low voltage switch and low voltage switch incidence matrix D denotes the 

direct power supply relationship between low voltage switch and low voltage switch in mine low 

voltage power network; If there are n power supply lines and m low voltage switches, Then the 

incidence matrix A is n row m column, the incidence matrix B m row n column, and the incidence 

matrix D m row m column; The incidence matrix A takes the power supply line sequence number as 

the line number and the low voltage switch sequence number as the column number; The incidence 

matrix B takes the low voltage switch sequence number as the line number and the power supply line 

sequence number as the column number; The incidence matrix D takes the low-voltage switch 

sequence number as the line number and the low-voltage switch sequence number as the column 

number; The main steps are as follows: 

Step 1).In the process of generating the incidence matrix A, The element in row i and column j in A 

is denoted by 𝐴𝑖𝑗,  if the power supply line corresponding to the line number i of line i is supplied 

directly by the low-voltage switch corresponding to the column number j of column j of the j column, 

and the low voltage switch corresponding to the j th column is in a closed state , then 𝐴𝑖𝑗 = 1, 

otherwise 𝐴𝑖𝑗 = 0; 

Step 2).In the process of generating the incidence matrix B, the elements in the j column of line i in 

B is denoted by 𝐵𝑖𝑗, if the low-voltage switch corresponding to the line number i of line i is directly 

supplied by the power supply line corresponding to the column number j of column j, And the low 

voltage switch corresponding to the line number i of the line i of line i is in the closing state, then 

𝐵𝑖𝑗 = 1, otherwise 𝐵𝑖𝑗 = 0; 

Step 3).In the process of generating the incidence matrix D, The element in row i and column j in D 

is denoted by 𝐷𝑖𝑗; When m is not equal to n, if the low-voltage switch corresponding to the line 

number i of line i is directly supplied by the low-voltage switch corresponding to the column number 

j of column j,and the corresponding low-voltage switches are all in the closing state, then 𝐷𝑖𝑗 = 1, 

otherwise 𝐷𝑖𝑗 = 0; When i equals j, If the line number i of line i corresponds to the low voltage switch 

in the state of closing, then 𝐷𝑖𝑗 = 1, otherwise 𝐷𝑖𝑗 = 0. 

According to the connectivity of unidirectional graph, the final relation matrix G (n row n column)of 

Power supply relationship and power supply line  is calculated by the correlation matrix A.B and D; 

By default, The multiplication of matrix elements and matrix elements is binary logic "and" 

operator,The addition of matrix elements and matrix elements is binary logic "or" operator; The main 

steps are as follows: 

Step 1).The incidence matrix C is calculated according to the incidence matrix A and the incidence 

matrix D,C=A*D. 



International Journal of Science Vol.5 No.7.2018                                                             ISSN: 1813-4890 

 

108 

 

Step 2).Compare whether matrix A and matrix C are the same, if different, the matrix C value is 

given to the matrix A,( Repeat step 1); On the other hand, if C and A are the same, the calculated 

matrix C is the final incidence matrix E between the power supply line and the low-voltage switch, 

and matrix E represents the final power supply relationship between the power supply line and the 
low-voltage switch in the mine low-voltage power network,( execution step 3); 

Step 3).The matrix of low voltage switch of power supply is represented by L(m row 1column),𝐿𝑇 =
[𝐿1   𝐿2   ⋯  𝐿𝑖  ⋯ 𝐿𝑚 ], 

𝐿𝑖 = {
1, 𝐼𝑓 𝑡ℎ𝑒 𝑙𝑜𝑤 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑠𝑤𝑖𝑡𝑐ℎ 𝑖 𝑖𝑠 𝑎 𝑝𝑜𝑤𝑒𝑟 𝑠𝑤𝑖𝑡𝑐ℎ

0, 𝐼𝑓 𝑡ℎ𝑒 𝑙𝑜𝑤 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑠𝑤𝑖𝑡𝑐ℎ 𝑖 𝑖𝑠 𝑛𝑜𝑡 𝑎 𝑝𝑜𝑤𝑒𝑟 𝑠𝑤𝑖𝑡𝑐ℎ
,1 ≤ i ≤ m;                 (1) 

Matrix P represents the power supply line matrix, 𝑃𝑇 = [𝑃1   𝑃2   ⋯  𝑃𝑖  ⋯ 𝑃𝑛  ], 1 ≤ i ≤ n;  𝑃𝑖 = 1 

indicates that the corresponding line i is a power supply line, 𝑃𝑖 = 0 indicates that the corresponding 
line i is not a power supply line, i represents the sequence number of the power supply line; P=E*L; 

The power supply line corresponding to the line number of all elements in matrix P with a value of 1 

is a power supply line; 

 Step 4).The first stage incidence matrix F of power supply lines and power supply lines is obtained 

according to the calculation of the incidence matrix E and B,F=E*B; Because the unidirectional 

diagram structure is used, the power supply relationship between the power supply line I and the 

power supply line j has not been correctly reflected; Therefore, the power supply correlation matrix 

F needs to be modified to get the modified matrix NF; The elements in column j in row i in F are 

denoted by 𝐹𝑖𝑗  , the elements in column j in row i in NF are denoted by 𝑁𝐹𝑖𝑗;if  i≠ j,then 𝑁𝐹𝑖𝑗=𝐹𝑖𝑗; 

if i=j, then 𝑁𝐹𝑖𝑗 = 1; 

Step 5).Matrix NF and self matrix multiplication are carried out to obtain a new matrix H ; 

Step 6).Compare whether matrix H and matrix NF are the same, if different, the matrix H value is 

given to the matrix NF,( Repeat step 5); On the other hand, if H and NF are the same, then the matrix 

H obtained by calculation is the final power supply incidence matrix G between power supply line 

and Power supply relationship. 

3. Simulation Analysis 

Figure 1 is a diagram of low voltage power supply system in mine, In figure 1, the low-voltage switch 

filled with black is the opening state, and the unfilled low-voltage switch is the closing state; The 

network topology analysis of mine low voltage power supply system shown in figure 1 is carried out 

according to the constructed adaptive topology analysis model; The simulation process is as follows: 

According to the power supply relation of mine low voltage power supply system, the incidence 

matrix A of power supply line and low voltage switch, the incidence matrix B of low voltage switch 

and power supply line, and the incidence matrix D of low voltage switch and low voltage switch are 

generated; The main steps are as follows: 
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Figure 1. Low voltage power supply system diagram 

Step 1).According to the mine low voltage power supply system shown in figure 1, the incidence 

matrix A is generated; 

A=

[
 
 
 
 
 
 
 
 
 
 
 
 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0]

 
 
 
 
 
 
 
 
 
 
 
 

; 

Step 2).According to the mine low voltage power supply system shown in figure 1, the incidence 

matrix B is generated; 
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B=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

； 

Step 3).According to the mine low voltage power supply system shown in figure 1, the incidence 

matrix D is generated; 

D=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 

 

E=

[
 
 
 
 
 
 
 
 
 
 
 
 
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 1 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 1 1]

 
 
 
 
 
 
 
 
 
 
 
 

; 

 

According to the connectivity of unidirectional graph, the final relation matrix G (n row n column)of 

Power supply relationship and power supply line  is calculated by the correlation matrix A.B and D; 

The main steps are as follows: 
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Step 1).The final incidence matrix E for calculating the power supply line and the low voltage switch, 

matrix E represents the final power supply relationship between the power supply line and the low-

voltage switch in the mine low-voltage power network, 

Step 2).According to the mine low voltage power supply system shown in figure 1, the low voltage 

switch 1 is the low voltage switch of the power supply, power supply low voltage switch matrix. 

 𝐿𝑇 = [1 0 0 0 0 0 0 0 0 0 0 0 0 0 0],P =

[
 
 
 
 
 
 
 
 
 
 
 
 
1
1
0
0
0
0
0
0
0
0
0
0
0]
 
 
 
 
 
 
 
 
 
 
 
 

, 

Then the supply lines Z1 and Z2 are power supply lines; 

Step 3).Calculation incidence matrix NF,  

NF=

[
 
 
 
 
 
 
 
 
 
 
 
 
1 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 1 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0 0 0 0
0 1 0 0 0 0 0 1 0 0 0 0 0
0 1 0 0 0 0 0 0 1 0 0 0 0
0 1 0 0 0 0 0 0 0 1 0 0 0
0 1 0 0 0 0 0 0 0 0 1 0 0
0 1 0 0 0 0 0 0 0 0 0 1 0
0 1 0 0 0 0 0 0 0 0 0 0 1]

 
 
 
 
 
 
 
 
 
 
 
 

; 

Step 4).Final power supply incidence matrix G for calculating the relationship between power supply 

line and power supply line, 

G=

[
 
 
 
 
 
 
 
 
 
 
 
 
1 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 1 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0 0
1 0 0 0 0 0 1 0 0 0 0 0 0
0 1 0 0 0 0 0 1 0 0 0 0 0
0 1 0 0 0 0 0 0 1 0 0 0 0
0 1 0 0 0 0 0 0 0 1 0 0 0
0 1 0 0 0 0 0 0 0 0 1 0 0
0 1 0 0 0 0 0 0 0 0 0 1 0
0 1 0 0 0 0 0 0 0 0 0 0 1]

 
 
 
 
 
 
 
 
 
 
 
 

. 
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According to the actual power supply relation of the high voltage power supply system diagram 

shown in figure 1, it can be seen that the ultimate power supply incidence matrix G between power 

supply lines and power supply lines is consistent with the actual power supply relationship between 

low voltage equipment. The validity of the proposed adaptive topology analysis model is verified 
effectively. 

4. Conclusion 

In this paper, an adaptive topology analysis model of low voltage power supply system in coal mine 

based on incidence matrix is proposed, which can automatically complete the adaptive topology 

analysis of low voltage power supply system in coal mine. The simulation results show that the final 

incidence matrix G of the power supply relationship between the power supply line and the power 

supply line can accurately obtain the actual power supply relationship between the electrical 

equipment. It provides an effective network topology analysis model for realizing automatic setting 

calculation of low voltage power supply system in coal mine. 
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