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Abstract 

Aiming at the current situation that the speed of fault type identification of general 
transmission lines is slow and the detection data needed is complex, this paper adopts 
BP The network (back-propagation neural network) is used to analyze the current signal 
in the case of transmission line fault, and a more traditional transmission line is 
established on PSCAD. The collected three currents are processed as the input of neural 
network, and the neural network is trained, so as to achieve the purpose of quickly 
identifying the fault type and reducing the loss of transmission line. In this paper, we try 
to use different samples to train BP network, find a more practical scheme to identify the 
fault type, and achieve the purpose of high efficiency and accuracy. The result is almost 
not affected by the transition resistance and the initial angle of fault. Effective new 
methods of fault identification can enable people to take actions in the initial stage of 
fault, take efficient measures to further prevent the fault from becoming a disaster, so as 
to avoid the occurrence of major power system accidents. At the same time, the 
predictive maintenance system based on fault prediction technology can overcome the 
shortcomings of traditional planned maintenance surplus, improve the utilization rate 
of equipment, reduce maintenance costs, thereby reducing production costs, and 
improve the comprehensive competitiveness of enterprises. Therefore, fault 
identification technology has a good application prospect in complex large-scale systems 
such as aerospace, nuclear energy and chemical industry. 
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1. Introduction 

The daily lives of millions of people depend on the supply of electricity.  In this era of high 
intelligence, if any failure can not be timely solved, it is difficult to ensure the daily operation of 
the power system,economic loss and even power grid paralysis will become 
inevitable.  Therefore, accurate fault location and fault diagnosis of the power system is an 
important part of on-site accident recovery and processing, which is of great significance to the 
safe and stable operation of the power system [1].  Fast and accurate fault location after line 
failure can help staff analyze the cause of the fault, timely eliminate the fault and restore power 
supply to reduce the time and energy needed for line patrol and reduce the social and economic 
losses caused by power failure [2].   

At present, relay protection device is more widely used, which can achieve high accuracy to 
quickly respond to the fault and make corresponding action. But its cost is undoubtedly high, 
the relay protection device maintenance needs to spend a lot of material resources. At present, 
neural network is a popular algorithm. Reference [5] uses the back propagation neural network 
model based on hybrid genetic algorithm to monitor corn growth in North China Plain. In 
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reference [6], a prediction tool gaifoa-BP based on BP neural network is proposed to predict 
the strain values of the relevant parts of the FPSO model under different oil storage 
conditions. More advanced neural network algorithms have the characteristics of strong 
applicability, quick response and high accuracy, which can meet the requirements of 
transmission lines. In this paper, BP neural network is mainly used to identify fault types. 

 The security guarantee and defense system of large-capacity long-distance power transmission 
and large-scale interconnected power grid are new challenges facing electric power workers 
[7]. 

2. Analysis of line fault characteristics 

2.1. The majority faults of transmission lines 

Transmission line is a bridge that transfers electricity from one place to another place. It is also 
an extremely important part of the power transmission system, and it is also the part of the 
power system that is prone to frequent faults and safety accidents.   

Transmission lines are exposed to uncertain weather conditions in the field for a long 
time.  How to make a quick response and judge the fault type is always a key point of electric 
power work.  Generally speaking, the common faults of transmission lines can be divided into 
five categories: single-phase grounding fault, two-phase ground fault, three-phase short-circuit 
fault, two-phase short-circuit fault and three-phase grounding fault.   

2.2. Model establishment of transmission line in PSCAD 

  
Figure 1:Model in PSCAD 

2.3. Extracted eigenvalues from transmission lines 

In order to ensure the successful construction of the neural network, we select the current in 
the period after the fault. It is processed by the following formula: 

                                                            I = √
1

𝑇
∫ |𝑖|2
𝑡+𝑇

𝑡
𝑑𝑡                                                         (1) 

What we collected is discrete vector, so we can find the mean square value of the number of 
samples in the required time period. In the data obtained by PSCAD, we select the point of the 
cycle after the failure period for training. 

In the last three columns of the sampled data, the effective current values of the period after 
the failure were calculated and summed respectively. 

                                                           𝐼∑ = 𝐼𝐴 + 𝐼𝐵 + 𝐼𝐶                                                             (2) 

Define the scaling coefficient of current mutation. 

                                                              𝑅1 = 𝐼𝐴/𝐼∑                                                                   (3) 

                                                                      𝑅2 = 𝐼𝐵/𝐼∑                                                                   (4) 

                                                                      𝑅3 = 𝐼𝐶/𝐼∑                                                                   (5) 

  

Through analysis, such proportion coefficient has an extremely obvious characteristic tendency 
hen failure occurs, and can be used as the fault characteristic. 
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3. The concrete construction of BP neural network 

3.1. Analysis of input data sets 

For BP neural network, the processing of input signal often determines the upper limit of the 
network. In the neural network constructed in this paper, four columns of input data are 
obtained through PSCAD analog sampling. The first column is time variable, the second column 
is current Ia, the second column is current Ib, and the third column is current Ic. To construct a 
good BP neural network, we need to extract fault features from current and analyze them to 
achieve ideal results. It should be noted that the selection of fault features must be able to 
clearly and accurately reflect the fault of transmission lines. 

In order to obtain appropriate input samples, we collected appropriate data during data 
collection. There were 20 groups of each fault type and 11 types in total, 2200 groups of data 
could be obtained. We took 1700 groups as training data and 500 groups as prediction data, 
and disrupted the sequence of data to train neural network and ensure its accuracy. 

Among the 2200 groups of data, 200 groups of data did not have any failure. We use 0 and 1 to 
indicate whether the group of eigenvalue data belongs to the situation of no failure. 

3.2. Neural network output and fault judgment 

Table 1: Match  

Fault types The judgment bit Initial fault angle 

AG 0 0 0 0 0 1 0 0 0 0 0 45° 

BG 0 0 0 0 0 0 0 0 1 0 0 45° 

CG 0 0 0 0 0 0 0 0 0 1 0 45° 

AB 1 0 0 0 0 0 0 0 0 0 0 45° 

CA 0 0 0 1 0 0 0 0 0 0 0 45° 

BC 0 0 0 0 0 0 1 0 0 0 0 45° 

ABG 0 0 1 0 0 0 0 0 0 0 0 45° 

ACG 0 0 0 0 1 0 0 0 0 0 0 45° 

BCG 0 0 0 0 0 0 0 1 0 0 0 45° 

ABC 0 1 0 0 0 0 0 0 0 0 0 45° 

No 0 0 0 0 0 0 0 0 0 0 1 45° 

There are 10 possible fault types of electrical lines: single-phase grounding (AG, BG, CG), two-
phase short circuit (AB, BC, CA), two-phase ground short circuit (ABG, BCG, CAG), and three-
phase short circuit (ABC)[10]. 

3.3. .Structure determination of BP neural network 

For the BP neural network used to judge the fault type of transmission lines, we input four 
inputs including time and characteristic values. The network contains two hidden layers, and 
the output is 11 bits, and each bit has its corresponding fault type. The reason why four inputs 
are selected is that the selection of eigenvalues is reasonable and the neural network has high 
requirements for inputs. Too much input or no particularity of eigenvalues will lead to the 
failure of neural network, which can not achieve the appropriate effect. 

The network parameters are set as follows: the number of iterations is 100, the learning 
accuracy is 0.001, and there are 10 hidden layers in each layer. 

All the 11 kinds of 2200 faults are randomly sorted at input, which enhances the feasibility of 
neural network. 
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After randomization, 1700 sets of data were taken as training samples and 500 sets of data 
were taken as prediction samples. 

3.4. Analysis of BP neural network fault identification results 

simulation test results based on PSCAD/EMTDC show that the fault type identification scheme 
can quickly and accurately identify various faults, and is not susceptible to the influence of fault 
time, transition resistance, fault location, system capacity and other factors, with good 
adaptability [11]. Of course, in the actual results of MATLAB, can achieve better results. 

The training process of BP network includes forward propagation and back propagation 
[12]. Generally speaking, it takes up a lot of computing resources. However, we select specific 
fault characteristics to make the neural network training more concise. After 16 times of 
training, the neural network achieves the specified target error value and completes the 
training. 

 
Figure 2: Experimental results of BP neural network 

4. Conclusion 

Around the transmission line fault, a new method of recognition, this paper use BP neural 
network features, creating more traditional transmission line on the PSCAD, will be collected 
three current has been treated as the input of neural network training neural networks, in order 
to achieve the purpose of the fault type of failure occurs rapidly, reduce the loss of transmission 
line. 

In reference [14], by analyzing the established transmission line model, we set up an ideal BP 
neural network model and achieved high identification accuracy and anti-interference ability. 

When constructing the input layer of neural network, we select the current mutation as the 
characteristic quantity. 

In terms of hidden layer setting, we set two hidden layers, 20 for each layer, which can achieve 
satisfactory results after testing. 

After analysis and verification, an accurate and rapid response neural network can be 
constructed. 
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