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Abstract 

Power system is the foundation of national economy, and power grid is a very important 
part of the whole power system.  A reliable and accurate power grid fault diagnosis 
system is of great significance to the whole power system. This paper summarizes the AC 
/ DC hybrid power grid, then summarizes the fault characteristics of AC / DC hybrid 
power grid, summarizes its fault diagnosis methods, analyzes the current research on 
data enhancement of fault diagnosis for small sample data, puts forward the problems 
that need to be solved urgently in the current AC / DC hybrid power grid fault diagnosis, 
and looks forward to the development trend of power grid fault diagnosis in the future. 
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1. Introduction 

Power system is one of the most complex artificial systems. Its safe and stable operation is 
closely related to the development and progress of society. Nowadays, countries all over the 
world are studying the intellectualization of power grid [1], including power generation, 
transmission, distribution, power consumption and so on. At the same time, the collection, 
processing, identification and application of power system data is the goal of realizing 
intellectualization of power grid. 

At present, most of the objects involved in power grid fault diagnosis are pure AC power grid, 
while there is little research on flexible DC power grid and AC / DC hybrid power grid. Flexible 
DC power grid and AC / DC hybrid power grid are one of the latest achievements of power grid 
technology, and will be widely used in various scenarios of power grid operation in the future. 
Therefore, the research on fault diagnosis of AC / DC hybrid power grid has a great prospect. 

Compared with the traditional pure AC power grid, the energy transmission mode of AC / DC 
hybrid power grid has changed greatly. For example, DC transmission system contains a large 
number of power electronic equipment, which has fast response characteristics, which changes 
the power distribution law and fault response characteristics of the original pure AC power grid. 
The power distribution based on circuit theory and quasi steady state fault analysis method 
need to be further expanded. At the same time, the power characteristics of hybrid system are 
no longer pure synchronous motor, and the applicability of traditional line protection needs to 
be further analyzed. Because of these advantages, AC / DC hybrid power grid has been widely 
used in the field of UHV transmission. 

Firstly, this paper summarizes the AC / DC hybrid power grid, then analyzes the characteristics 
of AC / DC hybrid power grid, summarizes the research status of fault diagnosis of AC / DC 
hybrid power grid, analyzes its shortcomings, and analyzes the data enhancement under small 
sample data according to the characteristics of less fault data in the actual power grid. On this 
basis, the future research direction is given. Finally, the urgent problems of power grid fault 
diagnosis under the background of big data are discussed, and the research direction of power 
grid fault diagnosis in the future is prospected and discussed. 
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2. Overview of AC / DC hybrid power grid 

AC / DC hybrid power grid has a high proportion of DC and strong controllability, Electrical 
equipment controlled by power electronic devices has penetrated into transmission and 
distribution networks, power sources and loads. Due to the strong controllability and extremely 
fast action speed of electronic devices, it creates favorable conditions for the rapid optimization 
control of AC / DC hybrid power grid, making AC / DC hybrid power grid suitable for long-
distance transmission of electric energy [2]. According to the difference of operation modes, AC 
/ DC hybrid power grid can be divided into parallel operation mode and non parallel operation 
mode. The structural models of the two operation modes are shown in Figure 1 and Figure 2 
respectively. 

 
Figure 1: parallel operation mode of AC / DC hybrid power grid 

 
Figure 2: non parallel operation mode of AC / DC hybrid power grid 

As shown in Figure 1, in the parallel system, the power generated by the generator at the 
sending end is sent to the same receiving end infinite power grid through the AC / DC parallel 
line, while in the non parallel system shown in Figure 2, the power generated by the generator 
at the sending end is sent to the receiving end infinite power grid through the rectified DC 
channel, and the other part is sent to another receiving end power grid along the AC channel 
after voltage transformation by the transformer. The parallel operation system of AC / DC 
hybrid power grid integrates the respective characteristics of AC transmission and DC 
transmission. In practical engineering, with the rapid growth of load, the AC / DC parallel 
transmission system is formed by paralleling DC lines in the operating AC lines, and the 
transmission power of the lines is increased [3]. 

AC / DC hybrid power grid has different working characteristics between traditional HVDC and 
pure high voltage AC transmission network. The transmitting system and receiving system of 
AC / DC power grid running in parallel must operate synchronously and at the same frequency, 
which is essentially different from the operation mode of traditional HVDC transmission system; 
Because the transmission power of DC system is less limited by the stability condition of the 
system, and the transmission capacity of AC line can be increased by the quick modulation 
function of DC, therefore, compared with AC transmission line, AC/DC parallel transmission 
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system has stronger power transmission capability [4]; At the same time, the use of DC line 
power modulation and other control functions can effectively suppress the power oscillation of 
AC line, improve the transient and dynamic stability performance of AC line and increase the 
system adaptability; Finally, AC / DC parallel operation can not only use DC transmission for 
power transmission, but also use AC transmission system for intermediate energy extraction. 

3. Fault characteristic analysis of AC / DC hybrid power grid 

In the scenario of AC / DC hybrid power grid, the short circuit of AC / DC line will produce new 
fault characteristics. In document [5], the AC / DC hybrid system model of permanent magnet 
direct drive wind power connected to the grid through flexible DC is constructed, and an AC / 
DC fault ride through coordinated control scheme without communication between converter 
stations is proposed, and the influence of different factors on fault characteristics is discussed. 
The research results show that for AC side fault, under the action of restraining negative 
sequence current control strategy, The negative sequence current provided by the flexible 
direct system to the fault point is almost zero; Under the action of limiter, the amplitude of fault 
current output by MMC is almost the same as that of rated current; For the DC side fault, 
literature [6] analyzes the possible fault characteristics of resonance stage and inductance 
freewheeling stage after the positive grounding fault, deduces the time expression of voltage 
and current, and discusses and studies the fault current characteristics in view of the different 
inter pole capacitance caused by the different power supply capacity and voltage level at both 
ends. It is found that the smaller the average value and the greater the difference between the 
capacitances on both sides, the higher the current oscillation level. According to the 
characteristics of significant difference in energy ratio between forward transient component 
and reverse transient component in fault current when forward and reverse faults occur on the 
AC side of AC / DC hybrid system, document [7] proposes a transient direction protection 
method, which extracts the current transient component and characterizes its high-frequency 
energy through synchronous extrusion wavelet transform, and compares the high-frequency 
energy in the forward and reverse current transient components to form a criterion for fault 
direction identification. 

4. Research status of fault diagnosis of AC / DC hybrid power grid 

4.1. Power grid fault diagnosis based on traditional algorithm 

In recent years, the construction of smart grid has been comprehensively promoted at home 
and abroad, which provides a solid data foundation for fault diagnosis, and the fault diagnosis 
of power system has been gradually automated. Power system fault diagnosis is a process in 
which dispatching centers at all levels judge the fault location and fault type of power grid and 
evaluate the action logic of protection and circuit breaker by analyzing the fault symptom 
information of electrical quantity and switching quantity during power grid fault [8]. When 
power grid fault occurs, on the premise of timely obtaining the fault symptom information, 
according to the different intelligent algorithms for processing fault data, Different power grid 
fault diagnosis methods are derived. With the continuous improvement of power grid fault 
diagnosis technology, more and more traditional intelligent algorithms with different 
principles are applied to power grid fault diagnosis. At present, the research results mainly 
include: expert system, Petri net, rough set theory, Bayesian theory, multi-source information 
fusion, artificial neural network and so on. 

Expert system is the first intelligent method used in the field of power grid fault diagnosis. By 
using expert experience knowledge, the relationship between protection, circuit breaker and 
equipment is represented by reasonable rules. When the power grid fails, the alarm 
information obtained from the power grid is matched with expert experience knowledge, and 
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then the fault location is diagnosed. However, in the face of large-scale power grid, its diagnosis 
speed is difficult to meet the requirements. 

Petri net is a weighted directed network, which can express the internal relationship of the 
system through graphics. In the fault diagnosis of power grid, Petri net can infer the relationship 
between protection, circuit breaker and other components through mathematical calculation 
and graphics at the same time, and correctly express the topology of power grid. Reference [9] 
proposes a power grid fault diagnosis method based on the integration of improved dynamic 
adaptive fuzzy Petri net and BP neural network. Firstly, a general Petri net model is constructed, 
and the parameters in the Petri net model are trained by BP neural network. The simulation 
results of an example show that the improved Petri net has strong processing ability and good 
fault tolerance for fault diagnosis even when the fault information is incomplete. 

Bayesian network uses directed acyclic graph to represent the relationship between systems, 
and introduces conditional probability to express the joint probability distribution between 
relationships. This method can avoid the risk of reducing the diagnosis accuracy caused by 
incomplete power grid fault diagnosis information to a great extent. 

Artificial neural network is an operation model suitable for computer information processing 
proposed by associating the information processing mode of human brain neurons. It takes the 
alarm information as the network input and the diagnosis result as the output. It has the 
advantages of high error tolerance performance and good robustness [10]. As for the 
application of artificial neural network in the field of power grid fault, the feedforward neural 
network represented by BP neural network and radial basis function neural network (RBF) is 
the main algorithm of artificial neural network in the field of power grid fault diagnosis. 
Reference [10] proposed a grid fuzzy cell fault diagnosis scheme based on RBF. By treating the 
basic line structures such as single line, bus and transformer as cell units and taking the 
protection and circuit breaker related to each cell as input, the RBF cell neural network model 
is established, and the logical relationship between cell and protection and circuit breaker is 
described by fuzzy vector diagram to train the RBF cell general neural network, To overcome 
the uncertainty in fault information. The results show that the proposed method overcomes the 
uncertainty of fault information to a certain extent and shows high fault diagnosis accuracy. 

For the research on fault diagnosis of AC / DC hybrid distribution network based on traditional 
methods, reference [11] proposed a fast DC fault detection scheme of multi terminal AC / DC 
hybrid distribution network based on the voltage change rate of DC line current limiting 
inductance. Firstly, the DC fault characteristics of multi terminal AC / DC hybrid distribution 
network are analyzed in detail. On this basis, a method of detecting DC fault by using the voltage 
change rate of single terminal current limiting inductor of DC line is proposed, and a complete 
fault detection scheme for identifying fault line and judging fault type is designed. The 
simulation results show that the proposed method is not affected by transition resistance, fault 
distance and power reversal of converter station, It can quickly determine the fault line and 
fault type of power grid after fault. 

To sum up, as for the application of traditional intelligent algorithms in fault diagnosis, the 
above algorithms have their own advantages and disadvantages. For example, the application 
of expert system in power grid has been relatively mature, but its rule base is difficult to build 
and maintain in the face of complex power grid; Petri net can make the fault diagnosis model 
graphical, and the reasoning process is relatively simple, but it has poor fault tolerance in the 
face of uncertain fault information; Bayesian network has an intuitive diagnosis model, and its 
diagnosis and decision-making ability is relatively strong. However, for complex power grid, its 
network modeling is difficult, resulting in the complex structure of the generated model; 
Artificial neural network has the advantages of strong robustness and high fault tolerance, but 
it is also difficult to build a model in the face of large-scale power grid. Therefore, using deep 
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learning method to solve the fault diagnosis problem of large power grid such as AC / DC hybrid 
power grid is a new research direction.; 

4.2. Fault diagnosis of AC / DC hybrid power grid based on deep learning 

Compared with previous artificial neural networks, the deep learning method overcomes the 
shortcomings of traditional artificial neural networks in building feature samples based on 
experience [12]. Through its strong feature extraction ability, it shows greater advantages in 
the training of large sample sets. The deep learning method solves the problems of gradient 
disappearance and explosion that cannot be solved by traditional methods to a great extent, 
and is more reliable for the training of networks. 

Because the short circuit of the AC and DC lines in the AC and DC hybrid grid scenario will 
produce new fault characteristics, these special fault characteristics are quite different from 
those of the High-voltage direct current lines, this makes it difficult to extract the fault features 
of AC and DC hybrid power systems effectively by many algorithms that have good performance 
in High-voltage direct current fault feature extraction, therefore, it is very important to find a 
proper algorithm for feature extraction of AC/DC hybrid power system. 

The new algorithm is almost always improved on the basis of the old algorithm, which is also 
true for the fault diagnosis of AC / DC hybrid power grid.For example, literature [13] combines 
the stacked sparse automatic encoder(SSAE) with the deep belief network(DBN) and proposes 
a fault diagnosis method of AC / DC hybrid power grid based on SSAE-DBN, which uses the 
stacked sparse automatic encoder to extract high-dimensional data and reduce the dimension 
of its high-dimensional data, Moreover, the data after dimensionality reduction has sparsity. 
The dimensionality reduction and sparse expression is equivalent to effective feature 
extraction of high-dimensional data, and then classify the dimensionality reduction data using 
deep belief network to create a fault diagnosis model. The accuracy of this diagnosis method 
for fault type and fault line is 99.91% and 99.98%. Reference [14] proposed the fault diagnosis 
method of AC / DC hybrid power grid based on deep learning fusion network (dlcn). Dlcn is 
composed of bottom ssae and high-level Convolutional neural network（CNN). After reducing 
the dimension of high-dimensional fault samples with ssae, CNN is used to extract and classify 
the features of the reduced samples. Through the fusion of ssae-cnn model, the fault diagnosis 
of power grid is carried out, and the accuracy of fault line diagnosis and fault type 
discrimination is 99.87% and 99.97%. Literature [15] solved the problems of low fault 
diagnosis efficiency and accuracy caused by the characteristics of AC / DC hybrid power grid by 
using long-term and short-term memory network. Through the simulation of AC / DC hybrid 
power grid model under various operating conditions, the voltage amplitude data of the whole 
network are collected, and the classification label is marked to form a sample set. Then, the fault 
time judgment model and fault area judgment model based on long-term and short-term 
memory network are constructed, By adjusting the super parameters of deep learning network, 
the mapping relationship between fault samples and fault location is established. This method 
can quickly and accurately determine the time and location information of AC / DC power grid 
fault. It has good performance under different operating conditions and certain noise 
conditions, and can meet the needs of fault diagnosis of AC / DC hybrid power grid. 

The above different deep learning models have their own algorithm advantages. For example, 
stacked automatic encoder is suitable for dimensionality reduction of data samples with large 
dimensions; Convolution neural network has a strong ability to mine sample features, and has 
low requirements for data sets; The long-term and short-term memory network is suitable for 
processing sample sets with time series information. If two different depth learning models are 
fused and the advantages of each model are fully absorbed, better training results will be 
produced. 
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Nevertheless, due to the complex fault characteristics of AC / DC hybrid power grid, most 
researchers of power system fault diagnosis are aimed at UHVDC and HVDC transmission, and 
there are few methods for AC / DC hybrid power grid fault diagnosis, so there is a wide prospect 
of research in this field. 

4.3. Data enhancement for small samples 

Deep learning can use massive data to train the model. Through sample learning, the 
characteristics of data can be extracted [16]. In depth learning, depth represents the network 
structure of multiple hidden layers. Because its network structure is more complex than single 
hidden layer neural network, in order to ensure that the depth model has strong generalization 
ability, a huge amount of data is needed as its training sample [17]. In the actual power system, 
with the development of smart grid, massive data can be obtained at the dispatching end. 
However, most of the sample data are collected under the normal operation of the system, and 
there are few fault samples. Even if a large number of fault sample data are obtained through 
computer simulation, it also requires a lot of calculation [18]. Therefore, how to obtain the 
massive fault samples needed to train the deep learning model has become a difficult problem 
that hinders the popularization of deep learning in the field of power grid fault diagnosis. 

It is precisely because in the actual operation of the power grid, it is difficult to obtain a large 
number of fault samples in the normal operation of the system, which makes it difficult to 
improve the accuracy of deep learning. Therefore, the research on power grid fault diagnosis in 
the case of small samples urgently needs to be developed for the application of deep learning 
in the actual power grid fault diagnosis. 

At present, there are mainly two kinds of methods for small sample learning. The first is to 
improve the deep learning algorithm to enhance its learning ability for small sample data. 
Literature [19] first preprocesses the original sample data by limiting amplitude, removing 
outliers and mean filtering, and uses the idea of pre classification to reduce data redundancy. 
Finally, SVM is used to classify the state. This paper proves the effectiveness of the proposed 
method for small sample data. Reference [20] transformed the traditional BP neural network 
structure, transformed the simple single-layer network structure into a two-layer network 
structure, replaced multi-step prediction with single-step prediction, and replaced the weather 
type identification code with penetration rate expectation. The relationship between the 
network structure and the input and output is simplified, the method reduces the demand for 
training samples, and the prediction accuracy is high. Reference [21] improved the traditional 
BP neural network and introduced the residual network structure into the BP neural network. 
The method proposed in the paper effectively improved the accuracy of transformer fault 
diagnosis. The methods proposed in the above literatures are adapted to small sample data by 
improving the algorithm. This method needs to rely on specific professional knowledge to 
improve the algorithm for different problems, and it lacks generality. Therefore, another 
common method for small sample learning problem was born, that is, on the basis of existing 
samples, the original small data samples are expanded by the method of data enhancement to 
increase the number of samples, so as to enhance learning The generalization ability of the 
algorithm. Reference [22] proposed a transient stability prediction method based on data 
augmentation and residual network. Considering two factors of noise and information loss, the 
original data set was expanded to improve the robustness of the model. 

5. Current problems to be solved and future development trend 

At present, there are still the following problems to be solved in the fault diagnosis of AC / DC 
power grid: (1) each intelligent method has its own defects and is not suitable for fault diagnosis 
alone. (2) For faults with incomplete information, it is easy to get wrong results and poor fault 
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tolerance. (3) At present, most of the research is theoretical, and there is a lack of research on 
the application in the actual AC / DC hybrid power grid. 

Based on the current problems, the future research of power grid fault diagnosis can be divided 
into the following aspects: (1) comprehensive use of a variety of intelligent methods for fault 
diagnosis. In the current research, basically a single intelligent algorithm is used, and the short 
board is obvious. The good connection and comprehensive utilization of a variety of intelligent 
methods can form complementary advantages and learn from each other, so as to get a better 
effect of fault diagnosis. (2) Research on fault diagnosis of multi data source information fusion. 
At present, power grid fault diagnosis mostly uses switching value information such as 
protection and circuit breaker. However, the switching value information has its own 
limitations, and the misoperation and refusal of the protection switch will affect the judgment 
of the fault. Relatively speaking, the use of electrical quantity information is faster and more 
accurate. Finally, the fault diagnosis based on the fusion of switching value information and 
electrical value information is an important research direction in the future. (3) The research 
of fault diagnosis using electrical two-dimensional image for feature extraction can convert 
one-dimensional information into two-dimensional image for feature extraction when the 
characteristics of one-dimensional data are not obvious, which is a new research direction of 
complex power grid fault diagnosis in the future. 

6.  Conclusion 

To sum up, the current fault diagnosis methods for AC-DC hybrid power grids mainly combine 
deep learning with traditional algorithms, which can achieve good diagnosis accuracy. However, 
the research on fault diagnosis of AC-DC hybrid power grid is limited to the scenario of a single 
fault, and the scenario of simultaneous faults in multiple locations in the line has not been 
studied. The electrical quantity of the faulty line is not collected and tested after the protection 
action, and in-depth research can be continued in these aspects in the future. 

Finally, the combination of deep learning and traditional algorithms is also the general trend. 
The intervention of deep learning in AC / DC hybrid power grid can be considered as one of the 
main methods of fault diagnosis in AC / DC hybrid power grid in the future, and can play a great 
role in the field of power grid fault diagnosis. Although there is still a long way to go from strong 
artificial intelligence, deep learning can still be used as an aid to help solve all kinds of problems. 
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