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Abstract. The electric power system is one of the indispensable infrastructures in modern society, 

and its stable operation is crucial for guaranteeing economic development and social security. 

By calculating the correlation coefficient and drawing the correlation heat map, we find that there 

is a correlation between the voltage at each location and the occurrence of electrical faults, and 

at the same time, there is also a certain correlation between various types of electrical faults and 

the voltage at each location. These results indicate that there are complex and close 

interrelationships between different locations and between different types in the power system. 

In order to better identify and classify different types of electrical faults, we used the random 

forest model for prediction. The model is used to classify whether an electrical fault occurs or 

not and to determine its category. The prediction results show that the Random Forest achieved 

99.63% in classifying whether an electrical fault occurred or not, and 91.26% in classifying the 

category of electrical faults. This shows that the Random Forest algorithm model is able to detect 

electrical faults well, as well as judge the category of electrical faults. In summary, this paper 

provides insight into the operation of the power system by studying the correlation between the 

voltage at various locations in the power system and the different types of electrical faults and 

using the random forest model to make predictions. These findings are of great significance in 

ensuring the stable operation of power systems. 
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1.  Introduction 

Power system is one of the indispensable infrastructures in modern society, and its stable operation is 

crucial to ensure economic development and social security. However, there are various faults in the 

power system, such as short circuit, overload, undervoltage, etc. These faults not only affect the normal 

operation of the power system, but also may lead to equipment damage, accidents and even affect 

people's daily life [1,2]. Therefore, the detection and diagnosis of power faults are of great significance. 

The traditional power fault detection method mainly relies on professional technicians to carry out 

inspections or use sensors to collect data for analysis and judgement, which is inefficient, costly, and 

susceptible to human interference and other problems [3,4]. In recent years, machine learning 
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technology has been widely used in the field of electric power fault detection and has achieved 

remarkable results [5]. 

Machine learning technology can build a model by learning and analysing a large amount of 

historical data, and use the model to predict and judge new data [6]. In terms of power fault detection, 

machine learning technology can achieve rapid detection and diagnosis of potential faults through in-

depth analysis and mining of power grid data. For example, machine learning algorithms can be used to 

classify and identify various faults in the power system, thus achieving rapid fault location and 

processing [7,8]. At the same time, machine learning technology can also help the power system to carry 

out intelligent operation and maintenance, and improve the reliability and security of the power grid. 

Machine learning technology has a broad application prospect in the field of power fault detection, 

and will make an important contribution to the stable operation and sustainable development of the 

power system. This paper analyses and classifies power faults based on correlation analysis and random 

forest algorithm, which provides a certain research basis for subsequent research. 

2.  Structural design 

In this paper, we have selected the open source electrical fault detection dataset, which contains two sets 

of data, Ia, Ib, Ic, and Va, Vb, Vc denote the voltages at each location, in addition to the voltage 

conditions at each location, the first set of data records whether or not the electrical relay is faulty, and 

the second set of data records the location where the electrical fault occurs. We can use the first set of 

data to predict whether an electrical fault will occur as a binary classification problem. At the same time 

we can use the second set of data to predict the class of electrical faults, as a multiclassification problem. 

[G C B A] is the output, and different [G C B A] indicates faults at different locations, and the specific 

categories are shown in Table 1. 

Table 1. Model evaluation indicators. 

[G C B A] Classification 

[0 0 0 0] trouble-free 

[1 0 0 1] LG fault (between phase A and earth) 

[0 0 1 1] LL fault (between phase A and phase B) 

[1 0 1 1] LLG fault (between phase A, B and earth) 

[0 1 1 1] LLL fault (between all three phases) 

[1 1 1 1] LLLG fault (three phase symmetrical fault) 

3.  Relevance analysis 

Pearson correlation analysis is a statistical method used to measure the strength of a linear relationship 

between two variables. It is based on the Pearson correlation coefficient, which ranges from -1 to +1 

and indicates the strength and direction of the relationship between two variables. If the correlation 

coefficient is positive, the two variables are positively correlated, i.e., one variable increases when the 

other increases; if the correlation coefficient is negative, the two variables are negatively correlated, i.e., 

one variable increases when the other decreases; and if the correlation coefficient is close to zero, there 

is no linear relationship between the two variables. 

A correlation heat map is a visualisation tool used to show the correlation between multiple variables. 

It indicates different levels of correlation through colour coding, and correlation analysis is carried out 

on the first and second sets of data to explore the correlation between the voltage at each location and 

the presence of electrical faults and the correlation between the various types of electrical faults and the 

voltage at each location, respectively. The correlation coefficients are calculated and correlation heat 

maps are plotted, and the results are shown in Figures 1 and 2. 
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Figure 1. Heat map of correlation between voltage and electrical faults at each position. 

(Photo credit : Original) 

 

Figure 2. Heat map of correlation between voltage at each position and various types of electrical faults. 

(Photo credit: Original) 

From the correlation heat map, it can be seen that there is a correlation between the voltage at each 

location and the occurrence of electrical faults, as well as a correlation between various types of 

electrical faults and the voltage at each location. Based on the conclusion of the correlation analysis, this 

paper uses the random forest machine learning algorithm to explore the quantitative conditions that exist 

between the variables. 

4.  Random forest model 

Random forest is an integrated learning method that achieves tasks such as classification, regression and 

feature selection by constructing multiple decision trees. The core idea of the random forest algorithm 

is to combine multiple decision trees together and obtain the final result by voting or averaging [9]. 

The training process of the Random Forest algorithm, each decision tree is trained based on a 

different sample set and feature set. In terms of sample set, Random Forest uses self-service sampling 

(bootstrap sampling) technique, i.e., samples are taken from the original dataset with put back to 

construct a new training dataset; in terms of feature set, Random Forest randomly selects a feature subset 
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for each node to be partitioned [10]. The random forest algorithm has better generalisation ability and 

robustness compared to a single decision tree, it can effectively avoid the overfitting problem, and it has 

a better ability to handle high-dimensional data and large-scale data. In addition, since each decision 

tree is independent of each other, the processing can be parallelised. In conclusion, Random Forest 

algorithm is a powerful and flexible machine learning method, which is widely used in various data 

mining and machine learning tasks. 

5.  Result 

In this paper, two sets of classification tasks are performed, the first one is to classify whether an 

electrical fault has occurred or not based on the voltages at each location (Ia, Ib, Ic, Va, Vb, Vc) and the 

second one is to classify the category of electrical faults based on the voltages at each location (Ia, Ib, 

Ic, Va, Vb, Vc). 

After getting the dataset, the training and test sets are divided in the ratio of 7:3, 70% of the data is 

used for model training and 30% of the data is used for model testing, the predictive effectiveness of the 

model is evaluated using accuracy, recall and precision and the confusion matrix of the prediction results 

is output. The results of the two sets of classification results are shown in Table 2 and Figure 3. The 

confusion matrix of the prediction results is shown in Fig. 4 and Fig. 5. 

Table 2. Modelling evaluation. 

 Accuracy Precision Recall 

Malfunction 99.63% 99.73% 99.46% 

Fault classification 91.26% 85.48% 92.91% 

 

Figure 3. Modelling evaluation. 

(Photo credit: Original) 

From the prediction results, it can be seen that in the classification of whether an electrical fault 

occurs or not, the prediction results of Random Forest reached 99.63%, and in the classification of the 

category of electrical faults, the prediction results of Random Forest reached 91.26%, the Random Forest 

algorithm model is able to detect the electrical faults as well as to judge the category of electrical faults 

very well. 
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Figure 4. Confusion matrix. 

(Photo credit: Original) 

 

Figure 5. Confusion matrix. 

(Photo credit: Original) 

From the results of the confusion matrix, it can be seen that the vast majority of electrical fault 

detections and electrical fault category detections are correct, indicating that the Random Forest model 

plays a good predictive role in electrical fault detection. 

6.  Conclusion 

The electric power system is one of the indispensable infrastructures of modern society, and its stable 

operation is crucial to guaranteeing economic development and social security. In this paper, we draw a 

series of conclusions by exploring the correlation between the voltage at each location and whether an 

electrical fault occurs, as well as the correlation between various types of electrical faults and the voltage 

at each location. 

First, we calculated the correlation coefficients and plotted a correlation heat map. From the 

correlation heat map, it can be seen that there is a certain degree of correlation between the voltage at 

each location and the occurrence of electrical faults. Also, there is some correlation between various 

types of electrical faults and the voltage at each location. 

Next, we used a random forest model to classify electrical faults and determine their categories. The 

prediction results show that the Random Forest algorithm achieved 99.63% in classifying whether an 
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electrical fault occurred or not, and 91.26% in classifying the category of electrical faults. This shows 

that by using the random forest algorithm model can be very good for the detection of electrical faults 

as well as judge its category. 

In summary, this paper draws a series of useful conclusions by monitoring and analysing the power 

system. These conclusions are of great significance for the stable operation of the power system as well 

as for safeguarding economic development and social security. We believe that these conclusions will 

provide more useful guidance for the optimisation and upgrading of power systems in future research. 
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