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Abstract: - A Modern power system (PS) is a complex interconnected network which 

includes four different parts such as generation, transmission, distribution, and loads. Since 

many advanced measurements and protection instruments are equipped with modern power 

system, a huge amount of data has been collected with larger dimensionality and quantity. To 

utilize the long previous data efficiently for post fault analysis, large capacity memory 

devices are required at PDC level. Accurate prediction. Past literarature reports indicates that 

the traditional analytical methods which are presently used in practice are not accurate and 

also not providing enough speed. Therefore, Machine Learning algorithms are used to create 

emulation of power system.   These algorithms are used to make fast and accurate decisions. 

Here an attempt is made to implement various Machine Learning algorithms such as K-

Nearest Neighbour (KNN), Decision Tree (DT), Support Vector Machine (SVM) on power 

system fault data collected by PMU from Indian power system for protection. Here an 

attempt is made to check the performance of different Machine learning algorithms using 

different normalization techniques such as standard scaler and Minmax scaler which helps to 

extract the useful information for improving situational awareness in power system. . 
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1. Introduction 

In 20th century, one of the greatest achievements done in power system is its automation. But 

when we consider large amount of losses and interuuptions which are occurying currently on 

power system, its reliability needs to be enhanced considerably [1]. Local measurements are 

playing a vital role in various controlling strategies of power system and Overall status of the 

power system mainly depends on dynamic bbehaviour of the region [2]. The present 

SCADA-based monitoring system measures 2-5 samples per second which is use of PMU, 

which measures all the parameters synchronously in faster rate i.e 25 samples per second [4]. 

But analysis of such a large amount of collected data will help to improve the reliability 

aspect of the power systemin a larger way. In addition to that, the new challenge in infront of 

the current electric grid is managinag effective storage system of this large accumulated data 

by PMU[5]. The synchrophasor technology was firstly introduced in the year 2000 in the 
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power system by keeping an objective to improve the energy quality of the power system. 

This new PMU technology monitors voltage and current parameters with much higher 

sampling rate as compared to traditional previous technologies used in power system[6]. This 

advanced synchrophasor technology will help engineers and researchers to analyse dynamic 

behavior or events of the power system in better way. In addition to that, overall reliability of 

the power system can be improved by establishing Wide area measurement and control 

systems(WAMCS) in vary efficient manner[7]. The only choice to improve the overall 

efficiency and control operation of the power system is to adapt synchrophasor technology 

[8]. 

2. Machine Learning in Power System 

Machine learning(ML) is an application of AI that makes the systems to learn and these 

algorithms try to learn hidden patterns from training data and based on knowledge gained by 

rigourous training process it makes the accurate predictions[9]. A well defined function refers 

the inputs and generates output as shown in Figure 1[10]. 

 

Figure 1: Mapping of input to output by machine learning 

 

For accurate prediction and forecasting, machine learning algorithms mainly depends on 

historical data which contains mathematical calculations and simulations of respective power 

system. By processing synchrophasor data fast event detection is possible in power 

system[11]. Especially fast event detection in power system requires real time monitoring. As 

we know fault detection is one application of machine learning technique which is used in 

power system, which determines the system failure based on collected PMU data with all 

parameters of the power system[12]. In real time application, machine learning algorithms are 

most suitable because of its fast decision making capability. 

After going through reported progress in power system, two major deficiencies are still exist 

in fast and accurate fault detection. One of the most important deficiency among that is 

collection of large online data from the monitoring system. Here an attempt is made to 

implement various Machine Learning algorithms such as K-Nearest Neighbour (KNN), 

Support Vector Machine (SVM), Logistic Regression (LR) on power system fault data 

collected by PMU[13]. 
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2.1 Logistic Regression (LR) 

This is kind of supevised learning algorithm which is basically used to predict events (like 

yes or no) occurring. This type of algorithm is basically used to get solution for classification 

problems[14]. Here basically parameters are calculated. The Logistic regression algorithm 

tries to predict probability of any power system event or class that is basically dependent on 

many factors As the output of this algorithm always lies between 0 and 1 because of that it is 

most commonly used for classification of different kind of events or faults in power system. 

 

2.2 Support Vector Machine (SVM) 

For better classification, regression and outlier detection activities this algorithm is most 

suitable[15]. This algorithm is basically used for classification problems by creating best 

decision boundry that can separate n-dimensional space into classes. When we add new data 

point to check the result then it will categorize that new data point into correct category, 

hence these extreme cases or vectors or points that are used to make best decision boundry 

are called as support vectors [16]. 

Figure 2 shows the data segregation process made by SVM algortithn for making the best 

decision. Two classify two different types of dots with blue and red colour, the SVM 

algorithm will try to learn the best features of two different objects separately and while 

making the decision to classify the objects it will consider the extreme points those are called 

as support vectors into consideration. 

 

Figure. 2 SVM for Classification 

 

SVM algorithm maps the input vectors into extreme points in high dimensional feature space 

through different nonlinear methods[17]. Because of these all features SVM algorithm is 

suitable for making the best decision in many applications like face recognition, handwriting 

detection, classification etc. 

 

2.3 K-Nearest Neighbor Algorithm (K-NN) 

It belongs to Supervised Learning technique and will store all available data having different 

cases for learning. It will try to identify the similarity between new data point with old class, 

so it will classify the new data based on most similar data among the available catagories 

[18]. If there are two categories of data then it will classify the new data by comparing similar 

features of both categories then it will take the decision considering most similar feature. The 

accuracy of this algorithm is very high when data is not normal with unknown distributions. 
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Checking the Data set 

Checking the Data Information 

Data Preprocessing 
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Data fitting into the Model 

Testing of the Model 

 
Stop 

Evaluation of the result 

Here Euclidean distance concept is used to identify K-closest points among the various data 

points [19]. 

2.4 Decision Tree (DT) 

This is one of the typical data mining algorithm which is having highest performance among 

the available algorithms and whose compuatational efficiency is also more. This algorithm 

requires a set of attributes as input predictors which are categorical variables or numerical 

variables of n number whose measurements are real numbers and its target value may be 

discrete or continuous [20]. The data set is split into two subsets because idea here is to apply 

the rules to each subset to make the prediction as pure as possible [21]. As this algorithm is 

having an ability to process as well as analyses the time series signal efficiently this can be 

used as one of the best tool for dignosing power system faults especially in distribution lines. 

 

3. Implementation of Machine Learning Algorithms for Fault Prediction 

In this section, the implementation of various Machine Learning algorithms to predict the 

power system faults is discussed in detail. The simulation is carried out with Google Colab 

platform using python programming. 

 

 

 

 

 

 

Figure 3. Details steps of implementing Machine Learning algorithm 

Training of the Model 

Importing the Libraries 
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Initially, we collected the fault data measured by PMU from the Kaggle website. After 

successful implementation, we tried to implement the algorithms using offline synchrophasor 

data collected from Indian power system. The detailed steps of implementation are as shown 

in figure 3 with the flowchart. The collected data is not suitable for implementing machine 

learning algorithms hence, we applied suitable data pre-processing technique to make the 

collected data suitable for Machine Learning Algorithm. Here around 800000 measurements 

of the time duration around 20 milliseconds of three phase power scheme which operates at 

50 Hz frequency forone complete cycle is taken for analysis. 

The proposed algorithms are applied on power system fault data to predict the fault. The 

simulation was carried out using Python language in Google Colab. The available 

synchrophasor data is used training all the proposed algorithms then after successful training, 

it is tested. Here 80% of available synchrophasor data is randomly selected for training 

purpose and remaining 20% data is used for testing purpose. 

3.1 Implementation of Logistic Regression Algorithm 

Step 1: Loading Data: As shown in Figure 4 the collected fault data is stored in google drive, 

which is imported to Google Colab using the following procedure. The file name is 

PMUdataSet.csv. 

 

 

Figure. 4 Loading data 

 

Step 2: Importing Libraries: After loading the data, it is necessary to import the libraries like 

Pandas and Numpy which are helpful for data processing application. A panda is an open- 

source python package, which is specially utilized for reading data from the file and the 

module Numpy works with the numerical data. 

Step 3: Checking the datasets: It will check the available parameters in loaded data set. Here 

Ia, Ib, Ic, are the current parameters and Va, Vb, Vc are the voltage parameters. 

Step 4: Checking Data Information: It checks the size of the dataset what we have loaded. All 

the 6 variables present in the dataset Ia, Ib, Ic, Va, Vb, Vc are the floating type and output is 

in int type and all are in 64 bit wide. 
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Step 5: Data Preprocessing: Our machine learning algorithm requires data in a particular 

format but whatever raw data collected from the power system is not in the form which is 

suitable for the machine learning algorithm [22]. Hence data pre-processing is required. 

There are different types of data normalization techniques. 

1. Standardization: Here each input variables are separately scales down by subtracting it 

by mean and after that dividing it by standard deviation. 

2. Min-Max Normalization: In this technique each input variables is separately scaled 

down in the range of zero(0) to one(1) [23]. 

 

Step 6: Model Creation: After importing the necessary library functions the pre-processed 

data is downloaded into the model. This data having different features gives the information 

to create the model. 

Step 7: Evaluating the Model: 

Evaluation of Model is done using Confusion matrix which is as shown in figure 5. To 

evaluate the performance of particular classifier is done with the help of this matrix. This 

shows summary of correct and incorrect predictions in tabular form which is very much 

helpful to understand the performance of particular classifier. 

 

Figure 5. Confusion Matrix of Logistic Regression Model Step 8: Result of the Logistic 

Regression Model 

The accuracy of proposed Logistic Regression Model is as shown in figure 6. 

 

Figure 6. Result of the Logistic Regression Model 

3.2 Implementation of KNN Algorithm Model Creation of KNN Algorithm 
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In this section, the attempt is made to create a Model using KNN algorithm after importing the 

necessary library functions using pre-processed data. 

Result of the KNN model 

The accuracy of proposed KNN Model is as shown in figure 7. 

 

 
 

Figure 7. Result of the KNN model 

 

Confusion Matrix of KNN Model 

Evaluation of the KNN Model is as shown in figure 8. 

 

Figure 8. Confusion Matrix of KNN Model 

Result Comparison of Logostic Regression and KNN Algorithms 

After implementing both Logistic regression and KNN algorithms on same PMU data which 

is collected from Indian power system we concluded that KNN algorithm is showing more 

accuracy as compared to Logistic regression algorithm which as shown in Table 1. 

Table 1 : Result Comparison of LR and KNN algorithm 

 

Logistic 

Regression 

algorithm 

 Precision Recall F1 
Score 

Support Accuracy 

0 0.63 0.62 0.62 1797 0.63 
1 0.63 0.64 0.63 1814 

KNN 
Algorithm 

0 1.00 0.87 0.93 1797 0.94 
1 0.89 1.00 0.94 1814 

 

3.3 Implementation of SVM Model creation using Standardscaler normalization 

In this section, the attempt is made to create a Model using SVM algorithm after importing 

the necessary library functions using pre-processed data using Standardscaler normalization . 
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Evaluation of the SVM Model is as shown in figure 9. 

 

Figure 9. Result of SVM using Standardscaler normalization 

3.4 Implementation of SVM Model creation using Minmaxscaler normalization 

In this section, the attempt is made to create a Model using SVM algorithm after importing 

the necessary library functions using pre-processed data using Minmaxscaler normalization . 

Evaluation of the SVM Model is as shown in figure 10. 

 

 

Figure 10. Result of SVM using Minmaxscaler normalization 

3.5 Implementation of KNN Model creation using Standardscaler normalization 

Figure 11 shows the evaluation of the KNN Model using Standardscaler normalization. 

 

 

Figure 11. Result of KNN using Minmaxscaler normalization 

3.6 Implementation of KNN Model creation using Minmaxscaler normalization 

Figure 12 shows the evaluation of the KNN Model using Minmaxscaler normalization. 
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Figure 12. Result of KNN using Minmaxscaler normalization 

3.7 Implementation of Decision Tree Model creation using Standardscaler 

normalization 

Figure 13 shows the evaluation of the Decision Tree Model using Standardscaler 

normalization. 

 
 

Figure 13. Result of Decision Tree using Standardscaler normalization 

 

3.8 Implementation of Decision Tree Model creation using Minmaxscaler 

normalization 

Figure 14 shows the evaluation of the Decision Tree Model using Minmaxscaler 

normalization. 

 

Figure 14. Result of Decision Tree using Minmaxscaler normalization 

Here an attempt is made to observe change in accuracy while implementing KNN,SVM,LR 

and DT algorithms. Two different normalization techniques such as standard scaler and 

Minmax scaler are used on same data to evaluate the same model. Table 2 shows the 

accuracy of two different normalization techniques. 
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Table 2: Comparison results for the proposed methods 

 
Name of the Algorithm Type of Normalization Accuracy 

Support Vector Machine 
Standard Scaler 88.36% 

MinMax Scaler 88.36% 

K-Nearest Neighbour 
Standard Scaler 99.37% 

MinMax Scaler 96.99% 

Decision Tree 
Standard Scaler 99.13% 

MinMax Scaler 99.42% 

 

4. Conclusion 

This paper highlights about the implementation of different Machine Learning algorithms on 

synchrophasor data which is collected by Indian power system which are specially used for 

improving situational awareness. Firstly, the simulation was carried out using Python 

language in Google Colab. The accuracy of the KNN algorithm better as compared to 

accuracy of the Logistic Regression algorithm. The paper also focuses on implementation of 

two different normalization techniques such as Standard scaler and Minmax Scaler on three 

different models for evaluating the result. But the interesting factor is, for KNN algorithm 

accuracy is better for standard scaler normalization and for Decision tree algorithm accuracy 

is more for Minmax scaler normalization. Mainly this paper highlights on different choices of 

software implementation for power system fault detection. 
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