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Abstract : The paper presents a novel approach of Machine learning for the protection of power system. The decision tree
algorithm based on semi-supervised-machine learning is designed for the automated detection as well as classification of the
transmission line faults. The decision tree makes the predictions based on the decisions for constructing optimal-classification
tree. To extract the features in the current and voltage signal, discrete wavelet transform is applied, which decomposes the signals
into smaller components. This feature vector is used by the classifier for class prediction. The performance of the algorithm is
tested on the Three phase series compensated network in MATLAB environment. The results shows that the proposed algorithm
can detect and classify the different faults reliably while keeping the computation burden suitably low which make the
implementation more feasible.
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l. INTRODUCTION

The transmission lines forms one of the most significant part of the power system as they play a most important role in
transmission of power from the generating station to the customer. The normal operation of the transmission line can be affected
by many factors and the most sever damages are caused by the faults. In the transmission line with three phase power source,
there are eleven types of faults that can occur. The faults in the order of decreasing frequency of occurrence are: single line —to-
ground fault (LG), line-to —line fault (LL), double line- to —ground fault (LLG), three line fault (LLL) and three phase —to —
ground fault (LLLG). It is then very important to detect these faults; otherwise it will cause disturbances to the system which can
further led to substantial outages in the firmly interconnected system working well within the limits.

The current trend of increasing the power transfer over long distance and operating the systems more closer to their limits,
makes security more complex and at the same time more complicated to handle. The Machine Learning (ML) is the advanced
emerging method in the area of Artificial Intelligence (Al), [1] and [2], now can be used as problem solver in the big data
analysis. This encourages the ML to be used for various applications in the various fields. Many researchers are working on the
concept of ML for different problems in power system, in [3] and [4] such as economic dispatch, security assessment, Load
monitoring and scheduling, voltage stability prediction, fault analysis etc. The fault analysis using ML concept is the most novel
approach to obtain the precise analysis and quick recovery of the power system components after the fault.

The semi-supervised learning is the types ML, which combines the power of both the supervised and unsupervised learning. It
requires less initial labeled data to train the algorithm and hence more advantageous in the application where large unlabeled data
is present and getting labeled data is tedious. The application of such powerful ML technique in the fault prediction could results
in improving the protection procedures for the power transmission system. The study [5] and [6] introduces the application of ML
for detecting and classifying fault on the transmission line. In addition, it will also reduce the time required to clear the faults,
thus increasing the overall power system reliability and efficiency.

The decision tree algorithm provides an interesting alternative to the conventional methods, as presented in study [7] and [8].
The decision tree method, tool of ML, falls into the category of the learning from examples. The underline principle consists of
extracting information about a given problem and organizing it into decision trees which are both interpretable and appropriate for
automatic use, this enables one subsequently to conclude knowledge about new, unseen situations, whenever they arise. One of
the most important steps for designing the fault classifier is the preprocessing step for extracting features. The Discrete Wavelet
Transform (DWT) is the signal processing tool, mostly used for unveiling the hidden information from the signal, explained in
[9].

The present work introduces the semi-supervised ML approach for detection and classification of transmission line faults. The
fault current and fault voltages are decomposed into smaller components by using the DWT, used as feature vector for class
prediction. The decision tree algorithm is designed as the fault classifier. Finally, these extracted key features were fed to
decision tree algorithm for fast and accurate fault recognition.

1. DISCRETE WAVELET TRANSFORM

The pre-processing of the data is one of the useful techniques to improve the performance and the speed of protection scheme.
This can be achieved by unveiling the useful information from the signals, which also reduces the dimensions of the input data.
The DWT is one of the preferable signal decomposition tools in the area of power system. The digital representation of the
Continuous Wavelet Transform (CWT) is called as DWT. DWT can be realized by multi-stage filter bank having wavelets as low
pass (LP) and high pass (HP).

In consideration to the unique feature of providing multiple-resolutions in both time and frequency by wavelets, the sub-band
information can be extracted from the original signal. When applied to faults, this sub-band information of faulted power system
is seen to provide useful signatures of faults, so that fault classification can be done elegantly. In studies [9], [10] and [11], the
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DWT technique is used for detecting the faults on the power system under different operating conditions. The DWT in
combination with other algorithms like k nearest neighbor, artificial neural network and decision tree is studies in [12], [13], and
[14]

The DWT of any signal say, a(k) can be calculated by passing it through the series of filters, which results in convolution of
the two. The multi-stage filter bank decomposes the given signal or down sampled by two in each stage and is given as input to
subsequent stages, in [15] and [16]. The filter outputs are subsampled by 2, the decomposed signals can be written in
mathematical form as shown below. Equationl and equation 3 shows the output of high pass filter and equation2 and equation4
shows the output of low pass filter.

1)
ai(n)= ) h(k —2n) ay(k)
)
- )
di(n)= ) g(k —2n) ay(k)
1 Z 0
At level 2, the next scale decomposition is carried out on al(n) and the decomposed signals are,
®)
a,(m)= » h(k — 2n) ay(k)
2 ; 1
(4)

da(n) = Y gk — 2n) ai(k)
k

The proposed scheme of protection employs the DWT for feature extraction accomplished in the following stages. Firstly, the
simulation of the test system is performed in order to obtain the instantaneous current and voltage samples at the relay locations at
Bus 2. Then in the next stage, the current and voltages obtained in first stage are passed through the series of low pass and high
pass filters in order to obtain the approximate and detail coefficients. Third stage involves the amplitude of the four level
approximations of current and voltage signals used as input to train the fault classifier.

I11. DECISION TREE

The Decision Tree (DT) also called as classification tree is a decision based tool, which uses binary tree like structure to figure
out the relationship between the input and the output. The building process of the decision tree depends on initial learning dataset,
i.e. a set of samples with predefined label, begins at the top node of the tree with complete learning dataset progresses by
repetitively creating descendant nodes by splitting the learning dataset into subsets of increasing classification purity [7], [17] and
[19].

The DT is the graphical representation, as shown in figure 1, of the decisions to be made, the case situations and the possible
outcomes in relation with the cases and decisions. The decision is made by the Gini index which is the measure of the node
impurity [15]. The index defines the splitting criteria for the tree at each node in order to obtain the most accurate guess of the
decision.

Decision Node

Fig.1. Decision Tree Structure

DT is the data mining classification algorithm used for high-dimension pattern classification [18]. The mathematical
representation of the DT algorithm is built on the following definitions,

X={X1,X3, oo, X 3T (5)
Xi={x1,%;,.. Xij,......, Xm} (6)
S={ SI,SZ,........,Si,........,sm}T (7

Where m is the number of available observations (cases), the number of independent variables (features), S the m-dimensional
vector of the categorical (dependent) variable to be predicted from X, X;, the ith component vector of n dimensional independent
variables, Xit, Xiz,....., Xijy.-eer-. xin the independent variables (predictors) of the pattern vector X; and T the vector transpose
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notation. The goal of DT data mining is to predict S based on observing X. As many DTs with various accuracy levels can be
constructed from a givenX, finding the optimal tree is difficult in practice because of the large size of the search space [19].

The DT is applied for the analyzing various problems such as power-quality disturbance [20], solar PV system faults [21],
faults on single line [22], faults on double —circuit- transmission-line [23], fault-zone identification [24] and [25].

IV. SYSTEM STUDIED

The Three phase series compensated network simulated in MATLAB environment is used to evaluate the performance of the
proposed algorithm. Figure 2 shows the single line diagram of three phase test system used for fault detection and classification of
transmission line. The test system is operating at base voltage of 735 kV, with the base power of 100 MW at 60 Hz. The faults of
different nature are simulated on the transmission line between Bus B1 and Bus B2, of length 300 km. The fault data required for
the classification is obtained from the relay location at Bus 2. The magnitude of current and voltage varies with the location and
type of the fault and during each fault type changes in the magnitude are different, hence fault voltage and fault current can be
sufficient to be used for detection and classification purpose.
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Fig. 2. Three Phase Transmission Line Network for fault detection and classification

The decision tree algorithm works as classifier to detect the abnormal situation and then classify it according to its nature of
occurrence. The classifier is initially trained to set the principle of operation. Assume the three phases be A, B, C and G is the
ground. The table 1 shows the types of fault and their class number, which includes all the 11 types of fault on three phase system
along with the normal operation with the class number 12.

Table 1. Fault types and class number

Fault Type Class Number
Phase A-to-G 1
Phase B-to-G 2
Phase C-to-G 3

Phase A-B-to-G 4
Phase B-C-to-G 5
Phase A-C-to-G 6

Phase A-B 7

Phase B-C 8

Phase A-C 9

Phase A-B-C 10
Phase A-B-C-to-G 11
Normal Operation 12

The decision tree algorithm generates the generalized model or the tree, during the training and the test sample is classified
based on the node conditions [7].

V. RESULT AND DISCUSSION

In order to evaluate the performance of the classifier, 22 the fault cases are considered i.e. all 11 type of faults at two different
locations are simulated in MATLAB using fault breaker block along with two cases of normal operation. The various fault
conditions are created using different parameters listed in table 2. The result consists of accurately detected and labeled fault
cases. The confusion matrix is plotted as shown in figure 3, to evaluate the accuracy of classifier operation. The green block
shows the correctly classified fault case. The red blocks shows the incorrectly classified fault cases, the coloums shows the total
test cases belonging to that particular class and the row shows the predicted class output. The blue block shows the total
classification accuracy of the classifiers.
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Table-2: Experimental conditions

Fault Type AB, BC, AC, AG, BG, CG,
ABG, BCG, ACG, ABG and
ABCG

Fault Locations 280 and 300 km

Fault Resistance 0.001 and 0.1 ©

The classifier is tested for 24 different situations including fault situation and normal operataion. The confusion matrix shows
the accuracy of the classification for each fault and overall classfication accuracy offered by the classifier. The classifiers offers
100 % accuacy of decision and for all 24 cases 8.3% of overall classification accuracy.

Confusion Matrix
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Fig.3. Confusion Matrix

It is evident in the figure 3, that the proposed algorithm is capable of detecting and classifying the fault cases successfully for
each of the 24 cases correctly. The result confirms the 100% accuracy of the DT algorithm as fault classifier and also its
suitability for real time implementation.

VI. CONCLUSION

The paper presents a decision tree algorithm based on semi-supervised machine learning for fault identification and
classification on the transmission line. The goal is to develop the most accurate method of fault analysis. The performance of the
algorithm is tested on Three-phase series compensated network for each 11 types of fault. The feature extraction process on the
fault current and voltage signal is carried out by using four levels of decomposition in DWT. The feature vectors are then used for
class prediction by the fault classifier. The results have shown that, the DT algorithm is able to detect and classify the fault cases
accurately and successfully. The need of initial label data required for classifier training is considerably reduced due to the
involvement of the semi-supervised learning approach. It is observed that, successfully trained classifier is able to classify any
number of fault cases well within the limiting criteria.
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