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Abstract 
  
In the paper, classification and detection of high impedance faults (HIF) in 

the distribution system is attained with the help of filter and Artificial 

Intelligence (AI). Here, Extended Kalman Filter (EKF) with Recurrent 

Neural Network (RNN) is proposed for detecting the HIF in the system. To 

extract features of the signals, EKF is introduced in this paper. Then, the 

RNN is one of the AI techniques which is classified the signals with the 

utilization of the signal features. Initially, the distribution system No-Fault 

(NF) signals are analyzed. After that, in the distribution system, non-linear 

loads and linear loads are applied to the power system. After that, the non-

linear load is applied in the distribution system, the voltage also current 

signals are analyzed. The signals are extracted with the help of the EKF and 

features signals of current and voltages are analyzed with the harmonic 

components. In this proposed method radial distribution systems and meshed 

distribution systems are analyzed under the HIF conditions. Here, harmonic 

coefficients of 3rd, 5th, 7th, 9th, and 13th are analyzed with the help of the 

proposed technique. The feature signals of voltage and current under the 

harmonic components are taken as the input of RNN. The feature signals are 
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classified with the help of RNN classifier. After that, the HIF fault signals are 

tested under the linear and nonlinear conditions.  The proposed technique is 

employed in the MATLAB/Simulink system besides the detection 

performance assessed. The evaluated results are compared with Artificial 

Neural Network (ANN) and Neuro-Fuzzy Controller (NFC) methods. 

Finally, the proposed technique is tested by statistical measures like 

Accuracy, Sensitivity, and Specificity, etc. 

 

Keywords: linear load, non-linear load, harmonic coefficients, high 

impedance fault, Recurrent Neural Network, detection, and classification. 

 

1 Introduction 
 

In the power system especially distribution feeders, faults detection can 

be difficultly related to the traditional over current, nearly differences of 

distance relaying methods and ground fault relays [1]. In the distribution 

system, suitability, selectivity, uncertainties, operational constraints, diversity 

creates the malfunctions, limitations, detection error in event of high 

impedance fault (HIF) faults [2, 3]. When enabling remote source loading, 

back-feed effects, mutual coupling, capacitive line loading, fault resistance, 

non-linearity are occupied into consideration [4, 5]. HIF faults are normally 

generalized through the ripple ironic current harmonic contented because of 

non-linearity besides hence abnormal measures that regularly happen in the 

distribution feeders. Generally, two categories of HIF are induced in the 

distribution systems such as passive faults and active faults respectively [6]. 

Active faults are created through harmonic and non-harmonic contents and 

present current low the threshold of the protection relay. The present current 

decay of the system is induced by the complete extinction of the non-

harmonic and harmonic components. A passive fault does not create 

harmonic and non-harmonic components [7]. The passive faults are 

additional dangerous toward peoples because around is not at all suggestions 

of the energization complaint of the conductor [8].  

In the condition of low current or no current in the power system, the 

general terminated current protection relay cannot be identified or detection 

of fault [9]. Identifying faults in the distribution system is a challengeable 

one and detect the HIF faults in the distribution system can be difficult [10]. 

Generally, the faults occur once an overload conductor touches or breaks 

high impedance superficial like a tree, cement, sand also asphalt road. The 

faults are dangerous happening human lives once nearby substances can be in 

contact with energized conductors and line’s plain [11]. Mainly, HIF is 

induced at dual belongings; the first case is a conductor decrease to ground, 

conductor breaks, and dropped phase current decrease also protection relays 

[12, 13]. The protection relays not able to identify fault since current cannot 

increase than relay setting current. In additional cases, the conductor cannot 

disruption yet it traces a high impedance object like as a tree  
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branches [14]. In the condition, the current in the feeder can be increased yet 

it is not sufficient through conventional protection relay [15]. Consequently, 

the HIF can be actual problematic toward identifying or perceive it is 

hazardously aimed at human lives, in addition, need to notice the faults [16]. 

Generally, an observer is used to control the faults in the distribution 

systems. Many different observers have been developed t various parameter 

estimation to decrease the cost and decrease the number of sensors such as 

Luenberger observer, sliding mode observer, Extended Kalman Filter (EKF) 

also of model reference adaptive system (MRAS) respectively. From the 

above observer, EKF can sense the faults from the distribution systems [17].  

The EKF is used to fault detection and isolation which provides a good 

diagnosis in transient and steady-state conditions [18]. To detect the HIF 

faults, various methods are developed by the researcher. The methods are 

listed as ANN, Adaptive Neuro-Fuzzy Interference System (ANFIS), and 

ANN-Fuzzy Interference System (ANN-FIS), etc [19, 20]. The faults are 

extracted by the features and which trained and tested with the different 

classifiers. Some of the classifiers are presented in the above. From the 

methods, the existing methods are affected by various defects and do not 

attain the efficient classify the faults. So, need to develop a new method to 

classify the faults in the distribution system. 

The remaining part of the paper is organized as follows, the related 

works of the HIF detection and classification are described in section 2. The 

system model and architecture with a detail description is presented in 

section 3. The simulation results and analysis is presented in section 4. The 

conclusion part of the paper is presented in section 5. 

  

2 Literature Review 
 

Many researchers are designed various methods for fault classification 

and detection of HIF in the distribution system. Some papers are reviewed in 

this section.  

Chengye Lu et al. [21] have presented a Weak harmonic signal detection 

technique with the help of chaotic interference related to filter that was 

extended Kalman filter. The EKF method was used to avoid matrix inversion 

through iterating state formulas also measurement formula that enhances the 

robustness also reduction of complexity. The developed method was used for 

optimal filtering methods for identifying the weak signal. The developed 

method has different advantages such as it was a robust technique, it has the 

computational complexity and it has a better performance contrasted to the 

neural network. 

Tarek Ameid et al. [22] have presented an Extended Kalman filter with 

rotor resistance estimation besides spectral examination for rotor bar fault 

detection of sensorless vector control induction motor. The fault of a broken 

rotor was identified by the rotor resistance computation with the  
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consideration of extended Kalman filter observer besides fast Fourier 

transformer on behalf of analyzing several mechanical and electrical 

quantities such as stator phase current, quadratic control mechanisms of 

control also rotor speed. The examination of spectral was effectuated only if 

the difference in the computation of rotor resistance was important. 

Armando Souza Guedesa et al. [23] have grants an analysis aimed at the 

assessment of the three-phase induction motors (IM) related on the insulator 

of the stator in addition to the classification of the fault technique with the 

help of a method based on computational intelligence tools (CIT). In the 

review of the topics, the main components for the appraisal of testing of IM 

towards insulation condition were accessible and also the promising usage of 

CITS intended for, including motors, industrial equipment especially in fault 

detection. The manuscript offers a method intended for assessment also 

detection of the insulation scenario with the help of K-means clustering of a 

machine learning classifier based on ANNs (artificial neural networks). 

Samaher Al-Janabi et al. [24] have established a hybrid system based on 

Genetic Neural Computing (GNC) intended for accessing besides inferring 

the information derivative after the attentiveness of the dissolved gases. It 

was additionally investigated besides clustered into four modules conferring 

towards the standard C57.104 described by IEEE with the help of a genetic 

algorithm (GA). The grouped information was nourished to the neural 

network which was utilized towards envisaging the various kinds of faults 

happen in the transformers. The combined scheme produces the required 

choice principles to succor the system’s operator in recognizing the exact 

fault in the transformer also its fault position. That investigation would 

formerly be accommodating in execution obligatory preservation checkered 

also strategy for maintenances. 

Zhentong Liu et al. [25] have presented fault detection besides isolation 

(FDI) which was working based on sensor best model design intended for a 

series of battery designs with very easy design. The maximal voltage besides 

voltage sensors in the battery pack which increases the burden of the working 

complexity. The major objective of the presented work was to improve the 

healthy behavior of the battery management system (BMS). The designed 

technique was utilized to mitigate the over-discharge and overcharge 

processes. The designed technique was mostly used to control the 

overcharged and over discharges of battery cells and perfectly maintain the 

voltage of battery. With the consideration of proposed methods, the battery 

cells are monitored with the help of FDI techniques. Remaining cells are 

monitored offline also, which was working towards long time instants. This 

method was most suitable to maintain the proper function of the battery 

system.  
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The HIF faults of the distribution systems are the NF and HIF under the 

conditions of linear load and nonlinear load that is properly recognized, 

monitored, and classified. More devices are utilized for mitigating the HIF 

fault. Some are based on harmonic monitoring to confine or block harmonics, 

and others are based on wave shape identification. Filter investigation has 

appeared as a powerful tool for signal processing in dissimilar power system 

applications, including the wave shape investigation of HIF faults and inrush 

currents. But, to provide secure mitigation, the classifier is utilized to classify 

the types of fault that occurred in the HIF faults in the distribution system.  

Consequently, we have, in this document, envisioned a HIF faults in the 

distribution system faults recognition and categorization technique. For 

extracting the features and organizing the faults of the distribution system, 

the EKF and RNN are projected in the text. The projected control approaches 

are designed and presented in segment 3. The common recent related works 

are undecided in segment 2. The performance evaluation of the projected 

approach is designated in segment 4. Segment 5 concludes the manuscript. 

 

3 Modeling of HIF Faults in Distribution System 
 

In this paper, HIF faults are analyzed in the distribution system. The 

faults are identified and classify with the usage of the proposed technique. 

Here, the proposed method of RNN and EKF was designed aimed at 

identifying also of classification the faults [26]. In proposed method is 

analyzed with three systems such as radial distribution system besides 

network in meshed shape.  

The structure of the radial distribution system and meshed network with 

the high impedance fault is illustrated in figure 1-4. The generator is of 15 

KV besides 10 MVA capacities besides associated through the transformer 

under the capacity of 13/25 KV also 10 MVA capacities. The distribution 

networks are working next to 25 KV voltages. The distributed networks are 

implemented underneath the condition of linear also of the non-linear load. 

Mainly, the HIF system is introduced with Dc source, non-linear resistance, 

and anti-parallel diodes connected to each phase. The HIF fault structure is 

illustrated in figure 3.  
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Figure 1: Model of Radial distribution system 

 
Figure 2: Model of meshed network 

 

Figure 3: Model of HIF faults 
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Figure 4: Model of HIF faults in the distribution system 

 

The distribution system with HIF faults is developed with the utilization 

of power system block and the sampling rate is selected to 1.6 KHz. In this 

proposed method, the distribution system faults are classified besides 

identified under two different conditions such as linear load also nonlinear 

load respectively. The linear and non-linear load model can be illustrated in 

Figures 5 and 6 respectively. At the linear load condition, the linear load is 

applied to the distribution system. The fault signals are identified and 

contrasted with the NF condition. In the linear condition, the HIF faults are 

easily identified. At the non-linear load condition, the linear load is applied 

to the distribution system. The fault signals are identified and contrasted with 

the NF condition signals. In the non-linear condition, the HIF faults are 

cannot be easily identified. In the conditions, the faults are very critical to 

identify from the NF and HIF fault conditions. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  

      Figure 5:  HIF current signal of linear load  
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Figure 6:  HIF current signal of nonlinear load 

 

The non-linear besides linear load conditions are applied to the 

distribution systems of radial and meshed networks and analyzed the HIF 

faults. Under the load varying conditions, the current also voltage signals are 

compared with the current besides voltage signals at NF conditions. From the 

analysis, HIF faults are identified from the distribution systems. Generally, 

the features of the current and voltage signals of the distribution system are 

extracted with the help of the EKF filter. After that, the extraction signals are 

sending to the RNN for classification purposes. The RNN classifier is 

working based on the training and testing phase. The post fault signals of 

HIF in the distribution system are trained to classify the HIF faults in the 

linear besides non-linear loading conditions of the distribution system. The 

feature extraction of the signals is achieved with the assist of the EKF filter. 

The overall procedure of the proposed technique will be clarified in the 

underneath section. 

 

3.1 Detection and Classification of HIFs in Different Condition 
Using EKF Using RNN 
 

In the paper, EKF and RNN are used for identifying and classifying the 

HIF in the distribution system under different load conditions such as linear 

load also of non-linear load respectively. The normal load conditions, the 

voltage, and current signals are analyzed. After that, the linear load is applied 

to the distribution system and HIF fault signals are analyzed. The normal 

condition signals are contrasted with the fault signals. For comparison of the 

signals, the EKF is utilized to extract the features of the signals for the 

classification process. The three-phase signals of current and voltage signals 

are collected for the extraction process. The detailed explanation of the 

proposed filter and methods are presented in the followed section. The 

complete process of the proposed techniques is presented in figure 7. 
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Steps of the proposed method 

Step 1: Start the process 

Step 2: collect three-phase signals of current and voltage at NF condition 

Step 3: Processing the signals 

Step 4: After applying to the linear and non-linear load to the distribution 

system, fault signals are analyzed 

Step 5: Harmonic coefficients and fault of the signals are analyzed 

Step 6: signal features are extracted with the help of the EKF algorithm 

Step 7: Feature signals are sent to the RNN for classification of faults 

Step 8: Classify the results and store the results 
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Figure 7: Complete procedure of the proposed method 
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In figure 7 describes the complete procedure of the proposed technique. 

The proposed technique, two major steps are developed for identifying and 

classification of HIF faults in distribution systems. The first major steps are 

signal extraction using the EKF filter. The filter is used to extract the signals 

from the linear and nonlinear conditions in distribution systems. 

Afterward, the extracted signals are functional to the input of the RNN. 

The RNN is trained also tested for the classification process. With the 

utilization of the proposed method, HIF faults are identified and classified as 

the HIF faults in the distribution system efficiently. The mathematical 

modeling and process of the EKF are clarified in the below segment. 

 

3.2 Modelling of Extended Kalman Filter (EKF) 
 

The extended Kalman filter is non-linear time-domain computation. The 

EKF is mainly utilized to excerpt the topographies of the fault signals and 

that efficient computation of harmonic parameters of fault current signals 

under HIF. Naturally, in the filter, Kalman gain can be self-governing to the 

dimensions therefore as the filter methods steady state, which can be subtle 

to components variations besides starts to drop this one capability of tracking 

different time parameters. The filter can be produced optimum results based 

on the prior information of the procedure noise covariance matrix Q and 

dimension of noise covariance matrix R are needed. Moreover, the normal 

computation matrices are unknown which are computed based on the trial 

and error method for achieving optimal tracking results [27]. But, under non-

linear loading conditions, the Q besides R is updated through the 

formulations which are presented in the segment. 

For example, Tenancy agreement discrete signal that consists 

fundamental in addition harmonics with a DC component can be described as 

model under condition [28, 29] of HIF which are represented as below 

equation, 

          (1) 

At the state space, the discrete signal can be represented as below 

equation, 

                (2) 

Where, 

             (3) 

                        (4) 

             (5) 

             (6) 

                        (7) 

            (8) 



                                                                                                                  
 

 

 

 

 

 
Detection of High Impedance Faults Using Extended Kalman Filter with RNN in 

Distribution System 2526 

 

            (9) 

The transition matrix of the harmonic components are presented in the 

below equation, 

         (10) 

The observation matrix of the signals are presented in the below 

equation, 

  

  

  

  

  

           (11) 

To considering the above formulas, the EKF technique is achieved as 

shadows, 

           (12) 

              (13) 

Where, 

      (14) 

The gain of Kalman filter  can be presented as below equation, 

          (15) 
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           (16) 

            (17) 

Where  is referred to as the covariance matrix also  is mentioned as the 

noise covariance. The Kalman filter performance is improved with the help 

of updating measurement error covariance which will be explained in the 

below section. The explanation for R is achieved based on the error among 

observed also estimated values of  as, 

           (18) 

The covariance error  is updated as,  

            (19) 

Where, is defined as the forgetting factor which is given by the below 

equation, 

              (20) 

Where  is referred to as the initial error covariance value of . After 

that, the model error covariance matrix  can be attained with the help of 

covariance function  is presented below,  

          (21) 

If  and  where  

can be described as the model covariance and  is described as a new value 

of  and   is described as the threshold value of 

covariance error. The adaption of  can be obtained and presented below, 

         (22) 

 

3.3 Feature Extraction Using EKF 
 

The extended Kalman filter is modeled towards computing various 

harmonic components of HIF also of NF current signals. The fault signals are 

nature so classify the fault is difficult. Generally, the harmonic components 

computations remain fundamental such as 3
rd

, 5
th
, 7

th
, 11

th,
 and 13

th
 harmonic 

components [30]. The harmonic parameters of HIF also NF conditions are 

analyzed in the results section. The harmonic components of signal variations 

are analyzed under the conditions of NF and HIF. Additionally, linear load 

besides nonlinear loads are analyzed. The EKF computes the harmonic 

parameters within half cycle of the fault beginning [31]. The harmonic 

parameters are analyzed as the features besides it is forwarded to the RNN 

for the classification process. The harmonic components of the signals are 

analyzed under the HIF after NF and non-linear load. The harmonic 

components of 3
rd

, 5
th
, 7

th
, 11

th
, and 13th are extracted as features assigned to  
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F1, F2, F3, F4, F5 also F6. The features are taken as the inputs of RNN for 

classification results. 

 

3.4 Description of the Recurrent Neural Network (RNN) 
 

Contrasted with a feed-forward NN, an RNN is wired with a time stage 

advantage that presents an idea of time to the NN design structure. The 

neurons are connected with self-connections across time and edges linking 

neighboring steps called recurrent limits. In figure 8, at the time t, recurrent 

neurons are input with data. Here, signal features are taken as the input signal 

[32]. The inputs of the recurrent neurons are not taken from the previous 

layer but also the feature signals of current in the power system. From the 

utilization of the current feature signals, the fault signals are classified under 

the output layers. The process of the RNN classifier is mathematically 

presented below, 

           (23) 

             (24) 

Where can be described as the activation function,  can be 

defined as the matrix of conventional weights among an input layer also 

hidden layer,  can be defined as the matrix among a hidden layer and 

the situation at adjacent period variant stages.  and  can be labeled as 

the bias parameter that permits each node to test and offset. The RNN with 

time can be described as the deep network through one layer per time step. 

The RNN network is trained with the signal features of linear and non-linear 

load with the assist of the backpropagation algorithm related to the time, In 

the RNN network, and the learning process can be especially challenging 

because of the problem of gradients exploding and vanishing [33]. To 

overcome the gradient problem in the RNN the training optimal process 

methods are enhanced with a backpropagation algorithm. 

 
Figure 8: Structure of RNN 
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The gradient exploding and the vanishing problem can be overcome by 

introducing a long-short term memory (LSTM) system which includes a 

memory cell that was developed. The memory cell changes hidden neurons 

utilized cutting-edge conventional RNN towards developed a hidden layer.  

In the LSTM, the memory cell is introduced which connects itself with a 

constant weight [34]. To add an LSTM in the RNN the gradient vanishing 

and exploding are avoided. The LSTM model with RNN can be 

mathematically presented below, 

            (25) 

           (26) 

           (27) 

           (28) 

            (29) 

              (30) 

Where, , , and  can be described as the weight values 

among the input layer and hidden layer  at the time  respectively. 

, ,  and  can be described as the hidden layer weight 

values among time  and . , , ,  can be described as the 

bias of input node, input gate, forget gate also output gate.  can be 

described as the output values from the hidden layer at the preceding period. 

, , , and  can be described as the output values of the input 

node, input node, input gate, the forget gate and output gate 

respectively. can be described as the interior state at the current time,  

can be described as the internal state parameter at the preceding period,  

can be described as the pointwise multiplication operator. Based on the RNN 

network, the faults signals of the distribution system are classified [35]. The 

implementation results of the proposed technique are explained in the below 

segment. 

 

4 Results and Discussion 
 

The proposed method is applied in the MATLAB /Simulink system 

which is mainly used for performance analysis purposes. Here, the proposed 

technique is related to the EKF and RNN for detecting and classifying the 

faults in the distribution system. Initially, system behaviors are analyzed in 

normal and HIF conditions. Then the performances of voltages and currents 

are normalized to their rated peak values. Then the performances of fault 

behavior of the line signals are extracted using EKF. By employing EKF, the 

feature extraction signals are gathered from the HIF cases. Subsequently, the 

extracted features are functional to the RNN input. After that, the RNN is 

training purposed and testing purposes. In this proposed methodology, 

backpropagation is utilized to enhance the training procedure in the RNN  
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network. The training procedure, the error is computed which must be solved 

by RNN. The error is computed based on present state error also previous 

error. At last, the signals are classified by two conditions such as safe or fault 

signals.  

The classified productions are No-fault, HIF in phase a, HIF in phase b, 

and HIF in phase c fault. Here, the performance of the proposed technique is 

analyzed and their performances are contrasted with the ANN, NFC. The 

voltage also current signals are analyzed under the normal and HIF 

conditions.  

 
Figure 9: A simulation analysis of HIF fault model 

 

Additionally, the proposed technique is tested with statistical measures 

like Specificity, Sensitivity also Accuracy, etc. The simulation diagram of the 

HIF model in the power system is presented in Figure 9. The performance of 

the proposed method is analyzed under two cases such as, 

Case 1: NF and HIF under linear load condition 

Case 2: NF and HIF under non-linear load condition 

 

4.1 Performance Analysis of Case 1 
 

The proposed method performances are analyzed under the linear load 

conditions implemented in Matlab. In the proposed method, different types 

of faults are classified such as Phase C faults, Phase B fault, Phase A fault. 

At initial conditions, the normal signals are illustrated in Figures 10 and 11. 

The normal signals are consist of the y-axis current and the x-axis is time in 

seconds. After that, a linear load can be applied in the distribution system. In 

the linear load conditions, the fault signals of the analyzed and illustrated in 

Figures 12, 13, and 14. 
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Figure 10: Performance analysis of NF condition Normal Voltage  

 
Figure 11: Performance analysis of NF condition Current 

 
Figure 12: Performance analysis of linear load HIF faults phase A 
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Figure 13: Performance analysis of linear load HIF faults phase B 

 
Figure 14: Performance analysis of linear load HIF faults phase C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 15: Harmonic components of HIF under linear load conditions 
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Underneath the linear load conditions, the EKF filter extracts the features 

in terms of harmonic components. The harmonic parameters of the faults 

signals are illustrated in figure 15. The 3
rd

, 5
th
, 7

th
, 11

th,
 and 13

th
 harmonic 

components are analyzed aimed at fault signals. The feature extracted signals 

are sending to the RNN for the classification process. The RNN is working 

based on the training and testing phase. The extracted features are used for 

the training and testing phase. Finally, the feature extraction signals are 

classified with the RNN and EKF.   

 

4.2 Performance Analysis of Case 2 
 

In this case analysis, the non-linear load can be applied to the distribution 

systems and fault signals are examined in this section. The fault signals are 

extracted with the help of the EKF filter. It filters the harmonic components 

of the signals which are analyzed in this section. At nonlinear load 

conditions, faults are analyzed in the faults of phase A and Phase B also 

Phase C correspondingly. The performance of the fault signals is illustrated 

in Figures 16, 17, and 18. After that, a non-linear load can be applied in the 

distribution system. In the nonlinear load conditions, the fault signals of the 

analyzed in this section. 

 
Figure 16: Performance analysis of non-linear load HIF faults phase A 

 

 

 

 

 

 

 

 

 

 

 
Figure 17: Performance analysis of non-linear load HIF faults phase B 
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Figure 18: Performance analysis of non-linear load HIF faults phase C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Harmonic components of HIF under non-linear load conditions 
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Below the nonlinear load conditions, the EKF filter extracts the features 

in terms of harmonic parameters. The harmonic parameters of the faults 

signals are illustrated in figure 19. The 3
rd

, 5
th
, 7

th
, 11

th,
 and 13

th
 harmonic 

parameters are analyzed aimed at fault signals. The feature extracted signals 

are sending to the RNN for the classification process. The RNN is working 

based on the training and testing phase. The extracted features are used for 

the training and testing phase. Finally, the feature extraction signals are 

classified with the RNN and EKF.   

 

4.3 Statistical Analysis of the Proposed Method 
 

The presentation analysis of the proposed is calculated related to the 

statistical measurements. The statistical measurements are used to analyze 

the performance of the RNN and EKF based classification. They are 

considered in linear load and nonlinear conditions. Furthermore, they are 

dogged from the TP, FP, TN, and FN standards that are distinct as follows:   

True positive (TP): fault signal will be properly recognized as a defective 

signal. 

False-negative (FN): fault signal will be wrongly recognized as a defective 

signal. 

False-positive (FP): Normal signal will be wrongly recognized as a 

defective signal. 

True negative (TN): Normal signal will be properly recognized as a 

standard signal. 

 

4.3.1 Accuracy  
 

The accuracy assessment is unwavering in the aspect of the HIF signal 

state of distributed generation. Accuracy is well-defined as the proportion of 

the amount of properly considered designs to the entire amount of designs. 

TNFPFNTP

TNTP
Accuracy




                       (31) 

 
4.3.2 Sensitivity 
 

 In the defective situation of the distribution system, the sensitivity 

standards remain assessed.  The ratio of the amount of properly documented 

optimistic designs to the entire amount of genuine optimistic designs is well-

defined as sensitivity. 

FNTP

TP
ysensitivit


           (32) 
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4.3.3 Specificity 
 

 The specificity parameter is unwavering in the defective disorder of 

distributed generation. Specificity is distinct as the proportion of the amount 

of properly-acknowledged negative designs to the entire amount of genuine 

negative designs. The complete parameters are assessed using the 

formulations, obtainable in [36].  

FNTP

TP
ysensitivit


           (33) 

 Afterward, the TP, TN, FP, and FN parameters are tabularized in 

numerous ways. By complete parameters, the Specificity, Sensitivity also 

accuracy values are assessed and demonstrated in Tables 1 and Table 2. 

 
Table 1: Statistical measurements of the proposed method 

 

S.No 
Proposed method 

Fault signal in A Fault signal in B Fault signal in C 

Measurements TP FP FN TN TP FP FN TN TP FP FN TN 

1 5 0 1 6 5 0 1 6 5 0 1 6 

2 5 0 1 6 4 0 2 6 5 1 1 5 

3 6 1 0 5 5 0 1 6 6 1 0 5 

4 5 0 1 6 5 0 1 6 6 1 0 5 

5 6 1 0 5 6 0 0 6 6 0 0 6 

 
 

Table 2: Statistical measurements of the ANN 

 

S.No 
ANN method 

Fault signal in A Fault signal in B Fault signal in C 

Measurements TP FP FN TN TP FP FN TN TP FP FN TN 

1 5 0 1 6 5 0 1 6 5 1 1 5 

2 5 0 1 6 4 0 2 6 5 0 1 6 

3 6 1 0 5 4 0 2 6 6 0 0 6 

4 4 0 2 6 4 0 2 6 5 1 1 5 

5 6 1 0 5 6 0 0 6 6 1 0 5 
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Table 3: Statistical measurements of the NFC 

 
 

S.No 
NFC method 

Fault signal in A Fault signal in B Fault signal in C 

Measurements TP FP FN TN TP FP FN TN TP FP FN TN 

1 5 1 1 5 5 0 1 6 5 0 1 6 

2 5 0 1 6 4 0 2 6 5 0 1 6 

3 6 0 0 6 6 1 0 5 6 1 0 5 

4 5 1 1 5 4 0 2 6 4 0 2 6 

5 6 2 0 4 6 2 0 4 6 1 0 5 

 

 
                  Table 4: Statistical measurements of the CNN 

 

 

S.No 
CNN method 

Fault signal in A Fault signal in B Fault signal in C 

Measurements TP FP FN TN TP FP FN TN TP FP FN TN 

1 5 0 1 6 5 1 1 5 5 1 1 5 

2 5 0 1 6 4 0 2 6 5 0 1 6 

3 6 1 0 5 6 1 0 5 6 2 0 4 

4 4 0 2 6 4 0 2 6 5 1 1 5 

5 4 1 2 5 6 2 0 4 6 1 0 5 

 

  

In the new hybrid method, all types of defective circumstances are 

evaluated with their TP, TN, FP also FN values. The TP, FP, TN, and FN 

components are assessed after the neural network outcomes. Similarly, the 

TP, TN, FP & FN values are evaluated and dogged in diverse defective 

circumstances by engaging numerous methods.  These values are displayed 

in Table 1-4. They are engaged to assess the specificity, sensitivity besides 

the accuracy of the normal and fault signals in A, B, and C of the distribution 

system signals. The proposed technique output is dogged and exhibited in a 

tabular form. Furthermore, the specificity, sensitivity, and accuracy values in 

respect of the current methods and prevailing techniques are estimated also 

tabularized in Tables 5-7 underneath the fault signals of phase A, B besides 

phase C. 
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Table 5: Analysis of fault signal in phase A 

 

Fault signal in phase A 

S.N

O 

Accuracy Sensitivity Specificity 

Proposed  ANN NFC CNN Proposed  ANN NFC CNN Proposed  ANN NFC CNN 

1 91.6 91.6 
83.33

3 

91.66

7 
83.333 

83.33

3 

83.33

3 

83.33

3 
100 100 

83.33

3 
100 

2 91.667 
91.66

7 

91.66

7 

91.66

7 
83.333 

83.33

3 

83.33

3 

83.33

3 
100 100 100 100 

3 91.667 
91.66

7 
100 

91.66

7 
100 100 100 100 83.333 

83.33

3 
100 

83.33

3 

4 91.667 
83.33

3 

83.33

3 

83.33

3 
83.333 

66.66

7 

83.33

3 

66.66

7 
100 100 

83.33

3 
100 

5 91.667 
91.66

7 

83.33

3 
75 100 100 100 

66.66

7 
83.333 

83.33

3 

66.66

7 

83.33

3 

 

Table 6: Analysis of fault signal in phase B 

Fault signal in phase B 

S.NO 
Accuracy Sensitivity Specificity 

Proposed  ANN NFC CNN Proposed  ANN NFC CNN Proposed  ANN NFC CNN 

1 91.667 91.667 91.667 83.333 83.333 83.333 83.333 83.333 100 100 100 83.333 

2 83.333 83.333 83.333 83.333 66.667 66.667 66.667 66.667 100 100 100 100 

3 91.667 83.3333 91.667 91.667 83.333 66.667 100 100 100 100 83.333 83.333 

4 91.667 83.333 83.333 83.333 83.333 66.667 66.667 66.667 100 100 100 100 

5 100 100 83.333 83.333 100 100 100 100 100 100 66.667 66.667 

 

Table 7: Analysis of fault signal in phase C 

 

Fault signal in phase C 

S.NO 
Accuracy Sensitivity Specificity 

Proposed  ANN NFC CNN Proposed  ANN NFC CNN Proposed  ANN NFC CNN 

1 91.667 91.667 91.667 83.333 83.333 83.333 83.333 83.333 100 100 100 83.333 

2 83.333 83.333 91.667 91.667 83.333 66.667 83.333 83.333 83.333 100 100 100 

3 91.667 83.333 91.667 83.333 100 66.667 100 100 83.333 100 83.333 66.667 

4 91.667 83.333 83.333 83.333 100 66.667 66.667 83.333 83.333 100 100 83.333 

5 100 100 91.667 91.667 100 100 100 100 100 100 83.333 83.333 
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Figure 20: Comparision analysis of linear load accuracy 

 
Figure 21: Comparision analysis of linear load sensitivity  

 

Figure 22: Comparision analysis of linear load specificity 
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From the aforementioned tables, the performance parameters like 

specificity, sensitivity besides the accuracy of the new technique are 

designed also analogized with those of traditional methods. In the linear load 

fault scenario, the overall specificity, sensitivity, and accuracy of the 

innovative hybrid method are found to be 991.668%, 93.33% and 90% 

correspondingly, whereas the consistent figures in respect of ANN are 

detected to be  86.667%, 90% and 83.33% correspondingly, and the relative 

figures in respect of NFC system are 86.667%, 86.667% and 86.667% 

correspondingly. Though in the CNN method, the related values are 

81.667%, 83.33% and 80% correspondingly, the corresponding values in 

short circuit fault conditions produced by the new hybrid methods are 90%, 

86.667%, and 93.33%.in that order. Though these parameters in the case of 

ANN are 86.667%, 86.667%, and 86.667% correspondingly, though, in the 

NFC technique, these values are 86.667%, 90%, and 83.33% congruently. 

The CNN method produces the relative parameter values of 83.33%, 83.33%, 

and 83.33% correspondingly. Similarly, in respect of all the residual faulty 

conditions of the distribution networks, the specificity, sensitivity, and 

accuracy values are assessed and contrasted with the anticipated technique.  

Thus it is crystal clear that the innovative proposed technique turns out 

superior function for the recognition of the defective conditions of the 

distribution system. The linear conditions, the performance of the proposed 

method is illustrated in figure 20-22.  

 
Figure 23: Comparision analysis of non-linear load accuracy 

 
Figure 24: Comparision analysis of non-linear load sensitivity  
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Figure 25: Comparision analysis of non-linear load specificity 

The nonlinear condition, the performance on the proposed methodology 

is illustrated in figure 23-25. The proposed technique turns out the accuracy, 

sensitivity, and specificity values of 91.667%, 83.33% &100% congruently. 

Similarly, all the other traditional methods are evaluated separately for non-

linear conditions in numerous defective situations. Afterward, the efficiency 

in the implementation of the well-conceived method is compared with those 

of ANN, NFC & CNN methods and their performances are compared, 

contrasted, and demonstrated. The outcomes point out the fact that the 

proposed technique has been able to produce the best outcomes about peer 

methods.  Thus, we can accurately conclude that the newly- launched 

proposed method is the most operative tool for the classification of the faulty 

state of the distributed generators. 

 

5 Conclusions 
 

The HIF of the power system was identified and classified by the 

proposed technique. The normal and HIF signals were applied to the input of 

EKF. The output of the EKF was extracted features of the input signal. The 

extracted features were in the form of the vector also that was practical to the 

RNN. The output of the RNN has recognized the scenario of the signal 

whether HIF or normal. Then, the output of the hybrid technique was 

compared with ANN, NFC, and CNN. From the comparative analysis, the 

classification rates are analyzed at different loading conditions such as linear 

load also non-linear load. The analysis results are shown the proposed 

technique (EKF-RNN) is enhanced than that contrasted to ANN, NFC also 

CNN. The performances were analyzed with the help of the statistical 

measurements like specificity, sensitivity also accuracy. From the analysis, 

the proposed technique was attaining the best classification results contrasted 

with the existing techniques. The faults signals of HIF under the linear and 

nonlinear conditions are tested and classified with the assist of the proposed 

techniques. 
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