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This paper describes an intelligent computing based scheme for evolving fault events location in 

interconnected series compensated power networks. An evolving fault event is usually actuated 

with one phase and spread to other phases within few cycles. The varying characteristics and 

magnitudes of evolving event make it much more complicated than the commonly occurring 

shunt events in the network. The location of evolving events in the power network is very 

challenging mainly because it involves the quick transition of phases. An integrated scheme 

based on signal processing and intelligent computing is presented in this paper for location of 

the evolving shunt abnormalities in an interconnected series compensated transmission network. 

The prominent features pattern set corresponding to different evolving events in the network has 

been realized in proposed scheme using signal processing mechanism. Afterward, it has been fed 

to designed intelligent computing-based network model for identifying the site of evolving events 

in power network. A cascade forward back propagation neural network model has been utilized 

for ascertaining the distance of events in the network. The competency of the proposed 

integrated events tracing scheme has been evaluated for different evolving faults scenario on a 

simulated interconnected compensated power test network. The results acquired under all 

considered test cases have reasserted that the proposed integrated scheme is very effective and 

precise in ascertaining the location of evolving abnormality events in the compensated power 

transmission network. 
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1. Introduction 

Over the past few decades, network compensation mechanism has been effectually 

utilized in the power infrastructure for making the transmission system more resilient 

regarding the overall network stability and power flowing competency of the transmission 

system. However, as the deployment of line compensation devices comprehensively 

transmutes the transmission circuit and hence leads to the erratic functioning of the 

conventional relaying system during the occurrence of abnormalities in the lines [1-3]. The 

transmission section occasionally suffers from different short-circuit events due to the 

sustained increase in electrical and environmental stress. Effectual and advanced fault 

location algorithms can considerably accelerate the refitting process of the network. 

Multifarious schemes are explained and listed in the literature for ascertaining the location 

of fault events in the compensated power networks [4-9]. However, the majority of the 

existing approaches have considered only normal shunt fault cases which remain 

unchanged over the abnormality periods. Evolving shunt abnormalities (ESA) are the rare 

but complex fault events that have been observed besides of usually occurring shunt fault 
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events (likephase to ground, phase to phase, and 3-phase events) in the transmission circuit. 

These events are classified as the faults which are actuated in one phase of the system and 

subsequently involve other phases also [10]. Evolving events in the transmission network 

are much more complicated than the commonly occurring shunt events mainly due to the 

transition of phases are involved in the evolving abnormality. It may cause delays in 

tripping and reclosing problems [11]. These undesirable critical issues evolved with ESA 

events make it more challenging as compared to normal shunt events. There have been only 

limited articles that have discussed the issue of ESA events in the power transmission 

circuit. In [12] a neural network and discrete wavelet transform (DWT) based integrated 

strategy has been discussed for predicting the position of evolving faults in the power lines. 

In [13] the authors have proposed a criterion for ascertaining evolving abnormalities in the 

network byestimating the negative and zero sequences of the fault current. In [14] a 

transient traveling waves mechanism based scheme has been explained for identifying and 

locating evolving abnormalities in the transmission section. In [15] an evolving abnormality 

events localization scheme has been discussed based on time domain analysis of primarily 

(LG) fault and secondary (subsequent LLG) fault. In [16-17] an analytical scheme based on 

wide area measurement has been discussed for tracing the evolving abnormalities in 

transmission circuit. But as the presented approach has been based on bus impedance 

matrix principle, it may adversely be affected by compensated environment system. In [18] 

a theoretical scheme has been proposed for the localization of evolving abnormalities in 

parallel transmission circuit. However, the presented approach inevitably needed 

synchronized measurement and proper communication mechanism. 

 

This work primarily concerned with designing an integrated scheme based on signal 

processing and artificial intelligence mechanism for locating the evolving shunt 

abnormalities in an interconnected series compensated power network (ISCPN). It 

significantly addresses a rare but complex phenomenon that has been observed in the power 

transmission circuit besides commonly occurring shunt faults. In the proposed scheme the 

entropy of current wavelet coefficients has been realized as the prominent features pattern 

data set corresponding to different evolving abnormality events in the network and fed to 

the designed cascade neural network model for tracing the actual site of evolving faults in 

the power network. The designed distance locator model performs the distance estimation 

task and predicts the location of the evolving events in the power network as its outcome. 

For reaffirming the viability and competency of the proposed ESA tracing scheme, various 

test simulation have been analysed on the designed compensated transmission circuit in 

MATLAB. The results acquired for different considered test circumstances clearly indorsed 

the ability of the proposed integrated evolving events tracing scheme. The results of the 

proposed ESA events tracing mechanism has been compared with some already reported 

approaches and it has been observed that the error percentage of the proposed integrated 

scheme is lowest. The rest of the paper is organized as: A brief overview of ESA events 

presented in the second section. In the third section, the proposed integrated scheme has 

been discussed. The application of the suggested scheme for tracing the site of ESA in the 

compensated transmission circuit along with results and discussion has been covered in the 

fourth section. Finally, the fifth section is dedicated for concluding remarks.  
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2. Background of Evolving Abnormality Events 

 

Evolving events are classified as the faults which are actuated in one phase and 

subsequently within a few cycles involve other phases also [10]. These events in the 

transmission network are much more complicated due to its changing characteristics and 

magnitudes with time as compared to normal shunt events which involve no transformation 

of phases with time. The shifting of involved phases during ESA makes the faulty phase 

recognition mechanism more complicated for the relaying system [11]. During ESA the 

initial fault may be called as the primary fault and the subsequent event is termed as the 

secondary fault. Fig. 1 shows the current signal in per unit during the case of ESA event 

occurred in the simulated transmission circuit as 50 km from bus 7. The evolving events 

started with the first phase i.e. primary abnormality A-G fault at 0.00166 seconds and 

expanded to another phase subsequently i.e. secondary abnormality B-G after 5ms. 

Similarly, two other evolving events i.e. AG-CG and AG-ABCG have been shown in the 

figure below. 

 

 

3. Proposed Integrated Protection Scheme 

 

An integrated scheme based on signal processing and artificial intelligence mechanism has 

been presented in this article for pointing the ESA events in an ISCPN. The direct 

utilization of current signal during evolving events as pattern data set may lead to longer 

training and testing time span. Hence, in this work DWT mechanism has been used which 

comprehensively supports the unfolding of critical fault characteristics in the current 

samples during evolving faults in the network. In the proposed scheme the entropy of 

current wavelet coefficients ( ea , e
b

, ec )are realized as the prominent features pattern 

dataset corresponding to different evolving abnormality events in the network. The 

computed entropy pattern data set are fed to the designed intelligent computing model for 

ascertaining the actual site of ESA events in the compensated power network. The designed 

neural model performs the estimation task and makes the verdict about the real actuation 

site of evolving fault in the circuit as its output. Fig. 2 demonstrated the work-flow of the 

proposed evolving events tracing scheme in the line. The realization of the pattern data set 

and proposed intelligent computing model has been discussed in section 3.1 and 3.2 

respectively. 
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(a) 

 
(b) 

 
(c) 

Figure: 1 Fault current in kA during evolving fault in the system (a) AG-bg at 50 km, (b) 

AG-cg at 50 km, (c) AG-abcg at 50 km 
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Figure: 2 Proposed ESA events locating scheme 

3.1. Realization of feature pattern dataset  

 

The advent of different signal processing methods significantly boosted the accurate 

analysis of the transient signal in the power system. Hence the DWT decomposition 

methodology has been utilized in the present work for identifying the critical characteristics 

of ESA events by processing the post events current samples. It directly helps in analyzing 

the circuit current signal during evolving events in the network at multiple frequency 

ranges. Low pass (LP) and high pass (HP) filtering mechanism has been applied for 

discretely sampling the current signal. Out of different extant mother wavelets, Daubechies 

has been utilized in the proposed scheme as Db wavelet has been preferably and 

successfully used for power transient analysis in the literature [19-21]. The current signals 

have been discretely sampled in detail and approximation coefficients with

( )1
/ 2 / 2

l l
S S

freq freq
+

− and ( )1
0 / 2

l
S

freq
+

− as corresponding frequency range. l is 

varied from 1 to 5. Fig. 3 shows the schematic diagram of 5 levels DWT signal 

decomposition. The entropy of the detail coefficients has been enlisted as the critical 

features pattern dataset corresponding to different ESA cases in the power network. The 

mathematical expression of DWT is described below: 

( ) ( ) ( )
1

 W i , j S n no i , jonK
φ

φ
= ∑                    (1) 



S.K. Singh et al: Intelligent Computing Based Scheme for Evolving Fault Events Location  

 

 308

( ) ( ) ( )
1

 W i, j S n ni, jnK
ψψ = ∑                     (2) 

Here, ( )S n ; ( ) n
i , jo

φ ; ( ) ni, jψ are discrete functions and io =0, whereas K is power of 2. 

Equation (1-2) gives the approximation and details coefficients.   
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Figure: 3 DWT 5 levels decomposition tree 

 

3.2. Cascaded forward back propagation neural network (CFBPNN) 

A CFBPNN model has been utilized in the proposed work for ascertaining the location of 

evolving faults in the ISCPN. The structure of the formulated CFBPNN model is shown in 

Fig.4. It has a subsidiary link from the initial layer to the successive layer along with others 

usual layers of simple feed-forward model. The application of additional connection 

significantly helps in ameliorating the learning competency of the network model. The LM 

back propagation training mechanism has been utilized in the proposed model and the 

numbers of hidden layers are fixed to 10. The realized feature pattern data set as discussed 

in above section are applied to the primary layer of the designed neural model and, it 

predicts the exact site of evolving abnormality events in the ISCPN as its final outcome. 
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Figure : 4 Aarchitecture CFBPNN model 

4. Test Cases Results and Discussion 

A modified 9-bus three machines (WSCC-9 bus) interconnected compensated power 

network has been utilized for appraising the viability of the presented integrated evolving 

fault tracing mechanism. A series compensation unit has been inserted close to bus 7 in the 

section connecting bus 7 to 8. The line compensation level is set as 35 %. The single line 

structure of the utilized interconnected compensated system is represented in Fig. 5.  
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Figure: 5 Single line 9-bus interconnected compensated model 

The operating parameters of the modified WSCC-9bus network are enlisted in appendix I. 

In order to cover the widest possible operating circumstances multiple cases have been 

considered in this work including different ESA events cases at various locations in the 

transmission circuit. The evolving events started with the first phase i.e. primary 

abnormality A-G fault at 0.00166 seconds and expanded to another phase subsequently i.e. 

secondary abnormality B-G after 5ms. During the training three kinds of ESA events at 20 

different locations in the network at 0.001-ohm fault resistance with varying inception 

angle i.e. (0 and 90 degrees) has been considered. The corresponding feature patterns set 

i.e. entropy of the coefficients have been fed to the designed CFBPNN model for its 

training. The model explores and realizes the inter relation in the applied training pattern set 
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and the associated fault events. Later on during the testing three cases  (AG-bg, AG-cg, and 

AG-abcg) of ESA events with 1-ohm resistances has been considered at five new 

unfamiliar locations and different unfamiliar inception angles  in the simulated power 

network. The equation (4) has been used for weighing the percentage of exactness during 

the tracing of evolving events site in the interconnected compensated system.  

( )
( )CFBPNN output Real  Fault distance

% 100

Length of section in km 

Estimation
Error

−
= ×       (4) 

For weighing the viability and competency of the presented integrated ESA events 

estimation scheme in the ISCPN, numerous test cases have been performed. Three different 

types (AG-bg, AG-cg, and AG-abcg) of ESA events with unknown varying location and 

inception angles have been considered during the testing. The results (percentage 

estimation error) acquired during different considered test sequences of ESA events are 

shown in Table 1. It shows that the presented integrated scheme is well effective and 

precise in ascertaining the distance of evolving faults in interconnected compensated 

system. It has been observed that the error percentage is very less during the tracing of ESA 

cases in the network.  

Table 1 Distance estimation errors in interconnected 9-bus compensated system 

Evolving 

Fault types 

True 

distance 

of events 

CFBPNN 

model prediction 

 

Error 

(%) 

AG-bg 50 50.146 0.048 

110 110.288 0.096 

170 171.087 0.362 

210 209.439 0.187 

250 250.646 0.215 

 

AG-cg 

 

50 

 

49.572 

 

0.142 

110 109.372 0.209 

170 170.756 0.252 

210 210.432 0.144 

250 249.150 0.283 

 

AG-abcg 

 

50 

 

50.237 

 

0.079 

110 111.061 0.353 

170 170.713 0.237 

210 210.077 0.025 

250 249.578 0.140 

 

Fig. 6 represents the acquired error percentage during the tracing of 3 different types of 

evolving abnormality events i.e. AG-bg, AG-cg, and AG-abcg respectively in the simulated 

ISCPN. The maximum ESA distance assessment error is within 0.4 % for each considered 

events in the transmission circuit. Table 2 represents the comparison result in terms of the 

accuracy of the distance estimation of ESA events procured by the proposed scheme with 

some already existing reported approaches.  It procured error percentage by applying 
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present scheme during tracing of the evolving events in transmission network is lowest as 

compared to that are reported in [15] 10 % error, [18] 3.06 % error and ± 1 % error in [12] 

respectively. Contrary to few already developed approaches for locating the ESA cases in 

the power network based on analytical circuit matrix analysis or communication channel 

based, the proposed scheme is simple and more accurate.  

 

 
Figure: 6 Percentage errors in locating ESA events at various locations in the transmission 

circuit 

 

Table 2 Accuracy comparison of proposed scheme with already reported methods  

Ref. No Approach 

used 

Measurement 

required 

 

Simulation 

tool used 

Line 

compensation 

Accuracy 

[15] Time domain 

analysis of primarily 

(LG) and subsequent 

LLG fault 

Existing arc voltage 

during abnormality 

events 

Real 

distribution 

system 

- Location 

error within 

10% 

[18] Phase domain 

network modelling 

based 

Synchronized voltage 

and current signal at 

both ends 

MATLAB - Location 

error within 

3.06 % 

[12] DWT and ANN 

based 

Both voltage and 

current samples 

MATLAB - Location 

error within

± 1 % 

Proposed 

scheme 

DWT and cascade 

forward back 

propagation neural 

network based 

3-phase current at one 

end  

MATLAB 35% line 

compensation 

has been 

considered 

Location 

error within 

0.4% 
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5. Conclusion 

Evolving events in the power network are significantly different from normal shunt events, 

as earlier one involves the transformation of phases with time. Most of the reported events 

location methodologies for normal shunt events in the network cannot be directly utilized 

for tracing evolving events in the network.  In this paper, an integrated scheme has been 

presented for locating evolving shunt faults in an ISCPN using signal processing and 

artificial computing technique. The entropy of DWT coefficients of post fault (ESA events) 

current samples have been utilized as the feature pattern set. A cascade forward back 

propagation network model has been applied for ascertaining the distance of evolving 

events in the transmission section. The results procured during different test scenarios have 

reasserted that the presented integrated methodology is well effective and precise in 

ascertaining the position of evolving events in the interconnected compensated power 

network. In addition, the presented methodology does not involve large mathematical 

complications, which are very usual in schemes based on analytical network matrix 

analysis. It also does not require any proper synchronized measurement or communication 

channel.  
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Appendix I – Interconnected 9-bus compensated system dataset 

Generators 

Generator-1: 600 MVA, 22 kV, 50 Hz; 

Generator-2: 465 MVA, 22 kV, 50 Hz; 

Generator-3: 310 MVA, 22 kV, 50 Hz. 

Transformers 

Transformer1: 600 MVA, 22/400 kV, 50 Hz,∆/Y; 

Transformer2: 465 MVA, 22/400 kV, 50 Hz,∆/Y; 

         Transformer3: 310 MVA, 22/400 kV, 50 Hz,∆/Y. 

Loads 

Loading A= 300MW+j100Mvar. 

Loading B= 200MW+j75Mvar. 

         Loading C= 150MW+j75Mvar 

Line parameters and compensation data: 

Parameter Resistance 

(Ω/km) 

Inductance 

(H/km) 

Capacitance 

(F/km) 

ZeroSeq. 0.3864 4.1264e-3 7.751e-9 

Positive  Seq. 0.01273 0.9337e-3 12.74e-9 

NegativeSeq. 0.01273 0.9337e-3 12.74e-9 

Compensation 
perecnatge 

XC (Ω) CS (µf)  

      35 % 30.7888 103.4  

 


