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Abstract—This paper presents a fault identification, classification 

and fault location estimation method based on Discrete Wavelet 
Transform and Adaptive Network Fuzzy Inference System (ANFIS) 
for medium voltage cable in the distribution system. 

Different faults and locations are simulated by ATP/EMTP, and 
then certain selected features of the wavelet transformed signals are 
used as an input for a training process on the ANFIS. Then an 
accurate fault classifier and locator algorithm was designed, trained 
and tested using current samples only. The results obtained from 
ANFIS output were compared with the real output. From the results, 
it was found that the percentage error between ANFIS output and real 
output is less than three percent. Hence, it can be concluded that the 
proposed technique is able to offer high accuracy in both of the fault 
classification and fault location. 

 
Keywords—ANFIS, Fault location, Underground Cable, Wavelet 

Transform.  

I. INTRODUCTION 
NDERGROUND cables have been widely implemented 
due to their reliability and limited environmental 

concerns. To improve the reliability of a distribution system, 
accurate identification of a faulted segment is required in order 
to reduce the interruption time during a fault. Therefore, a 
rapid and accurate fault detection method is required to 
accelerate system restoration, reduce outage time, minimize 
financial losses and significantly improve the system 
reliability. 

Various fault location algorithms for underground cables 
have been developed so far. For example, Ningkang and Yuan 
introduced a mathematical model that is based on calculating 
the impedance across a tested transmission line to localize all 
fault locations [1].  

Although their model was satisfactory, they only used the 
post-fault phase magnitude current to identify the fault 
location; however, their method is not applicable to the 
distribution system due to asymmetrical network. An 
alternative approach to identify the fault location for a radial 
cable employed wavelet transform to extract valuable 
information from transient signals and eventually localize 
faults through a fuzzy logic system is presented in [2]. Javad 
implemented another approach locate faults in a combined 
overhead transmission line with underground power cable 
using ANFIS [3]. The wavelet transform is used to obtain the 
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current patterns in [4]; the proposed methodology consists of 
training the ANFIS system with a fault database registers 
obtained from the power distribution system. The performance 
of the ANFIS nets was good and the 99.14% of the current 
patterns were correctly classified. 

Here, we build upon previously presented methods and 
describe a fast and accurate method that to detect fault 
location in underground cables. The proposed method uses a 
novel wavelet-ANFIS combined approach. The ANFIS is used 
to extract information from the available Discrete Wavelet 
Transform coefficients to obtain coherent conclusions 
regarding fault location. Similar to any rule-based system, the 
rules are gathered through a fuzzy inference system (FIS) [5]. 
The efficacy of the proposed model was validated under 
different fault conditions. 

II. PROPOSED FAULT LOCATION METHOD 
The proposed method consists of two main stages, namely, 

fault type classification and exact fault location. The presented 
algorithm contains five ANFISs. The first network is for fault 
type classification, while the remaining four networks are for 
accurate fault location (one for each fault type). 

A.  Features Extraction Using DWT 
Here, we used the line current signals as the input to the 

DWT. Daubechies DB4 wavelet, is employed since it has been 
demonstrated to high performance. The fault transients of the 
study cases are analyzed through discrete wavelet transform at 
the level five. Both approximation and detail information 
related fault current are extracted from the original signal with 
the multi-resolution analysis . 

When a fault occurs in the cable, its effect can be observed 
as variations within the decomposition coefficient of the 
current signals that contain useful fault signatures. Fig. 1 
shows the DWT detailed coefficients at level 1 to level 5 for a 
particular type of fault studied in the work. The nature of the 
plot of detailed coefficients at level 1 reveals a sharp spike 
which corresponds to the fault initiation process. According to 
DWT theory, this spike represents the highest frequency 
within the fault signal. It is, however, not practical to identify 
a fault based on this spike only since such spikes will occur 
every time there is a sudden change in the cable current signal. 
This will thus not be able to clearly differentiate between the 
faults of different types and at different locations. 

 

ANFIS Approach for Locating Faults in Underground 
Cables 

U

Magdy B. Eteiba, Wael Ismael Wahba, Shimaa Barakat



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:6, 2014

919

 

 

 
Fig. 1 The DWT detailed coefficients at level 1 to level 5 for a three 

phase to ground fault (Decomposition of phase A, with fault 
resistance=100Ω, Inception Angle =90 (and fault location=1. 

375Km) 
 
The nature of level 5 detailed coefficients (Figs. 2 and 3) 

shows that along with the high spike, there is a certain side 
band containing some smaller spikes. The nature of this side 
band along with the dominant spike has been observed to 
change appreciably with variations in fault types and 
locations. Detailed coefficients at still higher levels, however, 
have been found to contain much wider side bands that 
complicated correlation with possible fault types and 
locations. 

Therefore, we decided to start with, extracting some 
meaningful features from the level 5 detailed coefficients that 
can be correlated to possible fault types and locations. With 
this in mind, the maximum detailed energy of three phase and 
zero sequence currents have been used as features of the fault 
classification and location scheme. The proposed methodology 

consists of training the ANFIS system with a fault database 
obtained from the simulation of the cable. 

 

 
Fig. 2 Level 5 detailed coefficients of Three Phase to Ground Fault 

case 
 

 
Fig. 3 Detailed coefficients of Line to Line Fault case 

B. Fault Classification Scheme 
In order to design an ANFIS, it is crucial to train it 

efficiently and correctly. The training set must be carefully 
chosen such that it can include a diversity of fault conditions 
such as different fault inception angles, different fault 
resistances and different fault locations are considered. The 
performance of the ANFIS is then tested using both patterns 
within and outside of the training set.  

An acceptable and simple criterion that we used here is that 
the ANFIS input should provide more information for fault 
location than those not selected. Therefore, for fault type 
classification (ANFIS1), the maximum detailed energy of 
three phases and zero sequence currents are selected as inputs 
and the desired output is the fault type as set in Table I. 

The Matlab code used for calculating the maximum detailed 
energy is: 

 
[Ea0,Ed0] = wenergy (C0,L0);    
Ed0_max = max (Ed0); 
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[Eaa,Eda] = wenergy(Ca,La);     
Eda_max = max (Eda); 
[Eab,Edb] = wenergy(Cb,Lb);     
Edb_max = max (Edb); 
[Eac,Edc] = wenergy(Cc,Lc);     
Edc_max = max (Edc); 

 
where: 

Ea: The percentage of energy corresponding to the 
approximation. 

Ed: The vector containing the percentages of energy 
corresponding to the details. 

 
TABLE I 

TRAINING TARGET FOR ANFIS1 FAULT TYPE CLASSIFICATION 
Fault Type ANFIS Target 

Three Phase to ground (ABCG) 1 
Double line to ground (ABG) 2 

Line to line (AB) 3 
Single line to ground (AG) 4 

C.  Fault Location Scheme 
At this stage, four different ANFISs are trained for fault 

location based on the knowledge of the fault type. Once the 
fault is classified, the relevant ANFIS for fault location is 
activated. The inputs for these networks are the same as those 
for the inputs of ANFIS1. The output, however, is the distance 
of the fault point from the sending end of the cable in Km. 

III. TESTS AND RESULTS 

A. Test System  
The Alternative Transient Program (ATP) is used to 

simulate medium voltage underground cable model [6] with a 
sampling frequency of 200 KHz. The single line diagram is 
shown in Fig. 4 while the cable configuration is shown in Fig. 
5. The components that we used are the three phase voltage 
source, a tested cable and a fixed load. The specifications of 
cable material for 11 Kv are presented in Table II.  
• Three phase voltage source: V= 11KV with f = 50 Hz 
• Load: Three-Phase 2 MVA Grounded-Wye load with 

parallel R, L elements (power factor = 0.85, R = 71.157 
Ω, L = 365.475mH). 

Simulation of MV underground cable faults depends on 
four main fault parameters (fault type, fault distance, fault 
resistance, inception angle). 

 

 
Fig. 4 Single line diagram for underground cable model 

 
Fig. 5 Cable Configuration 

 
TABLE II 

 SPECIFICATION OF CABLE MATERIAL FOR 11KV 
Specification of MV underground cable material (XLPE Stranded 

Copper Conductor - 6 Km - Bergeron model) 

Radius (mm) r1= 6.75, r2 = 10.15, r3 = 12.05  
r4 = 12.2, r5 = 13.8 

Core conductor ρ = 1.7 E-8 Ω.m , µ = 1.0 
Insulation µ = 1.0 ,  ε = 2.7 

Sheath ρ = 2.5 E-8 Ω.m , µ = 1.0 
ρ : Resistivity of the conductor material. 
µ: Relative permeability of the conductor material. 
µ (ins.): Relative permeability of the insulating material outside the 

conductor. 
ε (ins.): Relative permittivity of the insulating material outside the 

conductor. 

1. Training Scenarios for the Simulation 

Fault type  
• Single line to ground (AG) 
• Double line to ground (ABG) 
• Line to line (AB) 
• Three phase to ground 
Fault resistance: {0, 10, 30, 50, 100, 200 Ω} 

Inception angle: {0° , 45 °, 90 °, 135 °, 180 °} 

Fault distance:  
• Training: [0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 

3, 3.25, 3.5, 3.75, 4, 4.25, 4.5, 4.75, 5, 5.25, 5.5] Km from 
the sending end. 

• Testing: [0.625, 0.875, 1.125, 1.375, 1.625, 1.875, 2.125, 
2.375, 2.625, 2.875, 3.125, 3.375, 3.625, 3.875, 4.125, 
4.375, 4.625, 4.875, 5.125, 5.375] Km from the sending 
end. 

• Table III shows the number of simulations used in this 
work. 

 
TABLE III 

 NUMBER OF SIMULATIONS 
 Training Testing 

Three phase to ground 630 120 
Single line to ground (AG) 630 180 

Line to line (AB) 630 120 
Double line to ground (ABG) 630 120 

Total 2520 540 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:6, 2014

921

 

re
ob
tra
re

 T

on
th
• 
• 

• 
• 
• 

cu

se
• 

• 

• 

B. ANFIS Fa
Table IV list

esults for the 
btained predi
aining target v

ecognize and c

THREE PHASE ANF

*X 
(KM) Target

0.5 1 
0.75 1 

1 1 
1.25 1 
1.5 1 

1.75 1 
2 1 

2.25 1 
2.5 1 

2.75 1 
3 1 

3.25 1 
3.5 1 

3.75 1 
4 1 

4.25 1 
4.5 1 

4.75 1 
5 1 

5.25 1 
5.5 1 

* X(KM): Actua
* IA: Inception A

C. Fault Loca
Developmen

n Matlab GUI
he GUI tool ar

Test the da
Display th
and detail c
Produces fa
Calculate f
Calculate t

The FL need
urrent as an in

1. Componen
The fault lo

ections: 
Section 1: 
and C) an
signals at l
Section 2: 
(Da5, Db5 
Section 3: 
location an

ault Type Class
ts part of the 

three phase 
cted values 
values. This d
classify the fau

TA
FIS FAULT TYPE 

FAULT RE

t 
ANFIS 

Output IA 
= 0° 

AN
 Out

= 
1.004 0.
1.004 0.
1.002 0.
1.002 1.
1.001 1.
1.000 1.
0.999 1.
0.998 1.
0.998 1.
0.997 1.
0.997 1.
0.997 1.
0.997 0.
0.997 0.
0.999 0.
0.998 0.
1.000 0.
1.001 0.
1.001 0.
1.005 1.
1.005 1.

al fault location . 
Angle 

ation System T
nt of the fault 
I as shown in
re to: 
ata using ANF
he original si
coefficients at
fault types,  
fault location a
the percentage
ds only a sta

nput to pinpoin

nts of the Faul
ocation syste

It shows the 
nd the corres
evel 5 (Aa5, A
It shows the
and Dc5). 
It displays th

nd finally calcu

sification Res
fault classific
to ground fa

are quite sim
demonstrates t
ult correctly. 

 
ABLE IV 
CLASSIFICATION 

ESISTANCE = 0 Ω 
NFIS 
tput IA 
45° 

ANFIS 
 Output IA

= 90° 
.978 0.977 
.988 1.001 
.992 1.008 
.000 1.010 
.008 1.012 
.014 1.009 
.019 1.005 
.021 1.003 
.022 0.999 
.019 0.996 
.014 0.995 
.008 0.995 
.998 0.994 
.990 0.995 
.983 0.997 
.978 0.997 
.978 0.999 
.981 1.001 
.990 1.001 
.006 1.002 
.025 1.003 
         

Tool 
location syste

n Fig. 6. The p

IS models, 
ignal, the wa
t level 5,  

and 
e error. 
andard data fo
nt the fault. 

lt Location Sy
em tool (FL

original three
sponding wa
Ab5 and Ac5)
e wavelet deta

he fault types
ulate the perc

sults 
cation training
fault. As show
milar to that 
that ANFIS is

TRAINING RESUL

A 
ANFIS 

 Output IA 
= 135° 

AN
 Out

= 
1.054 1
1.022 1
0.991 1
0.964 0
0.959 0
0.958 0
0.960 0
0.976 0
0.989 0
1.006 0
1.017 0
1.028 1
1.035 1
1.039 1
1.044 1
1.035 1
1.024 1
1.012 1
0.989 1
0.963 0
0.935 0

em tool (FL) i
purposes of b

avelet approxi

ormat of three

ystem Tool 
) consists o

e phase signal
velet approxi
. 
ail signals at 

s ,calculate th
entage error.

 

g output 
wn, the 

of the 
 able to 

LTS WITH 

NFIS
tput IA 
180° 
.021 
.012 
.003 
.995 
.992 
.990 
.989 
.991 
.992 
.994 
.997 
.000 
.003 
.005 
.007 
.007 
.007 
.005 
.002 
.999 
.991 

is based 
building 

imation 

e-phase 

f three 

s (A, B 
imation 

level 5 

he fault 

fau
a r
dis
Th
 

 

thr

do

Fig. 6 The ap

D. ANFIS Fau
 In ANFIS Fa
ult (ABCG, A
result, a total o
stance. The re
he location err

%

2. Three Phas
It can be not
ree phase to gr

Fig. 7 Percenta

3. Double Lin
It can be not

ouble Line to g
  

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

1 35

Pe
rc
en

ta
ge

 e
rr
or
 

pplication wind

ult Location E
ault Location 

ABG, AB and 
of four netwo

esults for each 
ror is defined 

 
 

 ,           

se to Ground A
ticed from Fi
round fault is 

age error of thr

ne to Ground A
ticed from Fi
ground fault is

35 69 10
3

13
7

17
1

20
5

23
9

Numb

dow of fault loc

Estimation Tra
Estimation, a
AG) were tra

orks was used 
network are p
as [7]: 

 
 

  

ANFIS Fault L
g. 7 that the 
less than 1.65

ree phase to gro

ANFIS Fault 
g. 8 that the 
s less than 1%

23
9

27
3

30
7

34
1

37
5

40
9

ber of Smulati

cation system to

aining Results
all the four ty
ained separate
to estimate th

presented belo

100%

6  

Location Mod
Percentage e

5%. 

ound fault (train

Location Mod
Percentage e

%. 

44
3

47
7

51
1

54
5

57
9

61
3

ion

 
ool 

 
ypes of 
ely. As 
he fault 
ow. 

% 

del 
rror of 

 
ning) 

del 
rror of 

61
3



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:6, 2014

922

 

Li

Si

th

Fig. 8 Percent

4. Line To L
It can be no

ine to Line fau
 

Fig. 9 Pe

5. Single Lin
It can be not

ingle Line to g
 

Fig. 10 Perc

E.  ANFIS Fa

1.  Three Pha
It can be not

hree phase to g

0

0.2

0.4

0.6

0.8

1

Pe
rc
en

ta
ge

 e
rr
or

0.0

0.5

1.0

1.5

2.0

Pe
rc
en

ta
ge
 e
rr
or

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Pe
rc
en

ta
ge
 e
rr
or

tage error of do

ine ANFIS Fa
oticed from Fi
ult is less than

ercentage error o

ne to Ground A
ticed from Fi
ground fault is

centage error of

ault Location E

ase To Ground
ticed from Fi
ground fault is

0

2

4

6

8

1

1 46 91 13
6

18
1

Num

0

5

0

5

0

1 46 91 13
6

18
1

Num

0

5

0

5

0

5

0

1 43 85 12
7

16
9

Numb

uble Line to gro

ault Location M
ig. 9 that the
n 2%.  

of Line to Line 

ANFIS Fault L
g. 10 that the
s less than 3%

f Single Line to

Estimation Te

d Fault  
g. 11 that the
s less than 0.7

18
1

22
6

27
1

31
6

36
1

40
6

mber of Smul

18
1

22
6

27
1

31
6

36
1

40
6

mber of Smul

21
1

25
3

29
5

33
7

37
9

42
1

ber of Smulat

ound fault (train

Model 
 Percentage e

fault (training)

Location Mod
e Percentage e

%.  

o ground (trainin

esting Results 

e Percentage e
%. 

40
6

45
1

49
6

54
1

58
6

ation
40

6
45

1
49

6
54

1
58

6

ation

42
1

46
3

50
5

54
7

58
9

ion

 

 
ning) 

error of 

 
) 

del 
error of 

 
ng) 

 

error of 

do

Lin

Sin

Fig. 11 Percen

2.  Double Li
It can be not

ouble Line to g

Fig. 12 Percen

3.  Line To L
It can be not
ne to Line fau

Fig. 13 Pe

4. Single Line
It can be noti
ngle Line to g

0.0

0.2

0.4

0.6

0.8

1

Pe
rc
en

ta
ge
 e
rr
or

0

0.5

1

1.5

2

1

Pe
rc
en

ta
ge

 e
rr
or
 

0.0

0.5

1.0

1.5

2.0

1

Pe
rc
en

ta
ge
 e
rr
or
 

ntage error of th

ine to Ground 
iced from Fig
ground fault is

ntage error of do

ine Fault  
iced from Fig

ult is less than 

ercentage error 

e To Ground F
iced from Fig

ground fault is

8 15 22 29 36

Num

8 15 22 29 36

Num
1 9 17 25 33 41

Num

hree phase to gr

Fault  
g. 12 that the 
s less than 1.7

ouble Line to gr

g. 13 that the 
1.8%. 

of Line to Line

Fault  
g. 14 that the 
s less than 3 %

43 50 57 64 71 78

mber of Smula

43 50 57 64 71 78

mber of Smula

41 49 57 65 73

mber of Smula

round fault (test

Percentage e
7%. 

round fault (test

Percentage e

e fault (testing)

Percentage e
%. 

78 85 92 99 10
6

11
3

ation

78 85 92 99 10
6

11
3

ation

81 89 97 10
5

11
3

ation

 
ting) 

error of 

 
ting) 

error of 

 

error of 

11
3

12
0

11
3

12
0



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:6, 2014

923

 

to
ba
In
po
di
sh
an

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Fig. 14 Percen

This paper pr
o localize fau
ased on the th
nference Syste
ost-fault thre
istance of the
how that the a
nd locate the f

] Ningkang an
Current Magn
Conference (S

] J. Moshtagh, 
single core u
wavelet ana
Development

] Javad Sadeh, 
for combined
Inference Sys
1538–1545. 

] J. J. Mora, G
using ANFIS 
and Distributi

] Rasli, Hussain
Network Usi
Fuzzy Inferen

] International 
http://www.in

] IEEE Guide 
Distribution L

 
 

0
0.5

1
1.5

2
2.5

3
1Pe
rc
en

ta
ge
 e
rr
or
 

ntage error of S

IV. C
resented an ap

ults in a med
heory of Wave
em (ANFIS). 

ee-phase curr
e fault from t
approach can 
faults.  

REF

nd Yuan Liao. 
nitude Measurem
SECON 10). 

R. K. Aggarwa
underground cabl
alysis, The Eig
ts In Power Syste
Hamid Afradi, A

d transmission lin
stem, Electric Po

G. Carrillo , Fault
 Nets and Curren
ion Conference an
n and Fauzi (201
ing Adaptive N
nce System - Theo

Cables 
ntlcables.com/aPr
for Determining 

Lines , Jun. 2005,

1 13 25 37 49

Num

Single Line to g

CONCLUSION 
pplication of f
dium voltage
elet and Adap
The Propose

rents as inpu
the sending e
accurately ide

FERENCES 
2010, Fault Lo

ments. , Proceedin

al, A new approa
le system using 
ght IEE Intern
m Protection, pp.

A new and accurat
nes using Adapti
wer Systems Res

t Location in Po
nt Patterns, 2006
nd Exposition La
12), Fault Diagno

Neuro-Fuzzy Infe
ory and Applicati

Co. SA
roducts/MVCable

Fault Location 
, IEEE Standard C

61 73 85 97 10
9

mber of Smul

ground fault (tes

fault location
e underground
ptive Network
ed ANFIS us
uts. It predic
endpoint. The 
entify the fau

cation Estimatio
ngs of the IEEE 

ach to fault loca
combined fuzzy

national Confere
. 228-231, April 2
te fault location a
ive Network-Bas
search vol. 79 (2

ower Distribution
6 IEEE PES Tran
atin America, Ven
osis in Power Dis
erence System (
ions. 

AE, Web 
es.aspx  
on AC Transmis

C37.114–2004. 

12
1

13
3

14
5

15
7

16
9

ation

 

 
sting) 

method 
d cable 
k Fuzzy 
es only 
cts the 
results 

ult types 

on Using 
Southest 

ation in a 
y logic & 
ence on 
2004. 
algorithm 
ed Fuzzy 

2009), pp. 

n Systems 
nsmission 
nezuela. 
stribution 
(ANFIS), 

Site: 

ssion and 


