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ABSTRACT 
In this paper an algorithm is described to optimally locate 
fault indicators in radial distribution feeders considering 
the existing switching equipments and feeder configuration. 
The objective function of the optimization problem is 
explained.  
We will then go through the process of taking GIS system 
into use to develop the optimization tool. Case study results 
are analysed for a real network. 

INTRODUCTION 
There are very long overhead MV feeders in some areas of 
Iran, where some of them may reach the length of a hundred 
kilometres.  Most of these feeders pass through arduous 
roads and areas. Numerous faults are the major operation 
problem with these feeders. Using fault indicators (FI) is a 
good solution to locate faulted area. The number and the 
location of FIs are very important for a fast and accurate 
locating of faults. Installing a high number of FIs will result 
in confusion of operators and sometimes extra activity 
introduced by maloperation of FIs.  
In this research an algorithm is developed to optimally 
locate FIs considering the existing switching equipments 
and the configuration of the feeder.  
System data is available in geographical information system 
(GIS). A tool can be developed to covert the mass GIS data 
into an understandable format for the FI locating algorithm.  

MODELLING THE IMPACT OF FAULT 
INDICATORS IN A DISTRIBUTION FEEDER 
When a fault occurs in a distribution feeder, the first step is 
to locate the fault which may be very time-consuming in 
long feeders or in feeders with too many t-offs. Faulted area 
will be isolated using sectionalizers and the remaining parts 
will be re-energized using adjacent feeders. This process is 
called energy restoration. The restoration process can be 
described in three steps considering the time of activities. 
Figure 1, shows the relation between the three steps of a 
restoration process [5]. 
 
  
 
 
 

Figure 1- Time-based relation of steps in a restoration 
process 

 

As can be seen in figure 1, time for location the faulted 
point plays an important role in the overall restoration 
period.  
Let's consider the network of figure 2, where a distribution 
feeder with an FI is illustrated.  
 

 
Figure 2- A radial feeder with a fault indicator 

 
Normally, the time required for locating a fault on a radial 
feeder with no FI is proportional to the length of the feeder. 
Let's call this time as To. Installing an FI at the point shown 
if figure 2, one will not need to examine the whole length of 
the feeder to locate the fault. In case of a fault on zone 1, 
required time to locate the fault will be equal to: 
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And for a fault on zone 2, this time will be equal to: 
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Breifely in a radial feeder with n FIs installed throughout 
the feeder, it will be broken into n+1 zones. Time required 
to locate the fault in each zone equals: 
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Where; 
Ti: average time required to locate a fault on the ith zone 
To: average time to locate a fault on a feeder with no FI 
Li: length of the ith zone 

MATHEMATICAL REPRESENTATION OF 
THE PROBLEM 
The objective function of this problem can be described as 
finding the best location of fault indicators so that the total 
investment cost of FIs is minimized together with the costs 
of outages. So, the objective function can be mathematically 
mdelled as in equation (2) [6]. 
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Where,  
F: total cost [USD] 
OC: annual cost of outages [USD] 
FIi: a decision parameter describing whether an FI is 
installed at point i or not  
CFI: investment cost for purchasing and installing an FI 
n: number of candidate points for FIs to be installed at 
PW: an economical coefficient to convert operational costs 
during system lifetime, to present value 
Infr: inflation rate 
Intr: interest rate 
ny: planning period [year] 
As mentioned above, cost of outages needs to be evaluated; 
This value can be calculated as a sum of outages imposed to 
substations fed by our target feeder. So: 

∑∑
==

⋅⋅==
nLP

i
iii

nLP

i
i KENSICCENSOC

11
                          (3) 

 
Where,  
OC: cost of energy not supplied to the feeder 
CENSi: cost of energy not supplied to the ith substation 
ENSi: amount of energy not supplied to the ith substation 
ICi: average cost of outage per kwh of energy in the ith 
substation 
Ki: a factor taking importance of the ith substation into 
consideration 
nLP: number of substations on the target feeder 
 
The parameter ICi differs from substation to substation and 
depends on the load behaviour of each substation. It can be 
calculated as follows: 
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Where, AICi(res), AICi(com), ... correspond to outage cost 
of each kWh of residential, commercial, industrial, 
agricultural, and public loads, respectively.  
It sould be noticed that, any change in the number and 
location of FIs will result in different ENSi as a 
consequence of a variation in time to locate the fault.  

OPTIMIZATION 
The optimization problem is solved using genetic algorithm, 
which requires a logical coding of parameters to be solved. 
Decision variables are described as a string chromosome 
named D as shown in eauation (5).  

{ }1 2, ,...., nD FI FI FI=                                            (5) 
Generation of initial population is accomplished using a 
normal random generation.  

DEVELOPMENT OF AN APPLICATION 
PROGRAM 
Normally optimization algorithms need a large amount of 
calculations and analytical activities to come to a 
conclusion, evidently not possible with hand calculations. A 
standard application was developed to perform this analysis 
automatically.  
Distribution networks data is available in GIS-based 
databases. Massive data of a GIS has to be summarized and 
coded to be understandable for the FI location program. 
This is performed by developing an interface from GIS 
system to FI location tool.  
To achieve this, we need a standard coding to introduce a 
network to the program, as input data. Referring to graph 
theory, a radial feeder can be recognized as a tree. The 
concept of feeder coding is illustrated in an example 
network in figure 3, where the number on each edge 
corresponds to the length of each section. Vertice (1) is the 
beginning of feeder at source side. 
 
 
 
 
 
 
 
 
 1 2 3 4 5 
1 0 2 0 0 0 
2 2 0 4 3 0 
3 0 4 0 0 0 
4 0 3 0 0 5 
5 0 0 0 5 0 

Figure 3- An example of feeder coding 
 
As mentioned before, data is available in a GIS-based 
database. So we need to convert graphical (raster) data into 
numerical coding. The convertor developed to perform this 
task, asks the user for a selection of target feeder. Then it 
calculates all beginning/end coordinates of all line 
segments. These coordinates are analysed using following 
rules: 

• All coordinates which are repeated twice, are 
junction points. 

• All coordinates which are repeated three times or 
more, are t-offs. 

• All coordinates except the source vertices which 
are not repeated, are end points. 

• Length of each segment can be calculated using 
UTM coordinates given by GIS database 
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Image 1- Selection of a feeder in GIS 

 

After coding geographical data into the optimization 
program, the tool will search among feasible solutions to 
find the best location and number of FIs.  
Calculation of ENS for each generation of FIs in the GA 
process is performed by a reliability module running inside 
the GA optimization program. 
When the optimization comes to a result, the application 
changes the location of suggested FIs into raster data which 
is shown as blinking circle on GIS map. 
Figure 4, illustrates the process accomplished by the 
developed tool. 

 

 

 

CASE STUDY 
A case study is performed on a real long feeder. Image 1 
shows structural configuration of the test feeder. Technical 
and economical assumptions are as follows: 
Feeder name: ALASHT 
Total length: 92.103 km 
Number of substations: 55 
Maximum load: 2.885 MW 
Total consumption: 10000 MWh 
Number of adjacent feeders: 3 
Number of switching devices: 15 
Unit price of Energy: 0.12 $/kWh 
Average cost of outage: 0.5 $/kWh 
Investment and installation cost of FIs: 800 $ 
Operational cost of FIs: 50 $/year 
The program suggests 3 FIs at positions marked in Image 2.  
As the study was made on a real network and because of 
lack of any benchmark figure to check the correctness of 
results, experts of distribution network operation were 
asked to give comments on the result. Also 3 FIs are now 
installed at the suggested points and data is being recorded 
to be checked after a 2 year period to see whether there is  

 
 
 
 
an improve or not. 

-

-
-

-
-

-

-
- -

--

-

-

-

-
-

-
-

-
-

--
-

-

-
-

- -
-

-

-

-

-

-

-

-
-- -

-
-

-

-

-
-
-

-
-

-

-

--

-

-
-

-

-

-

-
-
- - -

-

-

-- -- -- -- - - -- --- - --
- ---

-

-

--
-
-
--

-

--
--

- -

-
-

-
-

--
--

-

- --- -- -- -- -

- --

-
-

-

- -
-

-- -
- --- -

- --
-
-

- -
-

-
--

-

--

-- - -

- -- -
- - --

--
-

--

--
- - -

- --- -
-

-
- --

-
-- -

- -- --

- -

- --
-

-- -- -
-

-- --
--

-

-

-
-
- -

-
- -- -- -

-
-- - -

- ---
- --

-- -- --- -- -
- -- -

-
- --

- - -
-- -- -

- ---
- --- --- -

-- -
- - -

-- --- -- -
-

- ---

-
-- -- - -- -

- --
- - -- ---

-
--

- - -

-
-- -

-- --- - ---- -
- -- --- -- -- - -

--
-- -- ---- -- -- -

--- -- -- --
--

-
-
-- -

-

-

-

-

-

-

-

-

-

-

-

-

D

D

DD

DDD

D
D

D

D

D

D
D

D

kj
kj

kj

kj

kj

kj

kjkj
kj

kj
kj

kj
kj

kj

kj
kj

kj
kj

kj
kjkj

kj

kj

kj

kj

kj
kj

kj

kj
kj

kj

kj

kj

kj

kj

kj

kj

kj
kj

kj

kj

kj

kj

kj
kj

kj

kj

kj

kj

kj

kjkj kj

kj

kj

CUT

CUT
CUTCUT

CUTCUTREC
CUT
CUT

CUT
CB

SEC
CUT

20
00

900

1000

800

700

600

50
0

400

200

300

60

10
0

90

80

70

50

30

800

500

100

70

80

60

40
0

30
0

400

200

200

10
0

600

60

100

60

60

300

100

60

60

60

200

300

40
0

100

90

30
0

70

30
0

700

60

200

100

80

600

200

500

100

300

300

200

70

900

100

90

20
0

400

80

1000

60

500

300

70

10
0

500

600

70

70

90

200

80

100

800

200

300

60

20
0

500

600 200

40
0

200 200

40
0

80

100

6002000

300

200

50

10
00

500

80
0

60

60

300

70
0

400

40
0

200

60

400

200

100

900

200

400

30
0

200

100 60

100

100

70

1000

100

1000
300

400

90

200

700

60

50
0

2000

30
0

500

200

200

20
0

10
0

2000

400

500

300

600

50
0

400

998996
994990

989988

987
986

984983 979
977

976

975 974973
969 968967966

965963

962
961

959
955 953952 950949

948
947

946
942

941

940

934 933 932
931 930

927
924921

919
914

909 908
907

902
900

899898

897895 894893 892891
887

884 883

882

875 867
864

862

860859

858
857

856

855

854
851848

847
846

844
843842

840
838 837

835832831
828

827826

824823822

821 820
819 817

816815 813
810

802800

799798795
792

789
788787

786 784 783
782780

778

774 772
771

769

766
764

759755 753751

748747 746744 741
740

735 734
733

732
731

730
729728

726 725723
722

720
719

718 717
715

714713 712
711

709708

707

700

699

698 696
695694 693

692

691 690 689688

687686685
683

682
681680 679678

675672

669668
666

665

661
660

658

656655
654
653

652
651
650

649
648

646
643

641
640638

637636
634

630

626

624

623

621

616

615614613
611

608

606605
604603

601599

598
597

596

593
592590

575 574

568
567

565
562

561
560

558557

505

1085
1083

1074
1067

1064 1057
1051

1050
1045

1043

1040 1036
10351033

1032 1022

1020 1019

10181017

1012
1010

1008

1007
1004

1003 1001

1552 7

1552 5

1552 4

1552 2

1551 9

1551 5

15513

1550 1

سکسѧѧѧѧѧѧѧѧѧѧѧѧѧيونر 

کѧѧѧات اوت 

وزر  ѧѧѧѧѧѧѧѧريکل

کѧѧѧات اوت 

0

0

0

0

0
25

50

25

50
25

50

25

25

25

25

50

25

25

25

25

25

50
25

50

15

50

25

25
50

50

25

25

200

100

100

100

100

100

100

100
100

100

315

160

 
Image 2- Suggested points to install FIs 

 

CONCLUSION 
An algorithm was proposed to find the optimal location of 
fault indicators in long radial distribution feeders. The 
algorithm takes ENS as main criteria for decision making. 
Adapting the problem to be solved by GA algorithm was 
briefly discussed. Coding of GIS data to the proposed 
algorithm was explained. A short introduction was made to 
the developed software application for solving the 
optimization problem. Finally a case study was made on a 

‐ Configuration Data 
‐ Existing Switches 
‐ Existing FIs GIS-based MV 

Network Data Format Adoption 
Adopted GIS-

based MV 
Network Data 

Conversion Tool
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Format 
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Figure 4- Steps covered by developed application 
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real network, where the corresponding results are still being 
monitored to check improvement of network reliability and 
operational indices. 
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