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Auttapol Wattanasakornkul 2014: Optimal Placement of Fault Indicators in Distribution
Systems Using Cuckoo Search Algorithm. Master of Engineering (Electrical
Engineering), Major Field: Electrical Engineering, Department of Electrical Engineering.

Thesis Advisor: Assistant Professor Dulpichet Rerkpreedapong, Ph.D. 133 pages.

This thesis presents a method for optimal placement of Fault Indicators (FIs) in power
distribution systems to minimize the Total Cost of Reliability (TCR), which consists of the
expected interruption cost (ECOST) depending on the types of customers, and the investment cost
of FIs. This objective function is optimized by Cuckoo Search Algorithm (CSA). The process of
CSA starts with a random set of locations for FIs installation. Then the locations are evaluated by
the objective function. Next, the theory of Lévy Flights is used to generate new locations to
achieve a better result. This process will continue iteratively until the best solution is found.

In this paper, two test systems which are the Roy Billinton test system (RBTS2) and a real power
distribution network of the Provincial Electricity Authority (PEA) are used to illustrate the
performance of the proposed method. The results show that CSA can locate FIs better than

an analytical technique.
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Fault Indicator

for Overhead line

Fault Indicator

for Pole-mounted
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318N F1 F2 F3 F4 I
SAIFI (A5a/510/)) 0.520 0.140 0.468 0.520 0.502
SAIDI (2 Tua/519/0) 1.823 0.804 2.077 2.136 2.008
CAIDI (42 1314/319) 3.506 5.750 4.439 4.108 3.998
ASAI 0.999792  0.999908  0.999763  0.999756  0.999771
ASUI 0.000208  0.000092  0.000237  0.000244  0.000229
ENS (MWhAJ) 6.434 1.728 5.979 6.317 20.457
AENS (kWh/519/1) 9.867 863.830 9.460 10.156 10.722
ECOST (u1n/)) 208929.7029 124,858 95,856 207,829 637,472
SuAaRa (49) 2 - 3 3 8
INVS (U /) 12,688 - 19,031 19,031 50,750
TCR (U /1)) 221,617 124,858 114,887 226,860 688,222
fumaRang 1,4 - 17,18,21 26,29, 32 -
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38N F1 F2 F4 FREY
SAIFI (A%a/110/0) 0.349 0.459 0.245 0.330
SAIDI (2 Tua/510/0) 0.522 0.406 0.236 0.304
CAIDI (42 114/519) 1.496 0.885 0.963 0.921
ASAI 0.999940 0.999954 0.999973 0.999965
ASUI 0.000060 0.000046 0.000027 0.000035
ENS (MWhAJ) 0.975 1.771 0.545 3.291
AENS (kWh/519/1)) 162.426 1.227 0.250 0.907
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318N F1 F2 F4 I
ECOST (1)) 115,274 178,919 42,604 336,798
SuAaRa 6) - 4 8 12
INVS (U/)) - 25,375 50,750 76,125
TCR (L10/1) 115,274 204,294 93,354 412,923
fmiaRaRa - 26,39,45,53 70,72, 76, 81, -
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26, 32 Lla 34 HEAIMUAINHLINT V3 LLﬁSWaﬂ"IiﬁﬂH”lﬁ"mGniN‘ﬁ 18

15199 18 HaNTAIN 2.2 YoITTVUIMLINATDL RBTS 174 2

YNNI F1 F2 F3 F4 33U

SAIFI (A5a/510/)) 0.520 0.140 0.468 0.520 0.502
SAIDI (37 Tua/519/3]) 1.745 0.804 2.134 2.165 2.009
CAIDI (42 T34/519) 3.355 5.750 4.560 4.163 4.000

ASAI 0.999801 0.999908 0.999756 0.999753 0.999771
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383 F1 F2 F3 F4 39
ASUI 0.000199  0.000092  0.000244  0.000247  0.000229
ENS (MWh/A)) 6.147 1.728 6.154 6.414 20.443
AENS (kWh/318/1)) 9.428 863.830 9.738 10.312 10.714
ECOST (1/)) 199,249 124,858 99,992 211,286 635,385
SRR (49) 3 0 2 3 8
INVS (110/)) 19031.25 0 12687.5 1903125 50750
TCR (U1/)) 218,280 124,858 112,679 230317 686,135
funainng 47,11 - 21,24 26,32,34 -

2.2.2 szuuimiievesns lWihdiugiina

Y Y ]
MMUATILIUAAAS Fls Nanua 12 9a dwvvsaneiloud 2, 3, 10, 22, 26,

32, 36, 45, 69, 76, 95 AL 99 UFAAIWNUNINHUING V4 LAZHAMIANEININAITIN 19

4’ A o 1 9 1 a
MAINNN 19 NANTUN 2.2 "llENiz’U’Um‘ﬂuWEJGU’éNﬂﬁh],W’V‘hﬁ’Ju@jﬂJﬂWﬂ

38N F1 F2 F4 FREY]
SAIFI (A5a/510/)) 0.349 0.459 0.245 0.330
SAIDI (1 Tua/510/0) 0.376 0.406 0.264 0.321
CAIDI (%2 T4/519) 1.078 0.885 1.079 0.971
ASAI 0.999957 0.999954 0.999970 0.999963
ASUI 0.000043 0.000046 0.000030 0.000037
ENS (MWh/)) 0.702 1.769 0.616 3.087
AENS (kWh/518/1) 116.997 1.226 0.283 0.851
ECOST (un/1)) 83,034 178,763 48,354 310,150
Suufana (49) 3 5 4 12
INVS (un/1)) 19,031 31,719 25,375 76,125
TCR (U A)) 102,065 210,482 73,729 386,275
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U A ECOST  INVS TCR
L AMUNUIAAAT . . .
AN () @mi) @i @)

0 - 713,586 - 713,586
1 7 691,226 6,344 697,570
2 7,32 669,265 12,688 681,953

3 7,21,32 656,903 19,031 675,935
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$1au R ECOST  INVS TCR
v AMARUIAANT
AANY (¥A) @mi) @wih) @)
4 4,721,32 647,545 25,375 672,920
5 4,7,21,29,32 638,354 31,719 670,073
6 4,7,12,21,29,32 631,421 38,063 669,484
7 4,7,12,18,21,29,32 626,839 44406 671,245
8 4,7,12,18,21,29,32,34 623,640 50,750 674,390
9 4,7,10,12,18,21,29,32,34 621,058 57,094 678,152
10 4,7,10,12,18,21,27,29,32,34 618,681 63,438 682,119
11 4,7,10,12,18,21,27,29,30,32,34 617,310 69,781 687,092
12 4,7,10,12,18,21,24,27,29,30,32,34 615,942 76,125 692,067
M3 21 agUwansd@if 3 vesszuusMENAaeL RBTS 1 2
S18MSI F1 F2 F3 F4 5
SAIFI (ﬂ%l/\‘l/i”lﬂ/ﬂ) 0.520 0.140 0.468 0.520 0.502
SAIDI (42 Tua/510/) 1.765 0.759 2.153 2.156 2.020
CAIDI (GI?’JTNQ/STEJ) 3.395 5.431 4.600 4.147 4.021
ASAI 0.999798 0.999913 0.999754 0.999754 0.999769
ASUI 0.000202 0.000087 0.000246 0.000246 0.000231
ENS (MWh/?J) 6.223 1.632 6.212 6.387 20.454
AENS (kWh/ﬂEl/?J) 9.545 815.865 9.830 10.268 10.720
ECOST (’UW]/?J) 201,830 117,925 101,360 210,306 631,421
Sufang (49) 2 1 1 2 6
INVS (’UW]/?J) 12687.5 6343.75 6343.75 12687.5 38062.5
TCR (’UW]/?J) 214,518 124,269 107,704 222,993 669,484
SRR 4,7 12 21 29, 32 -
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% %

% Cuckoo Search for optimal placement of fault indicators %

% in distribution system by Auttapol Wattanasakornkul %

% @Kasetsart University 2014 %

% Edited from Cuckoo Search for nonlinear constrained %

% optimization by Xin-She Yang (@ Cambridge University 2009 %

% Usage: cuckoo_spring(25000) or cuckoo_spring; %

% %
function main()
clc %clear screen

clear %clear all of variables

%IIIIIIIIHIIIIIII!HUseforrunningtimeCalculationIIIHHIIIIIIHIIIOO
Time = clock;

Hour = Time(4);

Min = Time(5);

Sec = Time(6);

used_time = Hour*60+Min+Sec/60;

YoHPREHHHHHHHHH T R P R N R T i Y%

Yot+++++++++++++++++++ Variables for cuckoo search +++++++++++++++++++++++%
num_Nest=50; % number of nests

disc_Pa=0.25; % discovery foreign eggs/solutions

alpha = 1; % the step size parameter

max_gen = 10; % the maximum number of generation as termination criteria

num_FI = 12; % number of fault indicators

%IIIIIIII\\IIIIIIII\IIIIIIII\IIIIIIIIIII\\IIIIIII\\IIIIIII\\IIIIIO
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%l Customers Classified |

%| |

%| 1 = Residential |
%I| 2 = Small general service |
%| 3 = Medium general service |
%] 4 = Large general service |
%l| 5 = Specific business service |
%| 6 = Non-profit organizations |

%l |

% %

% PEA Feeder 1 %

feeder(1).Section =
{1,[1,2],[1,2,3],[1,2,3,4],[1,2,3,4,5],[1,2,6],[1,2,6,7],[1,2,6,7,81,[1,2,6,7,8,9],[1,2,6,10],[1,2,6,10,1
11,[1,2,6,10,11,12]};

feeder(1).Length S =
[0.260,1.076,0.976,0.007,0.196,2.175,0.415,0.061,0.013,0.980,4.867,3.520];

feeder(1).Lamda S =
[0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024];

feeder(1).T repair =[1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082];
feeder(1).T switch = 0.5;

feeder(1).T_woFI = 0.75;

feeder(1).Load Point = {[1,2,3],[1,2,3,4],[1,2,3,4,5].[1,2,6,71,[1,2,6,7,8],[1,2,6,7,8,91};
feeder(1).CustClass = [4,4,3,6,3,3];

feeder(1).Avg Load = [700,700,220.50,35,105,105];

feeder(1).num_Cust=[1,1,1,1,1,1];

feeder(1).Recloser = [];

feeder(1).Fuse = [];

feeder(1).Switch =[11];

feeder(1).TieSwitch = [12];

% %

% PEA Feeder 2 %
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feeder(2).Section =
{13,[13,14],[13,14,15],[13,14,15,16],[13,14,15,16,17],[13,14,15,16,17,18],[13,14,15,16,17,19],[1
3,14,15,16,17,19,201,[13,14,15,16,17,19,20,21],[13,14,15,16,17,19,20,22],[13,14,15,16,17,19,20,
22,23],[13,14,15,16,17,19,20,22,24],[13,14,15,16,17,19,20,22,25],[13,14,15,16,17,19,20,22,25,26
1,[13,14,15,16,17,19,20,22,25,26,271,[13,14,15,16,17,19,20,22,25,26,27,28],[13,14,15,16,17,19,2
0,22,25,26,27,28,29],[13,14,15,16,17,19,20,22,25,26,27,28,29,30],[13,14,15,16,17,19,20,22,25,2
6,27,28,29,30,31],[13,14,15,16,17,19,20,22,25,32],[13,14,15,16,17,19,20,22,25,32,33],[13,14,15,
16,17,19,20,22,25,32,34],[13,14,15,16,17,19,20,22,25,32,34,35],[13,14,15,16,17,19,20,22,25,32,
34,36],[13,14,15,16,17,19,20,22,25,32,34,36,37],[13,14,15,16,17,19,20,22,25,32,34,36,38],[13,14
,15,16,17,19,20,22,25,32,34,36,38,39],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,40],[13,14,15,
16,17,19,20,22,25,32,34,36,38,39,411,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42],[13,14,
15,16,17,19,20,22,25,32,34,36,38,39,41,42,43],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42
,43,44],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45],[13,14,15,16,17,19,20,22,25,32,34,
36,38,39,41,42,45,46],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47],[13,14,15,16,
17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41
,42,45,46,47,48,491,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50],[ 13,14,
15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51],[13,14,15,16,17,19,20,22,25,32
,34,36,38,39,41,42,45,46,47,48,49,50,51,52],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,4
5,46,47,48,49,50,51,53],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,
53,54],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55],[13,14,
15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55,56],[13,14,15,16,17,19
,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55,56,571,[13,14,15,16,17,19,20,22,2
5,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55,56,57,58],[13,14,15,16,17,19,20,22,25,32,
34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55,56,57,58,59],[13,14,15,16,17,19,20,22,25,32,34
,36,38,39,41,42,45,46,47,48,49,50,51,53,601,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42 4
5,46,47,48,49,50,51,53,60,61],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,
50,51,53,60,62],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62
,631,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62,64],[13,14,
15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62,64,65]} ;
feeder(2).Length S =
[0.203,0.268,0.033,0.451,0.135,0.205,0.054,0.025,0.132,0.097,0.363,0.114,0.413,0.257,0.213,0.2
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63,0.340,0.277,0.179,0.494,0.828,0.311,0.553,0.393,0.396,0.588,0.289,0.091,1.014,1.885,0.095,0
.199,1.671,1.023,0.019,0.043,0.031,0.800,0.378,0.176,0.221,0.070,0.074,0.190,0.123,0.141,0.041
,0.539,0.190,0.153,0.696,1.135,0.243];

feeder(2).Lamda_S =
[0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.0
24,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0
.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024
,0.024,0.024,0.024,0.024,0.024,0.024];

feeder(2).T repair =
[1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.0
82,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1
.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082
,1.082,1.082,1.082,1.082,1.082,1.082];

feeder(2).T switch = 0.5;

feeder(2).T_woFI = 0.75;

feeder(2).Load Point =
{[13,14],[13,14,15],[13,14,15,16],[13,14,15,16,17,18],[13,14,15,16,17,191,[13,14,15,16,17,19,20,
21],[13,14,15,16,17,19,20,22,23],[13,14,15,16,17,19,20,22,24],[13,14,15,16,17,19,20,22,25,26],[
13,14,15,16,17,19,20,22,25,26,27],[13,14,15,16,17,19,20,22,25,26,27,28],[13,14,15,16,17,19,20,
22,25,26,27,28,29],[13,14,15,16,17,19,20,22,25,26,27,28,29,30],[13,14,15,16,17,19,20,22,25,26,
27,28,29,30,311,[13,14,15,16,17,19,20,22,25,32,33],[13,14,15,16,17,19,20,22,25,32,34,35],[13,14
,15,16,17,19,20,22,25,32,34,36,371,[13,14,15,16,17,19,20,22,25,32,34,36,38],[13,14,15,16,17,19,
20,22,25,32,34,36,38,39,40],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41],[13,14,15,16,17,19,
20,22,25,32,34,36,38,39,41,42,43,44],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46],
13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47],[13,14,15,16,17,19,20,22,25,32,34,36
,38,39,41,42,45,46,47,48],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49],[13,
14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,52],[13,14,15,16,17,19,20,22
,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,54,55],[13,14,15,16,17,19,20,22,25,32,34,36,3
8,39,41,42,45,46,47,48,49,50,51,53,54,55,56],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,
45,46,47,48,49,50,51,53,54,55,56,57],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47

,48,49,50,51,53,54,55,56,57,58],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,4
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9,50,51,53,54,55,56,57,58,591,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,
50,51,53,60,61],[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62
,631,[13,14,15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62,64],[13,14,
15,16,17,19,20,22,25,32,34,36,38,39,41,42,45,46,47,48,49,50,51,53,60,62,64,65]};
feeder(2).CustClass =[1,3,6,2,6,3,3,1,4,4,4,1,1,2,3,4,1,6,6,6,3,1,5,1,6,6,1,1,1,1,6,2,1,3,3];
feeder(2).Avg Load =
[16.25,87.50,35,10.5,35,110.25,350,9.75,535.50,525,700,32.50,9.75,10.5,87.5,787.5,9.75,35,35,3
5,87.50,81.25,17.50,81.25,35,35,52,16.25,81.25,32.50,35,10.5,16.25,87.50,87.50];
feeder(2).num_Cust =
(52,1,1,1,1,1,1,31,1,1,1,105,31,1,1,1,31,1,1,1,1,264,1,264,1,1,169,52,264,105,1,1,52,1,1];
feeder(2).Recloser = [];

feeder(2).Fuse = [];

feeder(2).Switch = [41,44,46];

feeder(2).TieSwitch = [50];

% %

% PEA Feeder 4 %

feeder(3).Section =
{66,[66,671,[66,67,681,[66,67,691,[66,67,69,701,[66,67,69,70,711,[66,67,69,70,71,72],[66,67,69,7
0,71,72,731,[66,67,69,70,71,72,73,74],[66,67,69,70,71,72,73,751,[66,67,69,70,71,72,73,75,76],[6
6,67,69,70,71,72,73,75,76,771,[66,67,69,70,71,72,73,75,76,77,781,[66,67,69,70,71,72,73,75,76,7
7,78,791,[66,67,69,70,71,72,73,75,76,77,78,801,[66,67,69,70,71,72,73,75,76,77,78,811,[66,67,69,
70,71,72,73,75,76,77,78,81,82],[66,67,69,70,71,72,73,75,76,77,78,81,831,[66,67,69,70,71,72,73,
75,76,77,841,[66,67,69,70,71,72,73,75,76,77,84,85],[66,67,69,70,71,72,73,75,76,77,84,85,86],[66
,67,69,70,71,72,73,75,76,77,84,85,86,871,[66,67,69,70,71,72,73,75,76,88],[66,67,69,70,71,72,73,
75,76,88,891,[66,67,69,70,71,72,73,75,76,88,89,901,[66,67,69,70,71,72,73,75,76,88,89,90,91],[66
,67,69,70,71,72,73,75,76,88,89,90,92],[66,67,69,70,71,72,73,75,76,88,89,90,92,93],[66,67,69,70,
71,72,73,75,76,88,89,90,92,93,94],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95],[66,67,69,70,
71,72,73,75,76,88,89,90,92,93,95,961,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97],[66,
67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,98],[66,67,69,70,71,72,73,75,76,88,89,90,92,93
,95,96,97,98,991,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,98,99,100],[66,67,69,70,7

1,72,73,75,76,88,89,90,92,93,95,96,97,98,99,100,101],[66,67,69,70,71,72,73,75,76,88,89,90,92,9
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3,95,96,97,98,99,102],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,98,99,102,103],[66,6
7,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95
,96,104,105],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104,105,106],[66,67,69,70,71,72,
73,75,76,88,89,90,92,93,95,96,104,105,106,107],[66,67,69,70,71,72,73,75,76,38,89,90,92,93,95,
96,104,105,106,107,108],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104,105,106,107,109
1}

feeder(3).Length S =
[0.261,0.284,0.340,0.791,0.395,0.420,0.697,0.167,0.452,0.216,0.9,0.337,0.186,0.385,0.262,0.944
,0.431,0.274,0.068,0.123,0.115,0.082,0.219,0.211,0.481,0.454,0.345,0.076,0.141,0.294,0.180,0.1
80,0.033,0.189,0.330,0.122,0.033,0.208,0.035,0.056,0.142,0.334,0.192,0.039];
feeder(3).Lamda S =
[0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.0
24,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0
.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024,0.024];

feeder(3).T repair =
[1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.0
82,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1
.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082,1.082];

feeder(3).T switch = 0.5;

feeder(3).T_woFI = 0.75;

feeder(3).Load Point =
{[66,67,68],[66,67,691,[66,67,69,70],[66,67,69,70,71],[66,67,69,70,71,72],[66,67,69,70,71,72,73,
741,[66,67,69,70,71,72,73,751,[66,67,69,70,71,72,73,75,76,77,78,791,66,67,69,70,71,72,73,75,76
,77,78,801,[66,67,69,70,71,72,73,75,76,77,78,81,821,[66,67,69,70,71,72,73,75,76,77,78,81,83],[6
6,67,69,70,71,72,73,75,76,77,841,[66,67,69,70,71,72,73,75,76,77,84,85],[66,67,69,70,71,72,73,7
5,76,77,84,85,86],[66,67,69,70,71,72,73,75,76,77,84,85,86,871,[66,67,69,70,71,72,73,75,76,88,8
91,[66,67,69,70,71,72,73,75,76,88,89,90,91],[66,67,69,70,71,72,73,75,76,88,89,90,921,[66,67,69,
70,71,72,73,75,76,88,89,90,92,93,941,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95],[66,67,69,
70,71,72,73,75,76,88,89,90,92,93,95,96,971,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97
,981,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,98,99,1001,[66,67,69,70,71,72,73,75,7

6,88,89,90,92,93,95,96,97,98,99,100,1011,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,9
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8,99,102],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,97,98,99,102,103],[66,67,69,70,71,7
2,73,75,76,88,89,90,92,93,95,96,104],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104,105]
,[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104,105,106],[66,67,69,70,71,72,73,75,76,88,
89,90,92,93,95,96,104,105,106,107,108],[66,67,69,70,71,72,73,75,76,88,89,90,92,93,95,96,104,1
05,106,107,109]};

feeder(3).CustClass =[1,3,1,6,1,1,6,3,3,1,1,1,1,1,1,1,1,6,4,3,1,1,1,6,1,3,3,1,5,1,1];
feeder(3).Avg_Load =
[16.25,350,32.5,32.5,52,9.75,35,56,56,9.75,52,32.5,81.25,81.25,81.25,9.75,16.25,35,875,56,16.2
5,9.75,16.25,35,9.75,210,87.5,52,17.5,9.75,81.25];

feeder(3).num_Cust =
[52,1,105,1,169,31,1,1,1,31,169,105,264,264,264,31,52,1,1,1,52,31,52,1,31,1,1,169,1,31,264];
feeder(3).Recloser = [];

feeder(3).Fuse = [68,74,91,971;

feeder(3).Switch = [89];

feeder(3).TieSwitch = [109];

% %

% Fault Indicators %

VN_FI = 35000;

VU FI=38;

CI FI=5*VN_FI/100;
CM_FI=5*VN_FI/100;

INVS = num_FI*(((VN_FI+CI FI)/VU_FI)+CM_FI);

% %
Y% ++++++t+t+tt A A Y
%++++++++++++++++++++++++ Main command ++++++++++++HH+ Y%

[bestsol,bestTCR,N _iter,bestSAIFI,bestSAIDI,bestCAIDI,bestASULbestASALbestENS,bestAEN
S,bestECOST] = cuckoo_search Fl(alpha,max_gen,num_Nest,disc_Pa,num_FI, feeder,INVS);
PrintOut(bestsol,bestSAIFI,bestSAIDI,bestCAIDI,bestASUILbestASAIbestENS,bestAENS, bestE
COST,bestTCR,used_time);

Y% t++++++++++++tHt+t+ Y%
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end

function

[bestsol,bestTCR,N _iter,bestSAIFI,bestSAIDI,bestCAIDI,bestASUILbestASALbestENS,bestAEN
S,bestECOST] = cuckoo_search FI(alpha,max gen,num Nest,disc Pa,num_FI,feeder,INVS)
format long;

disp('Computing ... it may take a few minutes.');

num_section = 0;

Recloser = [];

Fuse = [];

for i = 1:numel(feeder)
num_section = numel(feeder(i).Section)+num_section;
Recloser = [Recloser,feeder(i).Recloser];
Fuse = [Fuse,feeder(i).Fuse];
feeder(i).Lamda = Cal Lamda(feeder(i));
[Upstream,Downstream] = Cal UpandDownstream(feeder(i).Section);
feeder(i).Upstream = Upstream;
feeder(i).Downstream = Downstream;

end

% Simple bounds of the search domain
% Lower bounds and upper bounds (location)
Lb=ones(1,num_FI);

Ub=repmat(num_section,1,num_FI);

% Random initial solutions

for i=1:num_Nest,
A = randperm(num_section);
nest(i,:) = A(1:num_FI);

end
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% Get the current best
fitness=10"10*ones(num_Nest,1);

Output = ones(num_Nest,9);

[fmin,bestnest,nest, fitness,SAIFL,SAIDI,CAIDI,ASULASALENS,AENS, ECOST,Output]=get_be

st _nest(nest,nest,fitness,Output,num_section,feeder,INVS);

N_iter=0;
% Starting iterations
k=1;

iteration = 0;

SAIFI best = inf;

SAIDI best = inf;

CAIDI best = inf;

ASUI best = inf;

ASAI best = inf;

ENS best = inf;

AENS best = inf;

ECOST _best = inf;

while(k)

for t=1:max_gen,

iteration = iteration+1;
% Generate new solutions (but keep the current best)

new_nest=get cuckoos(nest,bestnest,Lb,Ub,alpha);

[fnew,best,nest, fitness, SATFI,SAIDI,CAIDL, ASUL ASALENS,AENS,ECOST,Output]=get_best

nest(nest,new_nest,fitness,Output,num_section,feeder,INVS);

% Update the counter
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N_iter=N_iter+num_Nest;

% Discovery and randomization
for i=1:num_Nest,
A = randperm(num_section);
new_nest(i,:) = A(1:num_FI);

end

% Evaluate this solution

[fnew,best,nest, fitness, SATFT,SAIDI,CAIDL, ASUL ASALENS,AENS, ECOST,Output]=get best

nest(nest,new_nest,fitness,Output,num_section,feeder,INVS);

% Update the counter again

N_iter=N_iter+num_Nest;

% Find the best objective so far

if fnew<=fmin
fmin=fnew;
bestnest=best;
SAIFI best = SAIFI;
SAIDI best = SAIDI;
CAIDI best = CAIDI;
ASUI best = ASUI,
ASAI best = ASAI;
ENS best = ENS;
AENS best = AENS;
ECOST best = ECOST;

end

end %% End of iterations

if fmin ~= inf
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bestTCR = fmin;
bestsol = bestnest;
bestSAIFI = SAIFI best;
bestSAIDI = SAIDI_best;
bestCAIDI = CAIDI best;
bestASUI = ASUI best;
bestASAI = ASAI best;
bestENS = ENS_best;
bestAENS = AENS best;
bestECOST = ECOST _best;
k=0;
end
end

end

function nest=get_cuckoos(nest,best,Lb,Ub,alpha)

% Levy flights

n=size(nest,1);

% Levy exponent and coefficient

% For details, see equation (2.21), Page 16 (chapter 2) of the book

% X. S. Yang, Nature-Inspired Metaheuristic Algorithms, 2nd Edition, Luniver Press, (2010).
beta=3/2;

sigma=(gamma(1+beta)*sin(pi*beta/2)/(gamma((1+beta)/2)*beta*2”((beta-1)/2))) (1/beta);

for j=1:n
s=nest(j,:);
% This is a simple way of implementing Levy flights

% For standard random walks, use step=1;

% Levy flights by Mantegna's algorithm

u=randn(size(s))*sigma;
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v=randn(size(s));

step=u./abs(v)."(1/beta);

% In the next equation, the difference factor (s-best) means that
% when the solution is the best solution, it remains unchanged.
% stepsize=(alpha/100)*step.*(s-best)
stepsize= (alpha/5 *step).*(s-best);
% stepsize = step
% Here the factor 0.01 comes from the fact that L/100 should the typical
% step size of walks/flights where L is the typical lenghtscale;
% otherwise, Levy flights may become too aggresive/efficient,
% which makes new solutions (even) jump out side of the design domain
% (and thus wasting evaluations).
% Now the actual random walks or flights
s=s+round(stepsize.*randn(size(s)));
% Apply simple bounds/limits
nest(j,:)=simplebounds(s,Lb,Ub);
end

end

function
[fmin,best,nest,fitness,SAIFI best,SAIDI best,CAIDI best, ASUI best,ASAI best,ENS best,AE
NS best, ECOST best,Output]=get best nest(nest,newnest,fitness,Output,num_section,feeder,IN
VS)
% Evaluating all new solutions
for j=1:size(nest,1)

clear T outage Zone NA_ Group

notAttractive = 0;

Total Lamda = [];

Total T annual = [];

Total num_Cust = [];
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Total Avg Load = [];
Total ECOST = 0;
for i = 1:numel(feeder)
A = union(feeder(i).Recloser,feeder(i).Fuse);
if numel(A)
B = setdiff(A,newnest(j,:));
if numel(A)==numel(B)
FI = intersect(newnest(j,:),unique(cell2mat(feeder(i).Section)));
T outage = Cal Toutage(feeder(i),FI);
[NA_ Group,Zone] =
SetZone(feeder(i).Recloser,FI,feeder(i).Section,feeder(i). Upstream, feeder(i). Downstream);
if (NA_Group)
notAttractive = 1;
break;
else
sum_Lamda = sum(cell2mat(feeder(i).Lamda)); %osumary of lamda
T annual = sum(cell2mat(feeder(i).Lamda).*cell2mat(T outage));
IER = IER _index(feeder(i).CustClass);
ECOST = sum(T_annual.*feeder(i).Avg_Load.*IER);
Total Lamda = [Total Lamda,sum Lamdal;
Total T annual =[Total T annual,T annual];
Total num_Cust = [Total num_Cust,feeder(i).num_Cust];
Total Avg Load = [Total Avg Load,feeder(i).Avg_Load];
Total ECOST = Total ECOST+ECOST;
end
else
notAttractive = 1;
break;
end
else

FI = intersect(newnest(j,:),unique(cell2mat(feeder(i).Section)));
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T outage = Cal Toutage(feeder(i),FI);
[NA Group,Zone] =
SetZone(feeder(i).Recloser,F1 feeder(i).Section,feeder(i). Upstream,feeder(i). Downstream);
if (NA_Group)
notAttractive = 1;
break;
else
sum_Lamda = sum(cell2mat(feeder(i).Lamda)); Yosumary of lamda
T annual = sum(cell2mat(feeder(i).Lamda).*cell2mat(T_outage));
IER = IER _index(feeder(i).CustClass);
ECOST = sum(T_annual.*feeder(i).Avg_Load.*IER);
Total Lamda = [Total Lamda,sum Lamdal];
Total T annual =[Total T annual, T annual];
Total num_Cust = [Total num_Cust,feeder(i).num_Cust];
Total Avg Load = [Total Avg Load,feeder(i).Avg Load];
Total ECOST = Total ECOST+ECOST;
end
end
end
if (notAttractive)
SAIFI = inf;
SAIDI = inf;
CAIDI = inf;
ASUI = inf;
ASAI = inf;
ENS = inf;
AENS = inf;
ECOST =inf;
TCR = inf;

else
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[SAIFL,SAIDI,CAIDI,ASUL ASALENS,AENS,TCR] =
fobj(Total Lamda,Total num_ Cust,Total T annual,Total Avg Load,Total ECOST,INVS);
end
if TCR<=fitness(j)
fitness(j)=TCR;
nest(j,:)=newnest(j,:);
Output(j,1) = SAIFL;
Output(j,2) = SAIDI;
Output(j,3) = CAIDI,;
Output(j,4) = ASUI;
Output(j,5) = ASAI;
Output(j,6) = ENS;
Output(j,7) = AENS;
Output(j,8) = Total ECOST;
Output(j,9) = TCR;
end
end
% Find the current best
[fmin,K]=min(fitness);
best=nest(K,:);
SAIFI best = Output(K,1);
SAIDI_best = Output(K,2);
CAIDI_best = Output(K,3);
ASUI best = Output(K,4);
ASAI best = Output(K,5);
ENS best = Output(K,6);
AENS best = Output(K,7);
ECOST best = Output(K,8);

end

function new_nest=empty nests(nest,Lb,Ub,disc_Pa)
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% A fraction of worse nests are discovered with a probability pa
n=size(nest,1);
% Discovered or not -- a status vector

K=rand(size(nest))>disc_Pa;

% In real world, if a cuckoo's egg is very similar to a host's eggs, then
% this cuckoo's egg is less likely to be discovered, thus the fitness should
% be related to the difference in solutions. Therefore, it is a good idea
% to do a random walk in a biased way with some random step sizes.
nestnl=nest(randperm(n),:);
nestn2=nest(randperm(n),:);
%% New solution by biased/selective random walks
stepsize=round(rand*(nestn1-nestn2));
new_nest=nest+stepsize.*K
for j=1:size(new_nest,1)

s=new_nest(j,:);

new_nest(j,:)=simplebounds(s,Lb,Ub);
end

end

% Application of simple constraints
function s=simplebounds(s,Lb,Ub)
% Apply the lower bound
ns_tmp=s;
I=ns_tmp<Lb;

ns_tmp(I)=Lb(I);

% Apply the upper bounds
J=ns_tmp>Ub;
ns_tmp(J)=Ub(J);

% Update this new move
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s=ns_tmp;

end

function [SAIFI,SAIDI,CAIDIL,ASUI,ASALENS,AENS,TCR] =
fobj(Total Lamda,Total num Cust,Total T annual,Total Avg Load,Total ECOST,INVS)
SAIFI = sum(Total Lamda.*Total num_Cust)/sum(Total num_Cust);
SAIDI = sum(Total T annual.*Total num_Cust)/sum(Total num_Cust);
CAIDI = SAIDI/SAIFTI;
ASUI = SAIDI/8760;
ASAI = 1-ASUI;
ENS = sum(Total Avg Load.*Total T annual)/1000;
AENS = ENS/sum(Total num_Cust);
TCR = Total ECOST+INVS;
end
function IER = IER_index(CustClass)
IER = [];
for 1 = 1:numel(CustClass)
if CustClass(i) ==
IER() = 8.62;
elseif CustClass(i) == 2
IERG) = 72.27;
elseif CustClass(i) == 3
IER() = 108.40;
elseif CustClass(i) == 4
IER(i) = 124.04;
elseif CustClass(i) ==
IER(i) = 52.80;
elseif CustClass(i) ==
IER@) = 9.62;
end

end
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end

%%%%%%%%%%%%%%%% Calculate Lamda %%%%%%%%%%%%%%%%%%%

function Lamda = Cal Lamda(feeder)

num_section = numel(feeder.Section);
num_load = numel(feeder.Load Point);
Section = feeder.Section;
Load Point = feeder.Load Point;
Recloser = feeder.Recloser;
Fuse = feeder.Fuse;
Length S = feeder.Length S;
Lamda S = feeder.Lamda_S;
Lamda = [];
for i=1:num_section
for j = 1:num_load
A = intersect(Section{i},union(Recloser,Fuse));
B = intersect(Load Point{j},union(Recloser,Fuse));
if isempty(setdiff(A,B))
%setdiff = select only element in C which is not same with element in D
Lamda{i,j} = Length S(i)*Lamda S(i);
else
Lamda{i,j} = 0;
end
clear A B;
end

end

end

%%%%6%0%0%%%6%%0%%%6%%%%%0%0%%%%:%0%%%%:%%%%%%0%%%%%%%%:%%%%
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%%%%%%%%%%%%%% Calculate upstream and downstream %%%%%%%%%%%%%%%
function [Upstream,Downstream] = Cal UpandDownstream(Section)
Upstream{1,numel(Section)} = [];% numel = num_row*num_column
Downstream{1,numel(Section)} = [];

Total Section = unique(cell2mat(Section));

for 1 = 1:numel(Section)
for j = i+1:numel(Section)
for k = 1:numel(Section{j})
if Total _Section(i) == Section{j} (k)
if isempty(Downstream)
Downstream{i} = Total Section(j);
else
Downstream{i} = [Downstream{i},Total Section(j)];
end
break;
end
end
end

end

for i = 1:numel(Downstream)
if isempty(Downstream {i})
Downstream{i} = setdiff(Total Section,Total Section(i));
end

end

for i = 1:numel(Downstream)
Upstream{i} = setdiff(Total Section,Downstream{i});
end

end
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%%%%6%0%0%%%6%0%%%%%0%%%%0%%%%6%0%0%%%6%%%%%%%%%%:%%%%% %%

%%%%%%%%%%%%%%% Calculate Outage time %%%%%%%%%%%%%%%%%%%

function T outage = Cal_Toutage(feeder,FI)
Upstream = feeder.Upstream;

Downstream = feeder.Downstream;
num_section = numel(feeder.Section);
num_load = numel(feeder.Load Point);
Section = feeder.Section;

Load Point = feeder.Load Point;

Recloser = feeder.Recloser;

Fuse = feeder.Fuse;

Switch = feeder.Switch;

TieSwitch = feeder.TieSwitch;

T repair = feeder. T repair;

T switch = feeder. T switch;

T woFI = feeder.T woFI;

Length S = feeder.Length_S;

T FI = Cal FaultLocationTime(Recloser,FI,T woFI,Length S,Section,Upstream,Downstream);

Locat_TieSwitch = [];

if numel(TieSwitch)
for 1 = 1:numel(TieSwitch)
for j = 1:num_section
if Section {j} (numel(Section{j})) == TieSwitch(i)
Locat TieSwitch(i) = j;
end
end
end

end
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for i = 1:num_section
for j = 1:num_load
A = intersect(Section{i},union(Recloser,Fuse));
B = intersect(Load Point{j},union(Recloser,Fuse));
C = intersect(Section{i},Switch);
D = intersect(Load_Point{j},Switch);
%Check installed Reclosers or Fueses help load j to protect interruption from fault occured
at section 1.
if isempty(setdiff(A,B))
if isempty(A)
if numel(TieSwitch)
NH = setdiff(Switch,Section {Locat TieSwitch(1)});
if numel(TieSwitch) > 1
for k = 2:numel(TieSwitch)
NH = setdiffiNH,Section{Locat TieSwitch(k)});
end
end
if isempty(C)
if isempty(D)
T outage{i,j} =T repair()+T FI({);
else
T outage{i,j} =T switch+T FI(i);
end
else
if isequal(C,D)
T outage{i,j} =T repair(Q)+T_ FI(i);
else
if isempty(setdiff(setdiff(D,C),NH))
if isempty(setdiff(C,D))
T outage{i,j} = T repair(i)+T_FI(3);

else



T outage{i,j} =T switch+T FI(i);
end
else
T outage{i,j} =T switch+T FI(i);
end
end
end
else
if isempty(setdiff(C,D))
T outage{i,j} =T repair()+T FI(i);
else
T outage{i,j} =T switch+T FI(i);
end
end
else
if isequal(C,D)
T outage{i,j} =T repair()+T FI(i);
elseif isequal(B,Recloser)
T outage{i,j} =T repair()+T FI();
else
T outage{i,j} =T switch+T FI(i);
end
end
else
T outage{i,j} =0;
end
clear AB CD;
end

end

end
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%%%%6%0%0%%%6%%%%%%0%0%%%6%%%%%6%%0%%%6%0%%%%:%%%%%:%%%% %% %

%%6%%%%%%%%%%%%% Calculate faul location time %%%%%%0%%%%:%%%%% %%
function T FI =
Cal FaultLocationTime(Recloser,FI,T woFI Length S,Section,Upstream,Downstream)
T_FI=];
Total _Section = unique(cell2mat(Section));
if isempty(FI)
%create matrix for fault location time = repmat(value,num_row,num_column)
T_FI=repmat(T_woFIL,1,numel(Section));
else
[NA_Group,Zone] = SetZone(Recloser,FI,Section,Upstream,Downstream);
for i = 1:numel(Zone)
length = 0;
for j = 1:numel(Zone{i})
length = length+Length S(find(Total Section == Zone{i}(j)));
end
for j = 1:numel(Zone{i})
T FI(find(Total Section ==Zone{i}(j))) = T woFI*length/sum(Length S);
end
end
end

end

%%%%6%%0%%%%%%%%6%0%%%%:%%%%%%%%%%%6%%%%%%% %% %% %% % %%

%%%%% %% %% %% %% %% % %% %% % Set Zone %%%%%%%6%%% %% %% %% %% %%
function [NA_Group,Zone] = SetZone(Recloser,FI,Section,Upstream,Downstream)
if numel(FI)==0

NA_Group = 0;

Zone = [];

else
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Delete R FI=];

num_zone = 1;

check zone = 0;

NA_Group = 0; %Not available group
R_FI = union(Recloser,FI);

Total Section = unique(cell2mat(Section));

if numel(R_F)==1
Zone{1} = Upstream{find(Total Section ==R_FI)};
Zone{2} = Downstream{find(Total Section ==R_FI)};
else
Old R_FI=R_FI;
%Check order of fault location which are installed
for i = 1:numel(R_FI)
Ordered R FI = vertcat(ones(1,numel(R_FI)),R_FI).";
if (numel(Upstream {find(Total Section == R_FI(i))}) ==
D)||(numel(Downstream {find(Total Section == R_FI(i))}) == 1)
if numel(Upstream {find(Total Section ==R_FI(i))}) == 1
Zone{num zone} = Upstream{find(Total Section ==R_FI(i))};
num_zone = num_zone+1;
elseif numel(Downstream {find(Total Section == R_FI(i))}) == 1
Zone{num_zone} = Downstream {find(Total Section == R_FI(i))};
num_zone = num_zone+1;
end
if isempty(Delete R_FI)
Delete R_FI=[R_FI(i)];
else
Delete R FI=[Delete R FLR FI(i)];
end
end

end
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R _FI = setdiff(R_FI,Delete R_FI);
if isempty(R_FI)
if numel(Upstream {find(Total Section == Old R_FI(i))}) ==
Zone{num_zone} = Downstream{find(Total Section == Old R_FI(i))};
else
Zone{num_zone} = Upstream{find(Total Section == Old_R_FI(i))};
end
else
for i = 1:numel(R_FI)
a=0;
for j = 1:numel(R_FTI)
for k = 1:numel(Upstream{find(Total Section == R_FI(j))})
if R_FI(i) == Upstream {find(Total Section == R_FI(j))} (k)
a=atl;
end
end
end
Count(i) = a;
end
Ordered R _FI = vertcat(Count,R_FI).";
clear Count
Ordered R FI = sortrows(Ordered R _FI);
if (num_zone-1 == (numel(Old R FI)-numel(R_FI)))&&(numel(R__FI)==1)
if numel(Upstream {find(Total Section == Delete R FI(num zone-1))})==1
Zone{num_zone} = intersect(Upstream{find(Total Section ==
Ordered R FI(1,2))},Downstream {find(Total Section == Delete R_FI(num_zone-1))});
check zone =1;
elseif numel(Downstream {find(Total Section == Delete R_FI(num_zone-1))})==1
Zone{num_zone} = intersect(Upstream {find(Total Section ==
Ordered R FI(1,2))},Upstream{find(Total Section == Delete R _FI(num_zone-1))});

check zone = 1;
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end
num_zone = num_zone+1;
else
Zone{num_zone} = Downstream{find(Total Section == Ordered R_FI(1,2))};
num_zone = num_zone+1;
end
if num_zone <= numel(R_FI)+numel(Delete R FI)+1
i=num zone;
a=1;
if i <= numel(R_FI)+numel(Delete R FI)
for j = num_zone:numel(R_FI)+numel(Delete R FT)
1=1+1;
a=atl;
Zone{j} = intersect(Upstream {find(Total Section == Ordered R FI(a-
1,2))} ,Downstream {find(Total Section == Ordered R FI(a,2))});
end
end
if check zone
Zone{i} = Downstream {find(Total Section == Ordered R FI(a,2))};
else
Zone{i} = Upstream{find(Total Section == Ordered R FI(a,2))};
end
end
for 1 = numel(Zone):-1:1
forj=i-1:-1:1

Zone{i} = setdiff(Zone{i},Zone{j});

if isempty(Zone{i})
NA_Group = 1;
break;

end

end
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if (NA_Group)
break;
end
end
end
end
end
end

%%%%6%%%%%6%0%%%%%%%%%:%%%%% %% %% %% %% % %% %% %% %% %% %%

%%%%6%%%%%%%%%%%%%%% %% Print out %%%%%%%%%%%%%%%%%%%
function
PrintOut(bestnest,SAIFI best,SAIDI best,CAIDI best,ASUI best,ASAI best,ENS best, AENS
best, ECOST,TCR,used_time)

fprintf(’

\n\n');

fprintf(' Number of Fault Indicators\t\t\t\t\t\t\t\t:\t %d \t Location(s)\n',numel(bestnest));
fprintf(' Best Location\t\\\\O\\\\E\E:\t Yos \n',mat2str(bestnest));

fprintf(' System Average Interruption Frequency Index \t\t\t:\t SAIFT \t=\t %4.4f \t
int/customer/year \n',SAIFI_best);

fprintf(' System Average Interruption Duration Index \t\t\t:\t SAIDI \t=\t %4.4f \t h/customer/year
\n',SAIDI best);

fprintf(' Customer Average Interruption Duration Index \t\t\t:\t CAIDI \t=\t %4.4f \t h
\n',CAIDI best);

fprintf(' Average Service Availability Index \t\t\t\t\t:\t ASAT \t=\t %4.10f \n',ASAI best);
fprintf(' Average Service Unavailability Index \t\t\t\t\t:\t ASUT \t=\t %4.10f \n',ASUI_best);
fprintf(' Energy not Supplied \\WOO\E:\E ENS \t=\t %4.4f \t MWh/year \n',ENS_best);
fprintf(' Average Energy not Supplied \(\\t\t\t\t\t:\t AENS \t=\t %4.4f \t MWh/customer/year
\n',AENS_best);

fprintf(' Expected outage cost \(\WW\t\t\t\t\t:\t ECOST \t=\t %4.4f \t THB/year \n',ECOST);

fprintf(' TCR \(\\t\t\t\t\t:\t TCR \t=\t %4.4f \t THB/year \n',TCR);
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fprintf(’

\n\n');

Time = clock;

Hour = Time(4);

Min = Time(5);

Sec = Time(6);

used_time2 = (Hour*60+Min+Sec/60)-used_time;

fprintf(' Used Time for Optimal Placement of FI(s)\t\t\t\t:\t %4.2f \t min \n',used_time2);

fprintf(’

\n'");

end

%%%%6%%%%%6%0%6%%%6%0%%%%:%%% %% %% %% %% %% %6 %% %% %% %% %% % %%
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Number of Fault Indicators

3 Location(s)

Best Location [32 21 7]

System Average Interruption Fregquency Index SRIFI = 0.5024 int/customer/year
System Average Interruption Duration Index SAIDI = 2.070%9 h/customer/year
Customer Awverage Interruption Duration Index CRIDI = 4.1222 h

Average Service Availability Index BSAT = 0.9997635985

Average Service Unavailability Index ASUT = 0.0002364015

Energy not Supplied ENS = 21.0847 MWh/year

Average Energy not Supplied H BLENS = 0.0111 MWh/customer/year
Expected outage cost ECOST = 656903.3681 THB/year

TCR TCR = 675934.6181 THB/year

Used Time for Cptimal Placement of FI(s) 1.22 min
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Number of Fault Indicators

1 Location(s)

Beat Location 41

System Average Interruption Frequency Index SAIFI 0.3300 int/customer/year
System Average Interruption Duration Index SAIDI = 0.4654 h/customer/year
Customer Average Interruption Duration Index CAIDI = 1.4104 h

Average Service Availability Index RSAT = 0.9959468718

Average Service Unavailability Index ASUI % 0.0000531282

Energy not Supplied ENS = 4,2792 MWh/year

Average Energy not Supplied = AENS = 0.0012 MWh/customer/year
Expected outage co3t ECOST = 427514.4869 THB/year

ICR ICR = 433858.2368 THB/year

Used Time for Optimal Placement of FI (=) 50.38 min
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