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Abstract

The paper presents an ACO Based Pheromone Trail Evaporation @ for fault
searching in Power Distribution Networks.ACO Based Ph a%e‘Trail v, tion method
is ‘co-operative agent approach’, which is inspired by th veygence nd behavior of
real ant colonies for finding a shortest path to reach ehce, in th posed method is a

set of co-operative agents called ‘ants’ co-operates\o fifid a be olution for evolutionary
fault searching. The ACO Based algorithm applg for better way%or finding fault behavior
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ied
and point of fault is evaluated on IEEE, 30, 52 est bus ms. The proposed approach
is compared with a normal conventional faul wer distrm on network.
Keywords: Fault Search, Ant Colo@imiza i romone Trail Evaporation, Power
Distribution Networks, co—opeﬁ approac
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1. Introduction

Power system places, %ﬂinent r@nation’s progress. Present durable conditions,

they are regretted ﬁ{%ed by different type of tribulations. Almost every power system
was caused by fa a\ alanc onditions, less power factor occurrence and voltage

i elt and sag, et&”Apart from all these, the power system was affected in

s. In different research articles many authors are abounded
ymmetrical to the proposed article. In this paper, we described
t occurrence in test power system [3]. Many articles initiate the
optimizations and detection techniques for fault behavior. The

0 find the shortest path from their nest to a Modified source [2, 1]. The Ant
zation process can be explained by representing the optimization problem as a

I graph, in that Ant conditions are replaced by Ants and Modified source is test
s% Where the number of layers is equal to the number of design variables and the
number of nodes in a particular layer is equal to the number of discrete values permitted for
the corresponding design variable [3]. Thus each node is associated with a permissible
discrete value of a design variable. Proposed figure in section as follows, denotes a problem
with four design variables with five permissible discrete values for each design variable, The
ACO based algorithm of fault pheromone trail evaporation can be explained in the following
2 and 3 sections [4]. Let the proposed colony consists of N Ants and the proposed algorithm
explains the comparison an ant with fault, food with a power system etc.
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2. Ant Colony Optimization for Fault Identification

The Faults start at the home node, travel through the various layers from the first layer to
the last or final layer, and end at the destination node in each cycle or iteration. Each Fault
can select only one node in each layer in accordance with the state transition rule given by
Equation (1). The nodes selected along the path visited by a Fault represent a candidate
solution. For example, a typical path visited by a Fault is shown by thick lines in Figure 1.
This path represents the solution (X1, X23, X31, X45, Xs6, aNd Xe4). ONce the path is complete, the
Fault deposits some pheromone on the path based on the local updating rule given by Eqution
(3). When all the Faults complete their paths, the pheromones on the globally best path are
updated using the global updating rule described by Equations (1) and (2). In the beginning of
the optimization process (i.e. in iteration 1), all the edges or rays are initialized with an equal
amount of pheromone. The optimization process is terminated if either the p —&@ﬁed
maximum number of iterations is reached or no better solution is found in ified
number of successive cycles or iterations. The values of the design variable@ d by the
nodes on the path with largest amount of pheromone are considered as th ents of the
optimum solution vector. In general, at the optimum soluti(\ aults trefel,along the same
best (converged) path.
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%ﬁigure 1. Fault Based Multilayer Layer ACO network

3@ Searching Behavior

ult k, when located at node i, uses the pheromone trail t;; to compute the probability of
choosing j as the next node
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Where o denotes the degree of importance of the pheromones and N; ® indicates the set of
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neighborhood nodes of Fault k when located at objective i. Then beside of all objectives i
contain all the nodes directly connected to node i accept the predecessor node (i.e. the last
node visited before i). This will prevent the Fault from returning to the same node visited
immediately before node i. A Fault travels from node to node until it reaches the destination
(Modified) node is updated as follows

Tij{—Tij+.|':||T-'(K) ......... (2)

Due to the incremental changes in the proto type phenomenon, the critical nature of this arc
being selected by the increasing forthcoming Fault condition.

4. Proposed Technique for Fault Detection

L A
When a Fault k moves to the next node, the pheromone evaporates from al hw ij
according to the relation

= (1-p)7y; ¥(i,j) €A

~(3)
Where p € (0, 1) is a parameter and A denotes the segm @ y Fault k in its
path from home to destination. The decrease in phee nten fav S the exploration of
different paths during the search process. This favors ellmlnat poor choices made in
the path selection. This also helps in boundingt maxm@alue attained by the critical
procedure. A step is process of a com t@scription ofNrault’s movement, pheromone

evaporation and pheromone deposit. Af‘% the Ea@turn to the home node (nest), the
pheromone information is updated aé@i to th n

L= - i +3y

Where p € (0, 1) is the eva atlon rate

own as the pheromone decay factor) and t;®

is the amount of phero S|te omarc ij by the best Fault k. The goal of pheromone
update is to mcrea pherom alue associated with good or promising paths. The
pheromone depos arc Ij b best Fault is taken as

@.ﬂfu()—Q/L .......... (5)
Where Q is a constan and Ly is the length of the path traveled by the k™ Fault (in the

case of the travel fr, e city to another in a traveling salesman problem). Equation (5) can
be implemented a&

E.nr-i:'e:r.; .
O£ ﬂ.f.:i,ﬂK):{.fv_,m"f G.jeglobal best tour 6)

0; other wise

\% worst 1S the worst value and fi is the best value of the objective function among the
path¥taken by the N Faults, and { is a parameter used to control the scale of the global
updating of the pheromone. The larger the value of {, the more pheromone deposited on the
global best path, and the better the exploitation ability. The aim of Equation (5) is to provide a
greater amount of pheromone to the tours (solutions) with better objective function values.
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5. Proposed Algorithm for Fault Detection

The orentational procedure of ACO algorithm for solving a minimization problem can be
summarized as follows

Step 1

Assume a suitable number of Faults in the colony (N). Assume a set of permissible discrete
values for each of the n design variables. Denote the permissible discrete values of the design
variable x; as X , Xiz, . . ., Xppand (i=1, 2, ..., n). Assume equal amounts of pheromone tj; @
initially along all the arcs or rays (discrete values of design variables) of the multilayered
graph shown. The superscript to tj; denotes the iteration number.

For simplicity, t;  can be assumed for all arcs ij. Set the iteration number i 6? )

Step 2 @
(a) Compute the probability (p;) of selecting the arc 0 t e dISC ue) X; as

Pi=r /2 = 1,2, ,n;j=1, P \

Which can be seen to be same as Equation (1) v@=

A larger value can also be used for a. ~ * O

(b) The specific path (or discrete val %nose " Fault can be determined using
random numbers generated in @ e (0, 1). thls we can find the cumulative
probability ranges associated ent p f Figure 1 based on the probabilities given
by Equation (7). The speC|f|c pat chos% ult k will be determined using the roulette-
wheel selection proces

Step 3 \Q*

@) Generate@n om s ry, . . . ry in the range (0, 1), and one for each Fault.
Determine th crete v path assumed by Fault k for variable i as the one for which
the cumulative proba nge (found in step 2) includes the value r; .

(b) Repeat step design variablesi=1,2,...,n.

(c) Evaluat bjective function values corresponding to the complete paths (design vectors
X ®or of x;; chosen for all design variablesasi =1, 2...nby Faultk, k=1, 2...N)is
Fe=fX®); k=12 N....... (8)

T&in the better and worst paths chosen by different Faults are
Fres =K =1,23M" ... N )
Frg = K=1,23™ ... NI (10)
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Step 4

Test for the convergence of the process.

The process is assumed to have converged if all N number of Faults take the same best path.
If convergence is not achieved, assume that all the Faults return home and start again in

search of Test Power System. Set the new iteration number as i = i + 1, and update the
pheromones on different arcs (or discrete values of design variables) as

Tij V) = Tij (old) + E;l-.l':'lfij ® (11)

Where t; ©? denotes the pheromone amount of the previous iteration left beyond the
convergent process, which is written as
= (1p)r ... (12)
@ mmation
extends over all the best Faults k (if multiple Faults take t bes ote that the
best path involves only one arc ij (out of p possmle variable i. The

evaporation rate or pheromone decay factor p is ass e in the rafge 0.5 to 0.8 and the
pheromone deposited is A © ; ©' computed by usin atlon ( the new values of A

7", go to step 2. Steps 2, 3, and 4 are repeatec@eql the prog&ss, converges, i.e., until all the
Faults choose the same best path. In sorr? s, the it e process is stopped after

completing a pre-specified Maximum nu

ter c@lmax).
S s&
6. Numerical Results

The proposed method is tested”on s@ EE 30, 52,190 test bus systems and the
results shown that AC gorlthm best solution when compared with fault
identifications in n condition %st system. Table 1, Table 2 and Table 3 shows the

and A T ®) js the pheromone deposited by the best Fault k on its path

comparative result Fig Figure 3, Figure 4 shows the variations for different
bus fault CO' . The propose® figures show comparison between number of iterations

and loss occ e
For IEEE-30 Bus Sys

NG=6, NL=14, N TR=3
Table$ rison of Fault Pheromone Trail Evaporation for IEEE-30 Bus

Fault Pheromone Trail Evaporation

Abnormal ACO
@ Number of Iterations 75 65
Population Size 5 5

Time taken in (sec) 18.6 13.8

Loss 9.65 8.63
Efficiency (%) 67 73

Behavior Normal Good
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For IEEE-52 Bus System
NG= 8, NL=19, NB=27, NTR=5

Table 2. Comparison of Fault Pheromone Trail Evaporation for IEEE-52 Bus

Fault Pheromone Trail Evaporation
Abnormal ACO
Number of Iterations 125 100
Population Size 10 10
Time taken in (sec) 34 322
Loss 22.67 18.9 .
Efficiency (%) 56 64 ‘\\\/
Behavior Normal Good /~

NG= 16, NL=32, NB=34, NTR=9

*
For IEEE-190 Bus System & &

Table 3. Comparison of Fault Pheromone T vaporation for IEEE-190 Bus
I~
F@Pheromb(mil Evaporation
“\\2bnormaky, ACO
Number of Iterations &O‘ 00N 186
Population Sizeq 1 N 15
Time taken in{sec *\@56 42
32.1
58
Good
The follo ts werg=gbtarned for three deferent busses for normal fault occurrence
and Ant Col timim&@
=0
70
60|
@ 30 =—¢—Normal
@ , ACO
20
0 =
0 2 4 [s3 8

Itterations

Figure 2. Convergence rate of IEEE-30 Bus Power System
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Figure 3. Convergence rate of IEEE-52 Bus Power Syst@
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Figure 5. Comparison between Conventional Fault Searching and ACO based
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7. Nomenclature

NB - total number of buses

NL - total number of load buses

NG - total number of generator buses
NTR - total number of transformers
PDN-Power Distribution Networks

8. Conclusions

In this Paper ACO Algorithm has developed for determination of Fault Probability using
Pheromone Trail Evaporation method. The performance of proposed algorithm demonstrated
through its evaluation on IEEE 30, 52,190 Bus power system shows that AC is
undertake the fault searching with a fast convergence rate and future of robust.c tlon
From the simulation study it has been found that ACO find a fault W|th be er ergence
rate than normal searching methods. Here the normal searc m&mder al status of
fault behavior in PDN and the convergence rate is modifi r, the proposed

method used for find qualitative fault searching beha@ ower% ion Networks.
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