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A"catr,s#Ibb p.pcr prcsclt ofrlhc ctudy on lms opimizrtioo
il dfict]ihior lctror*r udrg Artificirl Be Cohoy (ABC)
r[oriltm. Thc fidy iwolvcr ttc dcvclopmcrt of Artificiel Bcc
Colory (ABC) eEorftfm to tnplcmcet lrc mirimizrtioa toi e
distribntioa slrtcc 1.u niairnizetion crl bc eclicvcd by
porforming nctrork reconfguntbl coosl&rlng lG
Eiriniz.tiotr rr ttc objcctivc furctbs. Thc ABC eforithm
rrs t6tGd on 14-bos ndid dbtributbn ryrtcm rnd wes
prognmmod h M.,bb 7.0. Rccrlfr obtrird frum ttc
crpcrincrts irdicltcd tt t lo.0 nirimizrtir h! bGCr

srccsfrlly rchbvcd.

I;da Taw ndirl di*ributhD' rcctfune[dE s?itclc+
tic switchc, cmploycd bcc, ouhokcr bcc md scout bca

I. INTROD(TNON

,TtHn disihsion sy$cms deliver power to the customers

I tom a set of disuibution substatiuts and there are
typically two type of distribution network use in

disuibution system$ radial and interconnect u mesh
network. Radial networks have some advantages over
meshed networks such as lower short circuit cuntnts and
simpler swirching and protecting equipmenl On the other
han4 the radial strrrcture provides lower overall reliability.

The radial strrrchre of distribution nctworks is achieved
by placing a number of sectionalizing switches in the
network (usually referred to as tie switches) used to open the
loops that would dtrerwise exist. These switches, together
with the circuit breakers at the beginning ofeach feeder, are
nsed for reconfigurdion of the rlctwo* wtren needed.
Obviously, the greater the numbers of switches, Orc greater

are the poasibilities for reconfiguration and the bener are the
effects. Generalln network recqrfiguration is needed to:

D Provide service to as many cus0omen as possible
following a fault condition, or during planned

outages for maintenanoe plrpos€s.
ii) Reduce system losseq and balance the lods to

avoid overload of netwo,rk elemenS [].
Tlrcre are two q/pes of switches usod in radial

reconfiguration disdbution system; sectionalizing switches
(ncrnally closed) and tie switches (normally open). They
are &sigrred fm both plotections, to isolate a fault and
configuration managernent in the systenr. Under nmrnal
operating conditions, fe€ders are frequently recmfigurod by
ctranging the open/closed state ofeach

switch in order to reduce line losses or to avoid the
ovedoading network branches. Since ther€ are many
candidate-switching combinatiurs possible in a distribution
system, finding the operating network reconfiguration
becomes a complicared combinatorial to achieve the
distibution syst€rn loss optimization.

Distribttion system reconliguration for loss reduction was
first proposed by Merlin et ol Il'1. They employed a blend of
optimization to dstermine the minimal-loss operating
configuration for the distribution system represented by a
spanning tree $nrcture at a specific load condition. Since
that many metlrods were proposed suclr as heuri$ic
algorithm, simulated anneating and genetic algorithm.
Heuristic algorithm was used to employ a power flow for
determining the minimmr loss reconfiguration of radial
distribution networlc Simulated unealing used in solution
proce&re to search an accesable non-inferior solution.
Genetic algorithm was implemented to look for the
minimum loos rcconfiguration. Das [0] presents an

algorithm based on the heuristic rules and fuzzy multi-
objective approach for optimizing network reconfiguration.

In this paper, a new algorithm called artificial bee colony
(ABC) algorithm that was proposed for the minimizatiqr of
s power loss in the distuibution system by [3] is s0rdied
The artificial bee colony algorithm is a new metaheuristic

ryproac[ proposed by Karabog tt2]. It is inspired by the
intellig€nt fraging behavior of honey bee swarm. The
poposed method is tested on 14 buses for radial distribttion
system.

II. METHAmLoGY

A. Formalaionfor Loss Opimizaion

The network reconfiguration problan in a distibution
system is to find a best conliguration ofradial network that
gives minimum power loss while satisfring certain
operating conshaints. The objective furrction for the
minimization of power loss is described as:

Minimiz;r= min(P1,1*) l)

where P1r- is the tcal real power loss of the systern. A set

of simplified feeder-line flow formulations is employed.
Considering the single-line diagram depictod in Figurc l, the
recunive equations (2) to (4) are used to comput€ the power
flow.
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Figure I Single-line diagram of a main feed€r.

Because of &e compleity of the large scale distribution
system, netwuk reconfiguration problern is normally
assurned as symmetrical syslem and constant loads-
Therefore, the disrribution lines are repented as series
impedances of the value (Z;r+r= R;i*r + jX;;*r) ) and load
demand as constant and hlanced power sinks 51 : Pr. + jQ-.
The real and reactive power flows at the receiving end of
branch i*1, P i*r, and Q i*r, and the voltage magderde at the
receiving end, lV;.11 is expressed by the following set of
recrnsive equations:

P*t-- Pt- Pu*r- nrr*r.W 
---(2)

Q*r= Qt- Qu*r- xrr*r-*P

lV*iz = l%12 - z(Ru+t.pr* xsr*r.Qr)

+ (x?,,*, + x?t.r).W 
--(+)

Equations (2) - (4) are known as the Dis$ow equations.
Hence, if P,, Q- Vo at the first node ofthe netu,'ork is known
or estimate4 tlren the same quantities at the dfuer nodes can
be calculatd by applying the above hanch quations
successively. This procedure is refend to as a fonood
t@e-

The power loss of the line section connecting between
buses i ard i+/ is cornprted as

Pa""(i) = nu##" 
---{s)

The total power loss of the feederPfl, Zass is det€rmined by
summing up the losses of all line sections of the foeder,
which is grven by

PrLo"" = Xi#Pa* (r)

-(6) 
"=dk

onlooker bees. For every food source, thefic is only one

employed bee. In other words, the number of employed bees

is equal to the number of food sourcss around the hive. The
employed bee whose food source is exhaustod by the
ernployed and onlooker bees becomes a scoul

In the ABC algorithm, each cycle of the searctr mnsists of
three steps: sending the employed bees onto the fmd
sourc€s and then measuring their nectar amounts; selecting
of the fmd sorrces by *re onlookers after sharing the
information of employed bees and determining the nectar
amount of the foods; detumining the scout bees and then
sending thern onto possible food sour€s. At the
initialization sge, a set of food source positionq and for
this paper the food source is the total power losg P1. 1s ane

randomly selected by the bees and their nectar amounts are
ddermined- Then, thess bees come into the hive and share
th€ n€ctar information of the sources with the bees waiting
on the dance area within the hivs.

At the second stagg after sharing the information, every
employed bee goes to &e food source area visited by her at
the previous cycle since that fmd source exists in her
memory, and then chooses a new food source by means of
visual information in the neighbor*nod of the pres€nt one.

At the third stagg an onlooker prefers a food source area

depending on the rrcctar information distributed by the
enrployed bees on the dance area This nectar information
was represented by fihess value in tre ABC algorithm. As
&e nectar amount of a food source incrases, the probability
of that food source is chosen also increases. Hence, the
dance of employed bees carrying higher nectar recruits the
onlookers for the {ixd source areas with higher nwtar
amount. After aniving at the selected arca, she chooses a

new food source in the neighborhood of the one in the
memory depending on visual inforrnation. The
&trmination of the new food sorce is caried out by the
bes based on the comparison process of fmd source
positions visually.

Visual information is based on the comprison of food
s,ource positions. When the nectar of a food source is
abandoned by the bees, a new Ibod source is randomly
determined by a scout bee and replaced witr the abandoned
one. In our model, at each cycle at most one scout go€s

outside for searching a new food source and the number of
employed and o,nlooker bees were equal. The probability P,
of selecting a lircd source i is determined using the
following expnession:

wh*e fiti is the fitrress of the solution represented by the
food source i and Srvis the total number of food sourcies.

After all onlookers have selected their food sources, each

of them determines a food source in the neighborhmd of his
chosen fmd source and computes its fitness. The best food
sourice among all the neighboring food sourc€s det€rmined
by the onlmkers associated with a prticular food source i
and food sourses, its€If, will be the new location of the food
sorrce i. Ifa solution representd by a particular food sourpe
does not improve for a predeterrnined number of iterdions
then that food source is abandoned by its associated
ernployed b€ ard it becomes a soout. A scout bee will
search for a new food soure randomly. After tlrc new

0 t i-r i+l 1I

----{3)

lPo Qo lh.Q:l--+l+rt
ntq\.,

wtrere the tdal systern power loss PT, Loss is the sum of
power losses of all feeders in the system.

B. Ovemie$' of Aniftcial Bee ColonyAlgorithn (ABC)

In the ABC algoriftrU the colony of artifrcial bees

contains three groups ofbees: ernployed bees, onlookers and
scouts. A bee waiting on the dance area for making &ision
to ctoose a food source is called an onlooker and a bee
going to the fmd source visited by it previously is named an

ernployed bee. A bee carrying out random search is called a

scoul In the ABC algorithm" half of the bee colony
comprises employed bee and other half inclu&s the

---{o
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location of each food source is determined, another itsration
of ABC algorithrn begins.
The whole Focess is nepeated again and again till the
termination condition is satisfied. The food source in the
neighborhood of a particular fmd source is determined by
altering the value of one randomly chosen solution
pammet€r and keeping other parametcrs unchanged. This is
done by adding to the current value of the choscn paramet€r

the pro&rct of a random number between [-1, ll and the
difference in values of this pararneter fu this food source
and some other ran&mly chosen food source. The value Vi
of the selected porameter j in Vi is determined using the
following formula:

Vtt= Xtt+n(Xu- X*) ----{8)

where z is a random nunber between [-1, f]. If the resulting
value falls outside the aocegable range for paramctan it is
set to the corresponding entreme value in that range.

The whole process of ABC can be summarized
as follow:

L In the fir$ stsp, ,(.j solution are randomly produced
in the mnge of parameters that which the solution
will represent the population.

2. In the second step, for ach of employed bee, a
new solution is produced by equation (8). Aft€r
producing v;, &is new solution is compared to xi
and employed bee exploits the befier source.

3. In the fihd step, an onlooker bee chooses a food
source with the probability, P; firm equation (7)
and produced a food source in selected food source
site using equation (E).

4. In &e la$ step, after all onlookers are distributed
to the sourroes, the sources are checked whether
ned to be abandoned- The employed bee

associatd with the exhausted source becomes a
scout and makes a random search in problem using
equation:

,u = {" + (q* - 49*roctd ----.-{9

C- ABC Algorithorfor Network Recotfigwaion Problem

The proposed artifioial b€ oolony algorithm is
summarizedas follows:

l. Read tre line input data; Initialize MIC (ldaximum
Itcation Count) and base case as tlre best solution;

2. Consfrrt initial Bee population (solution) ra as eac*r

b€e is form€d by the open switches in the
configuration and the number of employed bess are

equal to onlooker bees;

3. Evaluate fitness value for each employed bee by using
the fol lowing the formula:

I
ftnvss = 77V;;;5;

4. tnitialize cycle=l;
5. Crenerat€ new population (solution) va io the

neighborhood ofxai for employed bees using equation
(E) and evaluate them;

6. Apply the greedy selec'tion process between.riand vr;

7. Calculate the probability values Pi for the solutions xi
by means of their fitness values using the equation
(7);

E. Produce the new populations vi for tlre onlookers
fiom the populations14 selected depending on Pi and
evaluate tlrern;

9. Apply the greedy selection process for the onlookers
between xiand vi;

10. Det€rmine the abandoned solution, if exists, and
replace it with a new randomly produced solution.ri
for the sout using the equation (9).

ll. cycle=cycletl;
12. If cycle<MlC, go to step 5, otheru,ise go to step 13;

13. Stop.

The flowchart for the ABC algorithm was shown in the
Figure 2 below.
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D. ABC Algortthn Implementirg in Matlab 7.0

The proposed method was tested on l4-bus radial
dishibt$ion systems and results have been obtained to
evaluate its effec.tiveness. For all these systems, the
substation voltage is considered as 1.0 p.u. and all the tie
and sectionalizing switches are considered as candidate

switches for reoonfiguration problem. The algorithm of this
method uras programmed in MATLAB7.0 environment.

l4-bus system: The example is a three feeder, l4$us radial
distribution syst€m [l], as shown in fig. 3. The input line
and load data of the example system are shown in Table 1.

The systern consists of 13 sectionalizing switches (normally
closed) and three tie switches (normally open). The solid
line in fig. 3 rcpresents the sectionalizing switches and a
dotted line rcpresents the tie switchc. The tie lines of the
systom are 15,21 and26.

TE'DER-:

I6

III. SftTULA,TION RESULT

OF I+B{,JS

From the Table 2, it is observed that the optimal power
loss obtained by the proposed ABC method is equal to 47.00
kW and occurred at tie switch 5, 8, 6. This minimum power
loss occurs at highest fitness value with time taken to
complete the simulation in Matlab 7.0 is 0.l0Es. The result
is then cornpard with original configuration [13] as in
Table 2. From the comperison it is observed that the power
loss obtain in this poper, 47.00 kW is less than power loss
otrtain in the original configuration, 511.4 kW. The tie
switch ottained (5, 8, 6) also different compared to the
original configuration (15, 21,26). From the power loss
obtain, the pwer loss redr.lction using proposed ABC
algorithm is9lo/o less than the original configuration.

IV. CoNcLUSIoN

ln this paper, a new population based rtifrcial bee colony
algorithm (ABC) has been sfidied to solve the netwmk
reconfiguration problan in a radial distribution systern. The
objective considered in this paper is minimization of real
power loas subject to the radial network suctutE.
Simulations are carried on 14 bus systems and the result is
compared with the original curfiguration for the networt
recurfiguration. From the conrparison, the proposed ABC
algorithm is able to reduce power loss be{ter than the
original configrrration. Therefore this pap€r Gan be
cqrsidered successful in achieved its objective that is to
reduce power loss in radial network

This paper dernonstrates ttrc capbility of artificial be,e

colony algorithm in solving netwsk reconfiguration
problem. I&s pr€ssnted in this pryer can be applied to
many otlrcr power system problems also.
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The tdal active and reactive power loads on the system
are 2E.7 MW and 16.3 MVAr. The systern l@d is a$sumd
to be constant and base MVA and voltage ratings of the
systcm are selected as lfi) MVA and I I kV. For this test
case, the bee colony population sizc is taken as 30 and the
number of employed bees is equal to onlooker bees. The
scout bee is taken as l. Fm this example maximum iteration
count (MIC) is taken as 20. The optimal power loss after
reconfiguration is otrained as 47.00 kW.
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