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triIS bution System

.-lb.vracl - The occurrence ofsyst€m loss dur to line resistance in
tho distribution system can be minimizcd by changing its
network reconfiguration. Therefore, network reconfiguration is
nn importsnt issue for distribution system automation. Th0
systcm loss minimization via network reconfiguration can be
done by altering the topologicrl structure of distribution feeders
bv changing open or closed status of sectionalizing and tie-
switches to achieve dilTerent combinations of switching strtus. A
stochastic optimization strategy of Multi-stsge Evolutionary
l'rogramming MEP was proposed in this prper which c&n be
uscd in distribution systems to solve network reconfiguration.
'l hc proposed m€thod was simulated by using Matl.b software
and v.rificd in an IEEE 69 bus distribulion system,

Ke.t)teol!i-Eeolutionary Prcgramming (EP), Multi-stdge
P:roltlionnry Programming (MEP) Neteork Reconligurolion,
lri stri bu tlort t)'stenl Loss mi hi rnizotion.

are to reduce the system real power losses and to improvc thc
voltage profile ofthe system l4l.

Evolutionary Programming is a stochastic optitni4tion
strategy which originally conccived by l.arvrcncc .1. Iirecl in
1960. This method is quitc sinrilar to gcnctic algorithns.
however the difference that Lil, cmphasis on the bchavioral
linkage between parents and their ol'fspring, rathcr than
seeking to emulate specific genctic opcrators as obscrvcd in
nature [3]. By comparing with other tcchniques for instancc
gradient descent or direct, analytical discovcry and many
locally optirnal solutions arc wcll suitcd tbr t.lP which rnakcs
EP is a useful method [5]

The use of search operations which rvcrc inspired b1- naturc
for instance recombination. mutation and tournamcnl ol-thc
individuals in a population of satisl'actorily rcprcscnlcd
potential solutions are thc basic idca of all cvolutionan
algorithrns that being proposc in this papcr. EP is powcrl'ul
computational and general global optirnization nlcthod and
operates on real value and rcprcscntation ( l. 2. 3...). l'll'> also
involved fitncss calculation. statistic. rnutation and sclcclion.
The overall EP process is rcpresented in liigurc l.

I. INTROI)uc't loN

'l hrough network reconfiguration of distribution system, line
losscs of the network which increased proportionally with
transmission ofpower energy can be minimized and moreover
it also can be used to balance the load system ofthe feeder.
'l his is proven in the recent studies which indicate that up to
I ]% of the total power generation is wasted in the form of line
loss at the distribution level Ul. Therefore, in order to guide
thc scarch for configurations EP is required to follow the load
llow calculations, in iterative. [2]

.l'hc 
purpose of this paper is to minimize total loss which

occuls in the distribution system via changing the network
rcconfiguration in order to find the best tie line and
scctionalizing switch pair in the IEEE 69 bus distribution
systcm network. Thus, in order to solve the optimization
problcm in a distribution system which involve determining
thc opcn or closed status of switches by considering the rule of
condition and then apply the value to the tie line in the
intcrconnected systems, MEP was proposed. The network is

rcconfigured as operating condition of the switches change

l3l. 
-l'he 

fitness functions used for the network reconfiguration
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B Mttution

The replication of each solution into a nc*' population \\hcrc
each of these offspring solutions wcrc nrutatcd according
to a distribution of mutation types. ranging fronr nrinor lo
extreme with a continuum of mutalion types betwccn. lt is all
depend on the basis of l'unctional change that was applicd lo
parents which will al'fcct thc mutation scvcrity I6l. nn
offspring vector Pi. is crcated fiorn cach parcnt l), by addins k)
each component of Pi a Caussian randorn variablc and using
the equation ( l) and (2).

r,'(r) = z(r)*prr(o.r)" zrv,(o.r)

a'(7) = a(7). r'(r),v(o.r)

Where

))

0)

.-((,r.r)-) ((and r' 1n

(l)

(l)

Irigure l: Programming flowchart

.,1. lnitiolizqtion

lhc initial populations of trial solutions are generated
randomly. The speed of optimization is highly depending on
the nunrber of solution in a population. However it doesn't
display concrete answer as the number of appropriate
solutions available and how many of them are just wasteful
l6l. The initializ-ation ofthe suitable tie line switch (S) and the
suilable sectionalizing switch (R) were required in this
problem searching for parent population. Each tie-line switch
rcprescnts certain area in the network which contains sevcral
scclionalizing switches. Hence, the area of each tie-linc is
dcilncd as in Table I below.

Table l: Tie Line and Sectionalizing Switches

P, (i), Pr' (l Ii (t) and rli'(l) is i'r'cornponcnt ol'thc rcspcclivc
vector.
N (0, l) is a nonnally distributcd onc dirncnsional randorn
number with mean 0 and l.
N1(0, l) indicates that the randorn numbcr will bc a ncw li)r'
each value ofj.

C. Combinqlion

After mutation proccss. a combination (rcproduclivc
population) population is formcd frorn the union all parcnt
population and oflspring popu lat ion.

D. Selection

In order to pick the best reconfiguration in thc systcnl. thc
mutated pool obtained belbre arc rankcd in asccnding nurnbcr
referring to the multi objectivc solution. Thc bcst 20 anrong
the mutated pool are chosen. 'lhc proccss will continuc until
the stopping criterion mct. I.'or this rcscarch, thc stopping
criterion is the convcrgence tcst. C)ncc the lltness approaching
0.0001, the process will stop.

Based on Figure l. the programming llowchan consisls ol'
index formulation. statistical evaluation. fitncss calculatiorr.
mutation and new gcncralion rcsulted lrom thc toulnalncnl
selection. ln order to dcvclop an MI'-P lbr nctwork
reconfiguration in disribution systcm, the implcmcntation ol'
procedure below need to bc donc.

I. Set the initializc condition fbr thc lic linc
,Sl,S2,S3.54 and 55, (S-0.opcn tic linc & S l. closc
tie line)

It. Set the initializc scctionalizing switch (parcnt) li)r
each associated loop. l-ct's Rl. R2. R3. Il.4 and Ia5

Tic-line srrrrch (S)

Sl:8-43
52: l0 - 46
53: 12 - 2l
S.t: 27 - 65

55: 50 - 59

Scctionalizing Switch @)
Rl: 36 - 43
R2: 36 - 46
R3: 1l - 2l

R4: 13-27.53-64
R5: 47-50.53-59

)

t -;;;----l
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represent the initialize random of switches. Let i
:1,2.1,4 and 5

The generated xi will replace into the load flow
program and tested for the fitness (Fl) which is the
total loss. If the voltage magnitude at the bar is kept
within its constraint (0.95 < Vm 5 1.05 and 0= Tloss<
l), the value tie line and the fitness total loss will be
kept in a population otherwise it will be repeated to
generate the random value again. This process will be
continued until the population contains 20 individual.
'fhis population is chosen to be candidate for mutate
ol'the parents in the mutation process.
Check for constraint violations. If constrainls
violated, go to next step (mutation), otherwise go to
second step again
At the mutation process, there is 37o of tie line to be

mutated. The Rl, R2. R3. R4 and R5 switches also
have to mutate (offspring) and represent as Rml,
Rm2, Rm3, Rm4 and Rm5. The generated Rm will
rcplace into the load flow program and tested too. All
the Rm must followed the mutation condition
requirement, constraint violalion (consider 0.95 < Vm
S L05 and 0S Tloss< 1) and the mutation fitness too
(Fm l).
Fill in mutation population until 20 generation, if not
repeated the mutation process again.
Combine parents and offsprings.
Perform selection ofbest 20 by toumament process
Rank the selection with the highest value of
sectionalizing switches is the best. This used for new
generation.
lfsolution is not converged, repeated step V until lX
but if meet converged end the program
End

methodology requires to fulfill a largc anrount of load florv
calculations, and due to thc grcat contputational clli)d
involved, for a real siz-ed distribution system it rcsults
impractical[7]. This version allows cstinrating lhc clccrlical
condition ofthc systcm with a rcasonablc accuracy.

The determination of switching action to mininrizc thc
network losses can bc shown through rhc algorithm. lhc basic
idea of the search schemc whcn using thc "branch cxclransc"
method consists on starting with a tbasiblc trcc (parcnt trcc)
and successively crcating new trecs (ottspring trccs) whcn
doing "one" branch cxchange at a timc; this opcration is

always made from thc parent tree l7l. tiach opcn switch t!'ill
originate as many offspring trecs as closed switchcs cxist in
the respective associated loop; that is to say. the anlount ol'
branch exchanges that can be made liom thc parcnt trcc is

equal to the number ofclosed switchcs that bclone to thc loops
associated to the open switchcs I8 i.

0.25 

-

0,15 :
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II EVOLI]TIONARY PROGRAMMING BASED
NETWORK RECONFICURAl'ION

Ily using this method, the nodes (switch) can be triggered to
bc switch either on or off via different paths that connect with
othcr lecdcrs and/or connecting the nodes which place on a
same feeder. In distribution networks, mdial topological
structure was generally use where the changing open/closed
slatus of sectionalizing and tie switches to achieve different
combinations of switching status must be made considering
this constraint [7]. Each status of switch is naturally
rcpresented by a binary control parameter 0 or | . For instance,
whcn the switch is open its binary control will be represented
as 0 and when the switch is closed its binary control wil) be
rcpresented as l. Let,t as a tie line switch (normally open) and
* rcpresent sectionalizing switch (normally close).

'l he determination an order switching Iist of the status of
cunent tie lines and sectionalizing switches is the objectives
lbr network reconfiguration. However this order of switching
list must be done without jeopardize the operational and
topological constraints. This work modifies the solution

gurc 2: IEIIE 69 bus distribution systcm

In Figure 2, it shows how lllt'lE 69 bus distribution systcnr
looks like. 1'he objcctives of designation ol'tic linc arc lbr
protection where it will isolate thc l'aul1), part liorn hcalthY
system when fault occur and conllguration managcnrcnl li)
reconfi gure the nctwork.

II I, RIiS(Jt,'f AND DISCIJSSION

lt

Figure 3i Comparison betwccn lVflP and IIP tbr consistcncy lcst

III

VI,
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Ilased on Figure 3, the result shows the total loss obtained by
MtlP and EP optimization technique which were generated
lrom l0 simulations. Both techniques were repeated l0 times
in order to evaluate the consistency of each technique. Within
l0 simulations, the results shown in Figure 3 prove that the
bcst losses values for MEP that was represented by blue line
produces more consistency in total loss as compared to EP
which was represented by the red line. Although there is
minority of time where EP produces much lower total loss
cornpared to MEP however there is no consistency when it
was tested in l0 test run-

Table 2: 'fotal Loss for MEP and EP
No of Simulation

Avcra t

ln order to calculate the losses in the IEEE 69 bus distribution
svstem which is shown in Table 2 above, power flow analysis
rvas used. Based on Table 2, the lowest total loss which was
produced by using MEP method is O.175757 at 9'h simulation
artrl lbr the total loss which uas produced by using EP method
is 0.141218 at 2"d simulation. Allhough EP produced the
lowest total loss, however it also provide the highest total loss
rvhich is 0.2141l3 at 6rh simulation whereas the highest toral
loss bcing produced by MEP is O. 183 183 at 2"d simulation. By
comparing the results obtained flom MEP and EP method in
'lable 2. it is shown that average of total loss for MEP is
slightly lower than average oftotal loss for EP.

IV. CONCLUSION

lhis paper proposed a Multi-stage Evolutionary Programming
MI:IP to solve the problem of network reconfiguration in
distribution system. The proposed of Multi-stage Evolutionary
Programming MEP has been tested in order to evaluate its
pcrlbrmance in term of total loss and time taken to complete
run the coding. Moreover, in order to analyze its performance,
cvolutionary programming EP was chosen as comparison.
Since MEP and EP differ only in their programming
llowchan, it is quite easy to apply MEP to solve network
rcconfiguration problem. The MEP was proposed to improve
thc loss minimization compared to EP. This paper proves the
ctt'cctiveness of the proposed method which is MEP when
bcing compared with EP. Moreover. thc result also
dcnronstrated that MEP outperforms EP in term of

consistency. The majority of this papcr lbcused on nrininrizcs
losses by using MEP.'l'herefore for futurc dcvclopmcnt. this
method should be used to improve voltagc stability anrl
perform in a larger system in ordcr to gct sumcicnt data lbr
improving network reconfiguration in distribution systcm.
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