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prop$ opediotr ol cquipmens Any
chogE. i! rhe synent connguratioi

den.nds cm rcsuh :n htlEr or lorver
bus rolhges ii $e synen. The
operalor can improvc d sitration by

3(.) : Nonlinear equoliryconslEiits
n( ) : r"onlinear inequsli$ cornEinrs
, :vecl.r .t dlve ,id r$dlve

PrrrActivc polc. flow equrion.
P/r:Rsclive pow( flow equ.lioi
P{" :Sp.cifiod acrivo loid demand.

O!..lrhc main Equireme.h in
poqer ilsren h io le.p 11. load btrs
vohase wirhii limns specined tor ihe

9,, :speciiied qclire load dcmand.

Pr :Tool real poser Io$ in th.

6(,,j):conductuce liom bu5 i to j.

Qa:Reetivc poss of suichabl.

Q! :omsaroi rcrctive powr.

f,N l:coeffiomr maEir oi rh.t.
,r Matix of Ihe linear eqMlilv
connroinl, inl,,ndd, runcrion
,4r Matix ol the linear ilequaliE,
con$minr inr?r,.,, runcrion
br:vector sp&ifying rhe shr sid. of
ihe lin* equalir)_ consrdinrs.
,r, vecbr specitns the riEhl side of
t[e lincar inequ.lit, constslinh,

-leneraioN i'r the s)-sen,. Thir is
doie via coMol dcrices aorirg on
translornE rap s.(in8, genemtor
lolraec ftsulaiior anJ srii.hi,rs ol
VAR soLtoei. The m.ii oblecive
l nctor olreacliv. power c.nsol 6
ttl
i) Io imprcve the voltage pofiles.
ii)1. nimize the synem los$s.
h the pan, se'*al rshdque! have
been enp!.yed $ig sensirivir]
tuhtotrships iid gradi.N slrch
apProachs $ solve rhis compler
p'oblen Rererencs [l1, I2l discu$
thc .dlankges and drawbicks oi Do{
cxisridS r.chniques. Arlficial
inlellisence (AI) merhods hove also
bcen applied in rhc contolol readne
power a.d lokige ro be lirhir
xocpt bre hmirs. In ul Artliicial
NeuBl Network (ANN) is lpplied ro
solve rhe conrol proble'n .f the
voltage and rcac e po*er ir electrl.
p.wer sr*cms lhe fuzzy logic
theory [3] is .pplidd to opri'mly
.onlrol lhc (adnc pow{ flos.

opedro^ of dre cocmcienB ii dr
.bje4lvo luncioN aE delin.r ror

meDbeshi, fnncrio's !'s detued for

idv.trtagc ol this re.htriqus tr io
ov come nE liDn oi bus rollage
va ations by adj'Nting om ot the
.oDrol dsvices. Reference [1] ro.uscs
oi iher@iivc po$n disDltch usinga
senetic algorith,n (G ) to enhmce



8,3 &r4[iolog) vd,:4 lo,qlc

This paper preseqrs an efficietrt
algorithm suiEble for sysen power
loss minimialioi simulrrcously
sdlhfying netuork pe.aornrnca
coDrrnitrts a.d the contuints on rhs
conrol variable usiry li0eo!
pmg'amming (LP) echnique and
requcnrial qurdraric pogBrming
(sQP) ircruded in tne jninco,
lundion inlrcduced h rhs MATLAas

Gcner.l Pro blen ! o rnu lrtior

The oplimal powe. flov (oPF)
poblem is dofined bychoosingo co{
funcli.i F(x) \vnh r6pe{ ro contol
variables .x, subject to equdiry .nd
in.qualir_ coDiRisb of thc romst6l,
Mitrimia objecrivc runction

ol roLllBe!, orrgt lid nrnslonner
lap s*ing. Also . llrs objcdlve
n, nciioicuch as aclive por.r lo$es )
is a nonlina' futrction ol the same
variables [7]. Tho OPF problcn cai
be foxnally *pre$ed . defininE th.

'[i]
*' =[6li]l

'J';;)

(r)

The sqMlity conimitrE oa cqu iotr
(la) repr.smr rb. conlE tlonalpower
flou equ ions. Equaiion (lb)
reprcscna rhe consl'ailis otr, ,r
goneraros vokrgo, tdsfonners rp
setitrg, a d on swit hing VAR
sources, v[ile equaiion (lc)
reprtseft $. limnaliois on rhe
reactire po*r gen*aiion and vohlee

Thc ORPF pEble'n is a
notrliires prcblom b@.usc lhe po$er
flow equations mc noilincar tunctio

Fqstion (2a) repE*nE rne vector of
volE8e Daenitudes, a.gles and
t .sformer rap sc(iigs, aquitioi (2b)
represnts a veclor ol sctire atrd
rcadilc pou€r llo* equatiori add
equation (2c) topreseits a vcdor of
acrive and reative specilied load
d.msnds To s.lv.rheOPF oorbL

s(*) b=0

Ndre rhri the ,bove equ.liry
lonnrainB involving gt*) and , are
tl. ionlincar power liow nis0atch

To sohe lhe pmblem poled by
oquarioi (3) tM algoithns arE used
in lhis papor, ond ro be p'lsenred in

Tl)



thc purposc ol oplinul reasriro
poser conio h ro imP.ove ibe
lolilee pronh &d Ditrinrizc adnr
povs 1os$, 4, in rhc slien by
ihe coitml ol eqrdors !.lrage,
tsnsfonncr tap seri.e, in,l swirchma
oIVAR sourccs. Th! r.lation beNeetr
rhc ictve po$or lo$ dnd the conrol
var;bhs h giler b! ihe follo*ing

h,l= Isll^'l
rh.re [s] n the sensidvny

The lpper and lo*! lihn,
lineariz.d mte vxriobl.s

(6)

(7)

&nh<&r:.t&<&iit i3)
The ove'all liNariz.d obj.ctils
function may be expre!$d !s,

o,. =i!!,)''laf"=:t t"'l

Tl,e prc@dure nafs by cahul.ri,,g
lhe coefficienr nabr of $e .blective
rundion laP.ll d $Niivi!.

i,atia (Sl soiutotr !o LP pr.blcn
giyes rl,c {qtrirt,l cl,anges ro dr $are
yrii.b16. he sbius olrlHe variablc!
is dEtr hodified and tlE Nefror
Rophsotr load floa ir perfomsd This
co'npleies one ileration of rhs VAR
contol proble . heBlions arc
r.I)edcd unril rhe con{rainis are
sarisfied and tuilher cduuli.E n lhc
sy$em loses are oo 1.tre.! polslrlo
rhe miiespotrtlidg flow chad n
shoM i', tig l. lh^ cl.anysho\!slh.
opridal reactive po\rer flo* (ORPF)
,.d roli.gc contol !slngLP

sQr fe&nittue lfhh|on Jundia,)
Siire r5e po*fl krs prcbkn in

power slncm is r n.nlinea. nrncii.n
ol the ootrtml rEi.bles (eguarion 4).
lh.r.fore, rhis pmblen can be solled
nsi',c rho sQP (rir.o, fuDdio',
intodnccd in rhr IIIATLABt
opriniztion hl6ox.I hc purposc ol
iErr',.,, h ro find the min maoaa
cdnnriird mnLircar muhilaiable

x{,1 I Q. l

(4)

Ihe lower loss oprinizalion problift
n mckled by lhe so aollowing

To est*lrsh rho LP fonntrlalion,
the obj.dive funclion (Ptr I is denned

i 1.ms ofrhe corlrcllariables. Ih.
optimiarion problen, car bc posed as
in e|Lation(l)abov.,rhere

ls rhe 
'!me 

LP implhsj a lineaized
lomularion .r thc pr.blom is
rsquirerl. 'lhereaors, in$erd oa
frinimizina rhe nonlir.or iuidion
P, - a linar 

^]Dr 
n'idio. h

nini'niad. A li.earized sensitirir_v
nodel rel.ring ftc nate and contmt
vei.bles cai bc oblained b)
linearizing rlx posrr flo$ equdrions
douid ihe op6ari.g sr.crlsl. The
{de viriables c.n be e\pre$ed ir
Ems otihe.onlrcl variables, as l



(0)

in Table5(3 aM 4) in columm rirled
tual srate LP ud/d,do,. Therc de
rc lirnit violariors i! rhe final $a!e
.alculared parmete^ Sysien rcat
!.qcr lo$es in case of LP 6.sed
sluliotr lrc 19.336 MW a.d 1S519
MW in rhelrir.o, basd solorion ll
k obvious lhal borh solutions pDducc
about 20 % Eduction in rho sysen
powor lossr. The inprcvenent ofrhe
load btr*s voltaga prcfile ls quiic
evidenl from a comparilon of ihe
initial slale and final $tes colu.nE of

A melhod of finding optinal
Eacljvc distibrtions in a power
s)stem usitrg rh. optimiarior tool6ox
jn rhe MA'[!AB is pres..tcd The LP
aM the sQP opiimiation lun4iotrs
inco.porated in lhe optinal load now
prcam pbdrce a very close
(alche'l resuhs for a sample te$
sr$m All po$ible .oitrol vaiables
ar. coisideetl, namely! nanslorder
rap leningsi gen.mror voltagesi and
lhc s*irchable VAR eurces The
6uilr algorirhes are principatly 0sclut
in a$istin8 lhe operat . in making
contol deqisions ir order to improve
th. syslen vollage pmrile aid
!chievinA minimuh Nser lo$es.

l. Hooshmand I R., 'Applic.tioi
oa Anilicial Neuml Ntuo.ks
in Voltage ud Rective Poftr
Consl". Sub'niftd r. IEEI:
Tans. Power StnelN, Orlober

2 Mamandu KR.C. and
Chenowed R D." Opti'.sl
Coftol .l Reactivc Powcr
Flow fo! loprcrcmeits in
voltage Pronles an,l fo, Real
Power f.$ Mi'rini2arion",

wherc x, ,r, ,, L an,i ,, are veor6.
4t a\d ,t zte nanices, s(r) drd h/x)
de tunctiors thar ,enm v.dors, aDd
Faj) ir a turction rhat rctums a scatar.
he T"itcok tunclior rscs d
sequeitial quadratic pmgmrnri'rg
(sQP) tunnique. li this rrdhod, a
quadmric pmgrumm ng (QP) subpro.
blem ir solled ar kh 

'tcr.rion 
Fdr

more infolmation abour lhe
l,rco, aunctiof, consult ihe

A now chdt df lhe/ur.o, tucrio!
based mhimuh power lo$ prcblem

Cse Sludy : Rsulls and Dt.u$ion
The nodiied IEEE 30-bus power

system siven in lol and shoM in
Fig.3 has b.cn $udied an d consid.ftd
!o tesl rhe r,erfomnnce of the buih
algoith&s. Irs bus dala h given in
Table.]. Thc linits of bus lothges,
kp setitrgs , shtrnr capaciron, atrd
gencraloB VARS de gilen in Tabte-
2. Load no* *udy wd perfomed aor
lhe base ase sysen stale. Tne rsults
.flhis nrb de presemEd in Tabled3
3nd 1) undn dE colun. ,.innial

slile" A review or Table-1 (ror rhe
limit, indicotes ther ihc vouaee of
buses (26,29,30) is ii violation ofih
limits .f (0.9 p.u.-1.05 p.u.). Initid
,-srem to$es qerc 24.113 Mw
(aF rox. ?.5 % of roral {rive to.d).
The pDposed Eohniques has 6eetr
applied to improve rhh situation. The
final opri.El systeh shle is de$ibcd
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