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lkjka'k

iQstj estjesaV ;wfuV~l (PMU)] vk/qfud ikoj flLVe ds fy, egRoiw.kZ gS] tks fuxjkuh] laj{k.k ,oa fu;a=k.k 
ds fy, ledkfyd okLrfod le; MkVk iznku djrs gSaA flLVe dh voyksdu {kerk lqfuf'pr djus] LFkkiuk 
ykxr dks de djus vkSj usVodZ dh n{krk vkSj fo'oluh;rk esa lq/kj djus ds fy, ih,e;w dk b"Vre LFkku  
fu/kZfjr djuk egRoiw.kZ gSA ;g 'kks/ i=k b"Vre LFkku fu/kZj.k ds fy, fofHkUu rduhdksa dk rqyukRed 
fo'ys"k.k çLrqr djrk gSA vè;;u esa iw.kk±d jSf[kd izksxzkeu] áwfjfLVd ,YxksfjFe vkSj esVkáwfjfLVd n`f"Vdks.k] 
tSls tsusfVd ,YxksfjFe vkSj d.k >qaM vudwyu (PSO) tSls ikjaifjd rjhds 'kkfey gSaA dEI;wVs'kuy n{krk] 
lek/ku dh xq.koÙkk] foLrkj {kerk vkSj usVodZ VksiksykWth ds vuqdwyu {kerk fo'ys"k.k esa bu rduhdksa 
dk ewY;kadu djrs gSaA ikjaifjd rjhds] tSls iw.kkZad jSf•d çksxzkeu (ILP)] lVhd lek/ku nsrs gSa] ysfdu 
os vDlj mPp x.kuh; gksrs gSa vkSj lhfer foLrkj {kerk nsrs gSaA áwfjfLVd rjhds Rofjr lek/ku nsrs gSa]  
ysfdu fo'o O;kih b"Vrerk gkfly djus esa vliQy gks ldrs gSaA esVkáwfjfLVd n`f"Vdks.k tSls GA vkSj PSO 
lek/ku dh xq.koÙkk vkSj dEI;wVs'kuy ç;kl dks larqfyr djrs gSa] vkSj cM+s vkSj tfVy usVodZ esa csgrj dke 
djrs gSaA ;g ik;k x;k gS fd lkoZHkkSfed :i ls dksbZ ,d rduhd csgrj ugha gS_ cfYd] flLVe dh fof'k"V 
ck/kvksa vkSj vko';drkvksa ij lcls vPNk mik; fu/kZfjr gksrk gSA esVkáwfjfLVd vkSj Ñf=ke cqf¼eÙkk vkèkkfjr 
rjhds cM+s vkSj tfVy usVodZ ds fy, csgrj gSa] ysfdu ILP vkSj áwfjfLVd rjhds NksVs ls eè;e vkdkj ds 
usVodZ ds fy, csgrj gSaA bl 'kks/ i=k us ILP dk mi;ksx djds ih,e;w dk loZJs"B LFkku fu/kZfjr fd;k gSA bl 
'kks/ i=k esa MsIFk&iQLVZ fof/ dk mi;ksx djds vkn'kZ ih,e;w LFkku dk fu/kZj.k fd;k x;k gS] tks ÅtkZ&çokg 
fo'ys"k.k VwyckWDl (PSAT) gSA

Abstract
Phasor Measurement Units (PMUs) are crucial for modern power systems, providing synchronized 

real-time data for monitoring, protection and control. Determining the optimal placement of PMUs is 
essential to ensure system observability, minimize installation costs, and improve network reliability 
and efficiency. This paper presents a detailed comparative analysis of various techniques for optimal 
PMU placement. The study includes traditional methods such as Integer Linear Programming (ILP), 
heuristic algorithms and metaheuristic approaches like Genetic Algorithm (GA) and Particle Swarm 
Optimization (PSO). The analysis evaluates these techniques based on various criteria-computational 
efficiency, solution quality, scalability, and adaptability to different network topologies. While 
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traditional methods like ILP provide precise solutions, they often come with high computational 
costs and limited scalability. Heuristic methods offer quick solutions but may fail to achieve global 
optimality. Metaheuristic approaches such as GA and PSO balance solution quality and computational 
effort and perform robustly in large and complex networks. It was found that no single technique 
is universally superior, rather, the most suitable method depends on the specific requirements and 
constraints of the system. ILP and heuristic methods are effective for small to medium-sized networks, 
while metaheuristic and AI-based approaches are more suitable for large and comple networks. In this 
paperi) Optimal PMU placement is determined using ILP Ideal PMU placement is determined using the 
depth-first method with the Power System Analysis Toolbox.
eq[; 'kCn% iQstj estjesaV ;wfuV~l] ikoj flLVe voyksdu {kerk] b"Vre ih,e;w IyslesaV] iw.kk±d jSf[kd 
izksxzkeu] gh;wfjfLVd ,YxksfjFe] d.k >qaM vuqdqyu] Ñf=ke cqf¼eÙkkA
Key Words: Phasor Measurement Units (PMUs), Power System Observability, Optimal PMU 
Placement, Integer Linear Programming (ILP), Heuristic  Algorithms, Particle Swarm Optimization 
(PSO), Artificial Intelligence (AI).

ifjp;
varjkZ"Vªh; thou Lrj esa lq/kj vkSj rduhd 

esa lq/kj ds dkj.k fctyh dh ekax c<+ jgh gSA 
bl ekax dks iwjk djus ds fy, vf/d fo|qr 
mRiknu dh vko';drk gksxhA gkyk¡fd] thok'e  
bZa/uksa dh lhfer miyC/rk] i;kZoj.kh; •rjs vkSj u, 
fctyh la;a=kksa ds fuekZ.k esa vkus okyh pqukSfr;ksa ds 
dkj.k] uohdj.kh; ÅtkZ lzksrksa dks fxzM esa ,dhÑr 
djus ds fy, ekStwnk ikjs"k.k vkSj forj.k cqfu;knh 
<kaps dks dq'ky rjhds ls fu;af=kr djuk vko';d 
gSA flLVe dh {kerk dk vkdyu djus ds fy, 
lVhd eki midj.kksa dh LFkkiuk vko';d gSA orZeku 
esa i;Zos{kh fu;a=k.k vkSj LdkMk] ,d MsVk vf/xzg.k 
ç.kkyh] dke djrs gSaA LdkMk dk lcls vke dk;Z 
ikoj fxzM dh fLFkfr dk vuqeku yxkuk gS] tks èkheh 
vkSj vflaØksukbTM ekiksa ij vk/kfjr gSA LdkMk ij 
vk/kfjr ekiksa esa dqN lhek,¡ vkSj =kqfV;k¡ gksrh gSa] tSls 
lkbfdy] lapkj iwokZxzg vkSj eki esa nsjhA LdkMk dh 
leL;kvksa vkSj lhekvksa dks nwj djus ds fy, O;kid 
{ks=k fuxjkuh lqj{kk vkSj fu;a=k.k oSEikd dk çLrko 
fd;k x;k gSA oSEikd dk eq[; Hkkx iQstj ekius 
okyk midj.k gS] ojfxzM esa oksYVst vkSj djaV dks 
daI;wV djus vkSj flaØksukbTM iQstj ekius dh {kerk 
gSA ih,e;w ftuds ikl lVhd lanHkZ le; ladsr gSa] 
lVhdrk vkSj çkekf.kdrk gkfly dj ldrs gSaA orZeku 
esa oksYVst vkSj djaV iQstj dh flaØksukbTM eki dh 
tk ldrh gSA ikojfxzM dh fuxjkuh esa lq/kj ds fy, 
ih,e;w dk mi;ksx rsth ls c<+k gSA¹2] 3º

vk/qfud ikoj fxzM çca/u esa iQstj ekius okys 
;wfuV~l (PMU) oksYVst vkSj djaV iQstj tSlh fo|qr 
ek=kkvksa dksfj;y&Vkbe] flaØksukbTM :i ls ekius dh 
{kerk cgqr egRoiw.kZ gSA PMU le;&la'kks/u ds 
fy, thih,l dk mi;ksx djrs gSa] tks ikjaifjd LdkMk 
flLVe ls vyx gS] ftlls mPpxfr vkSj çkekf.kdrk 
ls fxzM dh fLFkfr dh lVhd fuxjkuh laHko gSA¹3] 5º

LdkMk ç.kkfy;ksa ij PMU ds ykHk
fj;y&Vkbe MsVk% PMU fj;y&Vkbe MsVk çnku 

dj ldrs gSa] tks LdkMk flLVeksa dh /heh] foyafcr 
ekiksa dh rqyuk esa fxzM dh fLFkfr dh vf/d rRdky 
tkudkjh nsrs gSaA¹6º

mPp fu"Bk% PMU esa thih,l vk/kfjr 
flaØksukbts'ku lqfuf'pr djrk gS fd fofHkUu LFkkuksa 
ls eki le;&js•kafdr gSa] ftlls fxzM dh fLFkfr dk 
vf/d lVhd fo'ys"k.k laHko gSA¹7º

lq/kfjr ǹf"V% PMU ikojfxzM dh csgrj ǹ';rk 
nsrs gSa] ftlls O;o/kuksa vkSj ifjpkyu pqukSfr;ksa ds çfr 
rst vkSj vf/d çHkkoh çfrfØ;k,a laHko gksrh gSaA¹8º

pqukSfr;k¡ vkSj vuqdwyu
gkykafd PMU egRoiw.kZ ykHk çnku djrs gSa] 

mudh mPp ykxr ,d vuqdwfyr n`f"Vdks.k dh 
vko';drk cukrh gSA mís'; de ls de PMU ds 
lkFk fxzM dh iwjh ;k yxHkx iwjh n`';rk çkIr djuk 
gS] ftls j.kuhfrd :i ls LFkkfir fd;k tkrk gSA 
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loZJs"B LFkku% PMU lokZsÙke LFkkuksa dk irk 
yxkuk rkfd fxzM n`';rk dks vf/dre vkSj vfrjsd 
dks de fd;k tk ldsA

ykHk&uqdlku fo'ys"k.k% csgrj fxzM fuxjkuh vkSj 
fu;a=k.k ds iQk;nksa dks PMU ds •pks± ds lkFk larqfyr 
djukA

ekStwnk flLVEl ds lkFk ,dhdj.k% lqfuf'pr 
djuk fd PMU LdkMk flLVEl vkSj vU; cqfu;knh 
<kaps ds lkFk iwjd gSa rkfd ,d O;kid fuxjkuh 
lekèkku çnku fd;k tk ldsA

ikoj flLVe esa PMU ds ,dhdj.k us 
ekWfuVfjax vkSj fu;a=k.k ra=k dh {kerkvksa dks dkiQh 
c<+k fn;k gSA PMU mPp&fjtkWY;w'ku] le;&flaDM 
ekiu çnku djrs gSa] ftlls ikoj flLVe esa csgrj 
fLFkfr tkx:drk vkSj fLFkjrk dh lqfo/k feyrh 
gSA gkykafd] PMU rSukrh dh ykxr vkSj tfVyrk 
ds dkj.k] muds b"Vre IyslesaV dks fuèkkZfjr djuk  
egRoiw.kZ gSA PMU dk mi;ksx fxzM dh fo'oluh;rk] 
fLFkjrk vkSj n`"VO;rk c<+kus ds fy, fd;k tk jgk gSA 
mPp ykxr ds dkj.k] PMU dks vuqdwfyr LFkkuksa ij 
LFkkfir fd;k tk jgk gS rkfd U;wure bdkb;ksa ds lkFk 
vf/dre usVodZ n`';rk çkIr gks ldsA 'kwU; batsD'ku 
clksa vkSj ,d&ykbu vkdfLedrkvksa dks gy djus ij 
fofHkUu 'kks/ vkSj ik;yV ifj;kstukvksa dk è;ku gSA 
Hkkjr esa iQstj estjesaV ;wfuV~l dk IyslesaV fxzM dh 
fuxjkuh vkSj çca/u rsth ls lq/j jgk gSA gky ds o"kks± 
esa] ikoj lIykbZ flLVe dks iwjh rjg ls voyksduh; 
cukus ds fy, U;wure vkSj b"Vre PMU IyslesaV 
•kstus ds fy, dbZ rjhds çLrqr fd, x, gSa] tSls fd 
fleqysVsM ,uhfyax] tsusfVd ,YxksfjFe] VScw lpZ vkSj 
d.k >qaM vuqdwyuA 

bl 'kks/ i=k esa PMU ds lokZsÙke IyslesaV ds 
fy, dbZ rduhdksa dh leh{kk vkSj rqyuk dh xbZ gS] 
lkFk gh mudh çHkko'khyrk vkSj dEI;wVs'kuy n{krk 
ij çdk'k Mkyk x;k gSA •aM 3 esa vksihih leL;k vkSj 
blds foijhr ifj.kkeksa dk lw=khdj.k gSA blesa U;wure 
ykxr ij mís'; iQyu dh iw.kZ voyksdu {kerk 
lqfuf'pr djuk 'kkfey gSA •aM 4 vkSj 5 esa b"Vre 
PMU IyslesaV ds fy, mi;ksx dh tkus okyh dbZ 
Dykfldy vkSj gh gh;wfjfLVd rduhdksa dk rqyukRed 

fo'ys"k.k çLrqr fd;k x;k gSA fooj.k vkSj rqyukRed 
fo'ys"k.k nksuksa blesa 'kkfey gSaA PMU IyslesaV ds 
ifj.kke •aM 6] 7 esa ç;qDr dk;Z ç.kkyh] vuqHkkx vkSj 
dsl LVMht ds ckjs esa crk;k x;k gSA blesa fuEufyf•r 
eqíksa dk lekos'k dsl LVMht vkSj PMU IyslesaV ds  
ifj.kkeksa dk fooj.k çnku djrk gSA blesa •aM 8 esa 
çLrqr 'kks/ i=k dk fu"d"kZ 'kkfey gSA
lkfgfR;d leh{kk

ekth ,oa vU; (2017)¹11º us LekVZ fxzM~l esa 
PMU LFkkukarfjr djus ds fy, ,DliksusfU'k;y ckbujh 
PSO ,YxksfjFe dk mi;ksx fd;kA dqekjh ,oa vU; 
(2017)¹12º us ckbujh ih,lvks dk mi;ksx fofHkUu 
vuqdwyu mís';ksa vkSj ck/kvksa ij fopkj djrs gq, 
fd;k x;kA jgeku ,oa vU; (2017)¹13º us la'kksf/r 
ckbujh PSO ds lkFk mRifjorZu j.kuhfr;ksa dks ,dhÑr 
djds PSO IyslesaV lek/ku dh etcwrh vkSj n{krk esa 
lqèkkj fd;kA yh ,oa vU; (2018)¹14º us iw.kZ ç.kkyh 
dh fujh{k.k vkSj xyrh lfg".kqrk lqfuf'pr djus ds 
fy, ,d vkbZ,yih vk/kfjr vuqdwy ih,lvks IyslesaV 
ekWMy çLrkfor fd;kA ykvksmbn ,oa vU; (2019)¹15º 
us 'kfDr ç.kkfy;ksa es fujh{k.k vkSj vkdfLedrk 
dh fLFkfr ds fy, gkbfczM PSO-GSA  ,YxksfjFe 
çLrqr fd;kAA ehuk{kh nsoh ,oa vU; (2020)¹16º us 
PMU IyslesaV j.kuhfr;ksa dks csgrj cukus ds fy, 
tsusfVd ,YxksfjFe vkSj U;wure LiSfuax Vªh rduhd 
dk ,dhdj.k fd;kA dtek ,oa vU; (2023)¹17º 
us gkbfczM ,YxksfjFe dk mi;ksx] vfuf'prrk dks 
è;ku esa j•rs gq,] vjSf[kd chth; vody lehdj.k 
ekWMy dk mi;ksx fd;kA •ksnknh vjikuk ,oa vU;  
(2023)¹18º us PMU IyslesaV esa O;kogkfjd leL;kvksa 
dks è;ku esa j•rs gq, ,d O;kid n`f"Vdks.k çLrqr 
fd;kA eksgen ,p- dtek ,oa vU; (2023)¹19º us 

xzkiQ&F;ksfjfVd n`f"Vdks.k dk mi;ksx djds vuqdwy 
PMU IyslesaV dh leL;kvksa dk iqujkoyksdu fd;k] 
ftlesa n`<+ vuqekuksa vkSj xSj&xkSfl;u 'kksj 'kkfey FksA

iQstj estjesaV ;wfuV~l dk mi;ksx ikoj flLVe 
dh voyksdu {kerk] fuxjkuh vkSj fu;a=k.k ds {ks=k esa 
rsth ls c<+ jgk gS] tks bl vè;;u dks çsfjr djrk 
gSA gkyk¡fd] bl vè;;u dks çsfjr djus okys dbZ 
egRoiw.kZ Kku ds varj vHkh Hkh ekStwn gSaA

fofHkUu rjhdksa tSls iw.kk±d jSf[kd izksxzkeu] 
gh;wfjfLVd ,YxksfjFe vkSj esVkáwfjfLVd n`f"Vdks.kksa  
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(tSls GA vkSj PSO) PMU IyslesaV dh b"Vrerk 
dk O;kid rqyukRed fo'ys"k.k ugha fd;k tk ldrk 
gSA bl {ks=k esa vè;;u rqyukRed çHkko'khyrk dh 
O;kid le> ls nwj gS vkSj eq[; :i ls O;fDrxr 
rduhdksa ij dsafær gSA T;knkrj 'kks/ NksVs ls eè;e 
vkdkj ds usVodZ ij dsafær gSa] ysfdu cM+s vkSj tfVy 
usVodZ ds fy, mi;qDr rjhdksa dh igpku djuk 
pqukSrhiw.kZ cuk gqvk gSA cM+s usVodZ esa esVkáwfjfLVd 
vkSj AI vk/kfjr n`f"Vdks.kksa dks çHkkoh <ax ls ykxw 
djus ds fy, vkSj vf/d 'kks/ dh vko';drk gSA

ikjaifjd rjhds tSls ILP lVhd lekèkku nsrs gSa] 
ysfdu buesa mPp dEI;wVs'kuy ykxr vkSj lhfer foLrkj 
{kerk dh lhek gSA nwljh vksj] gh;wfjfLVd rjhds Rofjr  
lek/ku nsrs gSa ysfdu fo'oO;kih lokZsÙke ugha gksrsA 
orZeku vè;;u esa PMU IyslesaV vkSj okLrfod le; 
fuxjkuh ds O;kogkfjd dk;kZUo;u ls tqM+s ç'uksa dks gy 
djuk vko';d gSA PMU IyslesaV dks csgrj cukus ds 
fy, O;kogkfjd lhekvksa vkSj lapkj pSuyksa dh miyC/rk 
dks è;ku esa j•uk egRoiw.kZ gSA gkbfczM ǹf"Vdks.k vHkh 
Hkh 'kq#vkr dh vksj gS] tks fofHkUu rduhdksa dh rkdrksa 
dks ,dhÑr djrk gSA PMU IyslesaV dks csgrj cukus 
ds fy, ,d O;kid vkSj çHkkoh gkbfczM ǹf"Vdks.k cuk;k 
tkuk pkfg, vkSj bldk vè;;u fd;k tkuk pkfg,A

bl vè;;u dk mís'; fofHkUu rduhdksa dk 
rqyukRed fo'ys"k.k djuk Fkk] cM+s vkSj tfVy usVodZ 
ds fy, fdl rjg dh fof/;ksa dks pquuk] dEI;wVs'kuy 
ykxr vkSj lek/ku dh xq.koÙkk dk larqyu cukuk] vkSj 
,d çHkkoh gkbfczM n`f"V dks.k cukukA

vksihih leL;k dk fuekZ.k
ml cl ij LFkkfir PMU ,d midj.k gS tks 

oksYVst vkSj djaV iQstj ekirk gSA iQstj MsVk dalaVªsVj uked 
bdkbZ dks thih,l }kjk le; }kjk ekis x, vkSj PMU 
ds ekè;e ls eqgj can fd, x, iQstj ladsr Hksts tkrs gSaA  
fp=k 1 esa okbM ,fj;k ekWfuVfjax] lqj{kk vkSj fu;a=k.k (oSEikd) 
ç.kkyh ds lHkh fgLls fn•k, x, gSa] ftlesa thih,l ls tqM+s 
PMU Hkh 'kkfey gSaA ihMhlh y{; dPps iQstj MsVk dks 
,d=k djuk vkSj le; ds lkFk flaØksukbt djuk gS rkfd 
le; ds lkFk lqlaxr okLrfod le; dh tkudkjh çkIr 
dh tk ldsA flLVe flXuy çkslslj ds PMU iQstj dks 
mi;ksxh MsVk esa ifjofrZr djrk gSA ekuo&e'khu baVjiQsl 
vkWijsVj ;g tkudkjh ns• ldrk gS] ftlls og fxzM dh  
egRoiw.kZ fLFkfr dks vklkuh ls ekWfuVj vkSj fjdkWMZ 
dj ldrk gS vkSj Hkfo"; esa lq/kj ds fy, mik; 
dj ldrk gSA usxs'k ,oa vU;¹20º esa PMU IyslesaV 
ds fu;eksa ij ppkZ gqbZ gS] ftlesa 'kk•k djaV 
vkSj fLFkr cl ij PMU ds fy, cl oksYVst dk  
fu/kZj.k 'kkfey gSA PMU x.kuk fd, x, cl LFkkuksa ij 
j•us ls vkWijsVj usVodZ ds dkedkt dks iwjh rjg ls ns• 
ldrk gSA ;s PMU gj cl esa oksYVst iQstj eku vkSj 
cl ls tqM+h gj 'kk•k esa djaV iQstj eku eki ldrs gSaA 
;gh dkj.k gS fd vksihih dk y{; usVodZ dh ǹ';rk 
dks c<+kuk ;k mls iwjh rjg ls ǹ"VO; cukuk gS_ bldk 
eryc ;g ugha gS fd PMU dh la[;k dks de fd;k 
tk,] cfYd LFkkfir PMU dh la[;k dks vuqdwfyr 
fd;k tk,A

fp=k 1. O;kid {ks=k fuxjkuh ç.kkyh
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vksihih leL;k dk eq[; mís'; U;wure dqy PMU 
dh la[;k vkSj ikoj flLVe esa muds mi;qDr LFkkuksa dks  
fu/kZfjr djuk gS rkfd laiw.kZ usVodZ dh voyksdu {kerk 
lqfuf'pr dh tk lds A blfy,] mís'; iQyu dks bl 
çdkj xf.krh; :i ls çLrqr fd;k tk ldrk gSA

1min Mbus
k kZ x== Σ 			   (1)

subject to  B.X≥ 1		        	 (2)
tgk¡ Z dqy PMU dh la[;k dks n'kkZrk gS] 

Mbus flLVe clksa dh la[;k gS vkSj  B  ,d 
f}vkèkkjh (ckbujh) dusfDVfoVh eSfVªDl gS ftldh 
çfof"V;ksa dks fuEufyf•r çdkj ls ifjHkkf"kr fd;k 
x;k gS] xk ,d f}vk/kjh (ckbujh) pj gS tgk¡  
xk¾1 gksrk gS ;fn ml ij PMU LFkkfir gS] vkSj 
xk¾ 0 gksrk gS ;fn og LFkkfir ugha gSA bl çdkj] 
leL;k ;g gS fd U;wure xk okys lek/ku osDVj dks 
fuèkkZfjr djuk gS vkSj tks lehdj.k 1 dks larq"V djrk 
gSA la;e vuqdwyu iQyu dks ckbujh dusfDVfoVh 
eSfVªDl (eSfVªDl B) ds ekè;e ls fu/kZfjr fd;k 
x;k FkkA ;g eSfVªDl fxzM ds fy, cl dusfDVfoVh 
MsVk çnku djrk gSA çLrkfor eSfVªDl dks fuEukuqlkj 
fuèkkZfjr fd;k x;k gSA bl çdkj] lehdj.k 1 dks rhu  
egRoiw.kZ ekeyksa dks è;ku esa j•rs gq, fy•k x;k gS& 
(1) dsoy eki] (2) dqN clsa ikojbatsDV ugha djrh 
gSa (fuf"Ø; eki)A PMU eki ds lkFk batsD'ku cl 
(tSls] 'kwU; batsD'ku cl)] vkSj (3) dsoy PMU 
ekiA orZeku çokg batsD'ku PMU IyslesaV leL;k dks 
vkxs la;e vkSj vuqdwyu iQyu ij lhekvksa ds lkFk 
lw=kc¼ fd;k tk ldrk gS] vkSj buesa ls dqN la;eksa 
dks fuEufyf•r dk;ks± esa lacksf/r fd;k x;k gS&'kwU; 
batsD'ku clksa ds çHkko ikjaifjd ekiksa ds çHkko] 
,dy ;k cgq&PMU gkfu vkdfLedrk,a] ,dy 'kk•k 
vkmVst] ,dy&ykbu fMLdusD'ku dh vkdfLedrk] 
PMU pSuy lhek dk çHkko] vkSj ,dy&PMU gkfuA

xf.krh; çksxzkeu fof/;k¡ 

MsIFk iQLVZ fof/
PMU LFkkuu ds fy, ^^MsIFk iQLVZ** çfØ;k] 

m|ksx usVodZ dh ç.kkyh dh tkap ds fy, ,d 
O;ofLFkr çfØ;k gSA bl çfØ;k esa] vUos"k.k ,d 
fof'k"V fcanq ls 'kq: gksrk gS vkSj çR;sd 'kk•k dks 

,d usVodZ ds vUos"k.k ds :i esa ns•k tkrk gS] ftls 
Bhd ls crkus ds fy, okil tkuk tkrk gSA ;g y{; 
dh vksj c<+krk gS] tks de PMU ds lkFk usVodZ dk 
<kapk cukuk gSA MsIFk&iQLVZ fof/ esa PMU LFkkuu ds 
fy, funZs'k fuEufyf•r gSa%

1- ,d fof'k"V uksM ls 'kq: djsa] ml uksM dk 
p;u djsa tks LFkku crkrk gS tgk¡ ls •kst 'kq: gksxhA

2- çR;sd 'kk•k esa •kst igys uksM ls usVodZ 
dh çR;sd 'kk•k dk vè;;u djsa vkSj bls tkjh j•saA 
laHko gksus ij gj 'kk•k ij igq¡psa vkSj fiQj okil tk,¡A

3- •ksts x, uksMksa dks fpfÉr djsa vuqla/ku ds 
nkSjku ik, x, uksMksa dks fpfÉr djsaA blls irk pyrk 
gS fd usVodZ ds fdl fgLls dks igys ls gh doj 
fd;k x;k gSA

4- LFkkiuk dks è;ku esa j•sa% çR;sd uksM ds 
fy, PMU LFkkiuk dh mi;qDrrk dk ewY;kadu 
djsa] tks usVodZ dh voyksduh;rk] vfrfjDrrk vkSj  
egRoiw.kZrk ij fuHkZj gSA

5- vko';drk gksus ij okil vk,¡ ;fn dksbZ 
MsM&,aM feyrk gS ;k lHkh laHkkfor iFk fdlh uksM ls 
•ksts x, gSa] rks fiNys uksM ij okil tk,a vkSj ogka 
ls •kst tkjh j•saA

6- çlUu 'kfDr ds fy, vkxs c<+saA tc rd 
usVodZ dk i;kZIr dojst ugha fey tkrk] MsIFk&iQLVZ 
vUos"k.k vkSj PMU LFkkiuk çfØ;k dks tkjh j•saA
iw.kk±d jSf•d çksxzkeu

ILP ,d xf.krh; vuqdwyu ç.kkyh gS ftldk 
mís'; lcls vPNk PMU IyslesaV lek/ku •kstuk gSA 
MATLAB vk/kfjr ILP dk;ZØe mís'; iQyuksa vkSj 
ck/kvksa dks 'kkfey djrk gSA y{; iQyu de •pZ ij 
vf/d ns•Hkky #dkoVsa&çR;sd uksM dks lh/s PMU  
}kjk ekik tk ldrk gS ;k fdlh dusDVsM uksM ls ns•k 
tk ldrk gSA ikSMsy ,oa vU;¹5º ds ekè;e ls fctyh 
fxzM ij iwjh rjg ls fuxjkuh dh tk ldrh gSA 'kwU; 
batsD'ku çfrcaèkksa dk mnkgj.k ILP lajpuk gSA ifj.kke 
fuEufyf•r crkrs gSa& (1) ikoj flLVe dh iwjh rjg 
ls fuxjkuh djus ds fy, dh çHkkoh x.kuk dh tk 
ldrh gSA (2) dEI;wVs'kuy :i ls dq'ky dusfDVfoVh 
eSfVªDl ij vk/kfjr la'kks/u fof/ 'kwU; batsD'ku clksa 
okys flLVe esa vklkuh ls ykxw dh tk ldrh gSA (3) 
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flaxy&ykbu vkmVst ij fopkj djus ls PMU vf/d 
gksrs gSaA ,YxksfjFe dks ekud&cl ds fy, okrkoj.k esa 
VsLV fd;k x;k FkkA

iw.kk±d oxZewy çksxzkeu% fo|qr fxzM esa ekiu 
n{krk dks c<+kus vkSj dqy PMU dh la[;k dks de 
djus ds fy, lanHkZ us IQP fof/ ykxw dhA blfy,] 
çLrkfor OPP ç.kkyh esa ikjaifjd ekiu Hkh ç;ksx 
fd;k tk ldrk gSA MATLAB esa çLrkfor vuqdwyu 
,YxksfjFe dk vuqdj.k vkSj ijh{k.k IEEE 14&cl 
vkSj 30&cl ekud ijh{k.k ç.kkfy;ksa ls fd;k x;k 
FkkA blls nksuksa lkekU; ifjfLFkfr;ksa vkSj flaxy&ykbu 
(;k flaxy&PMU) lapkyu ifjfLFkfr;ksa esa ç.kkfy;ksa 
dh iw.kZ voyksduh;rk lkfcr gqbZA¹21º

gh;wfjfLVd ,YxksfjFe

leL;kvksa dks gy djus ds fy, vuqHko&vkèkkfjr 
rduhdsa gh;wfjfLVd ,YxksfjFe (vuqekukRed x.kuk,a) 
dk mi;ksx fd;k tkrk gSA ;s ,YxksfjFe fo'ks"k :i ls 
mu leL;kvksa ds fy, mi;ksxh gSa ftuds fy, ikjaifjd 
x.kukRed fof/;ka cgqr tfVy ;k cgqr le; ysrh 
gSaA gh;wfjfLVd ,YxksfjFe dk eq[; mís'; Rofjr vkSj 
i;kZIr lek/ku çkIr djuk gS] gkykafd os ges'kk lcls 
vPNk ;k lokZsÙke lek/ku ugha nsrsA 

vuqHko vk/kfjr ,YxksfjFe& ;s ,YxksfjFe igys 
ls çkIr Kku vkSj vuqHko dk mi;ksx djds leL;kvksa 
dks lqy>krs gSaA

tYnh lek/ku& ;s dfBu leL;kvksa dk rqjar 
lek/ku nsrs gSaA

le; dk cpko& ;s ikjaifjd mik;ksa dh rqyuk 
esa de le; esa lek/ku nsrs gSaA

vklku mi;ksx& bUgsa le>uk vkSj ykxw djuk 
vis{kkÑr vklku gSA
gh;wfjfLVd ,YxksfjFe dk mnkgj.k

1. xzhM+h ,YxksfjFe& ;s ,YxksfjFe gj dne ij 
lcls vPNk laHko fodYi pqurs gSa] mEehn djrs gq, 
fd var esa ,d vPNk lek/ku feysxkA

2. tsfufVd ,YxksfjFe& ;s ,YxksfjFe ØkWlvksoj] 
E;wVs'ku vkSj p;u tSls tho foKku ds fodkl ds 
fl¼karksa ij vk/kfjr gSaA

3. la;qDr  ,uhfyax& ;s  ,YxksfjFe izlaHkkO; 
rduhdksa dk mi;ksx djrs gSa vkSj m"ekxfrdh ds 

fl¼karksa ij vk/kfjr gSaA
4. VScw •kst& ;g ,YxksfjFe igys ls gh Kkr 

vliQyrkvksa ls cpus ds fy, Le`fr LVªDpj dk 
mi;ksx djrk gS] tks laHkkfor lek/ku ds LFkku dks 
•kstrk gSA

tsusfVd ,YxksfjFe% ,d yksdfç; vuqdwyh 
•kst midj.k gS tks lek/ku •kstus ds fy, çkÑfrd 
fodkl çfØ;k dh udy dj ldrk gSA bls çfØ;k 
dh •kst vkSj vuqdwyu leL;kvksa esa lcls vPNk  
ifj.kke çkIr djus ds fy, ç;ksx fd;k tkrk gSA 
flLVe bathfu;fjax] çca/u foKku vkSj lapkyu 
bathfu;fjax vuqla/ku tSls {ks=kksa esa fo|kfFkZ;ksa vkSj 
fo'ks"kKksa dh #fp c<+h gS D;ksafd tsusfVd ,YxksfjFe 
dk mi;ksx bathfu;fjax esa egRoiw.kZ leL;kvksa dks 
gy djus esa fd;k tkrk gSA vdkpqdq ,oa vU;¹22º us 
tsusfVd ,YxksfjFe dks eSi&fjMÔwl ds lkFk ,dhÑr 
fd;kA tks lekukarj dEI;wfVax dh vuqefr nsrs gSA 
eSi&fjM~;wl Hkh fiQVusV dUots±l tSls vkSj LdsysfcfyVh 
dks csgrj cukrk gSA vkSj vDlj gMwi daI;wfVax DyLVjksa 
ij vksihih fuèkkZfjr djus ds fy, mi;ksx fd;k 
tkrk gSA IEEE 14&uksM] IEEE 118&uksM vkSj Wp 
2383&uksM tSls dbZ ijh{k.k ç.kkfy;ksa us eSi&fjM~;wl 
dh çkI;rk vkSj çn'kZu dks lR;kfir fd;k gSA ifj.kkeksa 
ls irk pyrk gS fd eSi&fjM~;wl LFkkfir PMU dh 
la[;k] lek/ku dh cgqyrk] lVhdrk vkSj ;FkkZFkrk esa  
egRoiw.kZ ykHk çnku djrk gSA¹23º

VScw •kst% bl çfØ;k esa] iqujkorhZ VScw •kst 
(RTS) dk mi;ksx fd;k tkrk gS rkfd PMU LFkkiuk 
ds fy, lcls vPNk LFkku fu/kZfjr fd;k tk ldsA 
çR;sd RTS iqujko`fÙk dh 'kq#vkr esa] lkekU; VScw 
•kst çfØ;k dk ç;ksx fd;k tkrk gS] ftlesa igys 
fu"iknu ls çkIr lcls vPNk lek/ku dk mi;ksx 
fd;k tkrk gSA RTS lcls vPNh TS çkjaHk ;kstuk gS 
D;ksafd TS fof/ dh liQyrk nj mPp gSA çLrkfor 
RTS ,YxksfjFe dks dbZ IEEE ekud ijh{k.k ç.kkfy;ksa 
us lR;kfir fd;k gS] ftuesa cl ç.kkfy;ka 14] 30] 
57 vkSj 118 'kkfey gSaA lkFk gh] RTS ,YxksfjFe ds  
ifj.kkeksa dks vU; OPP ,YxksfjFe ls rqyuk dh xbZ gS] 
ftlls irk pyrk gS fd RTS ,YxksfjFe fctyh fxzM 
esa LFkkfir PMU dh dqy la[;k dks de djrk gS] 
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tks igys dh rduhdksa dh rqyuk esa leku ;k vf/d 
ih,e;w dh vko';drk gks ldrh gSA[24] 
ijkx.k ,YxksfjFe

iQwy ijkx.k ,YxksfjFe] ,d uohure vuqdwyu 
ç.kkyh] glusu ,oa vU;¹25º us çLrqr fd;k FkkA bl 
ç.kkyh dk mís'; lokZsÙke LFkkukarj.k leL;k dks gy 
djuk gSA ;kWx us FPA cuk;k] tks iQwy okys ikSèkksa dh 
ijkx.k çfØ;k ls çsfjr gksdj cgqmís';h; vuqdwyu ds 
fy, c<+k fn;k x;k gSA bl n`f"Vdks.k dk y{; flLVe 
dh iw.kZ voyksduh;rk çkIr djus ds fy, vko';d 
PMU dh la[;k dks de djuk vkSj flLVe clksa ij 
ekiu iqujko`fÙk dks vf/dre djuk gSA IEEE 14] 
30] 57 vkSj 118 cl ijh{k.k ç.kkfy;ksa us bl çfØ;k 
dh tkap dh] New England 39 cl ijh{k.k ç.kkyh] 
49 cl dSuky usVodZ ijh{k.k ç.kkyh_ if'peh MsYVk 
usVodZ felz esa 52 cl ijh{k.k ç.kkyh ij dke dj 
jgk gSA bl çfØ;k ds ifj.kkeksa dks ckbujh ikfVZdy 
LokeZ vkWfIVekbts'ku] xzhMh ,YxksfjFe] ,dek=k oVZsDl 
vkSj ILP ckbujh ls rqyuk dh xbZ gSA

flE;qysVsM ,uhfyax% OPP ,d uohu nks&pj.k 
vuqdwyu ,YxksfjFe dk mi;ksx fd;k x;k gS] tks 
iwoZ LFkkfir ekiu ç.kkyh ds lkFk iwjh rjg ls 
voyksduh;rk çnku djrk gS] tSlk fd vkVZl ,oa 
vU;¹26º esa crk;k x;k gSA rkfd fctyh ç.kkyh dh 
ns•Hkky dks c<+k;k tk lds] vuqdwyu leL;k dks iwoZ 
LFkkfir PMU vkSj lkekU; lapkyu fLFkfr ds rgr 
cuk;k x;k FkkA ckn esa] çfØ;k dh fo'oluh;rk esa 
lq/kj djus ds fy, ,dy&ykbu fctyh foiQyrk] 
,dy&cl fctyh foiQyrk vkSj vU; O;kogkfjd 
ifjfLFkfr;ksa dk fo'ys"k.k fd;k tkrk gSA ;g lqfuf'pr 
djus ds fy, fd de ls de PMU LFkkfir gksa] igys 
U;wudj.k ekWMy dk mi;ksx fd;k tkrk gSA igys] ekiu 
dh iqujko`fÙk dks lek;ksftr djus ds fy, flE;qysVsM 
,uhfyax dk bLrseky fd;k x;k FkkA ckn esa] bl çfØ;k 
dh fo'oluh;rk esa lq/kj djus ds fy, ,dy&ykbu 
fctyh foiQyrk] ,dy&cl fctyh foiQyrk vkSj 
vU; O;kogkfjd ifjfLFkfr;ksa dk fo'ys"k.k fd;k tkrk 
gSA rkfd de ls de PMU LFkkfir gksa] U;wudj.k 
ekWMy ds lkFk mÙky çksxzkfeax ykxw fd;k tkrk gSA 
igys] ekiu dh iqujko`fÙk dks lek;ksftr djus ds 

fy, flE;qysVsM ,uhfyax dk bLrseky fd;k x;k FkkA 
flLVe n`';rk ij 'kwU; batsD'ku cl ds çHkko ij Hkh 
fopkj fd;k x;k gS] ftlls LFkkfir PMU dh la[;k 
dks iw.kZ voyksduh;rk ij fcuk fdlh cM+s çHkko ds 
de fd;k tk ldsA çLrkfor rduhd dh lqlaxrrk]  
n{krk vkSj çHkko'khyrk dks fofHkUu IEEE ekud&cl 
ç.kkfy;ksa us lR;kfir fd;k gSA orZeku fu;fer ekiu 
bdkb;ksa ds lkFk PMU dk lokZsÙke la;qDr IyslesaV 
çnku djus ds fy, ,d vfrfjDr vè;;u esa cgq&pj.k 
fLVeqysVsM ,uhfyax ç.kkyh dk mi;ksx fd;k x;k gSA 
fofHkUu pj.kksa esa Åij dh vksj fLVeqys'ku ds vkèkkj 
ij] ;g fof/ vU; ikjaifjd fLVeqysVsM ,uhfyax 
,YxksfjFe dh rqyuk esa rst gS vkSj blls lokZsÙke 
lek/ku dk irk yxk;k tk ldrk gSA¹27º

LiSfuax Vªh lpZ% ;gk¡] LiSfuax Vªh lpZ rduhd 
vkSj Vªh lpZ ,YxksfjFe dks ,d lkFk feykdj] U;wure 
pSuy vkSj cgq&pSuy PMU dks è;ku esa j•rs gq, 
OPP leL;k ds lek/ku dks vf/dre ns•us ;ksX; 
cuk;k x;k gSA bl vè;;u esa ikoj fxzM esa LFkkfir 
PMU dh dqy la[;k ij voyksduh;rk dh xgjkbZ 
dk vè;;u fd;k x;k gSA fo|qr fxzM xzkiQ cukus 
ds fy, LiSfuax Vªh n`f"Vdks.k dk mi;ksx fd;k x;k] 
vkSj PMU ds lcls vPNs LFkku dks •kstus ds fy, 
o`{k •kst fof/ dk mi;ksx fd;k x;kA blds vykok] 
U;wure PMU pSuyksa dh igpku djus dh çfØ;k esa 
Hkh lq/kj gqvk gSA IEEE ekud&cl ijh{k.k ç.kkfy;ksa 
us MATLAB okrkoj.k esa bl rduhd dh iqf"V dh 
rkfd leL;k ds mís'; dks iwjk fd;k tk ldsA¹28º

xzhMh ,YxksfjFe% PMU IyslesaV ykxr dks de 
djus ds fy, lanHkZ us xzhMh ,YxksfjFe dk mi;ksx 
fd;k] ftlesa yxHkx (1-1/e) n{krk feyhA xzhMh 
,YxksfjFe dks vU; mik;ksa dh rqyuk esa O;kogkfjd 
ekeyksa esa vf/d vkd"kZd cukus okyk ;g fof'k"V 
çn'kZu gS] ftlesa cgq&pj.k dkWfUiQxjs'ku vkSj lhfer 
lalk/uksa dh vko';drk gSA fleqys'ku ifj.kkeksa ls irk 
pyrk gS fd bl fof/ dk çn'kZu la'kksf/r ,YxksfjFe 
dh lcls vPNh n{krk ds djhc gSA¹29º

flLVe iqu% lanHkZ forj.k usVodZ esa ÅtkZ gkfu 
dks de djus ds fy, ,aV dkWyksuh ,YxksfjFe ,d 
vuqdwyu midj.k gSA ckn esa] vf/dre ç.kkyh 
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voyksduh;rk dks è;ku esa j•rs gq, U;wure PMU 
dh la[;k ds lkFk PMU IyslesaV LFkku dk fuèkkZj.k 
djus ds fy, xzhMh ,YxksfjFe dk mi;ksx fd;k x;k 
gSA U;wure&ç;kl ekWMy dqN fof'k"V ifjfLFkfr;ksa esa 
gsj iQsj djus ds fy, lger gksus okys lsaljksa dh deh 
dh x.kuk djrk gSA bl ekWMy esa lcls NksVs lsalj 
lsV dk vfLrRo irk pykA j{kk j.kuhfr ds fy,] ,d 
ih,e;w&vk/kfjr xzhMh ,YxksfjFe dk mi;ksx fd;k 
x;kA bl ,YxksfjFe us ç.kkyh dh voyksduh;rk dks 
de fd;k vkSj MsVk v•aMrk geyksa ls Hkh cpko 
fd;kA

ikfVZdy LokeZ vkWfIVekbts'ku (PSO)% ;g 
rduhd tula[;k&vk/kfjr la;qDr LFkkukarj.k fof/ 
gS] tks if{k;ksa ds lewg ds lkekftd O;ogkj (,d 
lkFk mM+us) ij vk/kfjr gSA xksik dqekj ,oa vU;¹27º 
}kjk çLrkfor ,d ,YxksfjFe gS tks ikfVZdy LokeZ 
vkWfIVekbts'ku (PSO) ij vk/kfjr gS vkSj fo'ks"k 
fo|qr ikoj fxzM VksiksykWth esa OPP leL;k dks gy 
djsxkA IEEE 14] 30 vkSj 68&cl ç.kkfy;ksa us bl 
rduhd dks liQyrkiwoZd VsLV fd;kA czkthy ds 
fo|qr fxzM ds ,d cM+s fgLls esa bl rduhd dh 
mi;ksfxrk dk vè;;u fd;k x;k gSA lq/kfjr PSO 
(IPSO) ç.kkyh dk ifjp; IPSO dh lhekvksa dks ikj 
djus ds fy, GA vkSj SA fo'ks"krk,¡ 'kkfey dh xbZ 
gSaA ;g ,YxksfjFe LFkkuh; Js.kh; fcanq •kst ldrk gS] 
blls le; vkSj LFkkuh; •pZ de gks ldrs gSaA OPP 
leL;k dks O;kogkfjd cukus ds fy, dbZ lekèkku 
gSa_ blfy, nks rjhdksa dk feJ.k csgrj lekèkku ns 
ldrk gSA y?kqx.kd ckbujh PSO (EBPSO) ç.kkyh 
dh fliQkfj'k dh tkrh gSA EBPSO rduhd dk mís'; 
fo|qr ç.kkyh esa vfèkdre voyksduh;rk gkfly 
djuk vkSj voyksduh;rk leL;k dks gy djuk gSA 
'kwU; bUtsD'ku] ,dy&PMU vkmVst vkSj lkekU; 
lapkyu fu;e bl çLrkfor çfØ;k esa 'kkfey gSaA 
lkbXekWbM iQyu çR;sd ?kVd dh nf{k.kka'kh; rduhdh 
dks cnyrk gSA¹30º

fMiQjsaf'k;y ,oksY;w'ku% LFkkuu leL;k dks gy 
djus ds fy, fMiQjsaf'k;y ,oksY;w'ku (DE) fof/ dh 
fliQkfj'k dh xbZ gS] ftlesa PMU midj.kksa vkSj ikoj 
Ýyks ekiuksa] tks ikoj fxzM esa fLFkfr pjksa dks fuèkkZfjr 

djrs gSa] 'kkfey gSaA PMU ekiu iqujkòfÙk dks lek;ksftr 
djus vkSj ekiu midj.kksa dh la[;k dks de djus ds 
fy, ,d la;qDr LFkkuu leL;k cukbZ xbZ] ftldk 
mís'; iwjs usVodZ dh voyksduh;rk lqfuf'pr djuk 
FkkA bl leL;k dks] vfèkdre flLVe voyksduh;rk 
iqujko`fÙk lwpdkad dk mi;ksx djds vkSj fof'k"V 
leL;kvksa ds fy, la'kksf/r lek/ku dh mifLFkfr dks 
le> esa ykdj gy fd;k x;kA flLVe dh iw.kk±d 
vjSf•d çksxzkeu (vkbZih) leL;k dks gy djus vkSj 
fo|qr ikoj fxzM esa O;kolkf;d leL;kvksa dks gy 
djus ds fy, fMiQjsaf'k;y ,YxksfjFe dk mi;ksx fd;k 
x;kA bl rduhd dks eSVySc esa dbZ ekud ijh{k.k 
ç.kkfy;ksa (IEEE 7 vkSj 14 cl ijh{k.k ç.kkfy;ksa) 
ij lR;kfir fd;k x;k] ftlesa batsD'ku clksa ds lkFk@
fcuk bldh fo'oluh;rk dh tkap dh xbZA¹31º

ç;qDr dk;Zç.kkyh

bl vè;;u esa ikoj flLVe fo'ys"k.k ds fy,  
PSAT (Power System Analysis Toolbox) dk 
mi;ksx fd;k x;k gSA PMU IyslesaV nks çeq• rjhdksa 
ls fd;k x;k gS% iw.kk±d jSf•d çksxzkeu vkSj MsIFk iQLVZ 
•kstA bl vè;;u esa MATLAB vk/kfjr ,d ILP 
çksxzke dk mi;ksx fd;k x;k gS] tks fofHkUu IEEE cl 
ç.kkfy;ksa ds fy, PMU (IyslesaV ds ifj.kke) çkIr 
djrk gSA fuEufyf•r pj.kksa esa dk;Z ç.kkyh foHkkftr 
dh xbZ gS%

1-  PSAT VwyckWDl dk mi;ksx& PSAT ,d 
MATLAB Vwy ckWDl gS] ftldk mi;ksx ikoj flLVe 
ds ekWMfyax] fleqys'ku] vkSj fo'ys"k.k ds fy, fd;k 
tkrk gSA bl VwyckWDl dk mi;ksx djds fofHkUu IEEE 
cl ç.kkfy;ksa dk ekWMy rS;kj fd;k x;k A

2- MsIFk iQLVZ lpZ fof/& MsIFk iQLVZ lpZ] ,d 
xzkiQ lpZ ,YxksfjFe gS ftldk mi;ksx xzkiQ dh lHkh 
uksM~l vkSj muds laca/ksa dk fo'ys"k.k djus ds fy, 
fd;k tkrk gSA bl çfØ;k dk mi;ksx djds çR;sd 
uksM ij PMU LFkkfir djus dh {kerk dh •kst 
dh xbZ rkfd ikoj flLVe dh iw.kZ voyksdu {kerk 
lqfuf'pr dh tk ldsA rkfd lHkh uksM~l ns•s tk 
ldsa] DFS us PMU dks fdl uksM ij LFkkfir djuk 
vko';d gS irk yxkus esa enn dhA
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3- ILP ekWMy dk mi;ksx djds] fofHkUu IEEE 
cl ç.kkfy;ksa ij PMU dh U;wure vko';drk 
vkSj muds mi;qDr LFkku fu/kZfjr fd, x,A bl 
vuqdwyu leL;k dks gy djus ds fy, MATLAB 
dk mi;ksx fd;k x;k] ftlls lVhd vkSj çHkkoh  
ifj.kke feysA geus nksuksa rjhdksa dk mi;ksx djds 
fofHkUu dsl LVMht ij PMU IyslesaV dk fo'ys"k.k 
fd;k vkSj ikoj flLVe dh fo'oluh;rk vkSj fLFkjrk 
esa lq/kj dk ewY;kadu fd;kA PSAT VwyckWDl us 
bu çfØ;kvksa dks ykxw djus vkSj ijh{k.k djus esa  
egRoiw.kZ ;ksxnku fn;k gS] ftlls gekjs 'kks/ esa mPp 
lVhdrk vkSj çHkko'khyrk feyh gSA

dsl LVMht vkSj çk;ksfxd ifj.kke

IEEE-14 cl ç.kkyh dk fo'ys"k.k vkSj vuqlaèkku 
fd;k tkrk gSA bl flLVe esa pkSchl clsa] ikap tujsVj 
vkSj chl ykbusa gSaA oksYVst vkSj ,axy vuqekfur eki 
ikoj flLVe dh fLFkjrk vkSj fLFkfr dk fo'ys"k.k 
djus esa egRoiw.kZ gSaA rkfydk 1 esa IEEE&14 cl 
flLVe ds oksYVst vkSj ,axy ekiksa dk fooj.k gSA  
bl ys• esa vkn'kZ PMU LFkku dk fuèkkZj.k MsIFk 
iQLVZ ÅtkZ&çokg fo'ys"k.k VwyckWDl dk mi;ksx djds 
fd;k x;k gSA ifj.kke rkfydk esa gSaA rkfydk 1 esa 
Hkh vuqekfur oksYVst vkSj FkhVk PMU eki ds :i 
esa fn•k, x, gSaA IEEE-14 cl flLVe dk oksYVst 
çksiQkby fp=k 1 esa fn•k;k x;k gSA

rkfydk 1- IEEE&14 cl ds fy, oksYVst vkSj ,axy vuqekfur eki

Estimated  Voltage Estimated  Theta PMU  Bus Location
PM5    1.0365
            1.0365
            1.0405

0.23784
-0-38505
-0-38997

BUS 1,2,3

PMU1 1.0415
            1.044

-0.32529
-0.36662  

BUS 4,5

PMU2  1.0083   
             1.0715 

-0.25857
-0.39609  

BUS 6,7

PMU6  1.053
             1.0166

-0.34844
-0.31917

BUS 8,9

PMU 4  1.0158
              1.0082
              1.0027

-0.31081
-0.31531
-0.29052

BUS 10,11,12

PMU3   1.0153 -0.28203 BUS 14

fp=k 1. oksYVst çksiQkby 14 cl ç.kkyh
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fp=k 2. oksYVst çksiQkby 14 cl ç.kkyh

mi;ksx
bu oksYVst vkSj ,axy ekiksa dk mi;ksx fuEufyf•r ds fy, fd;k tkrk gS&
1- ikoj Ýyks ,ukfyfll&flLVe ds fofHkUu fgLlksa esa fo|qr çokg dk vè;;u djukA
2- oksYVst fLFkjrk vkdyu& ;g ns•us ds fy, fd flLVe fLFkjrk dh n`f"V ls lqjf{kr gS ;k ughaA
3- iQkWYV fMVsD'ku& fdlh Hkh fo|qr xM+cM+h dh fLFkfr esa leL;k dh igpku djukA
4- fj;y&Vkbe ekWfuVfjax& fo|qr ikoj flLVe dh orZeku fLFkfr ij utj j•ukA
bu ekiksa ds tfj, ikoj flLVe ds çn'kZu vkSj fLFkjrk dh fuxjkuh dh tkrh gS] ftlls fo|qr vkiwfrZ dh 

fo'oluh;rk vkSj n{krk lqfuf'pr dh tk ldsA
bl ys• esa ILP dk mi;ksx djds PMU dk lcls vPNk LFkku crk;k x;k gSA uhps nh xbZ rkfydk 2 

esa IEEE&14 vkSj 30] 57 cl ç.kkyh ds ifj.kke fn•k, x, gSaA 'kwU; batsD'ku clksa dk PMU LFkku fu/kZj.k 
ij çHkko ns•k x;k gSA ILP mi;qDr PMU LFkku fu/kZj.k fp=k 3] 4] 5] cl ç.kkyh&14] 30] 57 esa fn•k;k 
x;k gS] tSlk fd rkfydk 2 esa fn•k;k x;k gSA

rkfydk 2. 'kwU; batsD'ku clksa dks è;ku esa j•rs gq, ILP ds lkFk ih,e;w LFkku fu/kZj.k

Bus  System No.  of  PMU 'kwU; batsD'ku clksa dks è;ku esa j•rs gq, ILP ds lkFk 
PMU LFkku fu/kZj.k

IEEE-14 Bus System 3 2, 6, 9

IEEE &30 Bus System   7 2, 4, 10, 12, 18, 24, 27

IEEE &57 Bus System 12 1, 4, 9, 20, 25, 29, 32, 38, 46, 50, 54, 56    
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fp=k 3. 14 cl ç.kkyh esa ILP dk mi;qDr PMU LFkku fu/kZj.k

fp=k 4. 30 cl ç.kkyh esa ILP dk mi;qDr PMU LFkku fu/kZj.k

fp=k 5. 57 cl ç.kkyh esa ILP dk mi;qDr PMU LFkku fu/kZj.k
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fu"d"kZ

mUur fuxjkuh rduhdksa tSls PMU fctyh dh 
c<+rh ekax vkSj uohdj.kh; ÅtkZ lzksrksa ds ,dhdj.k 
ds chp ikoj fxzM dks çHkkoh <ax ls çcaf/r djus ds 
fy, vko';d gSaA ikoj ;wfVfyVh fxzM fLFkjrk dks c<+k 
ldrs gSa] ifjpkyu •pZ dks de dj ldrs gSa] vkSj ,d 
vf/d fo'oluh; fctyh vkiwfrZ lqfuf'pr dj ldrs 
gSa] PMU }kjk çnku fd, x, lVhd] fj;y&Vkbe MsVk 
dk ykHk mBkdj vkSj mudh rSukrh dks vuqdwfyr dj 
ldrs gSaA tSls&tSls fo'ys"k.kkRed rjhds vkSj rduhd 
fodflr gksrs tkrs gSa] PMU dks j.kuhfrd :i ls 
rSukr djuk vkSj bldk mi;ksx uohure ikoj flLVe 
çca/u esa egRoiw.kZ jgsxkA bl vè;;u esa] PSAT 
Vwy ckWDl vkSj MATLAB vkèkkfjr iw.kk±d jSf[kd 
çksxzkeu (ILP) nksuksa dk mi;ksx fd;k x;k Fkk rkfd 
fofHkUu IEEE cl ç.kkfy;ksa esa PMU IyslesaV dh 
leL;k dks gy fd;k tk ldsA geus MsIFk iQLVZ lpZ 
vkSj ILP rduhdksa dk mi;ksx djds b"Vre PMU 
IyslesaV fu/kZfjr fd;k] tks U;wure ykxr ij fo|qr 
ç.kkyh dh iwjh voyksdu {kerk lqfuf'pr djrk gSA  
ifj.kkeksa us fn•k;k fd ILP fof/ fofHkUu ikoj flLVe 
dkWfUiQxjs'kuksa ds fy, çHkkoh vkSj lVhd lek/ku gSA 
blds vykok] bu çfØ;kvksa dk ç;ksx fo|qr ç.kkyh 
dh fo'oluh;rk vkSj fLFkjrk esa lq/kj djus esa Hkh 
egRoiw.kZ lkfcr gqvkA Hkfo"; esa ikojfxzM ds lapkyu 
dks vkSj vf/d l{ke vkSj fo'oluh; cukus ds fy,] 
bu çfØ;kvksa ds uohure laLdj.kksa dks fodflr vkSj 
xgu ijh{k.k fd;k tk ldrk gSA

'kks/ i=k esa iz;qDr vaxszth 'kCnksa dh lekukFkZd fgUnh 'kCnkoyh

Alphabetically sorted  
terminology in English

o.kkZuqØfer fgUnh 

'kCnkoyh

Artificial Intelligence Ñf=ke cqf¼erk

Integer Linear Programming iw.kk±d jSf•d çksxzkfeax

Objective Function mís'; iQyu

Phasor Measurement Unit (PMU) iQstj ekiu bdkbZ 

Power System Analysis Toolbox ÅtkZ&çokg fo'ys"k.k Vwy ckWDl

Power System Observability ikoj flLVe voyksdu

Wide Area Monitoring System O;kid {ks=k fuxjkuh ç.kkyh

Zero Injection Bus 'kwU; batsD'ku cl
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