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ABSTRAc--r · · 

In this study. the objccti e is to conıpare the behavior of the Lp (p -- 1, 2 and :x:) state cstinıators and thcir conıhinations 
"hen applicd to a three plıase halanced po\ver systenı u nder steady statc conditions. The general approach in s ta te 
c"tiınatinıı is ın nıiııinıizc a rcsidual of nıeasurenıent equatioıL. The cstiınatc is dcpeııdeııt on the nornı uscd to nıeasure this 
ı-c\idual. The pcrfnrnıance of the Lp cstinıators is conıpared uııder both nornıal and bad data conditions. The results are 
i llustrntcd us ing the I E EE 6, 30 and 5 7 -bu s test systenıs. The canıparison i s co nd uctcd bascd on accuracy and conıputational 

ıiınc. rhc ıııain conclusion of this study is that the coınputational tinıe and the nuınber of iterations required for L 1 and Lx 
cstinıators to con\ erge substantially reduced using a canıbination of the L2 c tiıııator \Vİth these estinıators. The use of a 
"uitl1bk tiltering technique and \Veighting factors nıay enhancc the estinıator output 

"e�·" ords - Po\\ Cr systenı state estinıation. least absolute value (LA V), least squares (LS). \Veighted lcast squares (\\'LS). 
ma,iıııuııı absolutc dcviation cstinıators. 

• • • • • • • • 

(;Uç SISTEMLERINDE BIRLEŞTIRILMIŞ LP (Lı, L2 and Loo) DURUM 
• • • • 

KESTIRIM CIL E RI 

•• 
()ZET 

Bu �alışınanın anıacı, sUrekli durunıda ve üç t:ı/lı dengeli gi.iç sistcnıl�rine uygulandığında. Lp (p -= 1. 1 ve x) dunını 
kL·.;;ririıncilcrinin ve onların konıbinasyonlarının davranışlarını karşılaştırnıaktır. l)urunı kestirinıinde genel yaklaşını. ölçlirıı 

dcııklcııılcrindeki f�1rkı nıininıunı yapnıaktır. Kestirinı, bu farkı ölçnıck için kullanılan nornıa bağlıdır. Lp kcstirinıcilerinin 
pcrfnrınaıısları. hcnı nornıal hcın de kötü veri koşullarında karşılaştırılnııştır. Sonuçlar. IEEE 6, 30 ve 57 baralı sistenıler 

kullanılarak elde cdilnıiştir. Karşılaştırnıa, doğruluk ve hesaplanıa süresine göre yapılnııştır. Bu çalışnıanın ana sonucu. Lı 
\C 1 f kcstirinıcilcrinin yakınsanıası için gerekli slire \e iterasyon sayL ı, bu kcstirinıcilerin L--. ke ·tirinıcisi ile kanıbine 
edildikleri zaınan azalnıaktadır. Uygun tiltrelenıc ve ağırlıklı faktörler kullanıldığında, kestirİnı sonuçları daha da 
i� ilcştirilcbilir . 

. \nahtar kelirneler - Güç sisteınlerinde durtıın kestiriıni, en küçük nıutlak değer, en küçük kareler, ağırlıklı en küçlik 
karelcr, ıııaksinıum nıutlak değer kestirinıcileri. 

• 
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cnııın1uniı...;ıtıuıı links. The data received at the eııe �oı
_
ıtrol l'ı..ıi: rs are analyzed and proccssed by a coınpute 

ınfurıı1 tlı�.. ., ....rcn1 operatar about the present state of "i) �tcın. ' ical nıeasurenıents are never entirel; free • 
1 llUI�L' atıl 

. \ prcrc, · 
L'ontrul ' 
r�1\\ oh'L 
cfl'cLh ( 
filtcrınL ı 
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pruhkın� \\ 
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tılust he pı 

sccnnd". 

un1 errors. 

n r any power systenı security monitor i ıı� ...... 
is a reliable database. In these databases · 

ı� are systenı ically processed to attenuate 
... rta i nty of the nıeasurenıent. Any forn1 

� a loss of information and, consequen 
terınination of the systeın state may req .. 
ureınent with inherent extra cost. In pc 

"tate analysis, for N buses, there are 2 . 

iables consisting of voltage ınagnitu 

nd voltage angi es 8k (k=2, ... ,N ) at all bı.� 
l1rc not adequate for dynamic operatio. 
ıneasurcnıent errors and possible failure o 

· re'll tinıe data collection equipme 
norc nıeasurcnıents than the nuınbe: 
,·ariables are needed. The way in \\hich t 
u t i 1 i zcd, g i ve s ri se to var i o us techniq u es 
) ıı. S tat c e st i nıation techniques ın a: 

d into two categories, static and dynaı 

. tic nıethods nıainly have application 

)r ıoad tlow in transnıission network , ''he 
ıon of steady state over a short per1oc 

l�. The assuınption w i ll be valid if I 
ıbjcsted t o  relatively low frequen 

· \'nanıic estinıation� on the other hand . 
-ı
�
atcd with traıısient or dynaınic stabil 
the dynanı i c of the elenıents of the sys .. 

�red. Rapid data colıection and process 

.. d, s i nce the ti nı e sc ale is of the ord er 

Static �tah.: , nation nıeets alnıost all the control cen 

ııccd" dtıl' \ Lhe fact that dynaınic state estiınation 

coıı1 putatiP n ıl" i ntensive. 1 n addition the h ig 

unprcdict<lhk ··nd nonlİnear nature of povver systeıns rnaı 

deJiııing a n·liabıc nıodel of the dynaınic power systen .... 
ver \ dil'liL·ult task. For a given povver system struct u re .. \ 

ccrtniıı sel u!' paraıneters and operating data, the purpose 

tlıc suıtic c�t iınat ion is to co ınpute the network operatı 

d�1ta �ı11d to aı..;"leınble a conıplete and reliable database. 1 
unkııo \VIl independent variables of the estimation scher 

are the true ııode injections ).._) (1), the true structure g(t) a 
the tr uc pa nı nı e ters p(t). The structure g(t) deseri bes t 

interconnection of power systenı different components. 
6 
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rhc paranıeter \'ector p(l) contaıns the l ine and llleter 
(hdractcristics. The unkno\vn dependent state ector 

.\- contains coınplex voltages V (!} \Vhich are of dinıension 
11 - �.\"-/. \vhere .\' is the nuınber of systeın buses. The 
k n n\' n q u a nt it i e s a re the nı e as u re ı n c n ts :: (!) c o n s i s t i n g of 
tclcınctered line flo\v, bus injections and bus voltages. At a 
ll\ed tiıne instant the nıcasureınents are related to the 
un k n o w n var i a b 1 e s as fo ll o w s 

:: ll (Y.g.pJ · e ( ı ) 

The nıcasurenıent error e i s  a randonı vector representing 
the normal d ifference bet\veen the actual observation :: and 

/1. Bccause of the prcsence of error e, the d inıension rn of 
the ıncasureınent vector:: nıust be larger than the diınension '-' 

n of the unktH)\\ n x. A possiblc nıeasureınent of the 

redund ane) i s the rat i o '7 = 1nln. The error e i s us u all y 
cmısed b\ the nıeasurenıent noise, nıodeling errors, � � 
conııııunication errors, cading errors and the fın ite nıeter 
time constants. 

3. Lp E TIMATION NOR!VIS 

Rcgrcssion analys i s  is one of the nıost frequently used 
ıı ıethods in enıpir ical science l7]. The description of 
collected or ıneasured data by l inear regression functions 
\\ith seve ra 1 paranıcıers i s needed fctr ınodel ing and 
prcd i ct ing. l n e I cctri c power s ysteın app I i catio n s, 
nıcasurenıents are usually plentiful. The systenı of l inear 
equations i s said to be an over-deternı i ne d systenı. The 
eliserete linear 1�1, approxi nıation for the power systcnı over 
dctermined set of 1 inear equation is gi ven by 

,. = ll .r --: (2) 

\\lı ere r i s the res i d u al vector, 11 E Rmx" i s the process 
matrix,: E lt i the ıneasureınent vector, 111 is the nunıber 
of ıııcasurenıents and n is the nunıber of the unknovvns. The 
length of r i n the L1, · nornı i s gi ve n by, 

lll 

,. Ip � ( L , ., 1 J7 ) ı ı> . (1 <p<oo) ( 3) 
1=1 

" 
In order for x to be the solution the above equation can be . 
wrıtten as, 

" 
1/ X - : ll,, ın i n ll J-1 x - :: 111, 

X 
(4) 
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N.Erın iş 

.t. Lp ESTI;VI.ı\.TIO� !\10DELS IN PO\VER SYSTEMS 

The sülte of an electrical po\ver network nıay be dcfined as 
the flow of co nı p lex po,ver through the net \York branches 
an d the n et i nj e ct i o n of c o nı p 1 e x po\ v cr at e a c h b u s . T h c 
state of a net\vork at a gi\·en nıonıent nıa) be conıpletel) 
deseribed by the et of all coınplex b us voltage . 

( 5) 

It is assunıcd that the connections bet\veen the nodes and 
the paranıeters of the branches are conıpletely kno\ n. For 
a systenı with .\ buses. by choosing one referencc phase 
angle� there are thercfore 7,\'-/ unkno\vn state variables to 
be dcterın i ne d i n ord cr to deseri be the s ta te of the systenı. 
Typ ically, power systenıs have far nıore nıcasurenıents 
ava i 1 ab le than statc variab ı es, w h i c h al lo\v the use of 
stat istical nıethods to esti nıate the s ta te variabtes of the 
power systeın. 

A nıeasurenıent vector:: nıay be created which contains 111 
nıeasurenıents fronı the pO\Ver systcnı. tv1easurenıents 
include reaı and rcacti e po\vcr l ine flo\YS and bus 
i nj e ct i o n s, v o ı ta g c n ı a g n i tu d e s at b u s e s. tap rat i o s for 
trans fornıcrs, and �o nı c ti nıes, phasc angi e nıeasurenıents. 
The J.\"-1 state variahles const itutc the state vector x, \vhich 
is rclated to the nıcasurcnıents � in  a regression nıodel as, ._ 

:: = h(x) �- e (6) 
• 

The vector e is the error vector, \Vhich contains 111 variables 
e1, . . . •  e,11• V ector e purpose is to account for the uncertainty 
in the nıeasurenıents and the nıodel. Hence. e1 . . . . . elli are 
randonı variables assunıed to have a zero nıean and a 
known diagonal covariance nıatrix R, 

R- diag(rJ/, ... , O'n/). (7) 

The data pattern in :: \Vhich is  represented by the vector h(x) 
is  fornıulated such that, for an n1 sets of observations that 
are related to a nunıber of state variables, x1. x: and J\v, 
through a l i near regression nıodel, are given by, 

:: 1 - h ll X 1 _.._ h 1 ]X] -
., hy1.\ 1 ,- hy1X: 1-

-- Illi 

-·- h 1 n _;._ e 1 
-1- h _. e .... :n 

+ h/1111 �-e ' ll 1 (8) 

• 
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Equations (8) can be \Vritten as, 

1 h h x +r +e ::1 - 7 1 1.\" 1 : 1X �� _,_ �- n-1· n-1 · n 1 • 
i-1 ...... , 171 (9) 

The .\·-/ "ariabi es h 1,. h:, ... h11_1., are terıned as independent, 
or explanator). \ ariabi es, \Vhile ::, is ternıed as the response, 
or dependent variable. r\ data point is (h,,. h_ ... l···hn_,,, .:-,). 

and lic- in an \'-diıncıısioııal space. \\lıich is nıade up of 
t ,,.o s u bspaces. the respoıı sc space and the f�1ctor space a 1 so 
called the design space. The rcspnııse space ıs oııe­
dinıensinnal and contnins the response \t.Hiablc. The fnctor 
�pacc is ınnde up of n-1. h-dinıcnsions. The slopes of the 

lıypcrplane in R'' are .r1 .... ,x,·_1, \Vhilc the iııterccpt is -".\· 

He nce, the task is to find x such that the lı: p�r plaııes best 
fits the obser \ ;ı tion\) to the independent variablcs. Fquation 
(9) C�lll he represcntcd in lll<Hrİ\ rorııl a� .:- ll\'. e. \\'here 

ll 

hı ı 
h2ı 
. . 

. 

. . . . . . 

. . . . . . 
. . . . . . 
. . . . . . 

h ı ll 

h 2 ll 

. . . 
h lll ll 

ı 
1 

. . . 

1 

( ı o) 

ıııatrı \  ll i� c n lll� d t h c d c s i g n ın at ri x, an d x the 
paranıeter \ cctlH·. 

In j)U\\Cr "':> �tcın� the task or state C. tiınatioıı is, thus. to use 

...,r�lli...,tical ıııelht'tb to liııd .r �uch that the nıeasurenıents 
�;,en h\ :: hc">L fit the �110\\ll s: �tcın ıııodcl prü\'İded b: the � -

-Ll.\\ ci�hted Lcast Sqtıitrcs (\\ LS) 

("Ji\ cn the rc�rcssiorı nınde l of (ô), lct R be the ,·ariancc-... 
co\ ariance ınatri\. The nbjcctİ\ c function is givcn by, 

./ (\) 1 ll/ ,. , "l 

\' ( ) -

� 2 1 ı Oi 

1 
-

'I ,-1 ,. \ ,. (.:- llx/ N. 1 (:: //.\) ( ı ı ) 

,, here 1 n, .' act) as a \Yeiglıt. \1 ininıizing ./(xJ: ields 

('.l(x) 
{) - 111 f{ 1 ( :: Hx ) ( 1 2) 

" 

By t�1kiııg the pscudo inversc of //" rhe estiınated x is 

rouııd such that. 

( l 1 1 R ı I 1 l : 1 11 r\- R: 1 1 . ( 1 ] ) 

Thi� lcads to. 

- --
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( 1 4) 

\Vhere S is called the hat nıatrix, This törnıula is use� 
fornı the residual sensitivity nıatrix 11· that relates 

residuals to the errors, 

,. - " 
-

- - �. - -_
-

.. - ( 1-S):: - n·- ( 1 5) 

'\nte that the ınatrix ll' is singular. hcncc there are ınultip 
nJ-\Cctors:: \Yiıich can satisf) r 11'::. lt can be seen th 
tlıcsc crror"' are considercd as lincar conıhination� of t 

residuals. ı his i� İnıportant both in \VL · rcsiduaJ anal: 
and in c�pl�1ıııing certain propertics of the �·L: when gr 
crrors are iıı ,ohcd. For e'\anıplc, the propert) or ha\ i 
lincar coınhinations of large errors rcsulting in srı 
rcsiduab. cuıd large error results in SC\'cral large residuaı . � 

-t.2. Lcast .\bsolute \'alu e (LA.\') 

The lcast absolu tc value; ( L.-\ V) eriterinn is based on the 
norın and lı;.1s very uscful bad data rcjcction propertic 
Equation (3) can be solvcd by substituting the value of r 
, .,- for the rcsidual veetar r, \Vhcrc r, and r, reprcsent t 
positivc and ncgativc parts of r respectivel). T 
coıı�trainh ll, are 1 inearizcd about the current x

" 
which gı 

ri s c to t h c f () ll o '\' i n g, ...... 

,. 

IJJI/1- • ( L' ) ( 1 6) 
,. 

\\ith tlıc con�traiııt 

,. 

(/.-/.//,) , . (ı 7) 

X 

Equation ( 1 7) can be solved for _lr usiııg tlıe sinıplex lint 
prograınrning ıncthod. //, is the Jacobian nıatrix. The\ a 

of x is thcrı updated, x" 1 = x" "" L1t. The constraints 
liııcariJcd nt the updated operating point and the procel. 

is re peat cd u nt il convergencc occurs. 

4.3. Least squares cstiınator (LS) 

rhc kn�t �quarcs solution (LS) i· obtained '' hen p- 2. I 
LS "'nlutiuıı ha� bcen conıınoııh u. cd in--pt>\\ er s� .. ı .. 
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applications. lt provides one \Vay of dea! ing with an over­
deternı ine d systenı. The LS nıethod is prefen·ed large Iy 
because the deternı ination of the d esired paraıneters is 
ınathenıatically sinıple. Based on the assunıption that the 

error r in the nıeasurenıents is independent and normally 
distributed, Eq uation (1) can be rewritten as, 

� ,. . H x- �ll; = ( ll H x- z ll ll H x- z IIJ �m zn 

T T f! ffy = [-[ z 

(ı 8) 

The q uantity (H 1 H)-1 H r is the pseudoinverse of matrix 

H. 

-t-t 'l�"\imurn A.bsolute Deviation 

The ıııaxiıııunı absolute value eriterian is based on Loo 
norın. In this. the optinıal estinıator nıiniınizes the Hoo 
110rtll of the pO\Ver spectruın density nıatrİX of the 

cstinıation crror 1'1 such that, 

111 i n s 111 CL\ 1 ri 1 = ll Hx 1 - z 1 ! 1 x 

[{ \ e z 
> 

X 

-H \ e -7 --

( 1 9) 

(20) 

Siıııplcx liııear progranııning nıethod is used to solve for 

.:_\x. .\s the constraints are ineq uality constraints, it is 
necessary to add both surplus and artifıcial variabtes to each 

equatıoıı. 

5. SJ!\Il'L:\TION RESULTS 

. 

·ıııc 1 EEE 6, 30 and 57 bus net\vorks were u sed to evaluate 

the coınparison of L" (L1. L3 and Lx) estinıators. The 

topologies of the 6-bus, the 30-bus and the 57-bus systeıns 

as \Veli as the nıeasurenıent set are shown in Fig. I, Fig 2 

and Fig 3. Test systenı data are given in reference [8] and 

[9] .  The nıethods have been progranımed in MA TLAB on a 
Pentiuın 1 1 1-800 MHz computer with 5 1 6  MB RAM. The 

propo�cd algorithnı was tested on two different cases in 

\\lıich the nıeasurenıent sets are assuıned contanıinated with 
diffcrent levels of no ise. The noise level varies between O% 

(case 1 -wlthout noise) to 20% (case 2-with noise) of 

randonı noise. The noise is introduced in both active and 
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reactive po\-ver nıeasureınents. �rhe two study cases have 

identical loads and circuit topology . The results obtained 

both two cases are tabulated and given a case nunıber. 

ı '•' ; ., i t • • •  

,. ·' 
.• 

ı " :,ı ıa t• 
• t:us ,�. � 1 1 .. 1 ! 

---- ·-.....-- -- . '.. ··ı··--ı· ' 
ı .. .... ! ' 

. ....................... . 1 L . . -..:. ·)o •• ··�____ı' l 
·: , 

.r '-. 

.• " 
.·· 

.. 

/ 

• 
. • ..... 

' ; -- - . , ,. ,,,.,... -
--· ....,� 

r·" . ı ı· l . .rı. '"1 ... . ... • .. --·- ·�.t ... _-: \.) .•. t . ...... � --···-.._ t: '. •IJ !':': •• 
. ' ,_ 

' t 1 ; . . ·-···· ........ �-..... ...&........._ 

1 
1 • 

' 

Figure 1. IEEE ô-bus test syslcnıl61 
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Read ıneasurements Rcad system torolog) 

• 
Filtering the input uata 

Construct Ybus ınatri\ 

eta starting value of 
the statc \'ariablc 

Calculatc the misına.tch 

M ismatch 
< 0.00 ı 

o 

Construct .J acobian 
111:11 ri\" f f 

,..------�':...___--------. 
Ruıı the l.11 statc 

cstimator. solvc ror 
Lh 

f-f L1X =-: 

lJpdatcx 
x'k IJ - _/kJ + L\x 

Yes 
.... 

Outrut 
to other 

program s 

Fig u n .ı. Po\,·cr ll n w st u te e ·ti mu tion [ 1 1 ı. 

The output ro r e a c h ca s e i n c lu d e s the b u s v o 1 ta ge nuı g n it u d e s a n d 
,·oltagc phase angle . The residuals for both t\VO cascs are 
ca \culatcd and p lo tt cu. The com pu tat i ona 1 ti ın e co n su med by ca ch 
statc cstimator i� ıııensureu and conıpared. Table l .  Table? and 
l abk � contain the output results for ,,·ithout and ,,·ith noise cases 
undcr study. lt can be ini'erred fron1 Tablc 1. 2 and 3 that the 
ıncthod of the least absolute value e.ives the least residual and '-" 
hence the more accurate re� u lt. The co ın putaticnal time is the least 
in ca �e of the Ica t ·quare e. tinıator.In lo,,· no ise condition. the 
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tvvo ınethods give equally accurate results. But with high no 
data. \vhich is the practical case in power application. ı 
least absolute value gives better results. 

Using a canıbination of the L'} estinıator with the othr 
estinıators can substantially reduce the conıputational tim 
and the nuınber of iteration needed for L1 and L7• In th 
conıbined ınethod, the least square estinıator L:; is execute 
for one iteration, and the n the other esti nıator is applie 
For IEEE 6-bus, 30-bus and 57-bus test systenıs with the 
saıne input data, when this new cornbination method 

applied, the results in Tab le 1 ,  Tab le 2 and Table 3 a 
obtained. 

Ta b le 1. Co ın parı'-ıon wıth respect to resıduaL and computntıoııal tıme 
Lp estiıııator� t(x the 6-hus test S) stern 

Rcsiduals Coınputational Time 
(see.) LP ı 

norm V..' ithout W ith W ithout �'ith 
No ise No ise No ise o ı se 

L, '). 7804 2.7837 0.93 0.9-l 

L, ! .7X08 2.7850 0.0600 0.0500 - - -
/,, 1.7X3? 2.7S78 0.3800 0.3900 -- ·--'-· · ·  

Tahle 2. Cnınpmı�nıı \\ith rcspcct to resıthıals nncl coınputatıonal tım'" 

Lp estı ın�ttl)t � rur the 10-bus test system 

1 Computational Tiıne Rcsiduals (see . ) LP 
norm \V ithout W ith W ithout \V ith 

No ise No ise No ise No ise 
1� 1 13.4091 1 3.4105 2.600 4.0 ı o 

L, 13.4416 13.4385 0.600 0.610 

Ly 13.-l227 13.4 1 55 5.930 6.150 

Tabi� 3. Cnınparısnn \\ ıth rcspect to residuals and coınputationul tı 

Lp estiınators li.)r the )7-bus test system 

�-

Resi d u al s 
LP 
norm W ithout \\'ith 

No ise No ise 

/, 1 18. ı 8 7 18,345 

L1 - 18,304 ı 8.620 

L:r 18.450 ı 8. 721 

Coınputational Ti n1c 
(see.) 

W ithout 
No ise 

8.3?0 

ı .066 

ı ı ,324 

�' ith 
No ise 
9.003 

ı .072 

11.938 

. . 

ı 1 

ı 

• 
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F i � u rr 5. C\mırarıson w ı t h  respcct to Cl)ınputat ınnal  t ı m c  o f  the 1.1 and 

thL' C l ' ıııhı ıı�d L,. ( L_,+L1) esrimators for the 6-bus test s :ı stcm 
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F i gure -L 6 and 7 shO\\ canıpar i son \Vith respect to � 
co ınputat iona l t i nıe of the L >'  a n d  the conı b i ned 1 .. 1, ( /.�- !� / )  

estinıator. · for the 6-bus test ) stenı , the � O-b us test sy stenı 

and the 5 7-bus test systenı respect i\ 'e l ) . Figure 5 shO\\'S 

canıparison \\' i th respcct to conı p utat iona l t i nıe of the  L 1  

and the conıb incd 1.1' ( IJ: +- t 1J esi inıutors for the 6-bus test 

S\ stenı . .. 

.... , 
• • •· ı ' 

• 
6 )J . 

C> 

f "> 1 • 
iij 
c 
o 
;; 
"' .: � . ;;ı a. E o u 

j • • 

ı 00 1 
2 

Case No 

Figurr 6. Coınrarısnn '' ılh rcspect to com rutatıoııal t ınıe of the /. , and 

the cnıııbıncd L, ( /._,+ /. ,) estimators ror the  30-bus test s� steın 
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Fig u rc 7. Comparison wi th  respecl to coın p u tational  t i me of the L ,  aııJ 

the combi ııed L1ı ( L.ı+ /, , )  estimators kır the 5 7-bus test system 

6. CON L U S I O N S  

Th i s  paper presented a new and effic i e n t  conıbi ned nıethod 
to esti  ınate the vol tage ( ang i  es a n d  nıagn it udes ) i n systenı 
b uses. T h e  proposed nıethod based on canıbi nation !.fl 
est i nıators for enhancenıent  of c o m  p utatİona I speed . .  A s  the  
proposed nıethod converges nı u c h  faster than the least 
absolute va l ue  esti ıııator fo r l arge power systenıs, t h e  
conı putat i o n a l  t i nı e  and iterat i o n  n u nıbers needed for 
convergence substant ia J iy red uces .  At the sanıe t i nıe. 
r c s i d u a 1 s o b ta i n e d u s i n g a c o ın b i n a  t i o n  of L 1 J n o rııı s ar e t h c 

sanıe as res i d u a l s  obta ined u s i ng L1) norıııs i n d i v i d ua l .  
Resu l ts on t h ree sanıp le  povver systenıs presented. The statc 
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cstiınation technique based on L,. norms is a vcry c f'fcct ivc tool 
and can be u pp l i  ed i n  a \·ari et) of  are as i n engineering.  
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