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8.7
4.4
1.2

1.8
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t.9
l5.l
14.8

t0.8

12.6

E7.4

6.2

22.9

58.3

70.2

20.7
44.4

- 5.1

69.4

-2.5
t 3.6

17.4

25.8
t0.l

65.8
4.4

.14.5

-55.7

70.59 MW

\/A
lt v'd

,""t M32=72

<-29.41 MW
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i,i:
i o-r
'*"Ml=o

\r',,
'or) r
6i=t.

Jn,z= ol?,-6r)'l 
?- so,'soz

,*'(o;'04
-* 6z

," fu(0'
hut-

loacl or generation attached to it, then we know this v.alue of zero MW with -t (t' r 4
certainty and the concept of an error in its "measured" value is meaningless' V'fflt' J Uz

Nonethiless, *, pro."ri by setting up the standard state estimator equations

,tJ rp-Jrving the Value of the measurement o for M1 a::.1-!tf l0*2' This

results in the following solution when using the state estimaioi-Cq{iiiins as

shown in Eq. 12.23:

P1o* estimate on line l-2 : 30'76 MW

ft1o* estimate on line 3-2 :72'52

Injection estimate on bus I : 0'82

The estimator has not forced tlre bus injection to be exactly zero; instead, it

reads 0.82 MW. This may.not seem like such a big error. However, if there .are

many such buses (say t00) and they all have errors of this magnitude, then the

estimator will have a large amount of l<rad allocated to the buses that are known

to be zero.
At first, the sotution to this dilemma may seem to be simply lorcing the o

value to a very smalt ntrmber fc,r the zero injection buses and rcrun the

estimator. The problem with this is as foltows. suppose we had changed the

zero injection rto 6Mt: l0J'Hopefully' this would force the estimator to

,nake ihe zero injedffiminant that it would result in the correct zero

value coming out of the estirnator calcutation. In this case, the lltrn-rA1
matrix used in the standard least-squares method would look like this for the

v
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sample syslem:

nter.!

then

*t

X

[5.0 _5ol

""=ll, -il-J

r^r=f 't' ,u. 
*"J

flrR-'tI1 :f se'z-s x l02o -37.5 x t02ol

- -"_*__**z L -37'5 x lo2o zs.o x r0rnj

#:J,rffff"f1;,h'ip;
::'ff,',l.fi' ni" ffi ;:' hi #il',i;.,*:t. :'i:l ;;;;#" so sm a, by

ij1L-f :":iry rong worrf rengr h o, .*i,u ;:TJi: H_:i,T:'fi ;il' ;:':i"i:rs presented ro a standard matrix inversion routine o. ,u;, inio u Gaussianelimination solution routine, on ,rro, rn"r,of the estimaa;;.- 
_..vur.,,L, d, srror message results and garbage comes out

The sotution to this diremma is to use another argorithm for the reast-squares
i"o;ii,"l; il;:;f:",', 

nm ;s furreJ i;;; il;""a I decom posi tion a rgori t h m and

12.5.t The Orrhogonat Decomposition Algorirhm

i!,:fi:li:|,un'."bH'":il:fi;' j;o;i:'t"",nes i n tcx rs o n rinea r ar geb ra r r
idea is to take the state estimation 

'""r,-l1T^:!chmidt 

dccomposition' The
eliminate the R-, rotri* as follows: let 

squares equation, Eq. 12,23, and

where W

rR_,,2'=F *' l
t 'm2 

*.J

(r2.47)

(t2.48)

ryr 
: JHrR-rr2R- rtzltJ | _ fH,rH,J (12.49)
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ryhere c' and .r,arc determined frorn [N,][//]. Similarly for [N.]:

fr o ol
trv,t=f o c,,,"f (12;2)

Lo ,"J

Ir";r",';.il:o 
injecti'n exampte, we srart with the [r1] and [R] nratrices as

Iso _j.ol
1n1 :fo -o.oltl

and Lz.s _5oJ

_ f'n-" IlRl:l 'n-' IL to-'"J
Then, the [l/'] matrix is

f s.o x lo' -5.0 x ror l
[-H']: 

Lr., *o,n,o -;;J 
',o1"-l

t

FIG. t2.t4 State estinrate resutting from
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J(x)->"

FIG. 12.t5 Threshold test probability function.

rve see that N,, is equal to 62. Therefore, the degrees of freedom for the chi-square

distribution of J(x)'in our six-bus sample system is

K.:AL-N": N^-(2n - l):5t
wlrere

N-:62 and n:6

I[we set our significance levql lor this test to 0.01 (i.e., a : 0.01 in Eq- 12.?3),

we get a f, of 76-6.* Therefore, wilh a J(x) : 40'33, it seems reasonable to
assume that there are no "bad" measurements present.

Now let us assume thal one of the To sirnulate

---.#/

TABLE 12.5 lterative Resrrlts ri,ith 8ad Measur'emenl

this situation, the state cstiffiiion ilgorithm was rerun with the M' measure-

ment reversed.-Instead of P = 31.5 aqd ,0 = - 13.?., it ,was set j9$_Jl.l
T;d 0:13.2. The value offGland the maximum AlEl and A0 lor each

a--=-,.-

iteitiioJl -for this case are given in Table tZ.s. It"-J.-9.*:g:-9"9:**3iS:f
not prevent (he eslimator from converging, but it will increase the value o[ thetu*

The calculaled flows and voltages for this situation are shown in Table 12.6.

Note that thc numberof degreeso[freedom is still 5t but J(x) is now 207.94at
the end of our calculation. 

-Sin.. t, is 76.6, we woutd immediatelyfr?lf,bad

Ite ration

J(x) at Beginning
of Iteration

(ptt)

Largest AlEl at
End of Iteration

(pu v)

Largest 60 at End
of Iteration

(rad)

I

2

3

0.06416
0.00t 48 t
0.00004848

r Standard lables.of I':(K) usunlly only go up to K : 30. For K > 30, a very close approxi-
mation to 121K) using the normal distribution can he used. Thc student ihould consult any standard

rcfcrcnce on probnbility and stntistics lo see how this is done.

370t.06 0.09851

2r l.|] 0.004674
2o1.s4 >7[] o oo0025e8

.--=iffi 
;:='':'':"" 

r' I':

Prob = 0.01
atr(Xl -,,



AN INTRODUCTION TO STATE ESTIMATION IN POWER SYSTEMS

TABI,E ll.6 Stete Estimation Solution with Mensuremcnt ,,(, Reversed
Dase-Case Value Measured Value Estimated Value

Measuremenl kV MW MVAR KV MW MVAR kv MW MVAR
Mvt
Mc,

lMrz
M,o
Mrs

lll, t'
Mn,
llrr
Ll ro
Mu
Mru

. 
Mrt

Mvs
Mot
Mtz 

.

Mts
14 tu

Itlrt
Mu
Mnr
Maz

hlns

, Mrrs .

Mcs
h4 to
Mtt
trt t,
trl sr
14 se

Mun

Mr.u

Mas

14ez
At,'.6 f

24t.5 238.4

I tJ.t 2Q.2

-J,Ls + !3.?38.9 21,2
35.7 9.4

241.5

50.0 74.4_27.8 t2.8
3-1. | 46.1
| 5.5 t 5.4
26.2 t2.4
2.9 _ t2.3

246.1

60.0 89.6_2.9 5.7
tg.l 23.2
43.8 60.7

227.6

70.0 70.0.
_42.5 _ t9.9
-3t.6 _45.1

4.t _4.9

226.7

70.0 70.0

-4.0 _2.8
_34.5 _ t3.5
_ t5.0 _ t8.0
_ t8.0 _26.1

t.6 _9.7

23t.0
70.0 70"0

_ t,6 3.9
_25.7 _ t6.0

-42.8 _57.9

239.9
48.4 7 t.9

-34.9 9.7
32.8" 38.3
17.4 22.O

22.3 15.0

8.6 . - lt.9

244.6
55. t 90.6

-2.1 n.2
r7.7 23.9
43.3 58.3

226.1
7 t.8 -7 i.e

-40.1 _ t4.3

- 29.8 _ 44.3
0.7.-t7.4

54.4 67.0

-24.4 9.2
35.0 44.1

t6.l t4.7
z5.t I t.3
2.3 -12.2

6t.4 86.3

-2.3 5.8

120.5 22.2
43.2 58.2

69.0 70.0.

- 39.6 -21.9
- 33.5 -43.t4.1 _ 5.0

7 |.8 69.J

-4.1 _2.6

-32.7 - t4.7

- t5.8 -t7.2
- 19.3 -25.1

0. | _9.6

237.8

250.7

225.7

228.9 230.0

225.2 225.3
72.0 67.7_2.1 _ t.5

_ 36.6 _ 17.5 .

_ lt.1 _22.2
_75.t _29.9
_2.1 _ 0.8

72.3

1.0

- 19.6

- 46.8

60.9

2.9

-22.3
-5r.1

66.9

-0.1
-24.6
-42.3

66.7

3.9

- 15.0

- 55.6
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^NlNTRoDUCTIoNToADv^NcEDToPIcSINsTATEEsTtMAT|oN4g5
lf we take the three-bus exampre used in trre beginning of section r2.2, we 1note that *1r 

,,,,,. lwe can use a least-squares fit to the measurement vatues. If one of the .

measuremcnts is lost, we have just enough measurements to calculate the states. .:. . : ..{; rlte slates. {I[ however, two measurements are rost, we are in troubre. For exampre, suppose I
Yl+ ?ld  t.r:-"re to lf we now apply Eq.' 12.23 in a I

manner, we get U
r laz (Zo,;rit L;) ,

Mtz: frt = *(or - or): Sor - S,,z t "l:'.f,
Then 

v'' 
. C/ l"'-lt, -r

il]=fl,,,r']toooorr M'r"o'rrPu i' 
1and,J

I

l-::::l:t-l- llro*o,r-,r, -srl'rs -5rr0.000rr-,(0s5) ,, | 1L0i'J L[__SJ' J L- LJ -JJLu.(ru/tJ'(u.))) 
I

l_ r<nn rcnn_.|_ l _ JI zsoo -25ool- r:l I [5 _5][0.0001]-'1o.ss;
. L-2500 2500J,
: | ::Y -r)w I 'rs 

-5tr0,ffnt-r(n ssr tt.t -,A\ I -
. L-2500 2500 | [5 -5][0'0001]-'(0'55) (t2.74) rf--- I .l

The matrix to be inverted in Eq. 12.74 iscrearty singurar and, therefore, we - J
have no way of solving for 0j" and gi'. why is ttrist rnl reasonsbecome quite tobvious when we look at the one-rine diairam of this network as shown in , , | ._,Figure t2'17' with only M,, avairabre, ail wi can say about the netwo"r'k"i;ffi 
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AN INTRODT'CTION TO STATE ESTIMATION IN POWER SYSTEMS

TABI,E 12.8 state Estimntion solution wirh Measurcmenfs at Rus t and pseurlo-
measuremen{s gt Buses 2, 3, end 6

Base-Case Value Measured Value Estimated Value

IVeasurernent kV MW MVAR kV MW MVAR KV MW MVAR

238.4 238.4
I l3.f 20.2 ln.t *nt.4 t9.5
3t.5 -n.2 j0,+<- 3t.3 -t2.538.e 7t.2 447edo.t 2t.s
35.7* "e.4 

J6., ? 37.4 lo.l
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