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AN INTRODT'CTION TO STATE F-STIMATION IN POWER SYSTEMS
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TARLE t2.2 Base_Case Conrlitions

Base-Case Value Measrrred Value
h,teasurement kv MW MVAR kv MW I\,tvAR
Iglv r
Mol
M,z
hl, n
Mn

I\lv t
Itl<t z
ll tr
M,,
l'1, s
fi! za
ll zt

illv t
Ilct
M,,
Ll tt
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l{ro
tu{r.n

hlo r

blrz
Mas

Attvtv s
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lv sz
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hl t"

h|vd .

lllta
h'lr. s

Mu,
Moo

24t.5

24t.5

246.1

227.6

60.0

-2.9
|9.t
43.8

89.6

5.7

23.2

60.7

24.2
_ n.2

2t.2
9.4

7 t.9
9.7

38.3
22.O

| 5.0

- il.9
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to.2
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71.9

- t4.3
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238.4,07.9 t 6.028J _15.4 l l].1
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356 ,ij lii
"237.850.0 74.4_27.8 tz.t 48-4
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_45.r . -40.1

r-;i\ -2e'8%@226.7

23t.o " 228.970.0 70.0

22s.270.0 ?0,0*4.0 -il ':?_34.5 _,3.5 -z-l
- f 5.o _ r8.o -36.6

- rE.0 *26.1 - lr.7
t -6 -g.7 -25'l

_2.1

67.7
_ f.5

- 17.5

-22.2
-29.9
-0.8

60.9
2.9

-22.3
-5t.t

-42.8 - 57.9

v

Ir

lI

2

1

fitoft
in fact,

Tlre
toget he

general
conditi'
ment &
eslirnat

The
shown
the resu

can onl'
however

to aid ti
The

estimati
a lgorir h
bus voltr

Tlrert
First, is
ments, a
and teler

r2.5 S?

One prol
chapter
estimatio
estimator
whcn we
and injccr
measuren

In this
to be zerc



STATE F.STIMATIOFI BY ORT}IOCONAL DECOMPOSITION

TABLE 12.3 lterative Results of State &timstor Sohtion

-1
l

.J

t

I
:4

*-l

l
t

IJ

I

J

J

=€J

.".rr;

1:
1l

., .J,

'l
J

I

J

Fg

F:..=

II

2

l

Iteration

J(x) at Beginning
of lteration

(pu)

Largest AlEl at Largest A0 at End

End of Iteration of lteration
(pu v) (rad)

0.1 | 23

0.004866
0.0000146

fit of the estimated values to the measurement values. Ttre g,lgq g!-{H;14"-
in [act- be uscd to detect the presence of bad *"asur"mJffit*

ffi-*n in Table l2'4,

togethcr with the base-case values antl the measured values. Notice that, in
geireral, the estirnated values do a good job of calculating the true (base-case)

con<titions from which the measurements were made. For example, measurg-

ment M23 sho,ws 1*P floy gf 8,6 MW whereas the true flow is 2.9 Mw and the

e.stirnai6i-fliedicts a flow of 3.0 MW.
-The 

""anlp1e 
showrt here started from a basc case or "true" state tlrat was

strown in Table 12.2. ln actual practice, we only have the measurements and

the resulting cstimate o[ the state, we nev€r know the "true" state exactly and

can only compare measurements with estimates' In the presentations to follow,

howevei, we wil! leave the base-case or "true" conditions in our illustrations

to aid the reader.

The results in Table 12.4 shorv one of the advantages of using a state

estimation algorithm in that, even with measurement errors, the estimation

algorithm calculates quantities that are the "best" possible estimates of the true

bus voltages and generator, load, and transmission line MW and MVAR values.

Tlrere are, however, other advantages to using a state estimation algorithm.

First, is the ability of the state estimator to detect and identily bad measure-

ments, and, second, is the ability to estimate quantities that are not measured

and telemetered. These are introduced later in the chapter',

12.5 STATB ESTIMATION BY ORTHOGONAL DECOMPOSITION

One problern with the stanclard least-squares method presented earlier in the

chapier is the numerical difliculties encountered with some special state

estimation problems. One of these comes about when we wish to drive a state

estimator solution to match its measurenrent almost exactly. This is the case

when we have a circuit such as shown in Figure 12. 13. All of the actual flows

and injections are shown in Figure 12.13 along with tlre values assumed for the

measurements.
In this sample system, the measurement of power at bus I will be assumed

to be zero MW. If the value of zrro is dictated by the fact that the bus has no

3696.86

43.67

40.33

0.06422
0.0017
0.0000227
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TABLE 12.4 State Filimation Solution

Base-Case Value Measured Value Estimated Value

Measurement kV MW MVAR KV MW MVAR kV MW MVAR

:- :!j

Mvr
lr,lo t
Mtz
Mro
Mrs

Mvz
Itlrit
hI zr
Mro
Mro
tr4 ra

4M:'J

Mvt
Mot
Mn
M$
ltl,t

lr4*+

Llr.,
14ot
Ir'l ot
h'los

hlv s

A4r't
L4 tn
Mtt
Mn
Mtt
Mto

Mvc
tr|t."

*Mes
h'ldz

l\4 dt

246.1

60.0 89.6

-2.9 5.7

l9.t 23.2

43.8 60.7

227.6

70.0 70.0

-42.5 - t9.9

-3t.6 -45.14.1 - 4.9
'- 

-a

226.7
70.0 70.0

-4.0 - 2.8

-34.5 - | 3.5

- t5.0 - 18.0

- t 8.0 -26.11.6 -9.7'v '\-_
23 t.0

250.7

55. | 90.6

-2.1 r0.2
t'1.7 239
43.3 58.3

225.1

71.8 71.9
*40.t - t4.3

- 29.8 -44.3
.0.7 -17.4

244.7

59.5

- 3.0

19.2

43.3

226.1

10.2

-43.6
- 30.9

4.3
'i '-

241.5 238.4 240.6
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