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GTATE RETIMATION OF RLECTRICAL POWER SYSTIM BX A
TRACKING ALGORI 2HNM

.0 Introsustion

he reliable operation of a power mtwodk depends on
a Teal time data base for monitoring, seeurity and ecatsel of
power Systen. itate estimation prograammes can enhange the data
base for on-line real time operation of power netwerks, e
basie fungtion of an sstimation programme is to eonvert the
felemetered rav seastrement data into a reliadle informstion
base. e information base eontains all complam Ws veltages,
power and current flows as well as injeetions almmg with
aetwork status and parameters errors. For a sucesssful eperation
of a state estimator it 15 essmtial that the measurenent
system sist have a degres af redundengy greater than unity
(3.8. ) ( number of measurenents )/ ( nmamber of state variadles)>l).
Besanse the redundengy in the measurenent set Lmproves state
et timtion acsuraey.
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Gl #tatw Batimation Iracking Al geritim

The dysten Bquation is

Zafix)» 7 for the k-th iteration
30) = £ (x0c))e ¥ (8o 4 1)
k

Lot
o= 3§77} (8.2.2)

flx) is a non-linsar fungtion of x, and 2 1s defined as a
positive, definite weighting matrix o¢

is }{tz.iux-if} . 2.3)

The objestive funstion is formulated as for the k-th Lterstion

k
awm) s ) S0 - 2T 0" w0 J3m) - 20T

Jnd

ETELIN : fl(e)( »xl)/ 6.1.4)

x(o) 1s a priori estimate x and 8(0) 1s the initialised
positive definite weighting matrix.

By Taylor's series expansion, neglecting higher
order terms

3X) - fp) = AZM) - Ax Pl y) (8. 1.8)
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: k
Coam) e Y O 43w - axtre 7 et
J=nd

522G)- sxTra, )T + axt i) ax 80 de8)
Mor miniaisation
Iy txn)

x |
-l . ?
DD P WA W - A - 4
LT ;dmﬂu £a8G) - ax’rey ) T

e 88 0)ax (6:1.7)

k x
2 PG, ) 0" 42G)e & 0)Axe D Py 0 iy 0%

3=l J=d
[ X ¥} “‘h‘)
Let x
5'1&) - } r(g=1) ot ¥ Jo1) (Bele®)
=i |
and X
ak) = } )0z o 520 ax (61, 10)
=
8o,

kel )= a0 + PA)O L AZ(Re1) . 1.11)
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Lot theo estimate of A x at the k-%th fteration is Agh)

oo Tk Axk) = a®) (8.2, 18)

From equaticn (8,1.9)

flx)eddmerx) ot i x) ®.1.19)

3y Matrix inversion lemma,

Let

) ro ot r’m ao:)
Nedk)o oaceee 6. 1. 24)

1P me 0P 0L

Mal tiplying equation (6.l1.14) hy equation (6,1.19)

M kel ) = 1o80)P0) 0”2 PR 0X) -

S00)70c) 0 ‘r’cxmmmn r’omaz)mu o)

W o e

1+ r’(m a)re) ot
eoe Bs2.18)

Sinee o) and PPX)SIPCR) are sealer

20070) 0~ e+ s0ra) 0”2 Plasaxirer) 0”2 2tax)

.amm»"r'm.uwrwd'%’auwmw‘r'w

" (k’l) .x - . anon Sen " T 5 G- 4SS I S I0 S AP I W

1e r’ )s Ge) P k) 0°

see 8.2.28)
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eliner) =1

0.0 Aa I(k’l)

. B(K). P(k) 0 7T 0x)8 )
L I a‘”&) 's(k)" e -. L D1 e

1 r3(x)a 0)rce) 02

Ax( kel ) » 8( kel ) &( ked )

Prom equation (8.1.19) and (6.1 11),

01 T
d)Px)® P (e) 3(k)
Ax(ked ) = // dk) e« - )

‘ wrlmsora) ot

/"~ =i 7
. dk) » Px) Az (Red) @ _/

Az(hed ) = Axx) ¢ 8R)PO)AE( ked ) 0~ 2
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@ 2. 27)

Beda28)
®.1.19)

@.1.90)

@..8)

S07X) 0 P ) A xX)e80)T) & 17 )8 )P ) 0 25 (el

L 4 Lo L P BT U0 U UD 0 A A A B U W VP A 00 A A S O AU AN i 0 N N

1+ rt0at)ra) o=t

AxCked) = Axk) + 800PG) O 0 AZ0ed) - AxTRIPR) T

- - “1
e S rTasmra) 0"

6. 1. 58)
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#0 the algoritims for the regursive estimation of states
of the power aystem are

AZOel) = AxCe)oB0IPA) 072" 2Zkel) - axOIPR)T
f 3 L] 1
x " wrioseore) ot 6. 1.2%)

SGkel) = B0c) - SOOPX) O 27008 0)

- - p §
x e rtasarx) oot . L.230)

6.3 lwlemensation of the Algoritim

- dtep A

Individual measurements are considered one after another
a8 o Sealer quAntity, e.gs 83, 3gy Sy seo and S0 OB O i3
the varianes of scasurements of individual guantity and it is
assumed to de eonstant for all the measured variables and its
value is Saken a8 88500, 4 - is initialised as a positive
definite welighting matrix of diagonals as 0.0004 and all
non-diagenals as sero. Initial values of the state vestors
are taken as those values ndtained from an off-1ine load fiow
analysis with reastive somponent of the voltage af cne s as

sero. F(.) 1s the cerrespeniing ccluman of the Jasodian
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Step 8
Deviations of P and Q of the measured frea the
salenlated ones are cbtained for all the tmses such a8

A’;&) - P‘- ’1&) ealoulated, AQAQ) = Ql'- Q‘&) saleulated.

For a 5 bus system we have 4Z(k) as
Z.AP; Oc)y2Pg (k) .A': () oA"‘&)sA's &).AQ,; &)“ M&&)fﬁ &)_7’

where ke i3 the iteration eount.
he state vegtors at the k-th 1iteration are demoted

A.].&).A..&)' evey A"&’. Atg&)'o--. At.&) see}) Sinee

Af;(k) = O forall k

KRenents of the Jasoblan matrix (9 x © ) are computed for the
h-th fteration as Pik). o

o introduse recursivensss in the algoritim and for
posaible on-1ine applicatioa P and § are iniflalised as the
nessured guantities and as the iteraticn procesds P and
beeone one atep bask af the ealculated values of P and Q a8
otated as

APy(k) o Py (R=1) = Py(x) and A ) = Q300e1) « Q)s
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itep 3

Iteration proeseis with the algorithms for the state veetors

as

o “
:‘u (ked) .‘n Geed)geee T &04):
Vo :
' '
L ¢ s

:M&‘Q)..ﬂ &’l),oo . gﬁag&'ﬂ"

e e’ ' - '}
:ﬂu&).lu&). oo."“&) : : ‘u&’.‘u&). seep lnﬂt) :
': . : ® : . :‘
' e : : ' ' R '
:&1&)"‘&)’ see 98gp (k) : : 891 0c)y808 (x)y 0o yBppOe) :
- - " e A e 3
:'u&) : :'u&)”’l&)"" .’91&": ‘u&)y‘aa)”oo' ln&) '

el . ' .
o 0t - :
', ' ', R '
', ' ' . . 4
', ' T . '
L L ¥ ’
:;Iu&) : : ‘Q‘&).I’&)nu' 8gg (k) :
“2e “’uﬁ).h&)no- 'Po3 &).7 :gu&h'n 0c)gene "”&T: :;n &-)-:
L U
> ' :: o '
. ‘ ® '
) ', " ’
U (X ] '
:%ﬁﬂ.lg(l)..u.m&)::'nﬁ):

‘e a"‘h)
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ese (8.8.20)
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Nov, (el ) e (k) e Ag(ker) ¢.8.8)

L]
14

.

og(kel )= og(k )+ 2ag(ker)
fo(kel ) s fg(k )+ Agg(hed)

*

fe(hol ) » (k) s Agg(hed)

d%p ¢

G0 to step 8, 4f max A2Pi(kel) <= tolevance and
L2 max AQq (kel) (= toloranse, then go to step &
Rse @® 70 Step 8,

e 8

Print resules.

(e

A S-Bus 7 1ines network wvas eonsidered. No¥ hlcrczﬁ?
of 0.,01 state vesters were found to enverge after 3 iterations .
the pewer Retwerk under econsideration has been shown in Fig.6.8. 1.
Line paremeters, line Admittanse, Bus Adnittance Nateix, Initial
values of the #tates Yectors, Aetive and Reastive BDus Power

Measurements are show in Tahles 6.8.1, 6.8, 8, 6.8,3 and 6, 0. 3,
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6.2.4, Mor iteration 1 elements of the Jagodian, the weighting
Matrix 8( X, ), the dtates Vestors ¢(.) and £(,) ave shown in
Table 6.2.8, 6:8.6 ani 6.8.7 respectively.

Por iteration 8, the elenents of the Jamedbian,
the veighting matrix 8 (I,J ), the States Vestors are shown in
Tables G.8.8, 6.8.9, and 6.2,10 respectively.

For iteration 3 , the weighting matrix 8 (X, J ) and the
8tates Wotors ave shown in Tables 6.2.11 and 6.8, 18 respestively.
e softvare developed in BASIC is given in the sppendix as Ml



0.0 + § 0,08

0,08 + § 0,84
.06 + 3 0,18
0.08 + § 0.18
0.04 + § 0,18
0.0 ¢+ 3 0,03

0.08 + § O.R4

0.0 ¢+ § 0,08
0.0030.”

0.0 +« § 0,08
0.0 + § 0,08
0.0 + § 0,018
0,0 + § 0,01

0.0 + § O, 0R8
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TABLE 6.8.2

LINE ADMITTANCE AND LINE CHARGING

m*-*-x | x - 1-—1 " — -
Line No. ] Between | Line X Line Hal
Bases adni ttance [ charging

DN 40 S g A Py i) A5 WAt Wt BN 0 S gD ap -0 WSED 16 Sy WL URARE- U S0 WS wi T A A

1 1-8  5.00.3 15,00 0.0 ¢ J 003
8 1-3 L8S-5 %76 0,0+ 3 0,088
3 8-3 L66-J 500 0.0+ 30,08
4 2-4 L66-) 500 0,0+ 3 0,08
s 2.8 88503 7850 0.0+ 0.0i5
. 3-4 10,003 30,00 0.0 +3 0,02

138
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1 6G5-318.89 -~ 8.000§185,00 ~1.86¢33.78 0 0

2 «8.000116,00 10,83-338.41 -1.66+35.00 - 1.66+J8,00 ~8,80+57.80
3 ~LB5VISTE - L66+35.00 18.92-338.69 - 10,004330,00 ]
¢ ° « L.66+)8.00 <10,004§30.00 1% 91 128,69 - L.8S+33. 78

5 0 - 8.80+37.80 0 e LEGHISTIS $.78-31L81




TABLE 6.8.

INITIAL VALUES OF THE STATE VICT(R

W I i AU

"~

e

-,

iy RSN

T
s No. | Aetive Voltage I Beactive Woltage
M

D |

1. 080

1.0463

1.0804

1.0193

1. 0123

- - A IR

«0.000

-0,0813

«0.,0898

«0,0081

.c.m
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TABLE 6.8.4

ACTIVE AND REACTIVE BUS POWER MEASURNMINT

Bus Ne.

i

Generation

480,58

Load

0

0

8 ¢ & 8

Y
}-I luu:th‘ Negavars | lbmtili é

¥ (Y

»
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TABLE 6€.2.8
ELENINTS OF THE JACORCAN MATRIE FOR FIRST ITERATI(N

b 3 7.847? - 8.3 - 1.388 0 0
2 - 6001 13,1793 - B.0003 . 82,0003 - 3.0008
3 - L6 - 8.1466 16.208 .18.88 0
4 o - 2.1743 -13.048 16. 4603 - 1,607
s ° - M9 0 ~ L7 4MUW
¢ 10744 -18.9 - %07 0 0
7 ~i5.438 33,0009 - 5.1 - 5. 048 -~ 7.719
8 « 378 - 4% 3NN 097 0
® 0 - 4,938 -35.688 8. 101 - 37008
0 0 - 7.3185 o = 3.6697 10,770

B e MR-

TABLE 8.8.3 (Continuned)

4 T a Y T e

1 19,889 168 . 3978 ° 0

8 -15.438 M0 - 5,148 < 8148 7.729
3 « 3176 - 49633 37,3056 39,78 0

4 0 - 4938 29,088 37,0683 -3, 7038
s 0 - 7.3108 ° - %6597 10,6803
¢ - 5.403 8.30 1. 988 ° 0

7 6001 -18.8168 £.0003 82,0003 3,0008
8 L8l 8.1486 -17.0668  12.88 0

® 0o 81743 13,048 -17.83.3  L6%7
0

) 3. 349 0 1.6745 05,5045

AR
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TABLE

G.2.6

VR GNTIBG MATRIX 8( X,J ) JOR FIRST ITRRATION

7- m’l "“

7.8470% 08

S 45768 00
€. 1804K ~08
6.56108 -06
717088 ~08

————

7.37818 -06

7.4988% ~08
7+6480R -08
7.65308 - 08
7.71198 - 08
2.809¢R - 08
6. 58408 - 08
G 64488 ~08
7.98818 -06

7. 6430% -08
7.93888 ~-08
7.8386% -06
7.8686% -08
3.8074% 08
6. 4881K - 08
6. 89642 ~08
7.4581F - 06

7. 52138 ~08

140

gy

788178 <08 7,8479% ~08

7. 6830% 08 7, 7219K -08
783068 <08 7.8686X 08
7.9836K 08 7.80€E -08
7.8048K% -08 8. 18678 -08
3. 6188% <08 3.6374X -08
6. 47961 ~08 6. 39898 - 08
6.9028% -08 6.8380% - 08
7.4728% =06 7.6789% - 08

® u N o0 s 0 w K

L

2. 48768 ~08

3. 5008K - 08
3.60748 -06
2.61888 -0
203745 - 08
8. 18R -07
1.06938 - 06
14 18608 -06
1. 43NE =08

6 J504R 08

. 29808 « 08
6. 4881R - 06
6. 4786K - 08
6. 2589 -08
1.0893% -06
8,7378% - 08
8. 78885 - 06
1.79908 -06

- -

TABLE 6.8.,6 (Contimmed)

A

7.1708R% - 08

7.80818 ~08
7. 45818 - 08
7.47888 - 08
7.6789R - 08
1. 43918 - 08
d. 73908 - 06
£2.08108 -08
4 3108% - 08




TABLE 6.R.7

STATES VECTORS o(.), £(.) FOR TLIRD ITERATION

voltage J voltage luu

Nllm{ l‘tﬁ“ I Mﬂn} } Angle

Wy

i 1. 0808
2 1.0389
3 0204
4 1.0101
8 1,0180

U W A0 A YO

0

’o.m

«0.0001

«0.008¢

«0. 1180

1, 0808

1.0403

1,0144

1.0147

1.088¢

mm

8. 4518

~8§.8187
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TABLE 6.8.8
ELININTS OF THE JACCGBIAN MATRIX FOR THE SECOND X TERATION

142

T 1 8 1 3 I <« T @&
7.8049 . 5,863 - 1.3133 o °

e 5:.9067 13,1530 . 1.9968 o 1.9988 2.9933
« 1.6010 « 2.1347 16.14¢ 18,8087 °

o - 8,1658 <18.9938 18,3009 lL.6241

o - 3.4103 o - 1,708 4.8180
19,8330 -15.7897 - 3.0300 ° 0

15,3808 338731 - 5.1069 .« 5.1088 X0
o 26766 - 49088 37.7U0 -89, 419 0

0 - 48808 89,3398 37,7188 26674

o - 73306 0 - 3.0683 10,9478

1
s
s
4
8
L
?
8
s
0

19, 7807
« 18, 3208
- 308768

- 8.,3881
8. 9067
1.6010

TABLE 6.8.8 (Contimmed)

«17. 1881
1. 7081

- 5,703




TABLE 6.2.90
WEL GHTING MATRIX 8( I,J ) FOR SECOND ITERATION

| e SIS B

® ® ¥ & 6 » 0 B M

7.0319R - 08
7.10878 - 08
7.8808K -08
7.8838E - 08
7.8774% - 08
3. 43898 - 08
6. 08842 - 08
¢ 4538 - 06
7.89068 - 08

7. 1087 - 08
7.80798 =08
7. 39188 - 06
7. 39848 - 08
7 40841 - 08
3. 48393 08
6. 1086% -08
6. 8313% - 08
7.4121% -08

7.88088 -08
7. 39188 -08
7.04588 08
7.6480% - 08
7.8948 - 08
3, 5844R - 08
6. 31678 - 08
6. 76348 -068
7.80838 - 08

7.8838% - 08
7. 3084% - 08
7.6489% - 08
7.66088 -08
7.6100R - 08
3. 88848 - 08
6. 32138 -06
6. 76018 «08
7. 6101K ~08
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P+B774E O

7. 40848 -0t

7.80488 -08
7+61008 - 08
7. 78838 -08
3. 5545R -08
6. 26743 -08
€. 71138 - 08
771078 =08

'uuﬂ.uaauﬂ{."f

TABLE 6.3.9 (Contimued)

N ~ s

3 43885 -06
3. 4839K - 06
3 03445 -0¢
2 §884E - 06
3. 59485 - 06
5. 18468 - 07
6. 85878 07
7. 48658 -07
9 ISS8R - 07

6. 08645 -06
6. 10668 - 08
6. 31678 - 08
6. 313N - 08
6.86748 -08
6.8678K -07
1.6487R -06
1. 68458 - 06
1.8087K - 08

E—

6. 44538 - 068
6. 53138 - 06
6. 75348 -06
6.7601K -06
6.71138 =06
7+ 48688 =07
1.6845K -06
L.81188 -06
1. 37548 06

R



TABLE 6.8.10

STATES VECIORS e(.)y £(.) JOR SE0OND ITERATION

s 1 Astd 1 Reaett I Yol X Mg
"o ] Witage I Witage. INapnitate I ‘

AR PP W s T e o X L T TS Lo - S SIS o TP

1 Loses O 10848 0

2 1,080 <0.0821  1.0433 8,868
3 L0 -0.0897  1.018¢ «5.0638
4 L0139  -0.0968  1L.088 -8, 3998

s 1.0148 ~0.1131  1.0809 «8.3614
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A

~r—y 2

Ao TR | NPT Ty A~ - v .

7.03198-08
7. 10R78-08
7.88063-08
7.38388-06
7. 87743-08
3 43085-0¢
6. 0B643-06
6. 44538-08
7.89063-08

TABLE 6.8.11
WAL GITING MATRIX 8( 1,7 ) FPOR THIRD ITEMATION

7. 10878-06
7.80792-08
7. 230183-06
7.39843-08
7+ 4084305
3. 639806
6. 1006206
6.53132-08

7. 41818-08

B

7.88088 - 08
7. 018K - 08
7.6488K -08
7. 64898 - 08
7.56048%8 - 08
388448 .08
6. 31678 - 08
6. 783K - 08
7.60538 - 08

< ,

g N A S, S T s A g Ay o g NP PO g

7.28388 « 08
7. 3IR4R -08
7.64898 08
7. 66088 - 08
7.61008 « 08
3. 8884R - 08
6. 32138 - 08
6. N01R - 08

7.61918 - 06

—

A

TABLE 6.8, 11 (Continued)

g e

3. 43088 - 08 6.0864% -00 6. 4453K% -08

3. 339% ~08 6.1086R ~-06 6.5313% ~08
3 $844% ~06 6. 21678 ~06 6.7834% ~08
3. 588432 -~ 06 6. 32138 -06 6.7601K - 08
3. 50488 ~06 6.3674k -06 6.7113% -08
8. 1048R ~07 G.8672K -07 7, 4568R - 07
6.8072R - 07 1.6427K ~-06 1.6845R ~08
748688 «07 1.6848K ~-06 1.8118% -06
9 1868K - 07 1.8087R 08 1. 764K - 06

—_—

"

7.2998% ~08

7. 41818 -08
7.60888 -08
7+6191E - 08
7. 71078 « 08
9. 1858E - 07
1.8087R - 08
1. 37548 - 08
8. 50808 - 08
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7.8774R ~08
7.4084R ~-08
7.86948% -08
7.6100R - 08
7. 78838 - 08
3. 5948E -08
6.86748 - 08
6. 7113E - 08
7. 72078 - 08




TABLE 6.2.18

STATES VRCTORE e¢(.), £(.) JOR THIRD ITERATION

Bas | Aett ﬁ..unf X
N b “&- inns

I Wltage ] Witage I Magni

mmmom”“nmwmm

i 1.0848 0 1. 0848 0

3 1.0480 -0, 0882  1.0433 -8, 8083
3 1.0148 -0.0897  1.0188 - 5,068
4 .0139 -0.0088  2.0188 -8, 3008

8 1.0148 «0. 1131 1. ORO® =0s 3614
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