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State X —> max noof X = 2N~
measure ment 2 —s max .noof z = 3n+4dl_

% 15.14 * P
S o Tuw Qb
Z, ] [1.01] [|V]] T .
Z,| 11.02 'VZ} _xlﬂ , | — Y:G/ =6
Zy| 098] ||V, X, 53 s put
Z=\z,|=|0.48|=| p, x=|x,| = ||V
Z,| 1033] |p, SEARNIA
Zo| 1041 |pg X \4
Z,| 1038] |ps o

hy =1V =x3 5 hy =[Vy| =x4 5 hs =[V;3] = x5
hy =Py =vivoyiasin(6,-6,)+ v, v, yi3sin(6—-9,)
=10 x3 x4 sin (— x7) + 12.5 X3 X5 sin (— X,)
hs =P> =V, Vi ¥21 80 (0,-0,) + V2 V3 ¥23 8in (6,-9, )
=10 x4 X3 (x1) + 20 x4 X5 sin (X; — X3)
he=Pi3 =V v3 yi3 sin (51—53) =12.5 X3 X5 sin (— X;)

h7 = P23 — V2 V3 ¥o3 sin (52—53) =20 X4 X5 sin (X] = Xz)

J
J
1
I
]

—éhl} oh, oh, oh, oh,
_§X1 L5}4{2_ L5x3_ L5X4 _JXS_
_éhfl— _éhZ— _éh2_ _éhz— _&’12“>

X, X, X, X, X,

H, = Jacobian T5h | o Toh EN EN
3 3 3 3 __3

matrix i X, | Léxz | _5X3 | L5X4 _5X5 ]

_ Pﬂ oh ] oh, oh, | oh, | oh, |
*Jzxx 5, | 5, S X, | 5, |
oh, | oh, oh_ | oh, | Sh, ]

_% &W % % g

L5X1_ _5X2_ _5}(3_ _5}(4_ _5x5_

-6}17— _6}171 —5h7— P%— —&7_

X, K, | 0K, | X, X

Z* X



Hx® =

eN=z_h—

using jinitial \Value

(b)

0) —
HO =

h; 0 0 1 0 0
h, 0 0 0 1 0
h; 0 0 0 0 1
—10x3x4 —12.5%3X5 10x4s1n (—x1)
hy . 10x3sin(—x;) | 12.5x3sin (—x2)
cos (—x1) cos (—xz) +12.5x551n (—x3)
10x4x3c0s(X1) .
—20x4X5 ) 10x3 sin(—x1) 20 x4
h5 +20x4X5 10x4 sin (x;)
cos (X;—X2) +20x;5 sin (X1—X3) sin (X;—X3)
cos (X1-Xz)
—12.5x3% 12.5x 12.5%
he 0 3X5 | 5 0 3
cos (—xz) sin (—X2) sin (—x3)
20x4x5 —20%x4X5 20xs 20x4
h, 0 .
cos (Xj—Xz) | cos (X1—X2) sin (X1—X3) sin (X1—X»)
el |Z,] |k Z | X, ]
el |Z,] || |2, X,
el | Z4y| |k |4 Xs
e |=\2Z, |~ hy |=|Z,|—| 10x,x,s1n(—2x,)+12.5 x,x, sin(—x, )
es| |Zs| |hs| |Zg| |10x.x,sin(—x,)+12.5 x,x, sin(x, —x,)
e | |Zs| |hs| |Zs 12.5x, % sin(x, — X, )
e | | Z,) || |Z,] | 20x,X, Sin(x, — X, )

V= X3, Xy &Xs = |

(‘_LQ) for all bus Voltege

U5 0k 0 ge o G Ga

§= X &¥% =0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1
— 1Y —-12.5 0 0 0
30 ~20 0 0 0
0 ~-12.5 0 0 0
20 —~20 0 0 0




ROM

1 (1.01] [1] [1.01]
1 1.02] |1 1.02
1 0.98| |1 -0.02
0 eP=z-n® = 1048|-|0| =|0.48
0 0.33| |0 0.33
0 0.41| |0 0.41
0] 0.38] |0 038
¥ = O 4 (HI(O) R HI(O) )—1 HI(O)R—I e(0)
2500 0 0 0O 0 0 0]
0 2500 0 o 0 0 0
0 0 250 0 0 0 0
Gi 0 0 0 400 0 0 0
0 0 0 0 400 0 0
0 0 0 0 0 400 0
0 0 0 0 0 0 400
0] [-0.0101413 —0.0101413} o e
0| |—0.0307403| | 0.0307403
1 0.01 |[=| 1.01
1 0.02 1.02 }’% ﬁéf
1] | -0.02 098 -




*15.15 *

Now if finally we obtained the following estimates of the states.
X3 =[vi|=1.0109pu  x4=|vo|=1.0187 pu x5 =|v5]=0.9804 pu
and x;=90,=-0.0101 Radian x,=95,=-0.0308 Radian
Diagonal of R =0.8637 x 10, 0.1882 x 107, 0.2189 x 107,

0.7591 x 107, 0.1812 x 102, 0.1532 x 10~

Z, ] [1.01]
Z 1.02 X | [-0.0101]
Z,|  10.98 X | -0.0308
Z=|Z, | = |0.48 x=|X,|=|1.0109
Zs| 1033 X, 1.0187
Zs| 1041 X, 0.9804 |
Z,|  ]0.38]
'h,]  [1.0109°
h, 1.0187
h, 0.9804
h=|h,| =| 04855
h,| 10.30948
h, 0.3815
h,| 041347




* The estimates of the measurement errors éi.

-0.0009 |
0.0013
-0.0004
=z-h=|-0.0055
0.02022
0.0285
-0.03347

>

* Check for bad data.

Xia k=#0ofz—#ofx=7-5=2

X2 =921 a =0.01

2,0.01

f=3"e/a? =3 exw =(-0.009)° (2500) +(0.0013)* (2500)
+ (= 0.0004)” (2500) + (- 0.0055)* (400) + (0.02022)* (400)
+(0.0285)” (400) + (— 0.03347)* (400) = 0.9552

f< X;-OO] there is no bad data

* Standardized errors

—0.96848]
0.9476

. —0.8549
e

Standardized error = —- y =1 -0.1946
Rii 0.06747
0.6695

| 20,8551 |

5



