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Hierarchical State Estimation in Power System by Modified Fast Decoupled
State Estimation Method and System Decomposition
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Abstract
This paper describes a method for the state estimation by a modified fast decoupled estimation method

and system decomposition.

The state values are gained by using the weighted least square estimation method, fast decoupled estimation
method, and modified fast decoupled estimation method. The estimated values of each method were com-
pared about effectiveness of state values, respectively.

This paper investigated the effects of impedance of well-condition or ill-condition into lines.

The characteristics of state estimation were gained through hierarchical state estimation.
Each method was applied to three model power systems, and, the results of test for the proposed method

are given.
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Table 1. Estimation value comparison by WLSE and MFDE(L.[[) method into 5 bus model
o m. . tMag. : pu
power syste . Unit [Ang. :rad]
Bus| True WLSE MFDE (1) MFDE (D)
Term No | valwe Est .value | Error (%)XEst ,value |Error(%)| Est , value |Errod%)
2 1, 04748 1.04749 0.0010| 1.04735 0,0124] 1. 04741 0. 0067
Mag, 3 1. 02424 1, 02425 0. 0010 1. 02411 0,0127| 1, 02414 0,0008
4 1, 02361 1, 02362 0, 00101 1, 02348 0.0127| 1.02351 0, 0098
5 1, 01798 1, 01797 0, 0010 1,01782 0,0157( 1, 01784 0,0138
2 1—0,048% [— 0, 04896 0, 0408{—0, 04908 0.2042[0. 04909 0, 2246
Ang 3 |—o0.08724 |~ 0. 08714| 0. 0802|~0. 08718 | ¢, og8g|~0. 08721 | 0. 0344
4 |—0,09302 |~ 0. 09299 0,0323{—0, 09298 | 0. 0a30[~0. 09301 | 0. 0108
5 [—o0. 10736 |— 0. 10730 0.0559|—0., 10727 | o, 0838|~0. 00729 | 0. 0652
I 2. R/ X R 2 IREEHEEM 2 Fvk B
Table 2, Characteristics comparison of estim ation value as ratios of R/X .
. . Cost [teration Max . M in .
Ratio (%) Method function number error_ (%) erfg;] (%) é\f:)]r (%)
R/ X = MFIE [ 2. 547 6 0. 2042 0. 0567 0.0124
33.3 MFDE [l 2.103 6 0. 2246 0.0469 0. 0067
R/X= MFDE | 6. 068 4 0. 1633 0. 0455 0.0153
20 MFDE I 5. 59 4 0. 1837 0. 0399 0. 0086
R,/ X = MFDE [ 0. 343 4 0. 0279 0. 0093 0.0010
10 MFDE [I 0. 251 4 ] 0. 0279 0.0082 0.0010
ks 3. RRRHEN A Begs U mANmE BMAge.
Table 3. Voltage phase angles of betweenslack buses and boundary buses in model system II.
Term Tr . values WLSE FDE MFDE () MF DE (1D
Tie line (1) 0. 1000} 0. 09995 0.09992 0. 09992 0. 09992
Tie ljne (2) ~0.01309 [~-0.01279 [—0.01401 [-0.01398 |-0. 01400
Tie line (3) 0.01082 0.01191 0.01067 0.01073 0.01058
Tie line (4) 0.19724 0.19844 0. 19666 0. 19675 0. 19667
Slack bus (A-B) 0. 23894 0. 23895 0. 23812 0. 23805 0. 23804
Cost function 0.00149 0. 02045 0.01992 0. 02058
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Table 4, Comparison of estimated values of before and after system decomposition: through each method.

Error:%
1
{A) I (B)
1
Estimated values 1 Estimated values
Term Bus Tr. value 1
No. WLSE FDE MFDE(D) HFDE(I!{ 1 WLSE FDE MFDE (D) MFDE(II)
i §
1 1.02000 1.02000 1.02000 1.02000 1.02000 1 1.02000 1.02000 1.02000 1.02000
2 0.88900 0.6888%94 0.88%16 ©.B8893% 0.88917 1 0©.88%900 0. 88%00 0.88900 ©.B88%00
3 0. 95900 0.95896& 0.95912 Q.95919 0.93%11 1 0.95899 0.93892 . 95894 0. 95895
4 0.82100 0. 89094 ©.B891346 ©.8%9190 0.89136 1 0.89156 0.89077 C.89068 0.89073
) <. 88500 0. BB8493 0.88550 0. 88B%90 0.88544 1 0.88494 ¢. 88527 0.88530 0.BBS26
I’y ). 20500 ©. 20492 0.90511 0.90524 0.90509 I 0.90518 0.90702 0.90704 0.90706
7 ©.88400 ©.88396 0.B8431 0.88B460 0.88426 1 0.88397 €. 88993 0.88996 0.8899%
2] 0.88600 0.88595 ©.B8618 0.88662 0.88628 1 0.88594 0.89354 0. 89358 0.89355
e ¢.B7500 ©0.8B7493 0.B7554 0.87571 0.87532 1 0.87494 0.88313 ©.88317 0.B883t3
10 3. 88300 0.80294 ©. 88339 0. 88379 0.88338 1 0.8829% 0.88760 0.88765 0.88762
11 €.89200 ©.89195 0.892533 0.89274 0.39235 1 0.8°195 0.895%94 0.89593 0.B9591
Mag. 12 0.89200 ©.89197 ©.B89234 0.89268 ). 892! I ©.89197 0.89428 ). 89639 0.89638
13 G.91400 0. 91392 0.91415 0.91424 0.91411 1 0.91425 0.91549 0.91594 0.91557
14 0.93500 0.33496 0. 93504 . 9I504 0.93502 1 0.934%6 0.93458 0.93498 0.93496
13 0.94200 0.94197 0.94202 0.94203 94201 1 0.94198 0.%4199 ). 94198 0.94197
16 0,96300 0.926298 0.96308 0.96303 0.96F02 1 0.96300 0. 96Z00 ). R3O0 0. 25300
17 G. 0200 a.90194 0.902Z8 0.90271 0.20235 1 0.90195 0.90223 0.90225 0.9022%
18 ©. 88800 ©.88794 0.88871 0.88883 0.88835 1 0.BB791 0.88816 ©.B8811 ©.88818
19 0.89600 0.89592 0.8%9632 0.89585 0.89634 1 0.B9656 0.89570 ©.89560 0. 89569
20 G.88200 ¢.88195 0.88239 0.88295 0.88238 I 0.89254 0.8817% ©.88177 0.88177
21 0.89400 0.89424 ©. 89440 0.89475 0.B8%434 1 0.89460 0.89382 ©.B9386 0.89384
22 0.91200 0.91248 ©.91208 0.91204 0. 91209 1 0.91268 0.?1198 0.91196 0.91193
23 0.97200 ©.97214 0.97209 0.97195 0.97206 1 0.97219 0.97183 0.97185 0.97181
24 0.94000 0.%24030 0.93975 0.93945 V.93975 1 0.94129 0. 93996 0.94003 0.93998
25 0.95900 0.95912 0. 256869 0.95841 0.95868B 1 0.96012 0. 95899 0.95901 0.95897
1
1 ©. 00000 0. 00000 0. 00000 0. 00000 0.00000 1 0.00000 ©. 00000 0. 00000 0. 00000
2 0.23894 0. 23891 0.23742 0.23719 0.23744 1 0.23895 0.23812 0. 23805 0.23804
3 0.14382 0.14391 0.14365 0. 14357 0.14363 1 0.14396 Q. 14409 0.14798 0.14401
4 0.01536 0.013558 0.01590 0.01573 0 OIJBé I 0.01514 r. 01551 Q. 01535 0 01550
S 0. 24000 0.28034 0.23786 0. 23753 I (.24004 1. 22967 0.23958
& 0.14294 0. 14290 0. 14225 0. 14220 I 0.1433%1 0O.141%1 0.14189
7 0.13491 0. 13500 0.13312 I 0.17488 < 13E27 0.13326
8 12252 0.12260 0.12079 0.12087 1 2246 0. 12050 0.12047
N4 0. 10996 - 11005 ©.10821 . 10800 G.10818 1 0.10988 - 10792 0,10788 - 10791
10 G.14102 0. 14129 0. 13920 13891 0.13914 1 0.14101 0.13993 13987 13991
11 G. 11275 0.11300 0. 11092 0.11077 0.11096 1 0.11272 -11165 0.11168 0.11169
Ang. 1z G. 10681 0. 10707 Q. 10557 0.103513 L10530 1 0.106B8 G. 10597 - 10591
13 0.13073 0. 13079 0. 13025 0, 13018 a. 28 1 0.13117 G. 13008 0. 13000
14 -C0.0279% -0.02796 =0. 02801 ~-0.02801 0. 02800 1 —0.02790 =0, 02797 —0.02794 —0. Ll"79e
15 —0.04957 04960 0. 04962 -0Q.04962 -0.04%961 I —0.04954 ~0. 04956 0. 048957 0. 04957
16 048352 -0. 04852 0. 04852 —-0.04B8S2 =0.04852 1 0848 ~0.04B47 ~0.04849 —0.04849
17 0. 10001 . 10024 0. 09845 0, 09826 0.09B4T 1 0.09995 009993 0.09992 D‘?Q‘?”
18 0.05358 3 ). 05154 0.05138 0.08154 1 0.05E51 0. 05T6E 0. 08356
19 C.04276 Q. 0O4Z00 04048 u O/OT0 0.040486 1 04160 G. 04701
20 3508 - 492 OZ775 8o ~0.0I772 1 -0.03642 ~0. 14
21 06720 —0.06715 08902 0. 06802 —0. 067901 1 -0, 06B60 =0, 06735 —. 06732
22 ~0.09477 —0.0R483 =0. 09398 0. 093%0 D.09400 1 -0.09624 —0.09492 -0, 09495
27 05HaeY -, 05502 05821 -0.05813 05819 1 -0.05951 ~Q. 0925 —0.05%924
o4 L1279 (. 12790 12604 ~0.12596 12606 1 -0.12984 ~0.12808 —-0.12816
25 -0.11903 -0, 11510 -0.11744 -0.11751 1T -0,12084 ~0.11926 -0.11%22
——— ~=1
Mean error 0.1074 0.8531 0. 3089 0.B8557 10,3671 0. 24891
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