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A state estimation algorithm for power system considering
static characteristics of load
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Abstract; A state estimation algorithm for a power system considering static characteristics of load was developed
based on the conventional state estimation model. In the developed algorithm, the active power and reactive power
of loads were transformed to the power functions or polynomial models with variables of the magnitude of voltage at
nodes. New zero-injection measurements were structured. The Jacobian matrix and residuals were corrected during
the iteration calculation using the weighted least squares method for state estimation. The simulation results of a
4-bus test system, an IEEE 39-bus test system, and a regional network show that the proposed method improves the

accuracy of state estimation and has high practicability.
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Table 1 Comparison of simulation results of 4-bus system

e HAH HH WLS FEREA WLS Z WA WLS

e HURIRE  HRIEMM/(°) WURREE  BIEMAA/(°)  WUREE BEAA/()  HURIRME BEAA/(C0)
1 111.50 0 111.4640 0 111.468 1 0 111.468 1 0
2 110.35 -0.40 110. 3413 -0.3999 110. 3545 -0.3999 110.3455 -0.3999
3 111.71 0. 81 111. 6983 0.8032 111.7023 0.8032 111.7024 0. 8032
4 112.32 8.02 112.3148 7.9045 112.3214 7.9040 112.3214 7.9040
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Table 2 Comparison of simulation results of IEEE 39-bus system

. JUH HHL WLS PR ORI WLS Z AR WLS
P AL MR HLEAA/(°) R R A HLEAS/(°) EENAS AT HLUEAHS/(°) HEL R I HLEAHAR/(°)
1 1.047 -9.570 1.049 -9.593 1.047 ~9.530 1.047 ~9.553
2 1.049 -7.011 1.050 ~7.020 1.048 -6.990 1.048 ~7.007
3 1.030 9. 585 1.030 9. 867 1.029 -9.817 1.029 9. 844
4 1.003 ~10. 650 1.005 ~10.521 1.003 ~10. 561 1.003 ~10. 699
5 1.005 -9, 468 1. 006 -9.396 1. 005 -9.395 1. 005 -9, 491
6 1. 007 -8.766 1.007 -8. 692 1.008 -8.797 1. 007 -8.693
7 0. 996 ~10.970 0.997 ~10. 860 0. 996 ~10. 874 0. 996 ~10. 999
8 0.995 ~11. 470 0.996 ~11.368 0.995 ~11. 360 0. 996 ~11.518
9 1.028 ~11.290 1.029 ~11.262 1.028 ~11.258 1.027 ~11. 261
10 1.017 ~6.381 1.017 ~6.294 1.017 -6.336 1.018 -6.384
1 1.012 ~7.195 1.013 ~7.112 1.013 ~7.163 1.011 ~7.210
12 1..000 ~7.210 1.003 ~6.961 1.001 ~7.217 0.999 ~7.303
13 1.014 ~7.095 1.015 -6.999 1.015 ~7.058 1.015 ~7.092
14 1.011 8. 764 1.013 8. 654 1.012 ~8.679 1.010 8. 804
15 1.015 -9.180 1.017 -9.189 1.015 ~9.171 1.014 ~9.200
16 1.032 ~7.776 1.033 ~7.784 1.032 ~7.759 1.033 ~7.764
17 1.034 ~8.774 1.034 ~8.740 1.033 -8.754 1.034 -8.760
18 1.031 ~9.615 1.031 ~9.579 1.031 -9.591 1.031 9. 639
19 1.050 -3.152 1.048 ~3.163 1.049 -3.157 1.049 -3.148
20 0.991 —4.563 0. 990 —4. 664 0.990 —4.525 0.991 —4.556
21 1.032 -5.371 1.032 -5.366 1.032 -5.342 1.032 -5.388
2 1. 050 ~0.923 1.049 0. 865 1.049 0. 869 1.049 0. 951
23 1.045 “1.122 1.043 ~1.078 1.044 ~1.104 1.044 ~1.129
24 1.037 ~7.656 1.037 ~7.678 1.037 ~7.624 1.037 ~7. 669
25 1.057 -5.649 1.059 ~5.659 1.056 5. 663 1.056 ~5.670
26 1.052 ~6.905 1.054 ~6.925 1.052 6. 896 1.051 -6.911
27 1.037 -8.917 1.039 -8.993 1.037 -8.923 1.036 8. 960
28 1. 050 -3.394 1. 054 -3.494 1.052 -3.387 1.052 -3.383
29 1. 050 0. 635 1.054 0. 805 1.051 0. 557 1.049 0. 597
30 1.047 ~4.591 1.051 ~4.620 1.047 ~4.612 1.047 —4. 603
31 0.982 0 0. 984 0 0.982 0 0.982 0
32 0.983 1.616 0.984 1.740 0.983 1.749 0.983 1.702
33 0.997 2.070 0. 996 2.164 0.997 2.092 0. 998 2.029
34 1.012 0. 626 1.010 0.713 1.011 0. 686 1.011 0.622
35 1.049 4,037 1.048 3.968 1.047 4.103 1. 050 4.037
36 1.063 6.730 1.062 6.742 1. 062 6.746 1.063 6.740
37 1.027 1.135 1.029 1.061 1.026 1.192 1.026 1.135
38 1.026 6.428 1.031 6.198 1.029 6.431 1.028 6.267
39 1. 030 ~11.100 1.032 ~11.194 1. 031 ~11.044 1.029 ~11.073

1E IEEE-39 15 i RS E LB A WLS RE RS WLS 12 WA WLS MR SR B h3 IR,
T S AT s AR T B0 far i AR A PRI 300530 0 A 32 38 R K i, WSSO B s T S0 R A
Mz,
4.3 LEritXEMEG

SR FHFR [ R4 308 b DX I 3R e A kg S B AR 491 14 7405 T2 40 B, P L 75 233 45 SEPRBEZR, 10 5 %
A2 A, 907 A RIS IF R 74 A4S 230 kV AR, 12 A 525 kV AL, #EHC2012 4E3 A 1 H 10:00—
1200 19 7 S2 W 1B 8 10 AN FEAR S 55 AN R E5CH0E 0 2t D00 DB 1 A 70 LB 67 e S AR R FH 2 BF LY
ZIARRL, Py Q3 1, RSN R 3 s i a5 R 3k 4,

T4 G0 THEZWAEAE 10 AW R ESAGTHEAS R IR FI PR A T U i 2R A L
WL WLS, 1 B far i A Rk 2 R WLS (PR 11546 e B30 W i R mss A 4 =, 6B T 3R0L i
Ak,
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e e e N
397 ﬁ%%&;&ﬁﬂ?%%l‘l‘ﬁ %B%%Eﬁ , Table 3 Parameters of static load model
WA ARG - : - - :
= P P P q q q
I, ARG R A i i, [ 1 1 0. 00 0.00 1. 00 0. 00 0. 00 1.00
SRR GRS AR A48 %, X & 2 .00 -1.40 1.40 3.33  -4.66 2.33
TR A S U B B G j 1 gg i jg i jg ‘5‘ ‘ (1); j f)f) i gz
ﬂ”jio EE?’{R%E&T%%%&#%‘T@,%* 5 1.33 -1.86 1.53 5.83 -8.16 3.33
W R AR T, SE BRI T A 6 .33 -1.86 .53 6.66  -9.32 3.66
Wit R S T A A R AR T ; 2 gg 1 gg g gg 8 gg (1’ gg (1) gg
0. Z%EEO ﬁﬁj’%%@ﬁ?ﬁj‘%)ﬁ% 9 1.00 0. 00 0. 00 1. 00 0.00 0. 00
JEMRAE AR A K, BT S B oy B0 25 4 10 0.00 0.00 1.00 0. 00 0. 00 1.00
‘@E‘J’Iﬂ(?&fﬁ*ﬁﬁi@ﬁ“*‘%ﬁ%ﬁ(ﬁﬁﬂ@ 11 1.00 -1.40 1. 40 3.33 -4. 66 2.33
P N " gik 12 1. 00 -1.40 1. 40 4,17 -5.83 2. 66
/TTT{R'E\J o 13 1.00 -1.40 1.40 5.00 -7.00 3.00
14 1.33 -1.86 1.53 5.83 -8.16 3.33
E
5 g:ln: 1': 15 1.33 -1. 86 1.53 6. 66 -9.32 3.66
\ N 16 0. 00 1.00 0. 00 0. 00 0.00 1.00
EEEjj%éLﬁ%ﬂ%{m E@%mﬂi’ 17 0. 00 1. 00 0. 00 0. 00 1.00 0. 00
I FH A7 A 0 25 L R RRPE 7R R e 1T 0 18 1.00 0.00 0.00 1.00 0.00 0.00
ST T T Oy A A AR 1) R PR A
PR Z I =AY R R AT R x4 LERXEMESG 10 MEFERESEITERERITLE
TR IR RS 5 1) £ 2 0 , NI Table 4 Comparison of state estimation acceptance rates for
T 2 G5 S R b RS W , i ten snap shots in regional network
B 7N 316 i AR A AL % " ek . Z Wi ' o . E2TE=v
ﬁﬂ?ﬂi J‘ /T%;«U( SAbTE, AR W HBLWIS o e | B MALWLS S
%%T’Hﬁ?&’fﬁl‘l‘iﬂ%@f,ﬁﬁ%”?% 1 94. 88 95. 16 6 95.02 95.22
T 1 RGBS B I RS R TS 2 95.00 95.16 7 95.00 95.24
i 2 = 3 94.97 95.20 8 95.00 95.23
B, AR r S
4 94. 90 95. 14 9 95.01 95.19
%%iﬁk 5 95.02 95.17 10 95.00 95.21
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