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Identification of Parameter Errors in Electric Power Systems
by WLAV State Estimation

LR A MR
(Hong Rae Kim - Hyung-Seok Kwon * Dong-Jun Kim)

Abstract - This paper addresses the issues of the parameter error detection and identification in electric
power systems. In this paper, the parameter error identification and estimation is carried out as part of the
state estimation. A two stage estimation procedure is used to detect and identify the parameter errors. The
suspected parameters are identified by the WLAV state estimator at the first stage. A new WLAYV state
estimator adding the suspected system parameters in the state vector is used to estimate the exact values of
parameter errors. Supporting examples are given by using IEEE 14 bus system.
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Fig. 1 Model of Tap Changing Transformer
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Iz 1 [EEE 1424 Al&89 2zt M2 ujEH AL MPEA
Table t Line Impedances and Susceptances of |IEEE 14-Bus

E 4 |EEE 1424 A& M=z

ERuY

3ol

Table 4 Line Power Flow Measurement Data of IEEE

System 14-Bus System
=] =z =2
ARz ARRd) 22y f‘lé?ﬁ AR Az J3 (AF 24 8 24 ;‘ii ’T@"z
1 1 2 01938, .05917 02640 1 1 2 1.568213 -0.195804
2 1 5 05403, .22304 02460 2 1 5 0.755645 0.035830
3 2 3 04699, 19797 02190 3 2 3 0.731986 0.033237
4 2 4 05811, 17632 02190 4 2 4 0.561268 -0.024501
5 2 5 05695, 17388 01700 5 2 5 0.415055 0.005963
6 3 4 06701, .17103 01730 6 3 4 -0.233226 0.029142
7 4 5 01335, .04211 .00640 7 4 5 -0.612158 0.156751
8 4 7 00000, .20912 .00000 8 4 7 (.280832 -0.094704
9 4 9 00000, 55618 .00000 9 4 9 0.160872 -0.003414
10 5 6 00000, .25202 00000 10 5 6 0.440697 0.127374
11 6 11 (09498, .19850 .00000 11 6 11 0.073448 0.034887
12 6 12 122901, 25581 00000 12 6 12 0.077829 0.024943
13 6 13 06615, .13027 .00000 13 6 13 0.177423 0.071794
14 7 8 .00000, .17615 .00000 14 7 8 0.000000 -0.169584
15 7 9 00000, .11001 .00000 15 9 7 -0.280832 -0.049919
16 9 10 03181, .08450 00000 16 9 10 0.052356 0.042898
17 9 14 12711, 27038 00000 17 10 9 -0.052225 -0.042551
18 10 11 08205, .19207 .00000 18 9 14 0.094349 0.036554
19 12 13 22092, .19988 00000 19 10 11 -0.037740 -0.015449
20 13 14 17063, .34802 .00000 20 11 10 0.037898 0.015738
¥ 2 IEEE 142X AS9) By @ Zxdolg JElFA e B A MY (Gterative method) & AHE3tmz H
Table 2 Transformer Tap Ratio of IEEE 14-Bus System %9 R dA A AElEEe 2713E P& Folof
g, RE mAA 2&?191 3719} ek A4zl g z7)
q AT | AR 2 9y $oZ 10 pust 0" F Z#z Agsr)t Aetvly oge
1 4 7 97800 3L 9% F AR *&EH%E* Aitell M= §f wlef g %
2 4 9 196900 71%ke]l Hasit ¥ =8% 3 Ay AuFAsE o
3 5 6 193200 2 odlo] A Z7I1Fe) AFE FAA4E A UdE Ao
248 Z3 gA59en, 098 27)go s AL
2d¥EE F A ALE sMAsle dAsig A oA
x 3 IEEE 1424 AlE§e] 2MXar|el aMFEAXMA =

o] &HFoole

Table 3 Measurement Data of Bus Voltage Magnitudes and
Bus Power Injections in IEEE 14-Bus System
e
24 W5 | Age 27 i
P Q
1 1.06000 2.32385 -0.15996
2 1.04454 0.18300 0.28300
3 1.01000 -0.94200 0.04747
4 1.01844 -0.47800 0.03900
5 1.02008 -0.07600 -0.01600
6 1.07000 -0.11200 0.04849
7 1.06187 0.00000 0.00000
8 1.09000 0.00000 0.17407
9 1.05627 -0.29500 -0.16600
10 1.05126 -0.09000 -0.05800
11 1.05705 -0.03500 -0.01800
12 1.05522 ~0.06100 -0.01600
13 1.05043 -(.13500 -0.05800
14 1.03575 -0.14900 -0.05000
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Table 1 Line Impedances and Susceptances of |IEEE 14-Bus

I 4 IEEE 142N AEe M2 /MY EHdolg
Table 4 Line Power Flow Measurement Data of IEEE

System 14-Bus System
o ==
REEEIREERI TV B - ST T PN B PEREE S PR FORty S
1 1 2 01938, .05917 02640 1 1 2 1.568213 -0.195804
2 1 5 05403, .22304 02460 2 1 5 0.755645 0.035830
3 2 3 04699, .19797 .02190 3 2 3 0.731986 0.033237
4 2 4 05811, 17632 02190 4 2 4 0.561268 -0.024501
5 2 5 05695, 17388 01700 5 2 5 0.415055 0.005963
6 3 4 06701, 17103 01730 6 3 4 -0.233226 0.029142
7 4 5 01335, .04211 00640 7 4 5 -0.612158 0.156751
8 4 7 00000, .20912 00000 8 4 7 0.280832 -0.094704
9 4 9 .00000, 55618 .00000 9 4 9 0.160872 -0.003414
10 5 6 .00000, .25202 .00000 10 5 6 0.440697 0.127374
11 6 11 09498, .19890 .00000 11 6 11 0.073448 0.034887
12 6 12 12291, .25581 00000 12 6 12 0.077829 0.024943
13 6 13 06615, .13027 .00000 13 6 13 0.177423 0.071794
14 7 8 .00000, .17615 00000 14 7 8 0.000000 -0.169584
15 7 9 00000, .11001 00000 15 9 7 -0.280832 -0.049919
16 9 10 03181, .08450 00000 16 9 10 0.052356 0.042898
17 9 14 12711, 27038 00000 17 10 9 -0.052225 -0.042551
18 10 11 08205, .19207 00000 ! 18 9 14 0.094349 0.036554
19 12 13 22002, .19988 00000 19 10 11 -0.037740 -0.015449
20 13 14 17063, .34802 00000 20 11 10 0.037898 0.015738
x 2 I|EEE 1424 AH &2 st o £3dolH AeFH L wrE AL (iterative method) & AHE3t=22 3
Table 2 Transformer Tap Ratio of 1EEE 14-Bus System %9 wrEAAL GAH A ATy 27|3E A& Fojof
i, ZE BRAAA Age mr|9 A el did x7)
s | Aaed R o #oz 10 pust 0° 8 2% Agsdc oy o9
1 4 7 97800 Z2HE A% 5 AR AuHFA dddMe | vid g %
2 4 g 196900 71%ke]l Hasit B =88 3 2" AHFRH7e o
3 5 6 93200 B owle] i X7igtel 423 FAHE A2 UE Aol
2Ny A EH‘JEI‘RI o, 0998 Z7|3o 2 ALgsAl.
2Add e F A HAEE AAsI AASAE R A
¥ 3 IEEE 42M AlEel =2MAgasiet SMFANY
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Table 3 Measurement Data of Bus Voltage Magnitudes and
Bus Power Injections in IEEE 14-Bus System
0
94 W R 2 FdAH
P Q
1 1.06000 2.32385 -0.15996
2 1.04454 0.18300 0.28300
3 1.01000 -(.84200 0.04747
4 1.01844 -0.47800 0.03900
5 1.02008 -0.07600 -0.01600
6 1.07000 -0.11200 0.04849
7 1.06187 0.00000 0.00000
8 1.09000 0.00000 0.17407
9 1.05627 -0.29500 -0.16600
10 1.05126 -0.09000 -0.05800
11 1.05705 -0.03500 -0.01800
12 1.05522 ~0.06100 -0.01600
13 1.05043 ~0.13500 -0.05800
14 1.03575 -(.14900 -0.05000
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Table 5 The Procedure of Case Study 1 (Tap Ratio Error
between Bus 4 and 7)
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QA

0.9291(5% L2

0.8801(10%% £ A})

10.319(Qflow 7-4)
-9.462(Qflow 4-7)
8770(Qnj 7)
-3.914(Qinj 4)

25.676(Qflow 7-4)
-21.996(Qflow 4-7)
19.718(Qinj 7)
-6.731(Qinj 4)

0.97803

0.97803

-2.193(Qflow 11-6)
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Table 6 The Procedure of Case Study 1 (Tap Ratio Error

between Bus 4 and 9)
®e oA THS 9

93}
=1 %A 092(5% 2.7} 0.87(10% S.3})
9.462(Qflow 9-4)
rn >3.0 3.0278(Qflow 9-4) 8.056(Qinj 9)
-7.887(Qflow 4-9)
A% A9 0.96899 0.96399

-1.789(Qflow 14-13)

z 7 Akafled 3 22| 1ChA A Lol ofst yy (24 4T
Bt ME2 6-12 =/ Mol A7t L4 AHe)
rxy Calculated in Step 1 of Case Study 2(Tap Ratio

Error between Bus 4 and 7 and Bad Line Power
Flow Measurements in Line 6~12)

Table 7

ZAd ol AAE 7y
Pflow 6-12 ~14.207
Qflow 7-4 16.817
Qinj 7 14.299
Qflow 4-7 -14.198
Qinj 4 -7.666
Qflow 6-12 -3.824
Qflow 11-6 -2.573
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Error between Bus 4 and 7 and Bad Line Power
Fiow Measurements in Line 6-12)
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Pflow 6-12 -13.208

Qflow 9-4 13.679

Qflow 4-9 -11.761

Qinj 9 3.597

Qflow 6-12 -3.490

Qinj 4 -2.340
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