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Tab.1 Impact of V on globally optimal solution

WRFs v HL I HUIEAR S/ (°)
1 0.0004 1.0020 -29.794
2 0.0016 1.0020 -29.794
3 0.0064 1.0021 -29.221
4 0.0256 1.0060 -26.929
5 0.1024 1.0120 -21.772
6 0.4096 1.0240 -16.616
7 1.6384 1.0240 -15.470
8 6.5536 1.0260 -14.897
9 26.2140 1.0260 -14.897
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Tab.2 Strong correlation measurement
index of 4-bus system

S RWT WIS T
CM1 P.,P., 0.89100 0.325 18 0.130 63
CM2 Q12,0-;  0.889 64 0.317 64 0.128 51
CM3 P,5,P,, 0.763 93 0.301 79 0.129 42
CM4 045,05 0.76477 0.299 84 0.124 38
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Tab.4 Test results of 57-bus system

PR Y NEE g S S,

o WW/% wWIS+BD ¢ B WLS+BD ¢ BT
1 0 025104  0.02175 0.00397  0.00036
2 1.1876 0.33414  0.02752  0.00492  0.00052
3 23753 0.56372  0.03591  0.00829  0.00064
4 35629 047919  0.05989  0.00815  0.00097
5 47506 072011  0.06274  0.01058  0.00104
6 59382  0.92114  0.10083  0.01209  0.00162
7 71259 1.07108 0.17221  0.01393  0.00293
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Tab.3 Comparison of estimation results among different strong correlation measurement methods of 4-bus system

. e s - WLS QC ¢ BT
JEE R R A —ae o TR RWRE | WITE | RWRE
cM1 P, 0 0.3883 02465 0.141 8 0.3803 0.008 0 0.387 6 0.0007
P, -0.386 9 -0.386 0 -0.2453 -0.1407 -0.378 4 -0.0124 -0.3854 -0.000 6
o2 Qw2 0 02311 0.1342 0.096 9 0.1433 0.087 8 02226 0.008 5
(= -0.3219 -0.320 1 -0.1756 -0.144 5 -0.236 4 -0.083 7 -0.3116 -0.008 5
CM3 Pys 1.044 5 1.047 4 0.848 6 0.198 8 1.043 6 0.003 6 1.0459 0.001 5
Py, 0 -0.970 8 -0.257 3 -0.713 5 -1.0249 0.0541 -0.9779 0.007 1
CM4 Qs 0.570 7 0.569 4 0.4354 0.1340 0.6198 -0.050 4 0.5750 -0.005 6
Qs 0 -0.6358 -0.1713 -0.464 5 -0.6547 0.018 5 -0.6409 0.0051

TE R AR R R
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Tab.5 Benchmark of state estimation conformity assessment

5 HEEBAFR/KV RSB /KV YIRS IEE/ MW

1 BV-1.0 1.00 1.00
2 BV-6.0 132.00 114.00
3 BV-10.0 132.00 114.00
4 BV-35.0 132.00 114.00
5 BV-110.0 132.00 114.00
6 BV-220.0 264.00 305.00
7 BV-330.0 396.00 600.00
8 BV-500.0 600.00 1082.00

® o R&EMITERITMAIME

Tab.6 Threshold of state estimation conformity assessment

B R TALEE AL T EEREIN IR B A R T TAL
IR L R R (. 5.00 6.50 2.00
L/ TEA

3o % 5.00 4.00 2.00
R/ S A

Foh % 5.00 5.00 3.00

x7 EXBRAEMNKEER

Tab.7 Test results of a practical transmission network

P G/ %
TR SR e QC it ¢ Akt
1 8571 9359 9542 96.26
2 8571 9408 9567  96.59
3 8571 93.68 9584  96.66
4 8571 9354 9506 9673
5 8571 9356 9549 9624
6 8571 93890 9523  97.01
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Tab.8 Results of #type estimation for different V' values

J5 ik Voo EARKE A /ms S, S,

1.0000 4 5.243 0.27415 0.00481

o . 0.1000 5 6.732 0.16854 0.00159
E VI

0.0100 5 6.648 0.03626 0.00037

0.0010 6 7.391 0.01032 0.00012

N 1.0000 4 5.235 0.27415 0.00481
ARCT7

0.0129 5 6.657 0.01638 0.00016
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Fig.7 Calculation time of ¢-type state estimation

for a practical provincial network
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Robust ¢-type state estimation based on Gauss-Markov model for power system
YAN Quanchun',WEI Zhinong',XU Taishan’, WANG Shengming®,SUN Guogiang'

(1. Research Center for Renewable Energy Generation Engineering, Ministry of Education,Hohai University, Nanjing
210098, China;2. State Grid Electric Power Research Institute/Nari Group Corporation,Nanjing 210003, China)
Abstract: The i-type estimation is introduced into the state estimation to form the robust i¢-type state
estimation based on the adaptive Gauss-Markov model,which,compatible with the traditional state estimation
program,uses the freedom degree of i-type estimation to dynamically adjust its efficiency and robustness. lts
objective function is continuously differentiable and can be solved by the Newton method,similar to the
WLS(Weighted Least Square) method. It avoids the shortage of traditional bad data identification program,
which cannot identify the strongly correlative bad data effectively. lts effectiveness is verified with IEEE
standard system and a practical transmission network,which demonstrates that it has obviously better

robustness than WLS estimation and Quadratic-Constant estimation.
Key words: electric power systems; i-type estimation; freedom degree; bad data; local optimum; state
estimation
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