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Table 1 Test results of 4-bus system

iR 0 FAH WLSJrik A7k
P, 18. 71 20. 86 —12.47 22.09
Q 34.05 35.79 35.70 34.22
Py —41.79 40. 33 12.95 40. 38
Q2 37.96 38.35 37.46 37.37
Pis —19.10 —19.47 —25.43 —18.29
Qs —2.24 —2.56 —1.76 —3.15
Py 17.55 19.57 25.59 18. 37
Qs —10.74 —11.12 —11.74 —10.55
P, 132.57 130. 42 120. 87 125. 37
Qs2 42.61 41.35 41.19 41.58
Py —49.49 —50. 00 —48.76 —49.48
Qs —41.93 —40. 00 —41. 80 —40.99
Psy —193.22 —199.99 —195. 22 —193.23
Qs —71.08 —70.22 —71.25 —72.02
U, 112.15 111. 50 111. 45 111.47
Us; 110. 99 111. 71 111.78 111. 69
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Table 2 Test results of IEEE 39-bus system

ENEEET Si Se
RHl/(%)  WLS A3k WLS A
0.00 0.1229 0.1259  0.0039 0.004 0
.59 2.2765 0.0927  0.0604 0.003 4
38 4.0091 0.0694 0.1136 0.0015
97 3.044 2 0.268 7 0.1529 0.002 5
76 3.309 7 0.2687 0.0794 0.010 4
.35 4.3282 0.1961  0.1521 0.004 1
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Table 3 Test results of a real power system

" - XA

Wr i Jy IR WIS ik P
1 1828 90. 54 95. 30
2 1828 90. 86 95. 57
3 1828 90. 10 95.19
4 1828 90. 75 95. 30
5 1828 90. 75 95. 57
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Table 4 Test results with 6. 072% bad data

c Ji4t(7\ﬁ S S
3.0 12 61.849 2 0.525 8
4.5 15 61.827 6 0.525 9
6.0 16 61.804 3 0.525 9
7.5 19 61.7857 0.526 0
9.0 19 61.776 4 0.526 1
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Table 5 Test results when value of ¢; changes

a; AL S S,

0. 5o 27 0.077 3 0.003 9
o 12 0.049 3 0.005 0
20 11 0.060 8 0.004 5
3oi 11 0.063 8 0.004 3
Soi 10 0.065 9 0.004 2
60, 9 0.066 1 0.004 2
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A Novel Method for Power System State Estimation with Maximum Good Measurement Rate

DONG Shufeng', HE Guangyu', SUN Yingyun', CHANG Naichao', ZHANG Wangjun*, ZHANG Jian*
(1. State Key Lab of Power Systems, Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
2. Shanghai Municipal Electric Power Company, Shanghai 200122, China)

Abstract: With the objective of maximum good measurement rate (GMR) while satisfying power flow equations and operational
limits of state variables, a novel method for power system state estimation is proposed. The problem is solved using the interior
point method with good convergence performance. Compared with existing state estimation methods, the method proposed has
a higher GMR and better bad-data rejection performance. The resulting estimation based on the method is more realistic since it
satisfies power flow equations and various physical constraints. The method does not ask for additional bad data checking,
observability verification, or subjective weighting factors setting, thus achieving substantial reduction in debugging and
maintenance workload. The effectiveness of the method proposed is proved by test results of the IEEE 39-bus system, the
IEEE 118-bus system, and a practical utility system.
This work is supported by State Grid Corporation of China.

Key words: state estimation; good measurement rate; weighted least squares; robust estimation; power systems
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Table C1 Test results of IEEE 118-bus system

ARG NEE S S,

75 3 L f WLS A7 WLS Ak
1 1.33% 62.5377 61.8282 0.5308  0.5260
2 2.18% 63.8084 61.8529 0.5346  0.5246
3 3.04% 63.9037 61.9026 0.5440  0.5246
4 4.08% 64.9934 61.9480 0.5455  0.5256
5 5.22% 63.7869 61.7738 0.5435  0.5255
6 6.17% 65.2133 61.6494 0.5547  0.5237
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Table C2 Test results of IEEE 118-bus system with no bad data

c IEAEL S S

3 13 61.8881 0.5246
4.5 16 61.9128 0.5248
6 17 61.9415 0.5250
7.5 27 61.9696 0.5252
9 20 61.9887 0.5253
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Table C3 Test results of IEEE 118-bus system with 3.131 percent bad data

c BRI EL S S,

3 21 61.8127 0.5251
4.5 15 61.7934 0.5245

6 19 61.7909 0.5246
7.5 25 61.7432 0.5247

9 26 61.7816 0.5247




