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Power system state estimation based on ¢— fuzzy tree method

ZHANG Yue'?, SHAN Lianfei" % YU Jianming" 2, ZHANG Jianan'" 2, ZHANG Wenguang’
(1. NARI Group Corporation Co., Ltd., (State Grid Electric Power Research Institute Co., Ltd.,), Nanjing 211106, China;
2. Beijing KeDong Electric Power Control System Co., Ltd., Beijing 100192, China; 3. State Key Laboratory of Alternate
Electrical Power System with Renewable Energy Sources, North China Electric Power University, Beijing 102206, China)

Abstract: Power system state estimation plays an important role in Energy Management System (EMS). To improve the
performance of state estimation, a power system state estimation method based on & -fuzzy tree ( & -FT) is proposed. Taken
500 kV bus of Fuzhou power grid as the research target, the network structure is analyzed to extract the measurement
variables information and select the variables, the obtained feature matrix is used as the input of & -FT to establish the
& -FT model of 500 kV bus voltage amplitude, which is made a comparison with other modeling methods. Then, the bad data
of measurement variables is used to validate the robustness of the proposed state estimation method. The results show that the
method can effectively resist the bad data of measurement variables, and have higher prediction accuracy and robustness.
Besides, the bad data can be limited locally to reduce the impact on the entire power grid state estimation.
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Table 1 Historical operating data of Fuzhou power grid

$3 Pun,l $D Qun,l éj\
ﬁ; Pun,2 ﬂ;] Qun,2 éj\

3o oo

T Pocyt/MW  Ogei/Mvar - Poepp/ MW Opep/Mvar Pt/ MW Qaep/Mvar Poc o)/ MW Oy po/Mvar Vineas,i/ KV
1 506.03 -92.04 522.5 -95.16 —260.63 40.93 —264.89 35.13 527.998
2 504.65 -90.75 516.56 —-93.62 —254.31 44.13 —-259.45 35.54 527.854
59 516.4 -88.33 526.44 -91.59 -280.66 61.17 —284.07 56.74 528.717
60 513 -86.36 524.56 -89.69 —284.45 58.84 —284.55 54.48 528.92

T Pyt /MW Oxgnci/Mvar  Pxgined/ MW Oxginr/Mvar Pun, i/ MW Oun,i/Mvar Pun2/MW QOun2/Mvar Vi /kV
1 366.23 45.16 363.79 51.63 618.91 -13 622.57 -15.94 529.092
2 357.8 42.99 358.05 49.7 610.24 0.08 611.95 -13.28 529.073
59 292.11 30.44 292.6 30.35 530.36 4.08 534.14 -10.76 530.048
60 292.75 27.97 292.79 27.73 527.71 1.9 526.49 -9.74 530.344
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Table 2 Comparison of different state estimation methods

FEM -V T BERESE FIM-HIN 1 BERFLR FaH-HEH T BERER
%A1 A2 %A1 A2 %A1
Prvse/kV Orwse’kV Pruse/kV Oruse/kV PawseAV Orwse/kV. Pruse/kV Oruse/kV Pruse’kV Orwse/kV
&FT 35X10% 03886 0.059 9 0.744 0 45%10™ 0.294 4 0.019 0.8089  4.8x10™* 03110
FT 0.006 9 2.5803 0.057 4 0.806 6 0.003 6 0.8315 0.057 6 0.847 5 0.001 8 2.984 8
BPNN 0.222 8 0.476 2 0.124 5 0.3030 0.156 6 0.3329 0.186 0 0.4792 0.123 5 0.547 6
LSSVM 0.004 1 0.484 4 0.003 9 0.428 7 0.004 1 0.621 5 0.004 2 0.656 7 0.003 4 0.601 6
taIM-FR G BRI KNS L T BERER FEM e T BEREER
%A1 1 %A1 2 %A1 %A1 2 %A1 2
Pruse/kV Oruse/kV PrusekV Orwse/kV Pruse/kV OrwstAV PrusekV Oruse/kV Pruse/kV Orwise/kV
&FT 9.0X10% 03091 0.007 5 0.786 8 3.9%10* 0.360 9 0.003 1 0.820 0 0.003 5 0.800 4
FT 0.017 2 15899 0.058 1 0.850 7 0.004 3 22472 0.058 6 0.827 1 0.058 1 0.836 6
BPNN 0.1772 0.368 1 0.174 8 0.467 8 0.1420 0.494 3 0.164 7 0.3156 0.105 1 04755
LSSVM 0.003 6 0.599 3 0.003 4 0.6375 0.003 5 0.386 0 0.003 4 04163 0.003 4 0.609 5
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Fig. 8 Comparison of test sample root mean square error
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