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Fig.1 m-type equivalent model using lumped parameter
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Intelligent harmonious collocation for reactive power compensation

of distribution network combining planning and operation
ZHU Tongtong' ,GU Jie' ,JIN Zhijian' ,CHU Linlin*,ZHANG Junyu®
(1. Research Center for Big Data Engineering and Technologies, School of Electronic Information and Electrical Engineering,

Shanghai Jiao Tong University , Shanghai 200240, China ;2. Shinan Power Supply Company of SMPEC , Shanghai 200233, China)
Abstract; The spatial fast load segmentation method is adopted to establish the dynamic load model to remove the
time complexity of spatial load, on this basis,a bi-level intelligent harmonious collocation model for reactive power
compensation is built with the combination of planning and operation. The upper-level planning model optimizes the
collocation of installation location, type and capacity of reactive power compensation equipments, while the lower-
level operation model comprehensively considers different load scenarios to optimize the switching schemes of the
equipments , which makes power system achieve hierarchical reactive power balance. The bi-level wind-driven algo-
rithm is adopted to solve the model. The case results show that the proposed reactive power compensation scheme
can obtain good compensation effect under different load scenarios, verifying the rationality and validity of the pro-
posed model and algorithm.
Key words :reactive power harmonious collocation ;bi-level optimization ; hierarchical balance ;dynamic load
S S S G
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Robust parameter identification of distribution line based on micro PMU
XUE Ancheng' ,XU Feiyang', YOU Hongyu'?,XU Jingsong', Kenneth E. Martin®, BI Tianshu'

(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;2. State Grid Shanghai Electric Power Company,
Shanghai 200122, China;3. Electric Power Group,Pasadena,CA 91101,USA)

Abstract; Micro PMU( Phasor Measurement Unit) provides the foundation for improving the observability and con-
trollability of intelligent distribution network. A robust identification method for the distribution line parameters based
on micro PMU is studied. Aiming at the asymmetric operation of three-phase distribution network , the three-phase -
type equivalent model of distribution lines based on phase component description is established, and then the line pa-
rameter identification method based on the LS ( Least Squares) algorithm is proposed considering multiple sets of
voltage and current phasor data at both ends of lines provided by micro PMUs,which is based on the phase compo-
nent model and is suitable for asymmetrical operation of distribution network. And two robust estimation methods are
introduced ,one is HRLS( Huber estimation based Robust Least Squares) algorithm and the other is MRLS ( Median
estimation based Robust Least Squares) algorithm. In the system whose neutral point is grounded by arc suppression
coil or low resistance , the proposed method only requires the voltage and current phasor at both ends of lines to iden-
tify the phase parameters and obtain the positive and zero sequence parameters of lines. In the neutral ungrounded
system ,the proposed methods can identify the positive sequence parameters of lines when the system is in normal
operation since there is no zero sequence current component. The effectiveness of the proposed method is verified
and the advantages and disadvantages of two robust methods in identification precision and computing time are
compared by example simulation. Simulative results show that MRLS algorithm has better robust performance and
less computing time.

Key words : distribution lines ; micro PMU ; robust parameter identification ; phase components method ; least squares
algorithm ; Huber estimation ; median estimation ;neutral grounding modes
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Table A1 Relative errors of parameter identification results with noise in
voltage amplitude(noise intensity is 2%)

HHRSH LS SR ZE /% HRLS ERIAHX R 2 /% MRLS VAR R /%

R 0.6578 0.4580 -0.0289
Ri 1.1101 0.7463 -0.0535
X 1.0902 0.3221 -0.1132
Xi2 1.7644 0.5443 -0.1800
Yii -0.0634 0.0106 0.0112
Y12 -0.2560 0.0388 0.0410
Ro 0.8804 0.6081 -0.0396
Xo 1.5349 0.4115 -0.1650
By -0.0326 0.0079 0.0061
R 0.1442 0.1120 -0.0039
Xi 0.1032 0.1237 0.0034
Bi -0.0745 0.0116 0.0131

TR ZE% 0.6426 0.2829 0.0550

P 1A /s 1.97 129.03 2.12

Table A2 Relative errors of parameter identification results of Condition 1 and 2 in Example 3

&= A2 BH 3 BER | FIER 2 TESRPHRERETIRE

LS AR R ZE/% HRLS 3 (KA 1222 /% MRLS 2[R 6 35 2 /%
RS
1B 1 15% 2 5% 1 15% 2 157% 1 1ETE 2
Ru 1.5210 ~7.8859 1.6852 -2.2221 0.8277 -0.8147
Ri 2.7837 -15.3754 2.4061 -5.0401 1.1483 -0.9735
X 5.8876 5.3386 1.8370 6.5826 0.9116 1.2247
X2 9.3496 9.3078 2.9624 11.5822 1.4597 2.1541
Y -0.5257 -0.0997 -0.8917 -0.1231 -0.4656 -0.0230
Yi2 -1.9288 1.4038 -3.5355 1.7340 -1.8535 0.3245
Ro 2.0790 -11.7041 2.1553 -3.6070 1.0491 -0.9469
Xo 8.6182 7.3070 2.5815 9.0874 1.2824 1.6904
By -0.3012 0.4956 -0.4522 0.6120 -0.2430 0.1154
R 0.2342 0.9196 0.6011 0.9718 0.3174 0.1819
X -0.1737 0.9693 0.1844 1.0225 0.0884 0.1911
B -0.6065 -0.3141 -1.0500 -0.3880 -0.5458 -0.0729
IR ZE % 2.8341 5.0934 1.6952 3.5811 0.8494 0.7261
TR [8]/s 1.83 1.80 89.39 94.72 2.20 1.84
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Table A3 Relative errors of parameter identification results of Condition 1 in Example 4

HRLS YERAEXS 1R 25/%

MRLS 2 AR 15 22 /%

HERZHL
20% 30% 40% 20%, 30%, 40%

R 0.0859 44914 -101.22 0.0003
Ri 0.1405 7.3775 -79.03 0.0002
X 0.0741 3.8539 -751.57 0.0001
Xi2 0.1233 6.4281 -1354.03 -0.0001
Yii 0.0004 0.0117 5.55 0.0002
Yi2 -0.0018 0.0444 35.53 -0.0027
Ro 0.1140 5.9777 -107.97 0.0002
Xo 0.0977 5.0870 -1155.72 0.0000
By 0.0006 0.0258 13.22 0.0001
Ri 0.0211 1.0636 -85.66 0.0006
Xi 0.0216 1.1166 145.54 0.0001
Bi 0.0004 0.0067 2.79 0.0003

SEYREE Y 0.0568 2.9570 319.82 0.0004

AL 1A/ 95.14 99.17 25.44 2.14
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Table A3 Relative errors of parameter identification results of Condition 2 in Example 4

HRLS A AR ZE /%

MRLS TR 22 /%

FRSH
20% 30% 40% 20% 30% 40%

R -0.0309 0.6919 -283.62 05111 -0.8571 13374
Rix 0.0294 1.4325 -477.01 ~0.7095 -1.1897 -1.8562
X 00383 0.6226 ~730.05 -0.5632 0.9446 14737
X -0.0574 1.1432 ~1364.11 ~0.9020 15129 23603
Y 0.0286 -0.0235 -19.88 0.2907 0.4884 0.7642
Yo 0.1102 ~0.1084 -99.04 11591 19532 3.0659
R -0.0354 10127 396.30 0.6480 ~1.0867 ~1.6955
X ~0.0545 0.8574 ~1066.61 ~0.7923 13289 -2.0734
B 0.0178 0.0877 16.72 0.1509 0.2533 0.3956
R ~0.0205 ~0.0481 ~23.76 ~0.1952 03277 05116
X 0.0024 0.1015 17.04 -0.0544 -0.0914 01427
B, 0.0325 ~0.0635 ~33.06 0.3411 0.5731 0.8970

TR % 0.0382 0.5161 377.27 0.5265 0.8839 13811

T s 110.33 94.44 2247 1.94 2.34 2.00
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