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Identification of reactive power and voltage control response rules based on nonparametric estimation

YOU Jin"?, LIU Junyong', LIU Youbo', LIU Yang', XU Weiting®, GOU Jing’
(1. School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, China; 2. Southwest Electric
Power Design Institute Co., Ltd. of China Power Engineering Consulting Group, Chengdu 610021, China; 3. Electric Power
Economic and Technological Research Institute of State Grid Sichuan Electric Power Co., Chengdu 610041, China)

Abstract: As traditional analysis is difficult to describe the complex nonlinear affiliation between voltage and reactive
power accurately, the voltage offset caused by voltage control is ambiguous, leading to further deterioration of the voltage
of some nodes in the system. Also, traditional voltage and reactive power analysis relies on the precision of model,
however, there are still many problems in the establishment of load models, so it is necessary to study the correlation
between voltage and reactive power by the voltage response data. This paper presents an identification of the relationship
between voltage and reactive power in multi-scene based on Group-Lasso to mine the functional relation among load
level of the system, reactive power and voltage. The method can quantify different impacts among the three precisely. The
validity of the proposed method is verified by standard IEEE 24-bus system and IEEE 118-bus system. It provides a new
way for the future analysis of connection between voltage and reactive power.
This work is supported by National Natural Science Foundation of China (No. 51437003).
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Fig. 1 Transformer node voltage adjustment
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Fig. 2 Schematic diagram of system voltage adjustment
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Table 1 Control rules of nine-area
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Table 2 Feature attributes of samples

Gis WU | S R RZE iy vQC
12 bus1-PQ 16/17 bus3-PQ 38 Cs
3 bus2-Q 18/19 bus4-PQ 39 Gy
4/5 bus7-PQ 20/21 bus5-PQ 40 Cio
6/7 busI3-PQ | 22/23 bus6-PQ 41 ka3
8/9 bus16-PQ | 24/25 bus8-PQ 42 ks
10/11  busl8-PQ | 26/27 bus9-PQ 43 ki2-10
12 bus21-Q 28/29  busl0-PQ — —
13 bus22-Q 3031 busl4-PQ — —
14/15  bus23-PQ | 32/33  busl5-PQ — —
— — 34/35  bus19-PQ — —
— — 36/37  bus20-PQ — —
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Table 3 Target attributes of samples
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Table 4 Ranking of top 10 feature attributes

associated with node voltage

(a)

H4 bus1 bus2 bus3 bus4 bus5 bus6
1 3 7 16 3 2 3
2 5 5 2 18 3 2
3 7 3 12 5 29 29
4 2 15 17 7 7 7
5 15 11 3 2 5 5
6 13 13 15 15 15 15
7 11 12 13 9 9
8 29 29 6 12 6
9 12 6 11 6 42 22
10 9 22 38 19 12 42

(b)

e bus8 bus9 bus10 busl1 busl2  busl4
1 5 3 3 7 7 7
2 3 2 2 15 15 15
3 7 5 29 9 9 9
4 2 7 7 6 6 6
5 15 39 5 4 4 4
6 24 29 15 43 43 43
7 9 15 9 3 3 12
8 29 27 6 5 5 3
9 6 9 42 29 29 5
10 12 12 12 12 12 13

(c)

e bus15 bus16 bus17 bus19 bus20  bus24
1 12 13 13 15 15 12
2 9 11 11 6 6 16
3 6 12 15 9 9 41
4 15 15 12 12 42 9
5 13 7 7 13 12 15
6 11 6 6 11 43 6
7 33 9 9 35 38 7
8 41 42 42 42 13 3
9 16 43 43 43 11 5

10 7 16 16 7 37 2
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Fig. 12 Ranking statistics of feature attributes
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