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clustering algorithm
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the regional power grid
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Table 1 Sample data of the first time
section of each partition

¥ AKX B CKX DX EKX
Ly 0.850 0310 0.730  0.310  0.540
Ip 0.880 0.440 0760 0.106  0.530
Iyg 0.730  0.500 0.930 0.510  0.630
Iowwe 0920 0610 0.800 0.550  0.710
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Table 2 Reference sample data and its
voltage support capability level
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Iyy 09000 07153 0.5414 03023 0.100 0
I, 1.0000 0.7241 05231 03508 0
Iy 08500 0.8201 0.5755 03914 0.100 1
Io,oe 1.0000 0.8904 0.7214 0.4345 0.5000
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Table 3 Clustering center data of partitioned samples

REHL Iy Ip IAO IOAVC
A1l 03331 01938 05191 0.5606
A2 03030 04134 05342 0.6172
B3 08613 08668 07887  0.9140
R4 05062 05182 06536  0.7379
BAun5 07471 07318 09618  0.761 3
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Fig.3 The membership degree of each cluster
center of the sample to be evaluated
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Fig.4 The minimum warping distance between each
cluster center sample and reference sample
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Table 4 The minimum warping distance between
the C partition sample and each reference sample

/NI B/ pou.

15 Z) [ B — % 555 55
(b1)  (b2)  (b3)  (b4)  (b5)

T, 0.63 0.2107 0.8586 1.741 2.5199
T, 0.69 03491 0.8472 1.731 2.5099
T 0.68 03891 0.8172 1.731 2.509 9
T, 0.77 03091 0.7672 1.651 2.4299
Ts 0.35 0.3803 1.0086 1.891 2.669 9
Ts 0.65 03291 0.8672 1.751 2.5299
T, 0.27 03503 1.1186 2.001 2.779 9
Ty 0.69 0.2615 0.7958 1.701 2.4799
T, 0.63 0.2607 0.8686 1.751 2.5299
Ty 0.77 03295 0.7258 1.651 2.4299
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Fig.6 The minimum warping distance between

samples and reference samples at time
T, and time T, in partition C
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Multi-partition voltage support capability evaluation based on FCM and DTW
XU Xian', GUAN Yibin', ZHOU Ting', ZHAO Xiang®, ZHANG Chongyang®, LIU Wei’
(1. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China;
2. School of Automation,Nanjing University of Science & Technology , Nanjing 210094 , China )
Abstract: With the development of power grid scale and the increase of load, the difference of reactive voltage in different
regions is enhancing,and the problem of voltage stability in the center region of the load is increasingly prominent, while high
voltage and reactive power surplus are likely to occur in some periods in the lighter load region. It is urgent to comprehensively
evaluate the reactive voltage status in multiple regions of the power grid,so as to provide data support for the coordinated control
of global reactive power and the interaction between regions. In view of this, an evaluation method based on fuzzy C-means
clustering (FCM) and dynamic time warping (DTW) is proposed. In this method, FCM is used to fuzzy cluster the index data
of multiple time sections to form the cluster center and extract the average characteristics of the samples. At the same time,
DTW is used for pattern recognition of the cluster center data and the reference samples,which can evaluate the voltage support
ability of multiple time sections. Taking a typical power grid as an example, the effectiveness of the proposed evaluation method

is verified.

Keywords ; dynamic time warping distance ; evaluation index; fuzzy C-means clustering (FCM) ; voltage support ability ; multi-

partition grid
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