$50%5 Fa4
20222 A 16 H

@ HERmP B A

Power System Protection and Control

\Vol.50 No.4
Feb. 16, 2022

DOI: 10.19783/j.cnki.pspc.210618

ET B EREMKEKERNECE M AEXRIRAGE

tREART, R A, T0F, F R, 5 R, KSR

(1. LEE ) KFEATAEFR, i 200090; 2. B RATHEENE), 3z 4l 310014)

TEEE: HERR RIS IC A P AR 5C R FU0TE B BN & X2 B PR T I, AR 48 7 ARk SRR DT VEHERT A
At WAIRCRRE, FoiEaE TR K R BC . R RN, 3R T — M T R iR R I E e
AR PR S5 BRI HC F A P 2R ARG 7 ik B SERI R BT B A5 RSB P I &0, T
GMM FEREL0T AL I I e e AT RRR 70, PRI SR T — D HERAIME. R T REE M T
SERCAZ S P I SRIRE AR A B R SEBUR S L L 5 DO AR SR R IR . e, FESEPR IR L R e P IRIE T 1%
THFEAEARTE P AR R B R AR 3 7 T B R 0%, Bt — € ISE BN I (B A LRE 4R SR .
KR REIHEE X, FARRR; RSN, ReRptm T, K

Transformer-customer identification method for a low-voltage distribution network
based on voltage clustering and incidence convolution

XU Mingxint, ZHAO Jian', WANG Xiaoyu!, LI Liang®, XUAN Yi?, XU Xianghai?
(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Zhejiang Electric Power Company, Hangzhou 310014, China)

Abstract: Having an accurate transformer-customer relationship is key for power marketing management and loss
management. The traditional identification method of transformer-customer relationship has high cost and is poor in
performance, and cannot be applied to the increasingly large-scale low-voltage distribution network. This paper proposes
a method to identify the transformer-customer relationship in a low-voltage distribution network. First, the geographic
location information of customers is used to realize the initial merging of neighboring customers. Then, based on a
Gaussian mixed model (GMM) clustering algorithm, voltage time series data are clustered and divided. The customer
segment result is used as the next iteration initial value. Finally, an incidence convolution identification model based on
the balance of energy supply and demand is established to identify the connection relationship between the transformers
and customers. The method proposed in this paper is studied in an actual low-voltage distribution network. The method
has significant advantages in improving the efficiency and accuracy of transformer-customer relationship identification,
and has practical application value and offers engineering guidance.
This work is supported by the National Natural Science Foundation of China (No. 51907114).
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Fig. 1 Schematic diagram of transformer-customer
relationship in an urban community
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Fig. 2 Flow chart of transformer-customer relationship
identification in low-voltage distribution network
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Fig. 4 Hotspots map of GMM identification results
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Attached Fig. 1 Schematic diagram of incidence convolution optimization model
100 & — X ] I B M{tﬁ 1 %15“3@’%%
w— XA )P FE LB ] ] ] .
— 20t Attached Table 1 Community situation in the case
- X2 TS R
i | 9 G g IR &K 8 il kel
£ /\,/‘ N zX#1 100 NO.1~100
@ o \v;’f ZX#2 92 NO.101~192
Foo
= 700 b ZX #3 104 NO.193~296
600 ZX #4 82 NO.297~378
. ZX #5 55 NO.379~433
1 3 5 7 9 11 13 1517 19 21 23 25 27 29 ZX #6 55 NO.434~488
RIZES ZX#T 56 NO.489~544
M 2 AXERHETE X #8 67 NO.545-611
. ZX #9 122 NO.612~733
Attached Fig. A2 Balance of supply and demand of energy . .
ST -

in low-voltage transformer power supply area

Mizk 2 ROISNBEIBERERER
Attached Table 2 Measurement data collection in the case

HoERA REXF KSR e HURE ) S SRAE H
H FiAs. F A 18R 91 2020.9.1—11.30
LS FiAs. F A 96 f/R 1500 2020.9.1—9.30
HIZE BiAs . F A 96 fi/K 500 2020.9.1—9.30

Mz 3 B RFRE. AIhRENKTE

Attached Table 3 Voltage and active power measurement data of some customers

NO.1 NO.2 NO.3 NO.4 NO.5 NO.1AITh NO24&LH) NO3EI NO4AHI NOS5HEIL
BEN  EN HEN O HIEN O HIEN DIRKW IR IKW IhEIKW IhEIKW IR IKW

2020-09-01 00:00: 00 236.5 236.8 237 236.8 236.3 0.0132 0.1241 0.007 1 0.1124 0.0729
2020-09-01 00: 15:00 236.6 236.2 236.7 236.3 235.7 0.013 0.1213 0.006 9 0.1037 0.1071
2020-09-01 00: 30:00 235.9 236.2 236.2 236.3 234.4 0.0131 0.092 5 0.006 9 0.164 8 0.106 5
2020-09-01 00:45:00 235.8 235.9 235.6 2345 234.8 0.013 0.090 6 0.006 7 0.105 0.228 5
2020-09-01 01:00: 00 235.9 235.9 235.8 234.8 234.7 0.013 0.0323 0.007 0.106 6 0.2295
2020-09-01 01:15:00 235.7 236.4 236.8 236.7 235 0.0131 0.0389 0.006 9 0.037 3 0.108 5
2020-09-01 01:30:00 236.4 236.4 235.8 236 235.3 0.0131 0.039 2 0.007 0.183 0.108 8
2020-09-30 22:30:00 238 238.4 238.3 238.1 237.6 0 0.027 9 0.2336 0.1353 0.1434
2020-09-30 22:45:00 237.9 237.7 237.8 237.6 236.9 0 0.0912 0.14 0.097 1 0.0729
2020-09-30 23:00: 00 237.9 237.8 238 237.7 237.4 0 0.0411 0.107 3 0.098 5 0.144

2020-09-30 23:15:00 237.4 2375 238.4 237.3 237 0 0.1037 0.1257 0.0499 0.0731
2020-09-30 23:30:00 237.9 238 238 237.6 237.6 0 0.038 3 0.036 2 0.050 6 2.225

2020-09-30 23:45:00 237.8 238.2 238.3 238.3 236.7 0 0.034 4 0.0359 0.1013 0.055 2
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Attached Table 4 Voltage and active power measurement data of some low-voltage distribution transformers
#1 #2 #3 #4 #5 #1L AT #2 I #3 {1 #A A7) #5 H )
BIEN  HEN BEN BIEN O BIENV ThERKW ThEIKW ThEIKW ThHIKW ThHIKW
2020-09-01 00:00:00 238 238 238 238 238 73.04 55.4 55.4 374 66.56
2020-09-01 00:15:00 238 237 237 238 237 75.92 60.32 55.08 37.44 4756
2020-09-01 00:30:00 237 237 238 238 237 57.44 64.8 52.32 42.84 52.48
2020-09-01 00:45:00 237 238 238 238 237 55.04 54.8 40.36 406 43.48
2020-09-01 01:00:00 237 239 238 238 238 4472 4952 35.2 39.2 37.48
2020-09-0101:15:00 237 238 238 237 237 408 57.8 39.52 3268 37.04
2020-09-0101:30:00 237 238 239 238 237 50.6 39.6 33.44 28.16 41.64
2020-09-3022:30:00 238 240 239 239 238 68.2 64.8 50.64 45,08 75.68
2020-09-30 22:45:00 237 240 240 239 238 77.08 92.16 59.68 46.32 7176
2020-09-3023:00:00 237 240 239 240 238 81.12 96.12 61.28 51.64 75.68
2020-09-3023:15:00 237 240 239 239 238 82.96 91.48 70.36 45.36 86.16
2020-09-3023:30:00 238 240 238 240 238 75.2 100.28 63.96 51.32 84.16
2020-09-30 23:45:00 238 240 240 240 238 82.4 101.08 72.84 37.36 86.16
Mizk 5 Moy EXEE. FRABEESNHIE
Attached Table 5 Daily energy measurement data of some transformers and customers
#1 AR #2 Qs #3 i/ #4 Ohis/ #5 A&/ NO1 H NO.2 H NO.3 H NO.4 H NO.5 H
kWh kWh kWh kWh kWh BE/KWh  HE/KWh  HE/KWh  BE/KWh  HLE/KWh
2020-9-01 673.6 981 1104 1228 456 9.98 1.67 2.66 3.43 8.65
2020-9-02 636.8 1071 1131 1108 400 9.73 2.74 3.56 3.09 8.43
2020-9-03 692.8 852 981 1120 408 11.19 2.55 2.63 3.57 9.47
2020-9-04 684.8 909 969 1220 452 12.15 5.61 3.01 3.57 7.36
2020-11-27  868.8 762 927 1172 416 6.99 2.97 3.24 2.1 10.09
2020-11-28  905.6 663 753 1300 456 9.33 3 8.37 33.49 10.88
2020-11-29 10352 561 678 1272 452 14.19 0.61 5.22 6.58 17.98
2020-11-30 10384 762 864 1264 448 7.82 2.6 5.26 4.2 50.3
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