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Construction of portraits for a distribution network with digital twins based on a cloud model
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Abstract: As new power systems develop, the uncertainty and complexity of distribution network operation are
increasing. Using digital twin technology to establish the mapping and interaction between virtual spaces and physical
power grids is an effective way to reveal the complex operation of distribution networks. A method of constructing
distribution network operation portraits based on digital twins is proposed. First, an index that reflects the operations of
supply districts and feeders is established, and a statistical ranking strategy is used to transform the characteristic index
into a fuzzy label template. Then, the day operation index is extracted as a unit of acquired samples and as a cloud drop of
the cloud model. Fuzzy expressions of the index are obtained using a reverse cloud generator. The fuzzy distances
between the index and the labels are weighted and summed to obtain the score of the operation. A distribution network
operation portrait with clear physical meaning and objective evaluation basis is formed. The distribution network
operation portrait also provides a technical means for comprehensively depicting the operational characteristics of the new
digital distribution network.
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AT A E TR bR,  MASH e 1 P 24 5 s PR
WX IZAT EAE ) 2 . e LB AT I = iR T SO
HAEW R BIZATHRAE, tHA] DARGIAREC s 4T 1A
Wk, ASCH T ZRFR S IXIEAT R € M.
W4 A NS, 7 2= B =R (A5) s .

DX = En? + He? (15)

5 BHISH

KA IEEE 33 Fi i M NG, DLE IXIE{E N
B33E47 73 H1. |EEE 33 BLHE LS/ W 7 Fros, Xt
M&WMSHIE 4. MBEXAEREEHN
400 kKVA, Zeiti Kk A EH5, %86 MVA.
PR HLIX 2009 £ 1 A 1 HZ 2014 412 H 31 H
3£ 2190 K &diE, & 15 min —ARAE R, —
K 96 ri. MHBENLIHEL 33 4 H fiEdE/E AN 33
ANE XML . BlinS X 1 5 H Sk sk
Wi 8 Avr. X 33 AN XA H S vH 5 H I
FREfebR, BAEXEE] 7 Hisbrdds. 81X 11
bR R 5 s, IRTRIEHREXORIIH .
XN G X 7 A EFR S 51 A -15%~15%4% SRt 3
FhE — M BEALEL . B & XA EL 3 000 2H , T2/ 3 000
MEAR = X 33 NEIXIE 99 000 MEAIEAT
A7, %38 3HT, 1921 AR bR A A B F R A
RIBESE, W3k 5 Fis.

%< 4 IEEE33 B R RGBS H
Table 4 IEEE33 node system line parameters

‘ﬂé iﬁ sampvpn. 0 TN e
0 1 0.0922+j0.047 16 17 0.7320+j0.5740
1 2 0.4930+j0.2511 1 18 0.1640+j0.1565
2 3 0.3660+j0.1864 18 19 1.5042+j1.3554
3 4 0.3811+j0.1941 19 20 0.4095+j0.4784
4 5 0.8190+j0.7070 20 21 0.7089+j0.9373
5 6 0.1872+j0.6188 2 22 0.4512+j0.3083
6 7 0.7144+j0.2351 22 23 0.8980+j0.7091
7 8 1.0300+j0.7400 23 24 0.8960+j0.7011
8 9 1.0440+j0.7400 5 25 0.2030+j0.1034
9 10 0.1966+j 0.065 25 26 0.2842+j0.1447
10 11 0.3744+j0.1238 26 27 1.0590+j0.9337
11 12 1.4680+j1.1550 27 28 0.8042+j0.7006
12 13 0.5416+j0.7129 28 29 0.5075+j0.2585
13 14 0.5910+j0.5260 29 30 0.9744+j0.9630
14 15 0.7463+j0.5450 30 31 0.3105+j0.3619
15 16 1.2890+j1.7210 31 32 0.3410+j0.5302
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Fig. 7 IEEE33 distribution network structure diagram
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Fig. 8 Daily load curve of station area 1
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Table 5 Membership parameters of benefit index and
cost index in station area 1

TRARA TR it R ol %
X1 0.844 2 0.612 2 05344 0.400 6
X2 0.1893 0.299 3 0.352 2 0.8125
X3 0.4754 0.6418 0.7349 0.984 4
Xa 0.736 4 05121 0.4404 0.3379
X5 0.826 1 0.597 6 0.5214 0.3937
Xg 0.090 9 0.1378 0.164 6 0.2657
X7 0.384 8 0.515 2 0.595 9 0.804 5

PR B IXBEHLA BT 3 000 AL A1 FFE TR
PRI I = KA, SRR SRS K
REX 1SR B SH UL 6 Fis.

#* 6 BX 1 ETUEHRZERSH
Table 6 Cloud model parameters of various indicators
in station area 1

fatr B Ex En He
X1 0.5515 0.116 9 0.0414
X2 0.308 5 0.084 0 0.018 8
X3 0.657 9 0.1428 0.0513
X4 0.462 4 0.100 8 0.0310
Xs 0.5379 0.1132 0.0413
Xs 0.144 2 0.039 3 0.0030

X7 0.534 2 0.1193 0.043 2

KUl EEARARAR (1), K (12), REIEX 1%
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Fig. 9 Score value of each index of station area 1
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WRIEFEATE R [ 20 LU AR ZEARAR A S IR S, A
BB SGEMWT, PRI AT AT 34 .
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17 EAR B RS R i 5%, A PA T RS,

(L) S FH 30 1) 2 e A 24 %o 2 AR T HEL X B8 AT R
PEREAT ARG AL AR, RENE A IR HUC B A [R] I R]
SRR WIS AT AL -

(2) My — PR B AT R AR 9 AR AR AR AT A6 X
ULHCIF RS T 7 O HC f M iz AT R R AE T K, B
Z im0 RBERG AR PR HRHE 2 ML AR Ao
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