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Abstract

A large number of distributed generators (DG) are connected to the distribution network under
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the “dual-carbon” goal, which makes the traditional loop closing current calculation method based
on physical modeling difficult to meet the requirements of engineering for calculation accuracy
and applicability. In order to fully explore the spatio-temporal relation of input features of the
loop closing current and solve the problem of prediction accuracy decline caused by the unstable
influence of input features on the loop closing current, a method for predicting the loop closing
current of distribution network with DG based on one-dimensional convolutional neural network
(1D-CNN) is proposed. Firstly, the input characteristics of the loop closing current are analyzed in
combination with the operational characteristics of the actual distribution network, and two kinds
of input characteristics for loop closing current prediction are proposed; then, a simulation model
is constructed based on DIgSILENT /PowerFactory to form the sample set; and finally, the model
training of the two input features is performed separately, and hyperparameter optimization and
prediction process are analyzed, so as to establish the 1D-CNN loop closing current prediction
model. The simulation analysis then is carried out in the actual medium voltage distribution sys-
tem in a region of Guizhou. The results show that the mean absolute errors of the model on the
current samples I,, I, and I. are 0.0927%, 0.2704% and 0.4797% respectively, indicating that the
proposed method is capable of correctly and stably predicting the loop closing current.
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NZGNERAAELER L.

H i A K& SR A RIS AT AT T i SCHR[S | LA S IR AS FR AN B 48 FRIR N 2 R A 57
W FE L SRR R . SCRR[6 3R T — M8 18 2 W R S AR PN R B S L AR A A Y . SBR[ 7148 1 T
e H W P ST R R s L SRR, FEREIE ARSI T SCER[B R P AR BV ETHE A
PRHR A AT R, JRIE I T S P B SR R S AR P PP A S MR AR (R 22 s SCER[O13R H — A
TE L SR fig P DX TR P b R B i KB 7025, 3 S A ph ey AR o B A A s SRR (10728 -1 4 18 R i
Tk 78 [7) 25 FH 0 % 1 (micro-synchronous phasor measurement units, pPMU) G RIE S, $2 H—Fh f g7 25
HFHPU G L Y s (H DB AR VA G AT AT o0, BT = N LR et &3 7
LIRSS

TR, NLEBEEARKKEHHHR, SFMZ M4 (convolution neural network, CNN) T A 5%
REVEBARAE 2 I BEA[11],  H AT SO DU MR R [12] [13] [14], BT 25 T YU BN
TIEEFETR, W R BRI D [15]. BT8R S5 RI = 2T /e 11, CA s 8 s N A 2 )
ARG RS R TS P [16] [17] [18], X8 M rE M B S s AT 5 08 1 T At S o SCRR[1912% T4
PRA i 32 Tt (extreme gradient boosting, XGBoost) 5245 21|52 M Jie B WX & A R AL H (R R 25, FF3 AR B 1 1
Pt SCHER[201 8 T & Mg 3 T — Mgt SRz IR B0 F X R 1058 71 IRVE A B 7 L EUPSHEL AT (1)
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Figure 1. The structure diagram of loop closing with photovoltaic power supply
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2.2. MINGFEIERTE
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Figure 2. The schematic diagram of K-fold cross-validation
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Figure 3. The flowchart of loop closing current prediction
3. AMERTNRIZE

4.4. EBETENIERR

— I B SE 5 TN 8] R 22 e R VPAS A R I I . O T SR A TP IR AL I PR e, ARDCR
7 WA E A fe bR,  BIPI4a%) H 43 LR ZE MAPE (Mean Absolute Percentage Error) fISF-351 44X %
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4. [ 5 FiR. B a AR KR 25800 50 MVA, FEEEHFEN 161.20 kW, FEEKHLEH 16.63%; 1548 b Il
BRI EN 50 MVA, FiEEHFEN 176.22 kW, FifgHEA 17.10%.

(14)

(yi _j’i)

o B
=&
e
=4 o
T I

o
+
op
R

t
T

10 11 12 13
@ L

3 4
(] *—©
14 15 16 19 |25

20 21 22 23
® ®

Figure 4. Load distribution of 10 kV feeder line a
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Figure 5. Load distribution of 10 kV feeder line b
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il , FERCHM 0] 2 -F & DIgSILENT/PowerFactory H @ SZAE R IF AT HES ST B, SRAF A FIZ AT 7
KFRIEAEE. 5. Bl 6 RSB SHOE WL A £ AL, BUERHERE RS A £ A2, 24K
SR IR BN 2 MW, 2GR FRUR I 7R PE LB SR A ] AL BT B A R I 20 S0l DL B SR A ] A2,
A3,

DOI: 10.12677/m0s.2023.125410 4506 e RSE TR


https://doi.org/10.12677/mos.2023.125410

Rt <5

IRAE IR, Se R YRR — /NI REE— B, B2k A BT R 6 A AR At A — AN /N SR AR
—RHHE, AREBIIRLL av b G AT SR RIRAE S BRI 5, s S A 1 LIRS 8784 4H
FEA o B REATZ IR 8:2 (ML 20 NI ZRa f iR 45, Bl 7027 4 NS4, 1757 ALVE NIREE . AR 0
(4 AT #3208 NMINFHE, ARHEXG)WA 106 MM NRHIE -

DN ORBEAS R (A R R P, AR SCR ARG S B 2R 5 10 3738 XL T S8 T,
AFEME W IERZH . BRKIEE RN 20385, KL MAPE FPPIEIE R AR ME, 56
B ZHGE R, 1ID-CNN B S H IR RN EREHN 3 E, BMEREPKRENRN 1, BHIE
FIZECN 1, Wb 2 KR 2, AL Z 5K E N 2 < 1, SIS RECN ReLU. BARSE FUnZ 1 s,

Table 1. The parameters of CNN structure
1. CNN £ H

S H et {1
flbab ¥R 64

i O BRI 2L ReLU

2SR 0.0001

PN MAPE
BREH 3
32
1D-CNN LRZEE 32
64

HBRUZ R 3x1

5.2. tRBMEBELLE

NESUEFT T E R PE, 1 @ IE R NAFAE, A8 AL 2% S B AR SR FE B T VR BE
22 WX 4% (deep neural networks, DNN) 5 2 #E47 X b, FEF A F I ZREEREACERAR, K AR [H) B U A
AT, SRHLE DG M R AC A IR T . S AN EIEX IR a. b BN EIA L L, FBREE I OG
AbA IR ER 1 TG 5 SEPRE 2 [ PR Z e 2 Fion, R PoimfEUE RoR BRI R SRl 42
R ERAER .

f 7 2 AT%0, 1D-CNN ZEXFT L« £ M4E - MAPE HIl MAE 18 iR BLAHE: T XGBoost A1 DNN B 1
W, 7E L IR EE B MAPE {850 BB K T 62.8%F1 85.1%, MAE {573 HIFFK T 59.4%F1 78.2%; fE
I, (IR 4E | H MAPE {82 BIBEIK T 17.2%A1 44.3%, MAE {855> BT 5.6%F1 37.0%; 1ixt-F 1, i
KA, H MAPE 1% XGBoost H.i2:H11 DNN HE 0 HIFEK T 24.6%1 69.8%, MAE A8 2 23 5l &A%
T 23.4%H01 69.5%. HHULTT L, 1D-CNN 7E 4R 1 v A & PR AL it AR A B iy R AE R FE 3 T, Th
B PR A L A T R ZE AR TR i i SR, X T AN RRIE HOREE T 0RER v b S IRRTINAHIE, T3
T 4R AR i £ AN I FELAL 1) 2 2] SR AR B 22

BT 2020 4B ZFEHE H A HRAE R T (5 R E R R IR, H R Sehra G o, MARHEL
#(5), KLPrEdE N 1D-CNN BRI TIGIE, [R5 XGBoost f1 DNN (45 k(T Ee, sk 3 fr
ZNo
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Table 2. Prediction result comparison of different models

3 2. FRIEATNEERISEL

MAPE/% MAE/A
HEA B
PUIESRES plEeS PUIERES plliEeS
XGBoost 0.1693 0.2492 0.2678 0.9657
1, DNN 0.3604 0.6211 0.7830 1.8004
ID-CNN 0.0235 0.0927 0.0712 0.3918
XGBoost 0.1815 0.3267 0.1880 0.4737
I DNN 0.1478 0.4853 0.1545 0.7104
1D-CNN 0.1420 0.2704 0.1499 0.4473
XGBoost 0.1663 0.6359 0.2108 1.1284
1. DNN 0.8534 1.5868 1.0902 2.8378
ID-CNN 0.2374 0.4797 0.3056 0.8646
Table 3. Prediction result comparison of loop closing current
3. AUERTUNEERITEE
FEA P e AP it MAE/A MAPE/%
XGBoost 303.83 3.98 1.3273
1, 299.85 DNN 296.08 3.77 1.2573
1D-CNN 302.11 2.26 0.7537
XGBoost 100.71 2.85 2.7520
I 103.56 DNN 99.36 4.20 4.0556
1D-CNN 104.97 1.41 1.3615

HIE 3 WAL, MSERRE IS RAPPO R IR, =R IR R A AN ) R L

{H 1D-CNN ¥

BORMET XGBoost Al DNN ORI i A IR, 1D-CNN 45 & 1 i S A L =
FRE R, BRUZSEBURESS, s P A B AL R AT A B, il R i PR TC R AR B, AT I
R E, W E R, RS SRR A T2 . AL Z R, XGBoost Al DNN JUDGf ##%
ARG HAT AL B, 5 RV SRR T KT 3 SO R S UL (1 1

53. EEABESH

£ 5 Prag RAUEE AR T, ASFEFEA SR T i 2 (4) A 25 1 AN RFAE I 28R e 203

6(a)s K 6(b)Fim.

X ELT Rl AHRFAE R AT Z2 T 0, 38 F () BERGS) TE S ANRRAE 52 R IR0 ) 4 A FT00 0 At
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Figure 6. Error results under different numbers of data sets
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Mk A

Table Al. The line parameters of feeder a

F AL Rk o KBEBH

Bzt i LiES) K (m) FH UERE] LiES) K (m)
L,(1,2) YIV22-300 200 L,(1,2) YIV22-300 450
L,(2,3) YIV22-300 185 Ly(2,3)  YIV22-3x300 126
L,(3,4) YIV22-300 20 L,(3,4) YIV22-300 10
L,(4,5) YIV22-300 15 Ly(4,5)  YJIV22-3 x 300 126
L, (5,6) YIV22-300 10 L,(5,6)  YIV22-3 x300 126
L,(6,7) YIV22-300 40 Ly(6,7)  YIV22-3 x 300 126
L.(7,8) YIV22-300 100 L, (7, 8) YIV22-120 8
L,(8,9) YIV22-120 350 L,(2,9) YIV22-300 100
L,(9,10)  YIV22-300 100 L, (3, 10) YIV22-120 150
L,(10,11)  YIV22-300 10 L, (3, 14) YIV22-120 100
L,(11,12)  YJIV22-120 100 L,(14,17)  YJIV22-300 100
L,(12,13)  YIV22-120 100 L,(14,18)  YIV22-300 200
Bk a L,(2,14)  YIV22-120 100 Bk b L,(18,19)  YJV22-120 100
L,(6,15)  YIV22-120 15 L, (18,20)  YIV22-120 100
L,(8,16)  YIV22-120 100 L,(20,24)  YJV22-120 110
L, (9,17)  YIV22-3 x 300 136 L, (20,21)  YIV22-120 100
L,(10,19) YJV22-3 x 300 126 L, (21,25)  YJIV22-120 100
L,(19,24)  YIV22-120 8 L, (21,22)  YIV22-120 10
L,(19,20) YJV22-3 x 300 126 L,(22,26)  YIV22-120 15
L,(20,21)  YIV22-120 15 L,(22,23)  YIV22-120 20
L,(21,22)  YIV22-120 15 Ly(4,11)  YIV22-3 x 300 126
L,(22,23)  YIV22-120 126 Ly (5, 12) YIV22-120 10
L,(11,18)  YJIV22-120 100 Ly (5,15) YIV22-120 100
L,(11,25)  YIV22-120 100 L, (6, 13) YIV22-120 100
L, (7, 16) YIV22-120 100
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Table A2. The peak load of feeder node
T A2 IRET RERIE AT

FH Rip= BRI Prax (MW) KA TR BRI Prax (MW)
2 0.13230 2 0.17182
3 0.09180 3 0.19138
4 0.09750 4 0.19529
5 0.08748 5 0.18429
6 0.11502 6 0.17011
7 0.11340 7 0.17769
8 0.10962 8 0.16865
9 0.10854 9 0.18013
10 0.10638 10 0.18527
11 0.15552 11 0.18820
12 0.13554 12 0.15276
13 0.13338 13 0.18038

Wik a 14 0.12366 Tz b 14 0.15911
15 0.07992 15 0.17256
16 0.09288 16 0.16718
17 0.10584 17 0.18307
18 0.12582 18 0.14860
19 0.09072 19 0.15276
20 0.08370 20 0.14201
21 0.07074 21 0.14445
22 0.09774 22 0.14005
23 0.13834 23 0.13247
24 0.12832 24 0.14005
25 0.08513 25 0.14005

26 0.13810
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Figure A1. The output characteristic curve of photovoltaic power
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Figure A2. The load distribution characteristic curve and power factor of feeder a
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Figure A3. The load distribution characteristic curve and power factor of feeder b
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