n n SESGESREET o« 2ESREOET
‘ / n SERFZLET n SEFMEEEET

::,:.' MODERN ELECTRIC POWER = AAEGEEERT = {CAJ-CDFEE} FUTILFHET!

A=

% BDCR S PR Z B FRECH B S DGIRESE & AR

vk AT kit AR F BEF BT BK

Comprehensive Optimal Planning of Multi-objective Distribution Network Reconfiguration and DG Regulation
Considering DG and Load Sequence

SHEN Hongtao, YUE Fanding, SHI Lun, LIU Linqging, LI Mengyu, DUAN Zihe, YUAN Huan

FIHASLC:

Rk, LT, S8, 2. B IEDG R A I F R 2 H AR B 5 DGR PR LR S LA LRI ). BUARUHL T, 2022, 39(2):
182-192. DOI: 10.19725/j.cnki.1007-2322.2021.0039

SHEN Hongtao, YUE Fanding, SHI Lun, et al. Comprehensive Optimal Planning of Multi—objective Distribution Network
Reconfiguration and DG Regulation Considering DG and Load Sequence[J]. Modern Electric Power, 2022, 39(2): 182-192. DOI:
10.19725/j.cnki.1007-2322.2021.0039

TELR L View online: https://doi.org/10.19725/j.cnki.1007-2322.2021.0039

LT RE RSB HAN S R

Articles you may be interested in

HE TR IR 4 5 A1 e R R T AR DTS
Research on Distribution Network Reconfiguration with Distributed Generation Based on Improved Grey Wolf Optimizer

PUARHL . 2022, 39(1): 56-63  https:/doi.org/10.19725/j.cnki. 1007-2322.2021.0040
VTR DG 5 67 g Bk 4 10 B 3L B FL D 4]

DC Distribution Network Planning Considering Timing Characteristics of Distributed Generations and Loads

BUACHL 77, 2018, 35(5): 62—69  http://xddl.ncepujournal.com/article/Y2018/15/62
BB AT 5 P A PR L R $ D 22 B BRI

Multi Objective Topological Planning of Distribution Network Considering Load and Network Loss Uniformity
BUACHL 7. 2021, 38(6): 656-663  https://doi.org/10.19725/j.cnki.1007-2322.2021.0012

% PR A BC L o AT UL IR AL Bl

Optimal Allocation of Distributed Generators in Distribution Network Based on Time—sequence Characteristics

BUACHL 71, 2019, 36(2): 8-16  http://xddl.ncepujournal.com/article/Y2019/12/8
TR ST — PRl ) SR DG I AR RIFSE

Research on DG Output Optimization of Active Distribution Network with Charge—discharge—storage Integrated Stations
B 77, 2018, 35(2): 49-55  http://xddl.ncepujournal.com/article/Y2018/12/49

F AT A AL IR S S PR T R 00 Bl 2 3 DS e DAL Ak 12
Dynamic Partitioning Real-Time Reactive Power Optimization Method for Distribution Network with Renewable Distributed

Generators Participating in Regulation

PR AL 7. 2020, 37(1): 42-50 hitps:/doi.org/10.19725/j.cnki.1007-2322.2019.0072



ERCESE R
2022 4 4 H

K B A

Modern Electric Power

Vol.39 No.2
Apr. 2022

XEHS: 1007-2322(2022)02-0182-11

NEktRE: A

HESES: TMT73

ZE DG RAENFENZ BIrERMNERS
DG G S X

FAEL, ERLT?, ER, WKRF!, FFF, BTE, TR
1 R A7 A R B o, I 7757 050081

2. PR R TR

Y,
£

BE, BEFGA PEZT 710049)
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Reconfiguration and DG Regulation Considering DG and Load Sequence
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WE: Mg iR (distributed generation, DG )
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Abstract: To mitigate the adverse effects due to time-vari-
ance property of distributed generation (DG) output and load on
the dispatching of practical distribution network and to make
the optimal planning scheme of distribution network more feas-
ible, a particle swarm-based multi-objective dynamic optimiza-

tion model, which was based on distribution network reconfig-
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uration and the combination of site selection with capacity de-
termination, was proposed. Taking active loss, voltage devi-
ation and economic cost of distribution network as optimiza-
tion objectives and considering the time-variance property of
loads and DG output, the comprehensive optimization solution
of distribution reconfiguration and dispatching of DG were con-
ducted. By means of the hybrid forecasting model based on ran-
dom forest model and long short-term memory neural network
the output of distribution network and its load were predicted.
The particle swarm algorithm, which was improved by Paleto
optimal theory, was utilized to obtain the Paleto optimal solu-
tion set for distribution network reconfiguration and the regula-
tion and control of DG, and by use of fuzzy membership func-
tion method the optimal distribution network scheduling
scheme within Paleto optimal solution set was determined.
Based on IEEE 33 bus standard test system several numerical
examples were designed to perform simulation analysis. Simu-
lation results show that using the proposed joint optimization
model, in which the time sequence of DG output and the load
are considered, both economy and stability of distribution net-

work operation can be evidently improved.

Keywords: distribution network reconfiguration; multi-ob-
jective  optimization; Pareto  optimal; distributed
generation(DG)

DOI: 10.19725/j.cnki.1007-2322.2021.0039
0 5|5

TEi BB IUAFE, TR IR RS,
AR RS SR, XA ek & i A o3

http://xddl.ncepu.edu.cn E-mail:xddl@vip.163.com



H39EH 2 HELESE. ZIE DG KTt PErY £ B AR N B S DG EEZES AL RLRI183

A U HL P ( distributed generation, DG ) i i #
PRI B A PWTFEN G OCIEME AL, 5 BB
P A 3 TR RE S R T L R e A BRI
HLBE TR 4 v LA T R0 P, (H il TR
2 PRI A5 R 2R 5 ) ELAT W 0 ) B R 2L DG O
W 23k L I A S E i A7 i R, AT 4 R
FEIAZE | Ak OR3P R R AF RN B4, A, T F Y
AT A DR R IR P R A AP £ 745 1 T H, I Y i
FrAngEidi i 2% .

5% C R ) A RN DG R FE AR ) A ) R
HhiE B AT T OREAEGE . SCHR [5-7] 20 Sl kT
IMBCRAER AR | it &g Befife . — SR
8RS ITEE X B A FEAT O 5T, (HIRE &
3 A 2 YR A IE H I BT 3 R SR 5 ST [8]
¥ DG i JE 5B M E M AT T 2Ra i, E4E
2 bR IR 1 ARG e 0y B QbR EAT AL B, 45
A AR B E ZEAE SACE A OG, kit # b
AR R 2 BB TC B AL s SCHk 9] BAERC M
SRS H A A DG IR 5 T G0 A I AR P AR
% 18 DG ) IR AR, SCHR [10] Bl i i %
SRR R R AT B AG JFHRIBT T DG H g iR
1B R K B A7 I PP A2 A B RRAE 9 A5 JESE . SC
MK (117 R R SHE T— R A DG g e TS v 9 72
PR, (BRERS 4 NEN T
] B 25 5, A 2R 5 I R, 1) g 25 ) B A1
DG ekl iy BRI, XA/ N AT T DG ik
HEAIECHE BRI, AT SERRE DL

BT, ASSCHR M MR R BC N A S
DG W £ £5 & DAL A AL, 3208 78 FH B AL 2R Ak
(random forest, RF) 1LY K K Ji #1042+ 28 X 4%
(long short-term memory, LSTM) &% ) 15 & Fi i
FAL (RF-LSTM) Xf DG i J3 F 6 fiif AT B0, 58
SUN[ZE_EAT )12 N oD U R AR I i RFASTi X BN ST e S
XPA AR . AR 225 X 2 T A 24 B AR Bl
STCBCEAL, A e ok B N B SR AR S T A K
AIPEACTT 58, R T PR 0 G e ) ] el T
WS AT BB T HLB AT o

1 ZHFRERMNEHNS DG HELR
SR

L M B A 5 DG I B 255 Ak B 7R 2 i
P O £ i DI A 1o 4 4 D LB A =X U ) e A s i

AT, DASEBUA DI R FE | e 25 F 22 5
WA B/ ME s IR BUEARZEE 2 HAR AL i L,
% /N (1

x=[x1,x2, - X,] (H

min| F1 (), 20, Frob,(%)] @)
st. hi(x)=0, i=1,---,p 3)
i) <0, i=1.q @)

b x EHIA R n AR R g AR
ENE, ARSI 2 AR R, SRR
FL, ) 6% ) 5 58 DA R 43 AT =X PR R 1 3 R
Fy(x),F2(x),+ , Frobj (X3 7 7 2 e/ IME B AN ] H
PREQEL: Novj s HBR BB NG R0 gi(x)73
S DAk 3 R v T 0 R ) A A ORI A5 0 2
[ SO (TN 7 1 G e R O

1.1 LB

A SCHE 2 JE A K DG A8 Ak 1 S R 2
W T 3 A H6hR: A ITIRMFE . R 22 f&
CeUAS, HARITR SCHTR

1) A I FFE,

X ECH P E A BE TR H, T4 H P it
AR AR, K25 #0 LU A R )
D Re oy FE I HAr . Bk L=t (5) br
TN

24 N,

Fi=Pos=) > Ry(l?), (5)

h=1 i=1
e 1, MR b fE/NEE R PRI R, LR
b WYHLBE s Ny, A TC R I 0 2 B A0
2) W2 .
et FbL, ) 51 %) L RS o v T e
R ERL N EISEIR, UL e £ R m 221
S BRI —, Bk L=t (6) B

24 N,

Fy=AUgu = ), Y 1= Uil (©)

h=1 i=1
XU B 54 0% By
3) B
AL I IR 2 O O Bl R 2 = SR PR T 5 75 7 A
Aae, PG 2T S A A P A DI AR
BEAt , X RIDEAR K R 7 B 200 F) R g Bk
T ZI R . H IR A S 2RI, W DG
TESEBRis AT L 1P AR B S R 1 — 2L,

AW, A7,2022,39(2)  http://xddl.ncepu.edu.cn  E-mail:xddl@vip.163.com



184 /I L

B 5h 2022 4 4 H

2L 32 B B fap S E L R S5 RGO 52 e, R IR T PR
MEE BT ATHE T, T%%ﬁ# A FT 5 L
BAS, T R GE T s HLpRE SCn
K (7) P

F3 NRCCIRc+

w1ndf d
S0 CumalP- )

h= IIEIﬂW nd (7)

Z Z CPv PVf_PPV

h=1 ieypy
s Npe WEWEETNERTFLE; qre N
A — A FF AT — WARNE T Z A PR
PEEIAR SRS 5 i h /N IR & L WT Al
TREHL PV BT 15 PYRFIPEY S35 R 15 i 15
h/NEF P WT FIPV 322 A W (R SE PRI R lﬁwindﬂl
wpy T BB 2 AR WT F1 PV (1 e S
Cuind F1 Cpy 43 %Uﬁ#ﬂ%ﬁﬁﬁ#%%ﬁﬁﬁﬁi%
ARHFFEH, gres CwinaMCpy FIBUES 5K 2 JT/K
400 JT/(MW-h)., 400 JT/(MW-h)!'3],
1.2 AREH
1) W EEAR:
Umin < U; < Upax ®)
K U i ERRIE; UninFl Ui IER
A B2 27 1 fe/ N R LT
2) HEEHIRAIR

N

FHETT,

1p| < Ippyy )
K Iy I, o3BT 5 T 55 R ST
it S L R R PR
3) DG 4R

PP < Ppg; < PP
{ i DGi i (10)

oMM < Opg; < QI
2o poinf Qmingy 51 Sk i BT AR (Y f /N )
Yy /N T T35 Pl omaxoy 5 2 py i Hf
JC AR I B KA TR AR KT TR
4) WL R

Pi+ Ppgi = Pri+
& 11
UizUj(GijCOSQij+BijSin9ij) ( )
J
O+ Opai = QLl
(12)

U; ZU (Gijsinty;— Bijcosb))
J

AR F7,2022,39(2)

A PS5 QB AR EARIAT IR T
5 Ppgi 9 Opai 70 9 i oA i PR A A
RITEII T35 U5 U0 910 5 i 59 5 B
B BRAE s Gij 5 Biyn B 9 71 i i 5570 i Tl I 4%
(R S RN s 6,0 A 5571 AR AR 22

2 EExigit

2.1 LSTM-RF ;B & Finl4& 8y

EE Xt & DG 7 AR S e B e PR A
ST AR AT R BE Y SR 45 2R ﬁi*ﬁﬁ%?
RF B9 & LSTM W) £ A5 7Y 14 TR 45 T90 00 A5 4 %) 71
far B A0 AR 2L U R AT T, TR TR AR AR g
RN 1R, BAGEBRINT X (LA 7
WA, DG H i [EEE )

JR KR A

Bl bR e AL AT
B EX,

] BEALAR K RF) 5% |

BEATLAR IR 71 BRI AR AR A7
o IR 72 TRIAEY e

LSTMM %&1)I|
ZhAEX,
|

| LSTMRMI%HiA |

LSTM M 45 45% 7
TIUE Y,y

VR AR 67 g
TRIE A HH Y, e

Bl 1 RF-LSTM R AR FMFE
Fig. 1 Flow of RF-LSTM hybrid model prediction
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Table 1 Design of computing example
X1l AL B
=Rl FCra R Ay ( EDGIREL )

B2 SeECHRMEN, EDGHEE ( DGIIHREEE 40.85)
B3 DGR, JEECHINER ( DGHIREAIE #0.85)
A4 MR M ER SDGIRBEI AL ( DGIIRKEE 40.85)
s BECHEMEMSDGRER AL (DGUIREEARE )
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Table2 Comparison of optimization results of different computing examples

X071 AW CIVIRI P I AE DG 5, DGt
HIYH J1/kW JoIH Ji/(kvar)
WG 202.52 1.7003 — — — —
X1l 139.95 1.0759 §7,89,514,528,532 — — —
A2 59.86 0.5085 §7,89,514,528,532 26,9,24 1.0054, 0.6899, 0.8573 —
A3 88.39 0.6746 $6,510,512,533,837 14,30,24 0.7550, 1.0691, 1.1032 —
A4 53.63 0.4590 s11,514,528,530,533 7,18,25 0.7070, 1.1032, 0.9674 —
s 15.47 0.1080 §7,511,512,525,833 15,2531 1.0965, 0.9095, 0.8107 0.8107, 0.7769, 0.8068
x3 ARAERRUERIEE
Table 3 Comparison of optimization results of different algorithms
Bk S A R DG DGH:
4(%%?%2?)50 53.63 73.52 s11,514,528,530,533 7,18,25 0.7070, 1.1032, 0.9674
A REL 63.95 68.42 $7,814,510,s32,528 32,31,33 0.5258, 0.5586, 0.5840
JHAESE 67.11 66.86 s7,14,511,532,528 32,29,18 0.5367, 0.6158, 0.5315
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TEA S o P2 R OR [) BXF R A 451 A E R 43 A
FEIB) 155451 3 SAIXF HL R A A — o PG
T 58151 4 B B A 0 A 45 1 4% TC H IR o5 I PR S DA
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Table4 Comparison of prediction results by
different models

TS A Ryise Mapg Fy
LSTMAR Y 0.2131 0.0433 95.64
RFf&AY 0.2116 0.0451 95.22
BPHfIZ: [ 25 45754 0.2539 0.0580 94.25

RF-LSTM## %! 0.1771 0.0373 96.27
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Fig. 3 Pareto front of biobjective function
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Table 5 Combinatorial optimization results of three objectives

— o EOBE AU T EMERERE | B
Rtm R DGAEAI (kW/E ) A% IR 22 A% /%)
STk

ﬁm@#ﬁ;ﬂ%)ﬂijﬂ 21,19,30 394.6584 91.88 7.2002 82.36 215.1547
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Ro6 BEFTRENRBRAR

Table 6 The best compromise solution of each season

A DG A AU (kW/K)  FUMRERRE /% mIRmE  BEmERET % S5 (Gu/R)
H 25,31,23 452.5832 90.69 6.5632 83.92 196.1058
= 25,31,22 503.6184 89.64 10.6858 73.81 139.2379
K 16,23, 30 519.5064 89.311 10.0906 75.27 162.5018
% 25,31,23 437.8872 90.99 9.0618 77.79 182.0558
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Mik A1 FUUHFESE
Table A1 Feature set of prediction data

HIFEER RIS FEE A
H I—12FR 1 212
H 131t £ 155315
‘ JE B 1—7RFH—= A B
i) H 399 PR 3%
TAEH OftETAEH, MUEIUKH
TR H oft ATl H , UREIRA
24 H /N 1—24FRIR LH F 24,8
ST 3 N AR R {E, °C
AL 4 HIR R IRALE, °C
e MREE A A HHBE, %
KA 1,20 3000ERIL (R, £27) « B (VDML /N 2 CRm RS, #/)
2 Wisiis 2R (AQD)
Wi 1—5FTR 1 E5H
Mk A2 RF-LSTM BR&THNEE KBS H*
Table A2 List of key parameters of RF-LSTM hybrid prediction model
X% Hife
REHE REFCARIPFAELH (ntree ) 300
RFEHII BURERL (mitry ) 2
o0 2% B 2222 2
LSTM# ZHIe8y1 40, 50
MaxEpochs 300
LSTM M 4545571 InitialLearnRate 0.02
LearnRateDropPeriod 120
LearnRateDropFactor 0.8
hfbds Adam
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