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ABSTRACT: Considering the differences and coupling
between different regions of the distribution network, a
time-space dual-scale electric vehicle optimal dispatching
method based on regional decoupling is proposed. First, a new
distribution network partitioning method based on graph theory
method is proposed by considering the electrical characteristics
of partitioning, production and life characteristics and electric
vehicle travel characteristics. Then, a time-space dual-scale
electric vehicle hierarchical dispatching method is proposed.
The upper layer is the time-scale scheduling, with the objective
of minimizing the peak-to-valley difference and load variance
of the system, and the optimal number of EVs charging and
discharging in each time period of the distribution network is
obtained through optimal scheduling. The lower layer is the
spatial scale dispatching. Combining with the upper layer
optimization results, a dynamic tariff dispatching model
considering the congestion of charging stations in commercial
areas is presented and a dynamic tariff dispatching model
considering the customer willingness index in residential and
office areas is constructed for the differences of EV loads
among different regions. Finally, to address the problem that
the complex coupling between regions makes the optimization
model difficult to solve, an improved alternating direction
method of multipliers- successive quadratic programming
(ADMM-SQP) algorithm based on the trust domain is
established, and the sub-models of each region are decoupled
and solved in parallel. To verify the effectiveness of the
proposed method, a simulation model is constructed based on
IEEE33 nodes, and the results show that the proposed
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optimization method can realize the coordinated and optimal

scheduling of electric vehicles in multiple regions.
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03:00 133.1 11:00 308.5 19:00 278.6
04:00 139.8 12:00 3345 20:00 2782
05:00 144.1 13:00 3309 21:00 250.6
06:00 169.2 14:00 321.1 22:00 207.1
07:00 178.8 15:00 311.7 23:00 163.9
08:00 195.6 16:00 303.6 24:00 138.5

MRIE A SCHE 1 4 X T 0 L R HEA T 4 X
Bk R 3. AR EIERLRE EBE N
0.30, B 3(a) iz DhRERI 7> X IR 45 R, H
R X R S N, 2,0, 7, 18,19, - 24Y, JE
XSS NS, 9,0, 16, 17}, TIAXHT A
A N{25, 26, 32} 3(b) AT EERAEFRRE
MHEITRG S XEER . B 3(c) AR TS A BT
RGN X, AELBERRNEFEIRT G
WA R EREL . T 1 518 2 ZEPEEN
0.28, a7 I i 8 ZIAIMARAER 0.17, 1%
5 R0 5525 Z ARG B D 0.28, MK T8 & B 1 {1 .
AILUE Y, ARGk Dhae 7 X FHL ) R 4057 X i
XA IR S A A IR IEREL, XM TREW
P IER L5675 18 R G0 1) W A UREPE DL R X 3 A 7
A TE R BB IR R X SRR, 3 B0 R X



7390 RN £ =< R R DR - S 4 435
PGPS ANV R PR L1 5 30

i |_'_'_'_'_'_'_'_'||_'_'_'_'_'_'_'_'_'_i S M};‘;

. —1-8—1-9—2.0—2.1 kX JERIX 24 é“"?ﬁ)i{fﬁtﬁ 3

o

|
i 1 2 3 4 5 6 708 9 10 11 12 13 14 15 16 17
A S B St e — i
G 135 26 27 28 20 30 31 32 AR
i i AKX
. . 2223 24,
.. do T
(@) Wi DiEesr X
! i 18 1920 21 1 i i
! W T M X 52 I s
!,\J 0 :I NS4 5 6 7.8 9 10 11143 14 15 16 17]
! R I |
1o :i!! 35 36 3738 39 30 31 30 i
! ]2 234 I |
e T . P i
(b) fEGHTIRG 5 IX
=== o :
i | 18 A | JERIX1 JERIX2
i Iens
! =55 7" 5 13 14 15 16 17
!®Oi|i 33 6 718 9 10 11 12113 S
I G| k2 '5_2;6_2;7_7‘3_2'9_36_3'1_3'2 __________ I
- IR
I " : 122 33 241 | /M'Z!
.. iz " !_._._._._._._._._._._._._|

(©) ZAEHARG X
B3 EEMIXER
Fig. 3 Distribution network zoning results

52 mHMFTHBHBMLKL

RAEHE HEL X A 20000 5 ELEHVS A, LA R
N 35kW-h, WERKRHEIZES 18kW, FEHIAL
HN0.9, BV (9146 SOC i /& 152045 Nis(50,10%).
2k Ak R B IS ) F B0 VR 4R 78 FRRCFRL A7 e 7R TG PR
W H RIS 23 A AT W 4 BT

400 HIREHH
GRS (B

300

200

i GRR g

200

L3 ;

100

200

BORREHA

300

400

64
§y 5w

"
ity 25 30 16 W%

4 EEMERAEMESEHRESF
Fig. 4 Distribution of optimal number of

charging vehicles in distribution network
5.3 A[EIFtrERER T Lk
AN 7] 78 FEL SR T PR % X3 LK R R A A7
it 2 &l 5 i o
HIE s FTRAE e I P e AT e

HIR/MW

/MW

DIR/MW

WIER/MW

120

150

120

90
e

18

30

—i /7o

8 16 24 32 40 48 56 64 72 80 88 96
I} %1/15min
(@) kX1
b L il 6 i

8 16 24 32 40 48 56 64 72 80 88 96
15} %1/15min
(b) mkX2
il A
........ 4ka7j§§
----TLF7RH E

I LAY

0

32 40 48 56 64 72 80 88 96
fif Z1/15min
(¢) JERIX1

8 16 24

32 40 48 56 64 72 80 88 96
I Z1/15min
@ JERIX2



5 19 1 BV BT XA 20U R AL 7391
150 g 5.4 FRHEREAR BT E AN
O Wik 6 R, RFISCHRLLTIIT A5 RE IR
120 £

i A

0 8 16 24 32 40 48 56 64 72 80 88 96
HJ Z1)/15min
(e) HMAKX

400

350 F o AXTR
---- TR
300 f —— 7MY

0 8 16 24 32 40 48 56 64 72 80 88 96
I Z1/15min
() BEAARRCHM

B 5 rXFIEEELILths
Fig.5 Regional and overall optimization curves

FE PRI E], BRI ST R B A7 v gt BILAE o 4 A
e b IR XA e iAT B TR AE BRI 4
FLAH S 7 A INA B s BRI A
g iU th T AR R AR TR A, (HBE R A XRE BT

TP ey, TR e RS AT A0S
PRSI RAR 58 20 I 2 1 Atk 54 5 0
e AR RN, P “ugE g LR, 1E
[ 5 2 I LT LA R . PO T B TR A, K
DR P RIR AR B EV AN, SEUE
St S AT AR A I B I 10T (0 S AT e e o A 2 3 IS
R T B2 5 1 R A (VG H R 2 i ] 5 40
CUREL TR, 73 I L AR DS B SR T STk 4] -
W e S o I AR N B E R R R R
2 X LL AT DU Y AHECT TEFP s e, i iy
RESE LA S| S 7 (I Fe AT N, Tt 2k, (2
o P BT ARAT I B D ) G i re e o T AE AR 3L
P e B SRS TR, S i 2 A 5 3 B A TR A X
H, XL 5 BTN T -, AT LA A
B oy i A, ASCRT SR A B A H A SRS TR R R
IS4 2t BN S

R ) R AE G 2k 2 Gkt k, 15215 R
REVR H IS i i 2k . W LT REIRIEN G, 1%
GHLA R R BRI, REMSITRAEE T
Ko AHEHTHTREIR I SOFIEREE, 5 8086 Rk o A th
LRIER Z PR . ARHEA ST IR 5 X B3
REATHESS, METHRRIEEANT, 00:00—
05:00(EIH 0 2 20 BB BN E R 78 A B
PeFt, R 13:00—16:00(F 1 52 2 64 i B A
A H . B, SZHrRedEt Jifsem,
VRS 5 70 VR FE A BRI S R ARG B,
DUSESK E BT R N T K I S faf I 43 22

400

A g i
— - kR G i
I TR
300 [ H 7 LT 5
AL G L4 AL

200

/MW

100 |

NI P TR S TR IR RS ATV FRRT RN TR TP AR
0 16 32 48 64 80 96
i Zil/min
(a) HIEENET

— BRSSO IN — A RS 51 4
— (RAL I B
S fE G L)
300 | it
- %

200 F

IFR/MW

100

0 16 32 48 64 80 96
I8 %)) /min

(b) BN E
6 FRERIEABIEEELSR
Fig. 6 Scheduling results before and

after new energy access

55 AEAFPEE5ETHIBAELSR
WP Z5E NS 5HERERE NG
EEE SRR . Sy T AET LR, At T H
P13 5505108 20%. 40%. 60%- 80%!HT F [ %2

WAL, 7 B a5 Rk 6 Fs.
HE 7 AT, PSSR, FafiEs



7392 i Bl

T B % &k 43 &

BN, FR PR T N R I, EV SRR

B 7S B T L RS RE AR K, e I B BE 2 ) 78
H 75 SR I AR SRS 4 e R B 1 s i B
400 remmrp—————————— — - "
— kA
350 F—80%
60%
300~ 40%
20%
250F 0% )
§ It
o 200 F f/
150 "'*';:..:»"'
100 E
S0E
0 Bttt s st
0 8 16 24 32 40 48 56 64 72 80 88 96
I} %1/15min
E7 ARZ5ETEBEMARIEZ

Fig. 7 Load optimization curve of distribution

network with different participation

5.6 EZXLLRSHh

N T BGAEAS S T A X 4% SR A R,
HP RO 5 SCRR[18]H) ADMM . Bk R R 147
EeEL, HARBRES Q0 %A 5 A SR M H .

ADMM #:H ADMM-SQP Ui an
Kl 8 AT/, ADMM BEE LIt 92 A4 v LI 8L,
1M A< SCFrié ADMM-SQP AN 75 ZkAX 59 il
WS R e, M OXTEE AT %N, AHFE1E 5L, ADMM-
SQP HE MW ShE BETE R, BEAG T R AR AT
FL O e ) B SR ZE A A TR

0.8 b ——NLC-ADMM-SQP 3
——ADMM E
0.6 3
2 0l . 3
02 F
0.0 By

0 10 20 30 40 50 60 70 80 90 100 110 120 130
IEARIREL
B8 WsttxsteE

Fig. 8 Convergence comparison chart
5.7 AEIEERRETRGEMIGR
B 9 i B AL BT 5 2R 48 A A R AR AR L
XA RERN], g e AL e R gt E M3 ]
SRR, AT SRR 18 23 18] RUBE R FE 7 58
SRR LL T FE BN, ABAE /NI I 2 T
FEH o XARRUONTERBUREEJ5, FB2I Z f 9 v ey

HREARBHEMZ T EF AL FHEE .. AW
T R FE A (B RO R T 58, X3 i Y 4
K SFEH 230.89MW-h [£y 213.87MW-h, |
B 1 7.8% o IX & WA ST I 225 1 X A A 1) I 2
RUREE 3N R 20 A U B2 /i 06t — 25 BRI T F, D)
I 28 HE ] Wi ik 2= (e R, ] LARAL
RGN, 1D S TFE

9 ey
L RE
- KRR s
20 Fm St 25 ] R 7 :
AN N E
E [ me, S
; 15 E_ '4‘ .\_,l N -, 3
‘E E /' e w’t }‘
=t A N\
= 10 F 7 X E
é __,"" // ‘\‘X
s 1% \\
E A
5E E
E ,s-;f/ \'
-
ok

0 8 16 24 32 40 48 56 64 72 80 88 96
A Z1/15min

Eo F MR
Fig. 9 Distribution network loss curve

58 ARAERFRTRGHERE
10() AL AT RAHEIE R ZE, Kl 10(b) 1k
thJG RG o Rz . B a3 R iR KAk T %
AVulE, WERNTEERE, aafRIERaE, 2
RN . AT ALY, 14:00—14:15 BRI BE
WA 12 217 5 18:00—K H 14:15 i [a] BEN 15 /4
14 & 17 WEIRESEE T 22%ER, KF 1.05.
BRI, Ab T A R X3 T R ek
A, To AT R, R A R RSP
BRI, R S R IRE KT RE, =
ZH AT REEN, BRI SRKEEmER
KM H 0.04899pu % 0.04206pu, LT
14.15%, 1] Mgk B 37 40 203 1) ROBE B AR A 1 B T

T HUKIREfE/pu

) 1.06
1.05
1.04

1.06 —

1.02 ~1.03

2 ~1.02

@ L1.01

= 100 120
= F1.

2 0.98 ~0.99

~0.98

0.96 ~0.97

(a) PRALTT 2 45 LU Ml 22



%19 B GE IR BT DX R 1) I S OURUEE sV R A R 7393
oo | L R BT DU I R 2 ) [ A X
- W RRRNRLEE, (ES R A R
1.04 TR e 20 ‘ 1.04 o o N
e Qe e FIARALROR, B —E K SL bR B I H -
2 T i 18? 45
24 ki \//ﬁ//j?\ - Pl 40§ : ggma"
i) s Jp 0.99 3 A
% 0.98 \\w\/ /\// “ 0.98 BT
W e NG ‘ 0.97 :
096 | 0.96 30F
0.95 :
0.94 ) E 25
% % f
Ha 25 3016 2 ‘:\i;\vﬁ“"‘“ 155— 3
(b) Peflss R % of ]
E 10 fRATERERE sk ;
Fig. 10 Voltage amplitude before and after optimization 0§ L
VLR RGN R R, R R A RIS AT A I
5.9 SEFRERHMEH) o1 min
N PINT S AR %
11 g PR AT 1TSS 10KV RE e Y A1 FERRMABOEAR
e e b v 1 1B N " [ . ig. ctual distribution networ
BT RO B, TR S e B L2 2 S | o
. s . . oad optimization curve
BR[197, Zeig ALK AR 0.0778Ckm, fEE 4 omempm——
TN N [ oeeeeees LA G 457 ih £
RLHB PS4 1500 SN . Mol A SCH I AH X e,

JTEX AT 73 X JE A3 BB Fro 7r (X, & or X
R H A7 it 2 DLRCREAREC o R A7 A7 it ZE A0 BB AL
B

11 SERRECEEM X
Fig. 11 Voltage amplitude before and after optimization

B 12 APAGHTfE AR TP 7 L HL ) 67 AT i
25, MWERATCLE H, B B S fug s 2
27.09MW FEIEZE 20.33MW, FRIET 24%. 13 K
F I BARAL T JE R S8 A B MR IR LR, X bl 3
KU, ISR WTNER RGN BB HAT IR
Ja o, XOIURD B A ORI A B RE i A AR R Y
41.72MW-h [&~ 36.6MW-h, FFET 12.27%. X
B, A SCRTHR 135 T XSl AR 1 B 2 00U RU B L BliR

R/ MW

8 16 24 32 40 48 56 64 72 80 88 96
I %11/15min
& 13 ScRRACE MR 2k
Fig. 13 Load optimization curve of

distribution network with different participation
6 ig

ARSCHE T AT XS AR R 1) B S BUR LB
VRZE 78 TR0 H T FEE SR, 1% P SR B MR 4 XU
Xt IR R M FE R AT B R R AE, RIS A 4 X
VAPE, BEXT %23 DX AN [5) 7 A 1 LA R P R R
BUESIA R EEREAL . FERIH ADMM-SQP Hi%
XY HEAT 73 X AR SR AR, )5 B&T IEEE33 9 s
FAFRE T — AN EA A, 0 BT (4 3 T X Sl o P
2R LR AR LA B SRS AT T B AT
LT 4518

D MHE T Ihae o X ML gl )] 2805 X
Ti%, it ER M X T REGAEFETIX
WA RIS AR SR A TR, BTfE



7394 I £ =< 1 R B = 3

43 %

SIX TR G IR, AR TR R
1) 5t o

2) FHEL T G4 B A 7o SRS R G 7 78
M, it BV 7 X 3has AN SR ARYE AR 43 X 72
AR, mRE] S AR A PR, FRIC T
f 2B e 22, P40 T A a0 .

3) MET R ERRARE, Bt
PR 2 UL PEE VR P RS, 8 7 PR R A I 3 22 11
[F] s 5 R0 2R S8 X B AT E TR 22, AT L i
T B ER 2R T

DI T4 ADMM 5%, Frdd it () ADMM-
SQP By A DABE 4 (1 fift e e 240 o R i 2 2 4R
2900, 5 NERUE O QP IR IR K R, =TT
T QP Fin) @ p WSt o TR I DX I AR R
FATIBHUSCA TR IFHATIE A, s TiHEECE.

B3Rk

[1] Biff, TF5, FHxk, %, ETHRES X5 HEHPE

B[ HHE JE T 4y X VR[] B R G S, 2013,
41(7): 109-115.
YAN Wei, WANG Fang, TANG Wenzuo, et al. Network
partitioning for reactive power/voltage control based on
power sources clustering and short-circuit impedance
distance[J]. Power System Protection and Control, 2013,
41(7): 109-115(in Chinese).

[2] MEHRIJERDI H, LEFEBVRE S, SAAD M, et al. A
decentralized control of partitioned power networks for
voltage regulation and prevention against disturbance
propagation[J]. IEEE Transactions on Power Systems,
2013, 28(2): 1461-1469.

[3] LI Zhenkun, LOU Yuehuan, LIU Jun, et al. Optimal
partition of power distribution network service areas based
on improved K-Means algorithm[C]//Proceedings of 2014
International Conference on Power System Technology.
Chengdu: ITEEE, 2014: 883-889.

(4] FhEHH, EFH, J53E, 5. ET O ARG
Fe e P Il SRS BT[] A AR SE A K, 2013, 37(1):
191-195.

SUN Xiaoming, WANG Wei, SU Su, et al. Coordinated
charging strategy for electric vehicles based on time-of-
use price[J]. Automation of Electric Power Systems,
2013, 37(1): 191-195(in Chinese).

(5] BR#E, B7j, AET, . BalREmNEE Bird
Fr 78 RIS AT FE[T]. B0 R GRS 545, 2020, 48(1):
65-72.

CHEN Kui, MA Zilong, ZHOU Siyu, et al. Charging

control strategy for electric vehicles based on two-stage
multi-target optimization[J]. Power System Protection and
Control, 2020, 48(1): 65-72(in Chinese).

[6] NAFISI H, AGAH S M M, ABYANEH H A, et al.
Two-stage optimization method for energy loss
minimization in microgrid based on smart power
management scheme of PHEVs[J]. IEEE Transactions on
Smart Grid, 2016, 7(3): 1268-1276.

[7] sk, X, K, & R AW HRER RN 2
SrATIKIUZE TR R B RGHEL, 2014,
38(20): 40-45.

ZHANG Qian, LIU Chao, ZHOU Lin, etal. A bi-level
economy dispatch model considering temporal and spatial
optimal distribution of electric vehicles[J]. Automation of
Electric Power Systems, 2014, 38(20): 40-45(in Chinese).

[8] MALHOTRA A, BINETTI G, DAVOUDI A, et al.
Distributed power profile tracking for heterogeneous
charging of electric vehicles[J]. IEEE Transactions on
Smart Grid, 2017, 8(5): 2090-2099.

(9] #hifgde, FHOR, E/ANVE, . TSR T REEIER

HANZES 5 ARG [I]. HREAR, 2011, 35(10):
165-169.
HAN Haiying, HE Jinghan, WANG Xiaojun, etal. An
improved particle swarm optimization-based load
response strategy with participation of vehicle to grid [J].
Power System Technology, 2011, 35(10): 165-169(in
Chinese).

[10] W, EM, Eiele, 5. 1 L RIS FER a0

ooy A P B BE SR (D). RIS AR, 2022, 59(1):
120-126.
WANG Xi, WANG Wei, WANG Haiyan, et al. Distributed
two-stage scheduling strategy of EV considering user
battery consumption[J] . Electrical Measurement &
Instrumentation, 2022, 59(1): 120-126(in Chinese).

[11] WEN Chaokai, CHEN J C, TENG J H, et al.
Decentralized plug-in electric vehicle charging selection
algorithm in power systems[J]. IEEE Transactions on
Smart Grid, 2012, 3(4): 1779-1789.

[12] ARDAKANIAN O, KESHAV S, ROSENBERG C.
Real-time distributed control for smart electric vehicle
chargers: from a static to a dynamic study[J]. IEEE
Transactions on Smart Grid, 2014, 5(5): 2295-2305.

[13] CHEN Niangjun, TAN C W, QUEK T Q S. Electric
vehicle charging in smart grid: optimality and valley-
filling algorithms[J]. IEEE Journal of Selected Topics in
Signal Processing, 2014, 8(6): 1073-1083.

[14] YANG Jun, HE Lifu, FU Siyao. An improved PSO-based



519 3 BRI T DOEURARR K I 2 0URUBE R sl R DA R 7395

charging strategy of electric vehicles in electrical 85-95(in Chinese).
distribution grid[J]. Applied Energy, 2014, 128: 82-92. FFsR A
[15] FEMZE, EIRE, 2ATH, 5. FH POI #¥f X 50 AP—
T ThAE X R 5 IR, LI K 2018, 43(1): BE— ERKXI 1
81-85. 0 R
KANG Yuhao, WANG Yueyao, XIA Zhujun, et al. » ;j} \
Identification and classification of Wuhan urban districts % 30;
based on POI[J]. Journal of Geomatics, 2018, 43(1): g z;:

81-85(in Chinese). 15
[16] AEF. KT 4 RIS QP)SIE K AR LA L
AT FE[D]. M 2K, 2009.
SHI Guochun . Research on algorithm of segential 0 B Tt bbbl
8 16 24 32 40 48 56 64 72 80 88 96
i Z1/15min
problems[D]. Lanzhou: Lanzhou University, 2009(in Al SRR R & 45 R R R T 4

Chinese). Fig. A1 Actual distribution network zoning and
[17) oI, R0, 20, %, LIRS AR L) overall load curve

DALV TTVEL]. AL TR A4, 2020, 40(6):
1856-1864.
KOU Lingfeng, WU Ming, LI Yang, et al. Optimization

quadratic programming for nonlinear programming

R EE: 2022-09-07,

Wi BHA: 2022-05-16,

EEE T

BIRIK(1988), &, EIHAE, W4T
TR I s BN 7 A A 3

and control method of distributed active and reactive
power in active distribution network[J]. Proceedings of the
CSEE, 2020, 40(6): 1856-1864(in Chinese).

[18] TRF:, KBS, ki, &, RKHMHINEKERBYE gexiaolin2005@126.com;
R B [0 BT (0] B RGEEL, 2011, S BLWE(1999), B, BiLBIgE, B
35(14): 24-29. 77 10 A BB R E AL TR, 2601526384
YU Dayang, SONG Shuguang, ZHANG Bo, et al. @qq.com;

TEEEE: fEH(1968), 5, M,
oz, RO I R GG FURIEE,
mfudong@126.com;

3L (1999), 5, WiERFRA, BER
J5 A ENR ERAL T, 2378203254@

qq.como

Synergistic dispatch of PEVs charging and wind power in
Chinese regional power grids[J]. Automation of Electric
Power Systems, 2011, 35(14): 24-29(in Chinese).

[19] M E, 068, e, & HET HUF IR X IR M
WA SEERRI VR[], B ¥, 2018, 39(11): 85-95.
XIAO Bai, GUO Bei, JIANG Zhuo, etal. Distribution .

network planning method based on clustering blocks of (m1£’ﬁ$H ' ;t'_)

load nodes[J]. Electric Power Construction, 2018, 39(11):



