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A Stackelberg game optimization scheduling strategy considering the interaction between
a charging-discharging-storage integrated station and an electric vehicle

ZHU Yongsheng', CHANG Wen', WU Dongya®, WANG Geng', PENG Sheng', ZHANG Shibo'
(1. College of Electronic and Information Engineering, Zhongyuan University of Technology, Zhengzhou 450007,
China; 2. State Grid Henan Electric Power Company, Zhengzhou 450018, China)

Abstract: To address the load pressure caused by the integration of large-scale electric vehicles (EV) into the microgrid,
this paper proposes a Stackelberg game optimization scheduling strategy, considering the interaction between a
charging-discharging-storage integrated station (CDSIS) and an electric vehicle. First, this paper establishes a model of
the CDSIS, and sets up in segments for multiple scenarios of the CDSIS. Secondly, a dynamic road network model is
established, and combined with the travel characteristics of the EV, to predict the spatiotemporal distribution of EV
charging load under the constraints of an urban regional road network. From the prediction results, a multi-objective
Stackelberg game optimization scheduling model is established for the EV and a CDSIS, and the revenue of EV users and
CDSIS is harmonized through multi-objective coordination. Finally, a portion of the transportation network in the main
urban area of a certain city is simulated in conjunction with the IEEE33 node distribution system. The impact of
electricity prices and the capacity of integrated energy storage equipment are analyzed on EV users as is the revenue of
integrated CDSIS in urban areas. The results show that the Stackelberg game model and scheduling strategy can
maximize the benefits for EV users and the CDSIS.
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Fig. 1 Topological structure of transportation network

RIL “FE-- 7 B AE BRI, AR SCRAIEN
ASEEIARAL, [ g I BB R & B B T . Bha g
DAL IR Oy
G=(V,E,H,W)

V= {U}. |i =1,2,---,u}
E={Ui/|i¢j} )
H={t|t :1,2,---,T}
W= {wl.j(t)|t € H}

K G RHZEBMNES; VNI A2 fAE
A E R ITE BRBEE G H XI5 s (Rl
B4, MEERSNT AEEE: W oNEEBRUELE
G FONERE T ZI B AT, AT FFER
e VLR B BT EAL o, NS A
TR IBERIR B w, () 9 ¢ N BUH B o, IOBUE . ¥
W T TR 4 O R FERE D Rk . FERE D )T
% d (1) WFRERN
w; ®) v; € E
d,()=10 v, =V, 4)
0 v, & E
2.2 WHEREEPAIREY
HH T3 T B W B 22 52 O L SE I AR AL )
Ko BV AT R A & 32 2 i B S pise i, H
SEIEAT AT X AT B[R] S, X Ik T T
EV s, I 7 IR R P g PR . A SCLL
AT TN ) Ay % i FEL AT S8 A, 5 T &
B, BV ATBUE L v, (1) IRIEA N

_ Vi

” 1[@@T
+ —2
< (©)
a)=a+b(—Qi’(t)J
C

Rt v, NI G RTORE: C, NI i
BATRES: O, (1) Ao e I B i 1B B A
av by NAFEHSAN FEN REG o Nk
s, BRI w, (1) B IS TN

L

w. () =——+R, @)
0]
e L JiERK i KIKRE; R VI i SEFRFLLERST

K.
2.3 LR iR

1E “HE-px-7 BT, 7 ZESCIUNC F S i
WFEZS (6] F AR A . [RIL,  7F 8 57 I A AR e 75
A AE IR M S B AHILAL . K& EV AT
RN B R B AT B A DU P 5
FELE 5 SR T R, A SCORFIC LA S FE R AR Y
J7 5 78 U T AR A AL By o B g ANBC FEL Y
MM R R

M!=(G",C") ®)

A GY AFETIEAE; CYNETAFERER.



- 160 - B R GARY 524

55 g MR AAE (2R BV FEHIR
(R P (1) A

F()= ZPI(I) )

X, N INBLEV S
2.4 EV FtRLE /AN AR R

IEHHUT, EV 7 S Bs AR R m 78
Sl 75 PO, AT A SRR — I T B S PR,
HIN SR M Is TR E . Bk, A5 EV
70 L LA B FEAR Y, A ERHLIEYE EV AR HAT A
Pyt % B EV 78 HL g 4 A

EV RUPHERE 2 W8T IR BUE N 4 = 2 5 i
WA, HAERMBE. AR B 2
T BRE G k838K, S 578 MR EV
ALK, BV F P R R

0 0<Ac, (1)<,
Ac, ()1,
lc (t): # Zs,z gAC“(f)ghw (10)
ﬂ’c,max Acs,t (t) > hsqt

A A,(0) N e BB EV FRMRLEE: Ac, (1) A s B
25 e RN 1, b, SRR B EME A
FBMES; A, 0 NEKEV FRIARE; (2 - 5) €[-6,6] -

3 EV FtE AR

3.1 EV FEBITAFMEE

EV HP AT HE T BV #1486 AT ZI AR
FENZ, BBRMIRES BV H P BATAT AR,
SR FEE AT A RIS T EV 146 AT I ZIFR
TR ZIME R o0 A i 25124, JF4E AR ik BV W46 AT
B %1 HH 96 B 5 RE A7 T A 50 vl R, ANFIZEA EV
LA E C,, IR AR 5 472,
(Cyp,—0)

e ¥ (11)

1

f(C,,,50.0)= PN

Xt o A EV —RNATHIEESAME: B MRS

bt T 2

BRI UE T HLIR A (state of charge, SOC)#& EV

NI7E 5E U R RS . AR Y BV B R B IE45 S

¥4k SOC, HEWIMGHEC, . BT EV R
FATIEARANER N, W 2R R C,

Cops =1(Cyy s —AIAC,,) (12)

Ref: €, Ne-1RZIEV IR dBE: 7 AFRER

e, FORTEIRAEAT I FE AP S 3 KR 7538 ) oL

P AL -1 Z0 3] ¢ B 20 2250 0 4T B0 R 8
AC, iR~ EV B
3.2 BV HITHE R

AT EV I A, 51N OD 2 HrElY,
JE A ) S I T SRR A B S B AR EV
PRBOEAT B, FEIRAE B 28 S IE M 45 OD FEREAE R
H % B AT B S HE I BEY OD 4ERE 4 BT, 0 A
[F2E7 BV AT R E AT % 1H .

H— RN 24 h, FEICKE OD HEFED N 24
ANERGy, BN —ATHEE ALY Hdim N
RO X S5k P TE BT B, T=0,1,---,23, AT 0K
TET+1RBEEHE RS, BRETE, Kk
ETHT+1BN, EV DALY & A, 38N
ZRHIRER o N

T,T+1

py =t —— 1<i<m (13)

m

za;,T-v-l
j=1
A o) ™M FORFET BT+ 1B LU R,

ALEMMEVER(<ISmI< j<m): Y.a'
FORT BT +1 WA B 8 BMER T AN EV
ez .
3.3 EEMESMEFER EV e Safar FUM

EV ZHAMTNEP A EV 7uif iR R %
(R EATIREY . EFIARCIRAS N, R SRR e
SIECEEE EV AT s SV RATI 2, ShA e B
ZI%H R, OD MEZRFEFE, BEALIFE AR B H ALY 55
i A & B EV 6 OD BERFERE, %0
EV HATHUE. 4 EV 2R TR, BIAr e
EV H P FR AN IR T, 2% i i
BHPTXT BV I52mT, H EV 5 2 78 B 75 SR i i B e
TR TE . AR 2 R

4  HEENSEZERK CDSIS M4 EE R

4.1 BEBEER CDSIS ZHEFENMNEEMRERE

gl

AR FH E AN e B 1R ) BV 78 L EEAT 5
S, EV HFARIEAS R ] s AN e Bt B OOF) 6
K] B AT 78 L. CDSIS 5 BV Z [AI A M
7%, CDSIS fER%T3, EV AENIEM .
4.1.1 CDSIS H brefi %

K H BB A CDSIS ) H bR, CDSIS %Al
B 485 (1) HmSErmigE filN; () HiE
H AT A (3) HAE S B I B A (4) BV



TRk, &

25 FE S — At 5 AL A LA ) S T 2RO A S - 161 -

BWEEV.S B &En

\ SR ARE VAT, JR0 6 SR AERE AC,

e

v
| L e |
v
| ssmopmerERERA TS |
v
‘ Floyd B 47 M B 2 |
v
| AR A AR AT I ] \

[ evemumenn |

LT 2 2
SEIKAT

[ sotmemasamuniro |

P

& 2 EV FE AR S AR IZE
Fig. 2 Flow chart for predicting the spatiotemporal
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Table 2 Market electricity prices before the day

5 1) HLA/(JT/kWh) 5 1) HLA/(T/kWh)
01:00 0.4570 13:00 1.2893
02:00 0.4570 14:00 1.2893
03:00 0.4570 15:00 1.2893
04:00 0.4570 16:00 0.8731
05:00 0.4570 17:00 0.8731
06:00 0.4570 18:00 0.8731
07:00 0.4570 19:00 1.2893
08:00 0.8731 20:00 1.2893
09:00 0.8731 21:00 1.2893
10:00 0.8731 22:00 0.8731
11:00 1.2893 23:00 0.8731
12:00 1.2893 24:00 0.8731
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