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Spatiotemporal Bi-Level Charging Optimization of Electric Taxi Considering
Scheduling Feasibility

TIAN Sheng, LI Leyang
(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China)

Abstract: With the continuous expansion of electric taxi fleets in various cities, their large-scale and unregulated charging behaviors
will not only aggravate the fluctuation of the power grid load curve, threaten the stability and security of the power grid, but also
reduce the equipment utilization rates of remote charging stations. Therefore, an electric taxi orderly charging guidance system is
established based on the information cooperation of “vehicle-station-network”, which proposes a spatiotemporal bi-level charging
optimization of electric taxi considering the feasibility of user participation in scheduling. In the temporal level model, a multi-
objective optimization model is established based on minimizing the peak-valley difference, standard deviation and the charging cost
of users. This model optimizes the charging time load of electric taxis in advance and reserves charging time windows for each user.
In the spatial level model, real-time scheduling of the spatial load of electric taxi charging is carried out with the objectives of balanc-
ing the average utilization rate of each charging station and minimizing users’ charging time cost, in order to allocate the optimal
charging station for each user. Finally, the effectiveness of the proposed optimization strategy is verified through a case simulation,
demonstrating its ability to balance the interests of power distribution network, charging station operators and electric taxi users.

Key words:electric taxi; charging guidance; scheduling feasibility ; spatiotemporal load scheduling ; multi-objective optimization

G A REVR R SR N ERSE {5 e Il H 55 e, Rk
JR LAl i Bl A AR B BE IR 4 M il 3
BEXH AR | BSR4 R i H 2O 25 . He
S A A R SR A B R B IR, R

0 3l
AT AR SR T 1R e BRI IR A A i (R R T 4 25

EEWE : FRE AN TR H (2021 4 FH ZRHLB B iR
R H LI (2021YFB2501104) ) 5 7748 H SR B2 3 4 W B i
H(2021A1515011587, 2020A1515010382) .

Foundation item: Supported by the National Key Research and
Development Program (2021YFB2501104) ; the Natural Science
Foundation of Guangdong Province (2021A1515011587, 2020A15150
10382).

(1) JE P 5 L AT SR 7 ISP ) L2 68 B, 7 0 £ 670 7o o
S L I R s PE A A e s ) A S
o L A B R P B S R A, AR 4 A FE L A
Wy PRI, AT A 2 XU BE X o B AL 1 7
HLAT AT TR S, LS B A I 670 77 T 22 1 < 1



58 FEITRMEEA

919 %

WIS, 4 5 78 LRI E (4 T A R

] P 2 35 0T L B0 2 B 78 L e B A T
TREHFIE, 43 BRI T AR e ms . Scik
[4]WFE TREMLFE /L . s DI S, AR R i 3
FORFE R FE R =k, B2 A b 3 Fhor 4R i
T HL SR W BE AT AU 8 R TR R S O AR FE H 3 T
SCHRLS 12007 T A Sl A 45 P P 06 49 76 F o 1 R T %
MR 2%, % b L 3 R wh 5 (R R Y T —
FEHL AL B | 5 ST TR I AR B R SR
BN VR4 e S SO , 7RI AT
) 25 114 [) I 28 % 1 70 FhL 3 35 4 ) P 28R 2446 14 )
B, SCHER6] AR — H A SR T —Fhs s
R RIS | R AR SR M L R 5 R R 8
5 6 et FE LU AR SR, LR T 7 Hh il 7 A A
TE (g AT R L SCR (7] LA H IR 6 e ik 3h /N R
FP TSR A /Nl B AR BRI ST T 2 B AR SR LA
P, 3R FR AR TR s L 5 ok i, B
BT REFRIRACRCR . SClik[ 8 ]2 IE B AR I} ) 42
HE T — T R R A RE TR RE L % T P FE L2 A
KAEH BFREISUZ AL FE AR, MR R T
BEUEISANAE J7, B T R I FH P A0 4 KL

WEZ L RS 5208 25 0 i RIS . HIK
HIEY, MR TG WA TE 4% . L )
o FEHLUE S ES H LA TS B SR A ST LA
o SCHRL 1045 4 e 3075 42 - 30 e k- 38 18 K 19 £ il
S5 BBINT — R T IRER AL S L BNAE 7
MRS, SCILT A RLE AR mE oAk, Sk
(=12 e/ B4 . BReFeuh . e e I B R ) e v
5 U F L4 %8 = F M5 2 T 2 AR AL
A, ST TR A T R | S R R A R =
FHFR . SCHR 13 B T — R0 18 P R A
i L 22 4 B9 WUZ 0 AR, DS ] KL X 7 FiL 3
TR SR 00 FE HL AT REA TIRIEE . AT B 22 5 T
X A ) 3 551 3 A 38 R o 7 A TR S B | 5
ok e FE LRI, SCRR[ 14142 1 T 2 T sigmoid
R B0 IR L I A 78 ) Fh B VR A A L R R
AR HhL SR 4 HURE V0 Y 1 R i S ke i
FL IO £ R . SCRR 15 ] 2% 1 e 190 3 Fi A 530
Jil 7 SR 0 157 PR R, 515 P S SO T S e e 0
ke R AT 22 BRI 48 T Fe i 3. ek 16]
LEA IR FENCRAN L AT RS , S T
7 SRR Sfe 7 v B VR AR RN TR L, %R

WS 2% TR . RER . BINAEH T = A
i o (HIX ORI GYARTE I (] 2 T 7 DR s il B
A3 6] J22 T8 =% P A7 A Bt AL 53 A X8 T 7 F, 3l 1) 52 1)
SCHRL17 JEEST T X34 2 30 H IR 55 9 R AR B A L K
FH P 2546 AR e/ ) 70 FL 7 B A R SRR AR, 3
BRSSP oA sE e A B RIS S A, I
PR AR o SCERL18-19 1R H 19 2 i
FLY -5 8025 5 DXL 3 1) % HL B0 7R 4 7 HAL 7 A B
2 AR LA B . SCER[20 148 T —Fh i 2R 2R
Fe T RIBUZ AR NS, 70 S i 0 J2 AE L Y 2
A3 NERFR] 23 ) 4R B 5 BRR P SR AT, Hix
TGRS FH P 52 4 ik DA PR IO ) 2 ) T4 5 S B £
AFF o SCHR21-22 [ 88t 17 3 K P iy 3 g s 4
XURCEE 5| s, HH: 70 5k F ] 378 323 el i A
AP TN, B 5 e i TR AT
PR FE I

H 207 0 A A2 A L T 20 HH 42 T 1] TR HCFE L B
Ko, P Rmthse iy, HILFEHEE . ki R
TEATAS  Heml e . ek 23 42 T TR
v M E BB R ER BT R RS, RS
I A 3 AR SRR OR A, A T R ik
IR R R . SCRik [ 24 JZEAF 98 3838 M5 B sh 25
RIS A LA B2t T — P R 4L 17 ey Y L B
BB A R 1, OISR T AC
IR T AR AL

IR SCHER AR AT ] 5 2 ] B — J2 A A
A ST RN, A ER SR 1 A XUR
B, ABXTH P 2508 B 0 = S AT AT R A R R
£, HARXI T N RUSLAE F 3l R A 2 g AR A R
MBS0 o R AS SO — P2 TR B mT A7 Y
F 2 4 FH 4 B 23 32 st RIS, IR S ARG R
AR P25 R2 5000 50 B IR LR 2 AN [
PIEERE, I EARE R4 4 i B b £y HOIRAS. (state of
charge, SOC)FNSEHT 7 B il xE if 25 ROEE iy 78
MR . T FL D Al R S Sy s ] 2 T A 82 i 0 2
25 (8] 2 T SERF L AL, FE R[] )2 DL e ) £ 7o 06 25
2 i sh S P SR SR AR BN B, TE
23 [ J23 1T LA 7 L sl 152 8 1) 238 180 47 B FH P s v B i)
A fe /N B AR ST AR IR, SR AR TR AR5
PR A o i 1 SE ) B U AR ST B A L T E
J 30 L AR A



55 2 1]

M, 45 5 IR B n] A7 PR A L sl A 42 I 25 SUZ Se e Ak 59

1 AFRBIISRSEN

L 30 L2 A 9k 1 5 28 5 P A o LS
G, HCFE FUR I ) 2R G R L I 22 5 18 S
S, EHE T RAT B SR LR A R R L T
A7 BB 23 43 5 G L T 2 ) i 22 AR Y B
5G 5 LA B30 25 BR 7 70 K% IR 3 55 v i
FE R, 7R, For sl T H ) R A8 ) 2 i)
S I % E OB A AR L SE B, BRI A
SCHR AN T A -3 - 1 B IR B e 0 L
BIFFRGIF RS, HIARH A 175,

»

il

IR —— AR R S I

E1 ByHEFEFRAFRRIISRESEN
Fig. 1 Orderly charging guidance system architecture of
electric taxis
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Fig. 2 Orderly charging guidance strategy basic process of electric taxi
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Fig. 3 Road network structure and charging stations layout
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Tab. 1 Peak-valley time-of-use price
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Fig. 4 Times distribution of electric taxi charging demand
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Tab. 3 Comparison of optimization results of each objective
function in temporal level
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Tab. 4 Comparison of average charging costs in different

scenarios
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stations in different scenarios
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Tab. 5 Comparison of results under different optimization

objectives in temporal level
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Tab. 6 Comparison of results under different optimization
objectives in spatial level
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