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Electric Vehicle Delivery Routing and Battery Swap Station

Location Optimization for Automotive Assembly Lines

ZHOU Binghai’, TAN Fen
(School of Mechanical Engineering, Tongji University, Shanghai 201804, China)

Abstract; Considering employing the electric vehicles to deliver parts to stations for automotive assem-
bly lines based on in-plant milk-run delivery strategy., an electric vehicle delivery routing and battery swap
station location problem was presented, and a mathematical programming model with an objective function
of minimizing total cost of the system was set up. To tackle this complicated problem, the property was
analyzed, and a two-phase dynamic programming method was adopted to obtain the global optimum for
small scale problems. For medium and large scale problems, both the population decomposition strategy
and the depth neighborhood search operator based on Lévy flight were applied to develop an improved dis-
crete cuckoo search algorithm. Finally, through the comparison of the two-phase dynamic programming
method, real genetic algorithm and modified artificial bee colony algorithm, the simulation experiments
were carried out to illustrate the effectiveness and great advantages in stability, deep searching ability and
convergence of the algorithm.
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Fig. 1 lustration of property 1
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Fig. 2 The schematic diagram of encoded mode for nest
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Fig. 3 Illustration of Crossover operator
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IDCS 51817 20 WL 2 FIHAF 218 C AR T fr 4
b 25 R R e it oA Wk 7.

F6 EXKRMCHESIT
Tab. 6 Orthogonal table and C values

=} ? ~

TR Noww p. P, C
1 1 1 1 5961.2
2 1 2 2 5973.2
3 1 3 3 5963.2
4 1 4 4 6 009.7
5 2 1 2 5994.9
6 2 2 1 5957.3
7 2 3 4 5 986.6
8 2 4 3 5963.9
9 3 1 3 5938.0
10 3 2 4 5937.1
11 3 3 1 5964.3
12 3 4 2 5 948. 2
13 4 1 4 5942.6
14 4 2 3 5929.9
15 4 3 2 5 966.7
16 4 4 1 5954.1

®7 RERERFTHHW

Tab.7 Statistical analysis of experimental results

ZKT Nyop P. P,
1 5976. 825 5 959,175 5959, 225
2 5 975,675 5949, 375 5970.75
3 5946, 9 5970.2 5 948.75
3 5 948, 325 5 968.975 5 969
W% R 29.925 20. 825 22
B % F W0y 1 3 2
K 3 2 3
RILAE 120 0.6 0.25

2 7 Al R N, XF IDCS 556k 14 fig
A5/ NN (R (N 5 & A iR g = NN 161
Noop fEAR /N X223 R AT 535 P Fl P, (HAR LT
M P T RR A R TR AR

2 b YRR | S| = 30 i} IDCS k1%
BUE T AR AL Ny, = 120 0473 T Levy
AT IR B AR REEAE R R L] P = 0.6 4K
1778 SRR RIRE L) P, = 0. 25 .

4.3 HEAMERWIE

i T TSDP 55k B A $5 BP0 1Y I (8] &2 2% 2
Bl & [R) AL | S| By 4™ K B 5 1Y 550 s 1) 2 R 3
T T G SR i e /N BRASE [ . TR G SR B diE TDCS
FE A R | ek H 5 TSDP 552 5 /N IS 5
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B R AT LU ER K BT R E S 1200 s, J2 )
% 1) TSDP 5332 17 1) B [a]. £+ X & 4~ 55 4], IDCS
VRIBAT 20 WK, [ AR A S BRI A 45 3 dn 2% 8 i
(B — =74 5% TSDP 8 3 JC 378 # 42 i ] Y
IR R s C 2 e . Hodh, € L CPUL Sy TS-
DP 553k it 15 09 5 A B Ar o8 B0 AR B 09 328 17 B
], C . CPU2 2} IDCS B ki 17 20 A F 2 {E
Yy iE AT .
8 INABEGINS ISR

Tab.8 Parameters and results of small scale instances

?; S| c* CPUI(S) C CPU2(S) A PD /%
1 5 2058 0.02 2058 1.58 0 0

2 10 2102.9 0.21 2103.25 2.23 0.35 0.02
3 15 3320.7 11.34 3322.36 3.21 1.66 0.05
4 20 3371.6 136.93 3375.34 3.76 3.74 0.11
5 25 4642.8 724.45 4653.37 5.71 10. 57 0.23
6 30 - - 5933.29  7.65 - -

2 8 nJ 1, IDCS 5532 n] LUAT Ri Al e /N B ASE
[m) . 2% SR AR 45 R i V- X 5 TSDP 533k 5K 4%
) J5c D0 AEL 1) 268 X6 i 22 A (L £ 9K Bl 5 T AR A 1) 9™
RT3 K 4B 2% 561 P A 45 2R 09 A 43 Lo A 25 (per-
centage deviation, PD)!"* ¥E X [A][0,0. 23] 4.

H T i D AR A SCH ) TDCS S5 18 R
PERE . A IDCS 553 5K A H L R LA 58 431, O
5OCHRLTI3 ] 14 T g 52 st 1% 53575 (RGAD L B i
N THERESRTE (MABCO) #E4T HL 340 # » AL 46 AN [7] (7]
RIS T A 45 R 0 E 43 e 22 PD (B DL S s o 22
o {0 # . Ho B o Lo 22 PD R A) DA SE 1Y
T RIRIE U2 o (H I T E MRS E . PD
(BB, FE A AR SCR 1 IDCS B 1 48 R IR 5
HoA S 500, o {ELBR /)N 3 B 0 12 A B 1 B
SREE RIS R 9 FroR. Al RLAR B W A
th IDCS 553 48 R R B AR E TR 100 T He e A
Rk
4.4 HEWHERESDH

BE b AR SCHR 4 STk L 15 ] A 32t 09 A 1) A0 32
(performance ratio, PR) 1F Sk 8 W 85 14 6 A PF

sati. PR—YIL LY o v Ty R
Best(Y)

HAEEACT Wa XY K 4558 Best (Y) 3
ARX S Y SRR ARG 2 MR L. b T EXXE R
HER) A SO 9 TDCS 583% B9 A7 30t IR . T SORF
IDCS FE X B Y 2Z5d 1 000 Yk AUG B85 R AE
N Best (Y). PR {E REAR 4 M S b7 th 55 3% i e Sk

Bl L G /0N L 2 T vk 1 W SO R R . TR 5 8 iy
TIREHAEL | S| = 50 B2k AC RO =R PR
R AR

RI FAMBEEFHSHEMNLLER

Tab.9 Parameters and results of medium
and large scale instances

wE S Bk C PD /% o
IDCS 5 933.29 - 4,26
1 30 RGA 5 940. 63 0.12 8.65
MABC 5 940,04 0.11 5. 74
"""""""""""""" IDCS  §567.97  —  1L55
2 40 RGA 8 731. 36 1.90 25. 49
MABC 8797.17 2.68 13.08
""""""""""""" DS 12678.35  —  39.35
3 50 RGA 14 351.35 13.20 79.70
MABC 13 814.95 8. 96 55. 34
"""""""""""""" IDCS 200068  —  sa2l
1 60 RGA 24 271.7 21.32 131.76
MABC 22 855. 1 14.23 92. 36
241 S
22r —a— RGA
m 20 —s— ABC
é( 1.8
= 16F
= 4k
12}

1

Ot ‘oo
0 100 200 300 400 500 600 700 800 900 1000
YR

H5 #ARKRBAFREF %0 PRALG YA
Fig. 5 Number of iterations versus the values
of PR for different algorithms
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