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Time—dependent green vehicle routing problem for
cross—docking with soft time windows
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(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In response to the problems of high logistics costs, low customer satisfaction and significant
pressure for carbon reduction under vehicle routing problem for cross-docking, a method for calculating
road travel time across time periods based on time-varying vehicle speeds was proposed, enabling more
accurate assessments of cost and time. By comprehensively considering soft time window constraints
and the impact of driving speed on carbon emissions, a bi-objective model was developed to
simultaneously optimize the conflicting objectives of total system cost and waiting delay time. A hybrid

heuristic algorithm combining variable neighborhood search (VNS) and non-dominated sorting genetic
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algorithm II (NSGA-II) was presented to solve the model. Numerical experiments show that the

algorithm effectively solves the model across instances of varying scales and demonstrates high overall

performance. The time-varying speed model enhances customer satisfaction compared to static

networks.

Keywords: cross-docking; time-dependent; green vehicle routing problem; variable neighborhood
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Fig.2 Relationship between travel speed and travel time
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Tab.1 Comparison of algorithm performance

o NSGA-II MOEA/D MOLNS VNS-NSGA-II
IGD HV IGD HV IGD HV IGD HV
a-50 0.1233 0.8214 0.0146 0.8811 0.0179 0.8954 0.0051 0.9011
b-50 0.0621 0.7039 0.0221 0.9236 0.0211 0.9294 0.0106 0.9355
¢-50 0.1413 0.8207 0.0104 0.8338 0.0142 0.8609 0.0127 0.9029
d-50 0.1080 0.8745 0.0069 0.8977 0.0039 0.9147 0.004 1 0.9078
e-50 0.0871 0.8265 0.0117 0.8615 0.0121 0.8654 0.0125 0.869 1
FEI{H-50 0.1044 0.8094 0.0131 0.8795 0.0138 0.8932 0.0090 0.9033
a-100 0.0751 0.8144 0.0256 0.8276 0.0152 0.8397 0.0188 0.8490
b-100 0.1034 0.7231 0.0144 0.8356 0.0127 0.8422 0.0119 0.8461
¢-100 0.0865 0.8151 0.0213 0.8203 0.0189 0.8325 0.0141 0.9047
d-100 0.2305 0.7097 0.0273 0.8143 0.0255 0.8733 0.0216 0.9137
e-100 0.1306 0.6123 0.0217 0.8022 0.0117 0.8125 0.0148 0.8257
SFHME-100 0.1252 0.7349 0.0221 0.8200 0.0168 0.8400 0.0162 0.8678
a-150 0.2761 0.5133 0.0378 0.7423 0.0275 0.8223 0.0254 0.8509
b-150 0.1826 0.7233 0.0393 0.736 1 0.0314 0.8229 0.0268 0.8447
c-150 1.0149 0.6038 0.0318 0.8164 0.0258 0.8455 0.0219 0.9101
d-150 0.4233 0.7312 0.0376 0.7312 0.0328 0.7620 0.0284 0.8137
e-150 0.5108 0.6019 0.0296 0.7243 0.0277 0.7652 0.0260 0.8312
F-H4{E-150 0.4815 0.6347 0.0352 0.7501 0.0290 0.8036 0.0257 0.8501
a-200 0.6438 0.4144 0.0469 0.6075 0.0386 0.6809 0.0344 0.7115
b-200 0.4844 0.5231 0.0577 0.7093 0.0479 0.7650 0.0412 0.8229
¢-200 0.7712 0.4379 0.0535 0.8274 0.0408 0.8275 0.0296 0.8366
€-200 0.6713 0.2878 0.0562 0.7054 0.0426 0.7158 0.0310 0.7369
€-200 0.4677 0.5416 0.0557 0.6098 0.0455 0.6553 0.0397 0.7013
SFEH4{H-200 0.6077 0.4410 0.0540 0.6919 0.043 1 0.7289 0.0352 0.7618
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Fig.5 Comparison of Pareto frontier solution at different scales
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Tab.2 The comparison results of optimization objectives

e VNS-NSGA-II NSGA-II MOEA/D MOLNS 5NSGA-IIFb 4% 5MOEA/D 4% 5MOLNS 4%
ATE  fH/min - AAOE H/min A/OC H/min fi0G fHr/min fi BGHERREE/% fo/min  fi HEFERE/% fo/min fi BGHEFREE/% f>/min
50 720021 0 813759 3 768638 5 751833 4 11.52 3 6.33 5 423 4
100 13007.26 15 17405.69 15 15565.04 33 1407023 15 25.27 0 16.43 18 7.55 0
150 23026.74 38 2704567 38 2493538 51 24213.82 39 14.86 0 7.65 13 4.90 1
200 30499.45 65 3604344 65 33189.03 74 3232517 65 15.38 0 8.10 11 5.65 0
1) 18433.42 295 22248.09 30.25 20343.96 40.75 19531.89 30.75 17.15 0.75 9.39 11.75 5.62 1.25

KR SCHER M EE . SCIR AR AN SR 3 o, BE
PIEFH VNS-NSGA-IT 345 511, #EH 50~200
AN [RS8 S0 A 7 52

MEIFTLLEN, EARMEBNEGT, %
JEINAZ 2 AR 3 T 8 3 HAR R E 25 A A
] A A R R B . X T 50 AN S R /N B AR ]
S 45 1S3 BUAR LB S 4% 24 0.6%, 55
5 FE 35 B 1] S B2 22 min, X T 100 A4S X
SO RN = 7 R R AN - N R o o N e = S
W 2% 2 0.7%, 55T 28 2 B[R] 7 35 2k i 29 min.
XF T 150 AN U0 By AR AR SR, B AR R 2% R

(43721 AR L B S 28 22 1 0.4%, S5 RF E DR 5[]
IR 45 mine 3K T 200 A5 R ) R LA
=07 I S TR N R b N N Y PN TR
0.3%, “FFFLE A A]F- 4 2 i 67 min, X R IA
SC B A B IR T A R 2 i AR — S I AN B
L, BRI RE R O P S I B A AR, 4R AR A
B, PSS BURRA BTy AR SO A
X A R AR R A I A B R, LR
FEP KRB G, bR S, REFIE
Ah A8 R AR B, (ERMERR I, &
WEENRAENRE, AATALMKEZELR

3 HEEEIERZIM

Tab.3 Influence of time-dependent speed on results

e TDGVRPCDTW
=K1 — — S1 ORI % o MG FR E /min
filot Jf>/min filot Jf>/min
a-50 7467.63 14 7511.75 5 0.59 9
b-50 7453.32 19 7476.46 8 0.31 11
¢-50 7516.91 17 7589.68 8 0.97 9
SFEIH-50 7479.29 17 7525.96 7 0.62 10
a-100 13294.55 46 13374.32 21 0.60 25
b-100 13379.54 41 13463.21 22 0.63 19
¢-100 13596.83 39 13714.79 18 0.87 21
SF-H5{E-100 13423.64 42 13517.44 20 0.70 22
a-150 22722.61 83 22834.68 41 0.49 42
b-150 22379.40 87 22465.17 42 0.38 45
c-150 23027.34 91 23156.46 47 0.56 44
FH5{E-150 22709.78 87 22818.77 43 0.48 44
a-200 30336.22 103 30378.25 58 0.14 45
b-200 30175.87 126 30284.64 50 0.36 76
¢-200 30263.29 129 30462.92 64 0.66 65
SF-15{E-200 30258.46 119 30375.27 57 0.39 62
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Tab.4 Influence of time-dependent speed on results

WSS HTRE/(Tke ) BRHERCR O8  BRHEMURAT SR/ IE
0.0128 4354.17 55.73 13014.23
0.0328 4287.65 140.63 13175.49
0.0528 4223.16 222.98 13308.72
0.0828 4134.81 342.36 13539.06
0.1028 4059.75 417.34 13764.24
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REAAN AR R B 52 S A%, T s S0 > 18] R Bk 52
Gy, A REFE B Al £ B AR AR HE R A2 04[] i 5
e R 2 PR RAR o A BEE AN R FEL B BR 52 5
W%, e B R B S B A A X i b el A B HE A
TR

4 ZERIE

AR SCAF 5 B[] 951 70 A T[] 8 ) 8 T
530, L R A2 1) B ( TDGVRPCDTW ), #37 1—A
W H AR IR A B R (MILP) AR, 245 7
MR A (B HE S AT [ AR ANk FHE
HCRAS ) FAE R AE DT[] . 4 T — L T AR 42
R 1) 55 N B T AT R S R A AR, B ORG o
b o AR SRR A TR DX A TR R
P T —Fp AT AR AR Sk R 45 A Al S B HE R i L A
% MOVNS-NSGA-II) B A J5 & R SR gy
FIH 24 50k A R IR R . e st AR E AR B B,
K FH A IV PRI Bl 2 T A ORI AR AR, O
FE ] AR AR S A B P R 3 R AR AR I R T

PR AR BRI R AR S . AR ST AR R Y
B AT IR, B VNS-NSGA-II & 1 5 MOEA/D
B . NSGA-T 3 DL & MOLNS 5332 B9 F5 b
5 Pareto S LATITHEAT T HUB . WFS KB, VNS-
NSGA-IT 5 AH BT HoAth 3 Fh 3309 B 25 & Pk g
. AT/ RIS 5], VNS-NSGA-11 537k
HB T L 345 B AT Pareto fie OG R TS A KBRS H bR
M. S5 E MY, TDGVRPCDTW #5
RIESR T2 Pl 2 i 2 A B AR, Jf HAE
H R N G R, AR T Al KT &
J&. AN, XPOR[ABRAE Z M A T s A s HE
FCHEAT AT, A5 H 3 S 8 4 B A8 5 0+ A R T A
b AE B HE 4 [ B S B 28 TR AL A

ok W 5 1T DL I T B R A R ER L OKG
i 7 A HE R, i M DA el R R L
R, AT RIS B E R, I MET
E

SE K-

[1JLEE Y H, JUNG J W, LEE K M. Vehicle routing
scheduling for cross-docking in the supply chain[J].
Computers & Industrial Engineering, 2006, 51(2):
247-256.

(2] LIAO C J, LIN Y M, SHIH S C. Vehicle routing with
cross-docking in the supply chain[J]. Expert Systems with
Applications, 2010, 37(10): 6868—6873.

[3] WEN M, LARSEN J, CLAUSEN J, et al. Vehicle routing
with cross-docking[J]. Journal of the Operational Research
Society, 2009, 60(12): 1708—1718.

[4] SHAHABI-SHAHMIRI R, ASIAN S, TAVAKKOLI-
MOGHADDAM R, et al. A routing and scheduling
problem for cross-docking networks with perishable
products, heterogeneous vehicles and split delivery[J].
Computers & Industrial Engineering, 2021, 157: 107299.

(5] JWIEH, A, AR, ARITFOR TR 1 22 B 0
I 0 B A 5 e A P TR AR AL (0], Pl S Tk 3R, 2023,
38(2): 501-5009.

[6] CEN X K, ZHOU G, JI B, et al. Modelling and
heuristically solving three-dimensional loading constrained
vehicle routing problem with cross-docking[J]. Advanced
Engineering Informatics, 2023, 57: 102029.

(7] YAGHOUBI A, FAZLI S. Designing a new multi-
objective model for the vehicle routing scheduling at a
cross-docking center in mitigating CO, emissions at green

uncertainty[J/OL].

Operations Research. [2023-08-08]. https://link.springer.

supply chain under Annals of


https://doi.org/10.1016/j.eswa.2010.03.035
https://doi.org/10.1016/j.eswa.2010.03.035
https://doi.org/10.1057/jors.2008.108
https://doi.org/10.1057/jors.2008.108
https://doi.org/10.1016/j.aei.2023.102029
https://doi.org/10.1016/j.aei.2023.102029
https://link.springer.com/article/10.1007/s10479-023-05587-w

120

Bl TR A R

2026 4 5 48 &

(8]

(9]

[10]

[11]

[12]

[13]

[14]

com/article/10.1007/s10479-023-05587-w.

RAJABZADEH M, MOUSAVI S M. Allocation of
products to a heterogeneous fleet of trucks in a cross-
docking center based on carbon emissions and costs in food
and beverage industry: novel uncertain solution
approaches[J].
2023, 332: 117071.

ABAD H K E, VAHDANI B, SHARIFI M, et al. A bi-

objective model for pickup and delivery pollution-routing

Journal of Environmental Management,

problem with integration and consolidation shipments in
cross-docking system[J]. Journal of Cleaner Production,
2018, 193: 784-801.

MALANDRAKI C, DASKIN M S. Time dependent
vehicle routing problems: formulations, properties and
heuristic algorithms[J]. 1992,
26(3): 185-200.

ICHOUA S, GENDREAU M, POTVIN J Y. Vehicle
dispatching with time-dependent travel times[J]. European
Journal of Operational Research, 2003, 144(2): 379-396.
FLEISCHMANN B, GIETZ M, GNUTZMANN 8. Time-
varying travel times in vehicle routing[J]. Transportation
Science, 2004, 38(2): 160—173.

HUANG Y X, ZHAO L, VAN WOENSEL T, et al. Time-
dependent vehicle routing problem with path flexibility[J].
Transportation Research Part B: Methodological, 2017, 95:
169—-195.

FIGLIOZZI M A. The time dependent vehicle routing

problem with time windows: benchmark problems, an

Transportation Science,

efficient solution algorithm, and solution characteristics[J].

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Transportation ~ Research  Part E: and
Transportation Review, 2012, 48(3): 616—636.

2R, WA, O, A5 I TR)ROR] 22 I 8] 1 42 0 A ]
HERFFFE [1]. RGEAFE AR, 2022, 34(8): 1775-1788.

LIU Y M, ROBERTO B, ZHOU J W, et al. Efficient

feasibility checks and an adaptive large neighborhood

Logistics

search algorithm for the time-dependent green vehicle
routing problem with time windows[J]. European Journal
of Operational Research, 2023, 310(1): 133—155.

R[5, A7, W T, 45 AT IV 747 £0%0 P [ A4 o 25 [ Fof B
RPN SR )] X EEM AR TRESEL,
2024, 24(4): 231-242,262.

LI J K, LI J Q, XU Y. An improved multiobjective
evolutionary algorithm for time-dependent vehicle routing
problem with time windows[J]. Egyptian Informatics
Journal, 2024, 28: 100574.

HICKMAN J, HASSEL D, JOUMARD R,

Methodology for calculating transport emissions and

et al

energy consumption[R]. Brussels: Commission of the
European Communities, 1999.

MOTAGHEDI-LARIJANI A. Solving the number of
cross-dock open doors optimization problem by
combination of NSGA-II and multi-objective simulated
annealing[J]. Applied Soft Computing, 2022, 128: 109448.
FANG W K, GUAN Z L, SU P Y, et al. Multi-objective
material logistics planning with discrete split deliveries
using a hybrid NSGA-II algorithm[J]. Mathematics, 2022,

10(16): 2871.


https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://link.springer.com/article/10.1007/s10479-023-05587-w
https://doi.org/10.1016/j.jenvman.2022.117071
https://doi.org/10.1016/j.jclepro.2018.05.046
https://doi.org/10.1287/trsc.26.3.185
https://doi.org/10.1016/S0377-2217(02)00147-9
https://doi.org/10.1016/S0377-2217(02)00147-9
https://doi.org/10.1287/trsc.1030.0062
https://doi.org/10.1287/trsc.1030.0062
https://doi.org/10.1016/j.trb.2016.10.013
https://doi.org/10.1016/j.tre.2011.11.006
https://doi.org/10.1016/j.tre.2011.11.006
https://doi.org/10.1016/j.ejor.2023.02.028
https://doi.org/10.1016/j.ejor.2023.02.028
https://doi.org/10.1016/j.eij.2024.100574
https://doi.org/10.1016/j.eij.2024.100574
https://doi.org/10.1016/j.asoc.2022.109448
https://doi.org/10.3390/math10162871

	1 数学模型
	1.1 问题描述
	1.2 符号和决策变量
	1.3 模　型
	1.3.1 碳排放成本
	1.3.2 具有时变车速的时间段内行驶时间
	1.3.3 约束条件


	2 算法设计
	2.1 编码与解码
	2.2 初始解生成
	2.3 交叉和变异
	2.4 可变邻域搜索

	3 仿真实验
	3.1 数据描述和参数设置
	3.2 测试算法的性能
	3.2.1 TDGVRPCDTW算例对比结果
	3.2.2 Pareto最优前沿解比较

	3.3 时变车速对结果的影响
	3.4 碳交易价格敏感性分析

	4 结束语
	参考文献

