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Abstract: To address the issue of insufficient consideration of carbon emissions in vehicle-cargo
matching platform decision-making, a bi-objective vehicle-cargo matching model that considers
both carbon emissions and platform revenue was proposed. Firstly, an optimization model was
constructed with the objectives of minimizing total carbon emissions and maximizing vehicle-
cargo matching platform revenue, with load and time constraints. Secondly, to address the
model’ s multi-objective and non-deterministic polynomial (NP) hard nature, a multi-objective
particle swarm optimization (PSO) algorithm was designed, including encoding rules embedded
in feasibility analysis, an adaptive elite retention strategy, and a nonlinear decreasing inertia
weight. Comparative results on three large-scale examples demonstrate that the proposed
algorithm outperforms the NSPSO algorithm, the improved NSGA-II algorithm, and the multi-
objective grey wolf algorithm in terms of convergence and uniformity, and it is superior to the
latter two algorithms in terms of runtime. Finally, by analyzing the impact of carbon emissions
per truck and consignors’ delivery time requirements on carbon emissions, the proposed
algorithm provides management insights for platform decision-making.

Key words: vehicle-cargo matching; multi-objective optimization; intra-city freight; carbon
emission; particle swarm optimization algorithm
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gray wolf optimizer, MOGWO) Fll LA [ i 1 K5
AR B R W 118 A 2k DR M AN 2 H AR R
B4 1L (AERSND-MPSO) & ik i 47K fi# .6 Fh A
BB AT 30K, KR SR AR 25 SR N2 5 BT

6 FP VLA 3 FhoRIASE T AN [R] 0 BE 48 A5 1 X EE
WE 4 JF 78 . AERS-MPSO 3432 th T A T H i
A SRR BA S, AT NSPSO Bk A S Ve
175 2 W] S Tt (B Sk 4 2% s ND-MPSO 59
TIAFES IR , AT NSPSO SVA TR
STy AT B AR T (RS A PR s SR (15 ]
W5 AR 6 B 22 50 etk 5 1 NSGA- T
VLA S E NS AT M Ty T R B R ¥ Ay, M
P F NSPSO &7k  (HAER & K ; MOGWO B 1L 1E
WSS T T AL AT R S PR 2 | TRl B RE B
B K LA SCRF T AERSND-MPSO % 3 A
BT NSPSO Bk WSl Ay &) 4975 21 B i 4
Tt 5 5 SCHR[ 15 157540 b , AERSND-MPSO 1%
1E 3 M8 bn L0 T ok J5 B NSGA- 11 . 5
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MOGWO 5 ¥E At , Ui S 7 i 8 k#5301,
AERSND-MPSO 53576 35114 Fliz 17 i 8] J5 1
Y F MOGWO & . i1 43 #fr i) 1, AERSND—

*5 6MEKRIEREIEIRAIXIEL
Table 5 Comparison of performance indicators for six algorithms

MPSO ke SRATAR G I SLE 2 REE 32
PEANESE PET5 A RAF RS THICR .

HAL RS Do ME L T2 g IMH Tpucing J7 22 /s
NSPSO 0.469 9 0.001 732 0.0520 0. 000 463 1.3658
AERS-MPSO 0.3379 0.001 645 0.0359 0. 000 427 1.4750
0 E Y ND-MPSO 0.536 6 0.001 794 0.056 0 0. 000 504 1.586 0
204 F WA R NSGA-TT 1 0.523 4 0.001 691 0.0459 0. 000 472 1.768 0
MOGWO 0.5257 0.001 758 0.053 8 0. 000 562 1.948 0
AERSND-MPSO 0.5270 0.001 506 0.037 1 0. 000 384 1.7592
NSPSO 1.3267 0.012 829 0.1139 0. 000 205 2.8540
AERS-MPSO 1.3122 0.011 830 0.088 3 0. 000 194 2.8790
0% E 5 ND-MPSO 1.5287 0.013 730 0.1213 0.000 210 2.899 0
504 F S B NSGA- 11 1.4503 0.009 435 0.106 6 0. 000 190 3.780 0
MOGWO 1.480 4 0.011 250 0.1205 0.002 58 4.3860
AERSND-MPSO 1.5245 0. 008 220 0.098 2 0. 000 183 3.682 4
NSPSO 1.8218 0. 008 236 0.109 0 0. 000 268 4.6840
AERS-MPSO 1.6272 0. 008 046 0.086 3 0.000 210 4.703 4
01515 ND-MPSO 2.5784 0.007 945 0.114 6 0. 000 238 4.8245
100 %3 G B NSGA- T 1 2.0350 0. 007 682 0.098 6 0. 000 184 5.8953
MOGWO 2.494 0 0. 008 280 0.1238 0. 000 305 7.059 0
AERSND-MPSO 2.5670 0. 006 370 0.086 6 0. 000 140 5.273 0
3.0 14
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Fig.4 Comparison of performance indicators of six algorithms under three different scales

()1 eI (D), e 17255 ()L eine B s ()10, I7 255 (€)— I TH] M.

B T ¥ 3 AERSND-MPSO 5 NSPSO . i ik
JG B NSGA- 1 X MOGWO 2 [a] P e 1y 22 5, %if
ARV B B R AR AE 3 FRALESSE 4] R ¥E4T Mann—

Whitney U Kz 55, 95% ¥ {5 X 6] (%) p (E45 R Wk 6
fiR .Aly, A, AL, AL 5118 3 AERSND-MPSO,
NSPSO, i /5 1 NSGA- 1T F1MOGWO & .

#6 AERSND-MPSO Hik 5 Hith 8% & R EME A E LRGN pENBE R
Table 6 Significance test of p—values obtained by AERSND-MPSO algorithm and other algorithms on problems
of different scales

5 ; pla
e Bk 0REG204E  0KEG0EE  0KES 1004 E
Aloiﬁ AL, 0.008 0. 001 0.000
Lo Al 5 AL, 0.851 0.111 0. 000
Al 55 AL, 0. 946 0.356 0.073
Alolﬁ AL, 0.133 0. 022 0. 003
T AL AL, 0.368 0.186 0. 049
AlL5 AL, 0. 114 0. 004 0. 000

T ARG R 7R AERSND-MPSO 53k (1445 5 b 2500 X L3Rk

i3 6 0], X F /)N #0455 5] , AERSND— +,={0.040, 0.045, 0.050, 0.055, 0.060}
MPSO 7 i 19 4 i 15 H A 53 2 A L T2 1 5 2% 42 0 030.0.035. 0,040, 0.045. 0.030)
S5 EL B 2 S MU I 0K O R 2 R EAL ot T
B3 & 461 .«
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=AUk SEHER R x 10 /kg
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Fig. 6 Impact of T, change on total carbon emissions
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Table 7 Range of abscissas spanned by three
curves in Fig. 6
T, T, T, T,

J
BEARBRILE x10%kg 1.4062  1.5068 1.1708

AR 6 i 2k 70 A A 7 b BBl T LUK
B, BT R T 3 EOK AR 3K I [R]5E B, 7EAH
AR A A s EECIEL YU BT AT, o 97 ) 2 S50 D A A 14 A A
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PR, XoF I 18 22 5 D T i A i A8 s 38 K, 5 L £
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Bt T, X I A 22 BT IE T S8 R BRI ek
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