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Abstract

Against the backdrop of continuously growing consumer demand for fresh agricultural products

and increasingly stringent requirements for refined cold chain logistics operations, enterprise de-

livery activities face challenges such as high delivery costs, insufficient vehicle resource matching,

unreasonable route arrangements, and difficulty in simultaneously maintaining customer service
levels. Addressing the practical characteristics of multi-vehicle collaboration, dual constraints of
weight and volume, and time window service requirements in fresh agricultural product delivery,
this paper constructs a multi-vehicle route optimization model considering transportation costs,

vehicle fixed costs, refrigeration costs, cargo damage costs, time penalty costs, and customer satis-

faction. An improved Gray Wolf algorithm is designed to solve this model. The algorithm uses ran-

dom key encoding to represent the customer access order and vehicle activation order, implements

customer allocation and vehicle route construction through constraint decoding, and enhances the

algorithm’s search capability by incorporating Tent chaotic initialization and local search strategies.
The algorithm was validated using a distribution center and 40 customer locations in the Jiangsu,

Zhejiang, and Shanghai region as a case study. Results show that the algorithm ultimately utilizes 5

refrigerated trucks to complete all delivery tasks, including 3 medium-sized and 2 small refriger-

ated trucks. The total delivery cost was 15757.04 yuan, the total delivery distance was 3149.39 km,

the time penalty cost was 41.82 yuan, and the customer satisfaction rate was 0.9649. The results

demonstrate that the constructed model can automatically select vehicles and optimize routes

based on customer needs, spatial distribution, and vehicle cost differences, maintaining high cus-

tomer satisfaction while reducing overall delivery costs. This model can provide a reference for

multi-vehicle delivery organization and route decision-making for fresh agricultural product enter-

prises.
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X1 X2 X3 X4 X5 X6 X7 X3 X9 X100 X111 X12 X133 X14 X115 X6

0.11 0.14 | 0.51 0.47 | 0.18 | 098 | 0.84 | 0.74 | 0.65 | 0.52 | 0.57 026 | 082 | 022 | 027 | 0.49

X1 X2 X5 X4 X3 X100 X9 X3 X7 Xe¢ X4 X122 X155 X6 X111 XI13

0.11 0.14 | 0.18 | 0.47 | 0.51 052 | 0.65 | 0.74 | 0.84 | 098 | 0.22 026 | 027 | 049 | 057 | 0.82

Figure 1. Encoding
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9) FIWrERIAE R ARIERIKE . HAREE, WHRECDIER 4); #FkF), W4 H R ACIE T 5
10) #rh Bt 4

5. SLBlsrHRr
5.1. EfifER

DRI TR AR AR AN S AR B AT R, AR ST AT XS A B AR 7 it 3 A 55 A9 it AT 5
Ko #r, FHIRBRE 1 AEEERCE LM 40 DAL BOETO AT, B R AT il TLIRA
WHLAEX I, &% m B EEET R, MRRRAN 5, 4 2 Firos.
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Table 2. Delivery example

2. BEEG

RS W E AR 233 g i [7) HETRKe) AT R@m)
0 FEPLLIE 120.76 30.78 07:00~23:00 0 0.0
1 R 121.12 31.15 08:00~12:30 128 0.95
2 AR P A 121.23 31.03 08:00~12:30 142 1.05
3 FWEHATEF A 121.38 31.1 08:30~14:00 118 0.88
4 FHHAARE A 121.67 31.21 08:30~14:00 164 1.23
5 FlFEERF A 121.27 31.38 08:30~14:00 135 1.0
6 iEERE S 121.46 30.92 08:30~14:00 126 0.96
7 lgELE P 121.34 30.74 08:00~12:30 110 0.82
8 IR R R 120.63 31.27 08:00~12:30 146 1.1
9 EAIE Rl 120.98 31.38 08:30~14:00 123 0.91
10 KA R 121.1 31.45 08:30~14:00 116 0.86
11 THEF R 120.31 31.57 08:30~14:00 158 1.18
12 N R 119.97 31.81 09:12~16:00 145 1.08
13 [Pl 9abal 120.89 31.98 09:12~16:00 152 1.14
14 BITE 119.45 322 10:00~18:00 137 1.02
15 EZPNE- IR} 119.42 32.39 10:00~18:00 151 1.13
16 ESLE-Ial) 119.92 32.46 10:00~18:00 132 0.98
17 B LT % 7 A 118.84 31.95 10:00~18:00 176 1.32
18 HMEF M 119.82 31.34 08:30~14:00 130 0.97
19 FEEFR 120.92 30.85 08:00~12:30 105 0.78
20 S R 121.02 30.7 08:00~12:30 112 0.84
21 TR 120.69 30.53 08:00~12:30 120 0.9
22 UM RATE R 120.3 30.42 08:00~12:30 154 1.16
23 BUN AT L2 P R 120.27 30.18 08:30~14:00 168 1.26
24 WINE P A 120.1 30.87 08:30~14:00 139 1.04
25 PR R 120.58 30.01 08:30~14:00 147 1.1
26 R 120.25 29.71 09:12~16:00 125 0.94
27 TR ER N 2 A 121.55 29.86 09:12~16:00 172 1.29
28 BB 121.27 30.17 08:30~14:00 136 1.02
29 L% R 122.21 30.0 09:12~16:00 118 0.89
30 SRR 119.65 29.08 10:00~18:00 157 1.18
31 NG5 R 120.08 29.3 09:12~16:00 148 1.11

DOI: 10.12677/mos.2026.159138 120 A5 7 3


https://doi.org/10.12677/mos.2026.159138

WatE 2k

32 [ PAE-IaN= 118.87 28.94 10:30~19:30 133 1.0
33 BIMEE R 121.27 28.65 10:00~18:00 149 1.12
34 TR EEIR R 120.7 28.0 10:30~19:30 166 1.25
35 7K P A 119.92 28.45 10:30~19:30 130 0.98
36 Wi 2 % 7 120.56 30.63 08:00~12:30 108 0.81
37 HIEE P R 119.97 30.53 08:30~14:00 122 0.92
38 TR EK R R 120.55 31.87 09:12~16:00 126 0.94
39 BARE R 121.66 31.81 09:12~16:00 117 0.88
40 U 25 P R 120.83 29.59 09:12~16:00 121 0.91

VE: BRI T Al
TANBHIROIE N TR RROR ARG, s T R 6 . BRI SHINE 3 s,

Table 3. Parameters of each vehicle model

=3 BERSY
R AR EREEKe HAFMm)  FEEMHRACTE) ARSI RACT/km)
INEL A e 2 2 950 7.5 360 2.45
R R VAR 2R 3 1250 9.5 520 3.1
KI5 4 1 1600 12.0 700 3.9

T BRI T Ak N B

EARAT B L L JTURTCIETEIR VA A L I TRV AT . DR s A . Bt R B W e RE
A AP L R AR UE I 4 FR .

Table 4. Other parameters
F*4. Hit2H

24 IE
FERRAT B JE (kmv/h) 70
FFAATCIE I [A] 7:00
il A (78/h) 22
B8] [A] 4§11 B A (J6/h) 8
G I NF 8] 4 11 AR (7/h) 18
e A (TT/kg) 16
TR 0.012
T P Tk R AL 0.35
FRASAL E 0.7
B R R 0.3

T SEIUERIET Ak 9 28

m
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5.2. SEROLER
ASCHIH] python #EATSEEG, SLIGTFAART, 7 EXFIESHEATHUE, BAAWE 5 s,

Table 5. Algorithm parameters
=5 HESH

ZH BUE
Ui 45
AL 180

JREHE R K 10

FUERZ AR 5 AT SE AT 40 DR RIBCEAESS, B35 3 b AL TR AN 2 /AL
., KB HRBIARE . Bk RmE 2 iR,

15 16 FifRS
—o— 3
—o—11
17 —o—/\1
32 —o—/\2
~o—rh2
| RGeS
31
o
°
2
£
S 30-
294 32
28
11'9.0 11é.5 12(').0 12(I).5 12i.0 12i.5 1212.0
Longitude

Figure 2. Delivery route map

2. BUiXEELLIE
HAAGigte . SELBRER . FREBERRWE 6 .

Table 6. Vehicle route and load table
= 6. FWBESHEE

ZEHH Az HHEKke) HWEMHZE FEHmY) FRAH=E
F3 0520525559 538516—15—>14—1750 1234 98.72% 9.19 96.74%
122 A ()
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gk
Fl 0-7-6—-53—-4-539->513—-11—-12—-18—>0 1220 97.60% 9.14 96.21%
28! 0-19-1-10—-8—>524—-37—-28—-0 892 93.89% 6.67 88.93%
/N2 0-36—-521-522—-525—-40—-30—-32—-0 940 98.95% 7.06 94.13%
2 0—-23—-526—-531—-35—-34—-33-527-529—0 1176 94.08% 8.84 93.05%

B ZEA S TUSA K S AR T iR

Table 7. Vehicle cost details table
< 7. FR AR

BA HRE(km) BERACT) ERmRACD) #RERACT) BEMACT) MG RACD) B RAT)

3 647.97 520 2008.71 203.65 755.64 5.19 3493.19
il 548.42 520 1700.1 172.36 750.44 5.22 3148.13
/M1 459.58 360 1125.96 144.44 399.98 9.52 2039.9
/N2 665.98 360 1631.66 209.31 440.19 8.29 2649.45
W2 827.43 520 2565.04 260.05 1067.68 13.6 4426.37

B 4 v 50, &7 AR RBNA RS, T 3 B R 2 AN 4R S R A I AT 5
XULE M AT T RS A AN, AN ZE A & 7 [ AR 32 i AR N B 4 7 2 TR EL
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