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Abstract

Addressing the issues of high costs and high carbon emissions in the current distribution of fresh
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products, along with the growing problem of urban traffic congestion, this study develops a path opti-
mization model based on the traditional cold chain logistics distribution model. The model incorpo-
rates carbon emissions and traffic congestion factors, aiming to minimize the sum of fixed costs, trans-
portation costs, refrigeration costs, product spoilage costs, carbon emission costs, and penalty costs. A
designed hybrid optimization algorithm, the Artificial Fish Swarm and Grey Wolf Optimizer (AFS-GWO),
is used to solve the model. By comparing the total costs of the original distribution path and the opti-
mized path in a case study, it was found that the total cost after optimization decreased by approxi-
mately 26.66%, thus verifying the feasibility of the model and the algorithm.
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Figure 1. Algorithm step flow
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Table 2. Cold chain distribution center, costs, and capacity
2. REEEPL. RAREE

G5 ZE Y [l 7 AN G A htikg
I 121.227 31.03 3000 2000
I 121.25 31.383 3500 2200
i} 121.474 30.912 3400 2300
v 121.489 31.398 3100 2100

Table 3. Node coordinates, demand, time windows, and service times
3. PEdER. TRE, FEIE RARSATE

i 5 3313 i FokEikg  RSWHEM WEE LR WA R
1 120.91060543241407 30.844930169444837 119 0.2 8:00 12:00
2 120.95951342323625 30.898786586718334 182 0.2 8:00 12:00
3 120.92459840071112 31.073617122531633 175 0.2 10:00 14:00
4 120.93665707736821 31.222362197542356 219 0.2 13:00 17:00
5 120.87633052918711 31.267993018145493 219 0.2 8:00 12:00
6 120.90440606730013 31.4676063944322 171 0.2 13:00 17:00
7 120.87382618891075 31.597272008376134 121 0.2 15:00 19:00
8 120.89603797568589 31.730168212629046 251 0.2 16:00 20:00
9 121.09485249374009 30.857145763028957 173 0.2 14:00 18:00
10  121.14255784336197 30.900072715204896 124 0.2 13:00 17:00
11 121.12323266373444 31.10670371968426 117 0.2 9:00 13:00
12 121.12846035910455 31.140468553551 252 0.2 13:00 17:00
13 121.11433102143472 31.262899684331547 151 0.2 10:00 14:00
14 121.05904137726134 31.40142154801716 166 0.2 10:00 14:00
15  121.08428166392918 31.604581325798712 202 0.2 12:00 16:00
16 121.07841394095767 31.731201571635673 189 0.2 9:00 13:00
17 121.27001960903253 30.809948161723632 154 0.2 11:00 15:00
18 121.22819422907257 30.891009473626994 234 0.2 15:00 19:00
19 121.30979813159135 31.019504299012546 202 0.2 12:00 16:00
20 121.25223851301234 31.233748950051215 143 0.2 16:00 20:00
21 121.27532302157873 31.33016079249451 245 0.2 9:00 13:00
22 121.24135329484761 31.474726870158424 238 0.2 16:00 20:00
23 121.30798620065816 31.53944050435241 105 0.2 11:00 15:00
24 121.21891539889538 31.735201475881937 261 0.2 15:00 19:00
25  121.45033756951649 30.81169402253735 193 0.2 14:00 18:00
26 121.47224245543772 30.98523729162833 269 0.2 14:00 18:00
27 121.43786668232202 31.041419009523636 167 0.2 12:00 16:00
28 121.46313574264319 31.18855925894775 102 0.2 8:00 12:00
29 121.4682793214043 31.290179229312727 105 0.2 10:00 14:00
30  121.36149997840245 31.439402987468544 234 0.2 9:00 13:00
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31 121.46740960854035 31.562774804107153 192 0.2 15:00 19:00
32 121.42919858620076 31.696467701387114 159 0.2 8:00 12:00
33 121.61464138718291 30.82283206795918 108 0.2 9:00 13:00
34 121.61180488465516 30.938041649052728 129 0.2 16:00 20:00
35 121.62307942508737 31.10331270017285 186 0.2 13:00 17:00
36 121.59706623616313 31.171907507306972 245 0.2 12:00 16:00
37 121.60097247196856 31.314764674266428 164 0.2 14:00 18:00
38 121.62752068746907 31.4686122863992 272 0.2 10:00 14:00
39 121.63274590477236 31.582998737731337 257 0.2 9:00 13:00
40 121.61569048973257 31.711451423836035 117 0.2 10:00 14:00
41 121.68141009364275 30.766437969880048 182 0.2 13:00 17:00
42 121.70156578161942 30.899205666908667 209 0.2 13:00 17:00
43 121.68511365582897 31.02535959174306 164 0.2 8:00 12:00
44 121.71773936127784 31.149579334227816 118 0.2 11:00 15:00
45 121.76686727374266 31.3533593737971 205 0.2 16:00 20:00
46 121.78170650122773 31.42000617622322 116 0.2 12:00 16:00
47 121.76870094781276 31.582042349954804 218 0.2 9:00 13:00
48 121.68536918023821 31.68523280988552 278 0.2 12:00 16:00
49 121.92662392333688 30.806597646976204 147 0.2 13:00 17:00
50 121.9226055057504 30.96505846514575 256 0.2 12:00 16:00
Table 4. Related parameters of refrigerated truck
F 4 REEEXSH
ZH ol ZH ol
i E R 5400 A T THMENE #E 16 F+/100 A H
= NUIE ] 4000 A )T TWHIREHHAE 20 F+/100 A H
PRRL LT Seih HA ML A e Th2 18 TIL
Table 5. Model-related parameters
2 5. HEMEXSH
ZH HE ZH il
V 50 A~ H/h E, 0.0025 L/t 8¢ km
P, 200 /4% o 2.61 kg
P, 05 Ju/AH &y 0.165 L/km
Pas 15 7t/h &y 0.255 L/km
Ps, 20 jt/h a 30 su/h
Py 30 JL/ AT a, 60 Jt/h
o, 0.03 E, 0.0025 L/t B¢ km
a, 0.06 c 2.61 kg
P, 2 TN T
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4.1, ERKRE
41.1. [RIREEE

RN B FIRCIE RS LR IR LT TR R, R LRINUA 2 ST R vk 3, H R UG R 28 I
65K 2:

Table 6. Original delivery route information table

6. RIGEEBEEER

it 326 1 28 it 326 1 28
i 1 [-14-22-13-12-1 111-8-9-11-18-17-1I1
A 1
. 745 2 [-7-6-23-19-21-1 . 111-10-1-2-0-1IT
figi 0T figi% AR I
B 3 [-4-15-20-29-1 1V-40-26-49-34-1V
R0 2
LR 4 [-3-5-1 IV-33-25-24-1V
R 1 11-38-31-27-46-11 ZE5R 1 1V-42-32-16-43-1V
. 2L 2 11-37-28-39-35-11 . A 2 1V-41-48-1V
JEk HhIT (3=l AY
#h5 3 11-36-44-30-11 7 3 I11-8-9-11-18-17-111
ZEI 4 1-45-47-11 ZEI 4 IM1-10-1-2-0-1II

PECEF: 50/50

31. 61

31. 4+

31.0 A

30. 8

121.0 121.2 121.4 121.6 121.8
ZE (° B

Figure 2. Original path map
2. [RIGERIZE
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4.12. iLEER

ASCEET N T A FERIR SRS R GHAT RGN T3 BB AR, S0 BT, K S KA IR
WE N 200 ¥k, N LHFEEH30 5, w225k EL 5 /A, WFA T 0.6, EFVEFEA 65, HK N 20, fil
RIS B K AR IEAR B URE N 5. At Python 2022.1.3 #AE(5 B SLHURERY, M B6IE AR 7Y
WA . HARMK G IR B 26 W3 7 514 3:

Table 7. Optimized distribution route information

F 7. MMUERELEREERR

fic ik % 2% Hirl ik % 2%
ZE4 1 1-29-20-12-4-13-15-1 ZE5 1 [1-10-2-0-1-I1T
Boigrhol ZER 2 1-22-23-14-6-5-3-1 Fic i H LT 759 2 I11-8-17-11-I11
4 3 1-19-21-17-1 R 3 I11-18-9-I11
. Eff 1 11-27-28-37-46-38-31-I1 . LRI 1V-48-40-41-34-25-24-1V
fic ik I fig i Fp IV
B2 11-35-36-44-45-47-39-30-11 ZEhH 2 [V-49-43-42-33-32-26-16-1V

BEEE - RESEHE
FECEF: 50/50

31. 64
T2
31. 4
=
"
ﬁ';31.2
31.0
30.8

121.0 121.2 121. 4 121. 6 121.8
ZE (C b

Figure 3. Path map optimized by the artificial fish swarm and gray wolf hybrid algorithm
B 3. ALeRRIREAEEMILENRER
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42. R

B 4 ATANBEE AR B N, AL S 1 E bR R BB IZ T G, 154840 55 R IA IR e AR
A, B EAUE, SRR AN 7451.35 TG

H# 8 WK1, TEHEAIMIAE SHEHEBIRTIE T, 8 N TR A S SR AL IE SRR AR
N 7451.35 JG, X LU AT I8 % 2k AR TE FE S B 7 T AR 5 T 2, (HJRTE I8 A I8 piAs . il
PR BB AR DL AR TBUS A E#A T WS BRI, A P A dod J SR A7 T8 PR A 6 L S s i s
P 2R AT I ) B R A R R L) 26.66% . L5 OKAE, B N T BRI E A I 5 (B A BC % RE s K
PR ACIE I FE A A BAS, 8 T SR Aol 0 R AS J2 I R A 5 A B A e 2

REBZREANSE EEMER)

IR : 5. 1% —_— RAE
7,850
7,800
7,750
7,700
IR
5
7, 650
g
7, 600
7,550
7,500 -
7, 450 -
0 25 50 75 100 125 150 175 200

ERORE
Figure 4. Convergence flowchart of the artificial fish swarm gray wolf algorithm
4. NI&BBRIRERWSIRIZE
Table 8. Cost comparison of two routes
= 8. MR AXTEE
TRECR RRARN BE A ISR AT AL SRR BRERBURAS R A
il Ju Jt Jt Jt Ju L Jt
JER G E % i 24 14 9437.70  2800.00  4119.21 588.33 342.84 1509.41 77.92

HeAk J5 O TC 325 14 28 10 7451.35 2000.00  2983.84 478.33 293.53 1093.66 602.00

5. &5

ARSCEENS H AT T A H 2™ B IS, M T Z TR AR IR RO R, AR K
HES LA AR R AR T, RSl AR B S AR v, DU R AR et B bR, A B AR L pe e 7
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SEARMEIE TS, Rl T AN L AR AR & AN B BEAT SR AF, A DA Z T SRR e i A e A
MARA v BERLIE T A BIREAT 204, BeE TR R SRE A R e e x PSR R A R A Ak i A
BLik 75 58, A )5 AOBRARAE BB 0] U PR EE A B A2 S A FEAIR T 24 26.66%, EH] 1 A5 B A2 il
B SRR W) 1) P A BV BE IR B AR LA R AN N T A8 B AR S IR S E AT AT M, X LR Al
RIS B IA A —E RS =

SE K
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