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Fresh Commodity Distribution Vehicle Routing Optimization Based on Time
Windows and Multi-compartment Temperature Control
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(Chongqing Jiaotong University, Chongqing 400074, China)

ABSTRACT: Aiming at the inefficient and high-cost fresh commodity distribution, the work aims to study the fresh
commodity distribution route optimization based on time windows and multi-compartment temperature control by
adopting multi-compartment vehicles with temperature controlled compartments as distribution equipment and
applying time windows and other constraints. Firstly, the bi-objective model was established to minimize logistics
operating cost and the number of vehicles. Then, the non-dominated sorting genetic algorithm based on the
Clarke-Wright saving algorithm (CW-NSGA-II) was designed to solve the model. Among them, the initial population
was generated by the Clarke-Wright saving algorithm, which improved the quality of the initial solution, and an elite
iterative strategy was designed to improve the optimization performance. Based on the improved Solomon example, the
proposed algorithm was compared with the multi-objective particle swarm algorithm, multi-target ant colony algorithm
and multi-target genetic algorithm, verifying the solution performance of the CW-NSGA-II. Combined with a case

study, the indicators such as the number of multi-compartment vehicles, temperature control costs and operating costs
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were compared and analyzed. The results showed that the number of optimized multi-compartment vehicles was

reduced by 35.7%, the temperature control cost was reduced by 39.2%, and the total operating cost was reduced by

47.7%. The proposed model and algorithm can effectively optimize the distribution route, reduce the total operating

cost, and provide theoretical support and decision-making reference for the construction of the efficient and low-cost

fresh distribution network.
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LAk, Bl HL TR 45 0 & R AN R AR I KT 1
P, A R R SO IR S5 AP e R RS Ak A
MAL T K, & AT R BR T B — A A T R
SR, A% 50 i A i %% T =0l SR FH B 22 v i 4 i
FPMRSS , To— M e & P B B 2 Fh i & 19 75
K, PR BOREAR, PLAl, A= fif il i B R |
SV, NG HECE AR (Ansg AL | i
BT SE ) SR Bk A R], RA E  A  E SR A
R, NI IC 26 J0A LA BUAR o 328 i 20 45 1Y) 45 3
e FH RN C 5 6 428 0 A ORI R 1 42 56 2R 30 A e A D
% R 55 SR AR T RNz B AR R AR . N 2 B il
PRERB RO L EIENEmE&, @il s E
ARG R . R % AR R i e R T £
FEAL A S 7 TR, O RE 8 AT 2k 4 i T 2% R RN T
DR, B AL IR O ROR, B AR R R
PRI G ATF 5 35 1 Bof ) 7 R 22 6 J 3 1 A f 1 B o6
0 A TR) R T B0 A L 26 A o ) e o i S B
AEBERE L., BWNIEENZ CR®% ERgAEIik
[1) REBE R A= i T 36 B AR AR A Tm) R T T AT T —
RYIBEIE T AR

BT X 2 A Bl ik A s AR Ak IR B, 20 42 80 4F
1R, Christofides 45 LA %4 6 4% 1) J A A () T X4
T 2Ok F WAL B, Coelho. Laportel s
LR R 4 25, IFE TR S T
PEARRERY PN 2RSS T R TR R 1 iz U Y
BN 2 G L B AR PR )8, FEST T R B A e/
A BB A AT T ORI T, A RRAIR
T AL A o Chen ZEPTFSE T 5 B T I 26
Bic 1% A2 AR (R R, DAL 1 58 AR R AR B AR B B
WA /IMEN BAR, BT T HIE R RSB R
Ostermeier 25 fF 77 T 245 f dh B 25 )AL, BF 9 & B
HETRECEIN, A SR ECNZ LGRS
ZEPAHEATEC RS, AT AT 2R 30% M8 A . Il
&S T BENLT R T RIS L R 2R E m) 8,
ST RSAS /MRS, JE 4 BT T WO R R )
AR o f AR SOk AT, AR T R Ok R4
i 1 2 i i 42 5 BE U878 A RRARGZ 8 AR o 7 A fif 7
i BC % 7 1T, Al A B 2 B B ik R AR A it
— R

Bl X A 0 5 S AR A I, 2R A A T
AT DA 26 AR Fe /N TN P R R B K AE o B

Pri) 2 R g AR LAY, IR T 1 3 s AL LR
KELPRAR . Zulvia FECLGHEE A | SRBURA . B
FETCEE foe /MU ANB % 3 T e KA H AR, et T2
FL bl 32 S AT e 2 AR OVBE S 21 i A ff i
IR R AR L C RN T R R A RE R AR (]
R, DL e e KA AR e/ ME S B bR, S T
A B A E AR VR LAY, IR AR SR HER?
SEVEIEA TR A o Liu S RIRC R BOAS FVBRHE BOSA e
AME BAR, ESL T A A B S AR UT B SR
LA AR, 38 S BB KA AT AR
b, RFERERT AR fE. BidZ 0 bs o @
R B e BT M BIEFE 5L T I 0] 3 70 2l P2 1)
A R i O T R A T DDA

FET LU BRSO, SR T iR/ Mz B A TR
R TR OO AR, it TR T4
B IR SCRCHE P B AL R SR R o 25550081, X
R T NCIK e 6 NS = 07 SN E 9 o N B
PR AR, DAy aly IS 18] 1 112203 2 1) £ 6 7y
i BC IS G AR DA TR 3L 1T T R

1 AR

BE X P Z2 B A X)) A R A TR, 20D
EEMNELE DB A, AIEENE P RAIRS, RS
56 AR IR R ELE oG . Z2 G RE E T Do B 2R A
i T i T SR 2 P AR AR AR S5, WD T B U EIORT 4
T R O 78 RS AR IR e, MR AR A e i o 1 2
N 22 HEAE A 30 T B DX (0] A 42 6 R 42 4 1 i 3% B
g, MR R A, $ e G0 0 B A T
SEER PG MR R | R S5 B R g R A e T SR
RIEER, AHMRZ RS EWka, nr ik
B B, BRATRES [) 5 ZR T A o T A ]
26 45 0 2 S 1 T 326 22 3 I AR AR i S X B
wmE 1 s,

PoAL T B FL 2% B A A A SR B AL an &l 1a T
TN, TERCIEPIZE AR 38 UTUAR & P i ] 26 # i
KRG Z, 2R 04GR 480 i
A BRI, BT R, e T
ROk A B TE) 2 AR A . AR AR A TBC % B A A
RGO ANE 1b FroR , MR W 4% 454 % 1
AR TR, RS TR 2R R ) DX (A Y A e R



a5 H£5H

EH, S TN ) R 20 R4 1 A R i O A AR I ) A 265 -

..........

247}

a HEEERY i 2 ORI IR B UL RT

b ABER i Z SRR E MR LR

P o ‘ \ ety

mm 7 o0l @EEiscc Ll mgmEm > RURSEREERIENE

171 () ool lf EE@-s0cC oy lRES RHSORE . gy e e

RRETL mps EOS-10-6°C 55 wRE ETRER_ Ghs 2 pRiE A
ZREEE

P 1 T I I 7 R 22 0 il 4 4 A 6 TBC 36 42 AR DAL R S5 X e
Fig.1 Comparison between fresh commodity distribution routes based on time windows and
multi-compartment temperature control before and after the optimization
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Tab.2 Parameter settings

FL AR SR E

CW-NSGA-II Gnax=200, R,,,=100, P=100, P;=0.8, P.=0.9, P,=0.2
MOPSO Gnax=200, P=100, ©=0.9, =3, ;=3
MOACO Gnax=200, P=10, 7ry-0.1, p=0.8, puin=0.01
MOGA Gnax=200, P=100, P=0.8, P.=0.9, P,=0.2

= 3 HOIHBEHE
Tab.3 Characteristics of the datasets

S GIRAE LGRS P L et
1~5 C101, C102, C103, C104, C105 60 3
6~10 R102, R104, R105, RC101, RC102 80 4
11~15 €201, €206, C207, C208, C209 100 5

R4 AEAEERUERIILL

Tab.4 Comparison of optimization results of different algorithms

CW-NSGA-II MOPSO MOACO MOGA

RO wpazE A Skm WVEE EW ok WYVeEE EW ORW WIRhEE EW okin
WAST Ui mEls WAST  BU WHEs BARoT BUER WHESs RANOT BUAR Rl

1 8369.1 4 152 9 856.1 5 168 9853.2 5 166 9692.4 5 168
2 8169.5 4 158 9745.6 5 169 9625.7 5 168 94523 6 170
3 82254 4 161 9956.4 5 169 94553 6 166 95224 6 169
4 8410.2 4 159 9 864.6 6 172 9634.7 6 167 9628.1 6 168
5 8285.6 4 159 9867.4 5 170 97452 5 170 98743 6 172
6 13 681.9 6 162 15 886.7 7 175 15 624.2 7 173 15942.8 8 175
7 14 009.5 6 161 16374.2 7 174 15218.4 6 174 15772.6 7 174
8 13 756.8 5 170 15924.7 6 177 15 648.7 7 172 16 043.9 7 174
9 13 549.7 6 168 152145 7 178 15234.7 8 174 15 847.2 7 176
10 13 450.1 5 165 15 446.8 6 176 15346.2 7 176 15 881.3 8 178
11 217233 8 170 235713 9 179 23 056.1 8 179 22964.3 10 180

12 20915.8 8 172 23 594.1 10 179 22974.6 9 178 23 146.0 10 182

13 20 687.7 9 169 23 046.1 10 182 231487 10 182 230186 11 179

14 21577.1 9 172 23 476.8 9 180 231153 10 184  23167.1 9 184

15 21 556.3 9 175 23241.5 10 180 235127 9 181 236493 10 183
SEHME 144245 6 1649 163378 7 1752 16079.6 7 174.0 162402 7 175.4
t K —20.055 —17.443 -14.863

P 5.179 74x107"2 3.405 11x107! 2.873 85x1071°
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Tab.5 Temperature control ranges and
product categories
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Tab.6 Parameter settings

(ie) 3L SRR
Gmax  HRIEAUEL 200
Ruax  FEHEIEARUCEL 100
Py BEFEAER 0.8
P, MR 0.9
P, ERHE 0.2
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Tab.7 Comparison between fresh commodity distribution routes based on time windows and multi-compartment
temperature control before and after the optimization
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Tab.8 Optimized vehicle distribution schemes
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Fig.7 Distribution routes
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Tab.9 Comparison of optimization results under different compartment numbers

EokE S Ad B A R A/ TR 2% B 2 /km TR AT FES AR /TT iz 8 A /7o
3 9 2862.6 351.1 12 092.5 500 15 455.1
4 9 3 847.5 4333 13 406.2 1 050 18 303.7
5 9 42567 4547 13 298.7 1 700 19 255.4

10 R A IR L5q020 T
Em %A BE 12.0
0.4 %% %é 0.15 |
£ |k _ // 2 Lk | B
= # // // £ 1010 ¥ £
& & // // = 2 110 =
B oo2f & // // z = i
// /% & A i)
o //
// // {o.0s |
// O 0.5
ol _ _ Iy .

Katen:ie g

K8 ARAQ T IR IRERN

Fig.8 Comparison of indicators under different compartment numbers
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