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Research on the logistics path planning of
fuzzy time window multi-objective cold chain

LI Juntao, LU Mengmeng, LI Doulin, LIU Pengfei
(College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract Focusing on problems of high distribution costs and energy consumption of cold chain logistics industry, an
optimization model for multi-objective distribution paths was established based on carbon emission, total distribution
cost,and custom satisfaction in this study. By using distribution methods addressing fuzzy time window and adaptive
catastrophe genetic algorithm, the path planning of the cold chain logistics vehicles and the multi-objective path
optimization with complicated path choices during realistic distributions were investigated. The results showed that.
1) Comparing to ignoring carbon emission, the inclusion of carbon emission in the model reduced by 56% in the
objective function; 2) Including carbon emissions and customer satisfaction, the model could obviously reduce the
distribution costs and reach the global optimization while balancing multi-objectives effectively; 3) The proposed
algorithm outperformed the traditional genetic algorithm for solving multi-objective cold chain logistics path optimization
problem in terms of optimization search and calculation time.

Keywords logistics engineering; multi-objective optimization; adaptive catastrophe genetic algorithm; path

optimization; fuzzy time window
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Fig.1 The maximum reserved intersection method
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exchange of the selected two gene codes.
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Fig.2 The reverse transformation method
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Table 1  The shortest distance between the distribution center and delivery points and delivery points ~ km
P 1%
Delivery point 0 1 2 3 4 17 18 19 20
0 0 1.6 2.6 2.7 2.8 3.9 4.0 4.1 4.3
1 1.6 0 3.8 1.3 4.3 2.5 5.6 5.3 5.9
2 2.6 3.8 0 4.3 1.5 5.0 3.4 1.6 1.7
3 2.7 1.3 4.3 0 5.1 1.3 6.6 5.7 5.8
4 2.8 4.3 1.5 5.1 0 6.1 1.8 1.9 2.2
17 3.9 2.5 5.0 1.3 6.1 0 7.7 6.4 6.4
18 4.0 5.6 3.4 6.6 1.8 7.7 0 3.3 3.6
19 4.1 5.3 1.6 5.7 1.9 6.4 3.3 0 0.3
20 4.3 5.5 1.7 5.8 2.2 6.4 3.6 0.3 0
BT 0 FRIRALE P, 1~20 FIR 20 DRI AL

Note:0 indicates the distribution center. 1—20 indicate delivery points.
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Table 2 Time window,service time,and demand of each delivery point

AL 1% LR I [R] e R AL TR] iz 35 1 1) / i K=/t
Delivery Demand time Maximum tolerance min Quantity
points window time window Service time required
0 5:30—17:00 5:00—17:30 0 -

1 6:00—8:30 5:30—9:00 15 1.5
2 7:30—9.00 7:00—9:30 23 2.3
3 6:00—8:00 5:30—8:30 12 1.2
4 6:30—8:30 6:00—9:00 15 1.5
5 6:40—9.30 6:10—10:00 18 1.8
6 7:00—9:50 6:30—10:20 10 1.0
7 7:30—9.00 7:00 :30 22 0.5
8 7:30—9:30 7:00—10:00 05 2.2
9 7:10—9:00 6:40—9:30 20 2.0
10 7:00—9:10 6:30—9:40 15 1.5
11 7:30—10:00 7:00—10:30 5 0.5
12 7:30—9:30 7:00—10:00 B 0.5
13 7:30—10:00 7.:00—10:30 13 1.3
14 7:30—9:30 7:00—10:00 15 1.5
15 6:50—9:00 6:20—9:30 5 0.5
16 7:10—9:00 6:40—9:30 5 0.5
17 7:10—9.00 6:40—9:30 15 1.5
18 7:30—9:30 7:00—10:00 13 1.3
19 6:30—9:00 6:00—9:30 21 2.1
20 7:30—9:30 7:00—10:00 14 1.4
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Table 3 Results of two models based on adaptive catastrophic genetic algorithm

. 44 % F IR 55 Y W HE T &/ kg Mk SlA /ot B EEE
- Customer service ming Carbon Total distribution Customer
Model Vehicle o i )
sequence emissions costs satisfaction
1 0-12-9-3-19-0
FERL 1 2 0-5-16-1-6-15-20-0
0.096 892. 360 10 596. 800 0. 836
Model 1 3 0-8-18-11-7-10-14-0
4 0-13-4-17-2-0
1 0-8-10-3-1-0
HLHL 2 2 0-15-7-5-13-11-0
0.098 392. 300 10 650. 200 0. 828
Model2 3 0-2-12-14-19-4-0
4 0-9-16-17-6-18-20-0

T AEAL 1 FBERS 2 53 551 S AN 25 1Rl Hl O 25 i Bkl I e S A A AL RS A

Note:Model 1 and Model 2 are the path optimization models excluding carbon emission and including carbon emission,

respectively.

R4 EZEBHBERGEREEENRBER

Table 4 Results of standard genetic algorithm including carbon emission model

% PR 55 I BE 3% & B A/ TT W E
oo o /e S
) Customer service ming o Total distribution Customer
Vehicle Carbon emissions
sequence cost satisfaction
1 0-5-11-13-12-14-2-0
2 0-3-10-17-15-8-0 -
0.114 430. 800 12 145.000 0.795
3 0-9-16-18-6-7-1-0
4 0-20-19-4-0
0.19r .
0.18-\ 3 & i
0.17F N\

Congl AR B Y S T 3% B O e 0 1
23 0-15-\ W\ T T B0 2 B B TR % A A P
= 2 0.14} T — NN N . NI N 2
sionl \ 2 0 2 L O R0 3 e M 0 1 577

= 012\ BT 3 A F b ek A X A d O AR 5 R TR R AR A

P i) 77 P 2 A5 X0 ol B 1 29N ] i B B5F i) 77 v BE
009b— o o . Yy i BC 2% B AR 4 T 1 b kb s AL Bk B
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AL
The number of iterations
PR AP 338 R
Standard genetic algorithm average filness
""""" PSS 05 i AV
Standard genelic algorithm for nplimal fitness
—— [N R A B A T P 13 ) T
Adaptive catastrophe genetic algorithm average filness
i I, A i A B e A oy JBE

Adaplive catastrophe genetic algorithm for optimal fitness

B3 SBEREHMALLER L
Fig. 3 Optimization iteration curves of

the final objective function
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