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Route optimization of rural low-carbon logistics
based on improved multi-objective genetic algorithm

BIN Hou, ZHANG Luhang, WANG Sujie, WANG Huanfang
(School of Business, Hunan University of Technology. Zhuzhou 412008, China)

Abstract Aiming at the practical problems of high cost, insufficient demand coverage and high carbon emissions
existed in the logistics distribution of counties, townships and villages in China, a rural logistics distribution routing
optimization model considering demand uncertainty and carbon emissions constraints was constructed. an improved
multi-objective genetic algorithm suitable for multiple vehicles was proposed. Combined with the rural logistics
distribution data, MatlabR2014a software was used to carry out simulation experiments, and the optimal distribution
route scheme of rural logistics under the demand uncertainty and carbon emission constraints was finally obtained. The
simulation results show that: The proposed improved multi-objective genetic algorithm has better effectiveness and
applicability for solving the rural logistics distribution routing problem; Under the demand uncertainty and carbon
emission constraints, the improved multi-objective genetic algorithm can effectively reduce the cost of rural logistics
distribution and improve the demand coverage rate; Compared with the single-vehicle distribution scheme, the multi-
vehicle distribution scheme has more advantages in rural logistics distribution.

Keywords improved multi-objective genetic algorithm; rural logistics; route optimization; demand uncertainty; carbon

emission constraints
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Fig.4 Distribution route chromosome mutation operation process
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Table 2 Latitude and longitude coordinates of distribution network, logistics demand, time windows and service times

N o Ny

D;@Ei?ff :Vork BRE/C) HE/C) %“I“ﬁii/ S A e SR L % min

serial number Latitude Longitude dermand Start time End time Service time
1 112. 961 27. 682 0 8:30 17:30 0
2 112. 922 27.761 175 9:15 10:20 10
3 112.951 27.734 93 9:35 10:30 15
4 112. 962 27.691 106 8:30 920 18
5 112.874 27.741 121 9:15 10:30 11
6 112.911 27.710 135 9:20 11:00 17
7 113.068 27.730 175 9:15 10:55 15
8 113.097 27. 744 98 9:30 11:40 23
9 113. 027 27.743 176 10:20 11:30 12
10 112.979 27.755 78 10:15 11:20 8
11 112. 986 27.750 92 8:30 920 10
12 112. 968 27.744 105 900 10:40 8
13 112. 942 27.756 151 10:00 11:00 15
14 112.928 27.746 72 8:40 10:20 17
15 112.910 27.750 91 8:45 925 12
16 112.911 27.751 199 9:20 10:00 16
17 112.915 27.759 108 9:30 11:00 13
18 112. 930 27.752 162 9.20 10:20 8
19 112.928 27.746 98 9:30 11:30 12
20 112.934 27.746 186 9:15 10:00 15
21 112. 930 27.741 141 10:00 10:40 17
22 112.926 27.738 172 8:50 9:40 19
23 112.914 27.716 201 9:20 10:20 12
24 112. 946 27.713 102 9:30 10:40 10
25 112. 995 27.722 135 9:10 10:10 6
26 112. 979 27. 741 108 9:40 10:20 15
27 112. 968 27.744 179 9:30 10:30 20
28 112.974 27.724 71 9:00 10:00 15
29 112. 952 27.734 131 8:50 10:00 12
30 112. 927 27.732 119 8:40 10:20 16
31 112. 944 27.757 163 900 10:00 11
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Table 3 Simulation results of traditional genetic algorithm and improved

multi-objective genetic algorithm on target parameters

Jic 3% B A iy oK 35 R i 3% 75 47
Distribution cost Distribution cost Distribution vehicle
3% ,
Algorithm GEEC/C ASSIREY % EAE/% EENREE/%  (SRLE A%
Simulation Range of Simulation Range of Simulation Range of
value change value change value change
g e B ik 8 576. 36 — 78. 25 — 7 —
Traditional genetic algorithm
e AR TS (R 8 362. 25 —2.49 83. 63 6.43 5 —28. 57

Improved multi-objective

genetic algorithm

ORI S R S E AL ey i IR (B (e E R e s ) N R Lo

Note: D The magnitude of change indicates the change in the simulation values of the target parameters of the improved multi-objective

algorithm compared to the traditional genetic algorithm.
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5T 273. 17 JCHFI 585. 88 IT . 7 3K 5 36 4% Wil 2 F+
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MR E R R ERR AL TR 1.62% .0
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Table 4 The impact of single and multi-vehicle distribution options

on the objective function value

B 3% 77 58 L] fic 3% A / o ToRE BB/ N
Distribution solution Vehicle type Distribution costs Demand coverage

A 8 635.42 76.38
AT

B 8 948.13 82.76
Single type

C 9 503. 37 84.25
EXN A.B.C 8 362. 25 83. 63
Multi-type

W ABLC IR 3 FIOR R HL-S B i 2% F 40 . % 5 [,

Note: A, B and C indicates three different models of distribution vehicles. The same as Table 5.
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Fig.5 [Iterative process of demand coverage for
traditional genetic algorithm and improved

multi-objective genetic algorithm
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Table 5 Optimal distribution scheme and cost components under improved multi-objective genetic algorithm JG
fit 1% 75 I A A AR IR B A W HE R A FIF ] 725 53] Ji A

Distribution scheme Fixed cost Distance cost Carbon cost Time penalty cost
Al:1>4—>25—>9—>8—>7—>1 600 433.28 167. 30 221.45
A2:1>24—>29—>12—>10—>11—>26—>28—>1 600 481. 21 258. 25 278. 37
Bl:1>3—>18—>13—>27—>21—>14—>1 800 473.57 256. 37 165. 28
B2:1>23—>22—>30—>19—>20—>1 800 401. 25 272.28 246. 45
Cl:1>6—>5—>17—>2—>31—>16—>15—>1 1 000 478. 59 299. 47 199.13

T OBLETT RS 1 RRBLIE 0 ,4.25.9.8.7 /P 5 RRKBLIL M A .

Note: @ The serial number 1 in the distribution scheme indicates the distribution center, and the serial numbers 4, 25, 9, 8, 7,

ete. indicate each distribution network.
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Fig. 7 Optimal distribution route under improved

multi-objective genetic algorithm
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