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Improved Sparrow Search Algorithm to Solve the Routing Problem of Multi-objective
Low-carbon Cold Chain Logistics Vehicle

YANG Chao, ZHANG Huizhen', QIAN Longjun

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to minimize the route cost and maximize the customer satisfaction under limited
resources by considering the carbon emissions generated during service nodes and vehicle transportation as well as the
customer satisfaction on the basis of the traditional cold chain logistics vehicle routing problem model. A multi-objective
low-carbon cold chain logistics vehicle routing problem model was constructed, and the local search idea of mountain
climbing algorithm was applied to the sparrow search algorithm to form an improved sparrow search algorithm. Then, the
improved algorithm was used to solve the cold chain logistics distribution path optimization problem in a certain area of
Shanghai. The results were compared with the results of the other two intelligent optimization algorithms before the
improvement: the improved sparrow search algorithm had faster optimization speed and better optimization ability, and
the improved algorithm had higher efficiency on carbon emission of the model. Based on the national low-carbon policy, a
low-carbon cold chain logistics transport model that is in line with the current situation is designed, and the transport
scheme is solved by improving the optimization algorithm, which verifies the effectiveness of the local search idea of the
mountain climbing algorithm on the sparrow search algorithm and the rationality of the low-carbon cold chain logistics
vehicle routing model constructed.
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Tab.1 Community location, demand and time data
s /) HEN) FoR RN ] 52 I 8] SO A ] HIE I} [ /min
0 121.65 31.2 0 0 0 0
1 121.56 31.22 1 6:00—9:00 6:10—8:50 10
2 121.52 31.22 1.6 6:20—9:10 6:30—9:00 20
3 121.61 31.22 1.5 6:30—9:20 6:45—9:05 15
4 121.64 31.18 1.3 6:20—9:20 6:35—9:10 25
5 121.72 31.18 2 6:30—9:30 6:40—9:10 10
6 121.63 31.24 1.4 6:40—9:40 6:50—9:30 20
7 121.69 31.27 1.2 6:40—9:50 6:50—9:30 25
8 121.6 31.25 1 6:50—9:55 7:10—9:30 15
9 121.54 31.21 1.4 6:55—9:55 7:00—9:40 20
10 121.63 31.18 1.7 7:00—10:00 7:10—9:50 12
11 121.69 31.19 2.4 7:10—10:10 7:30—10:00 15
12 121.75 31.17 2.1 6:50—9:55 7:00—9:40 30
13 121.76 31.12 1.6 6:30—9:30 6:40—9:20 25
14 121.74 31.06 1.7 6:50—10:00 7:00—9:50 20
15 121.76 31.03 1.6 7:15—10:10 7:30—10:00 15
16 121.74 31.03 1.3 7:20—10:15 7:30—10:00 10
17 121.7 31.03 1.5 7:10—10:00 7:20—9:40 10
18 121.66 31.03 1.6 7:15—10:15 7:30—10:05 20
19 121.64 31.03 1.5 7:30—10:30 7:40—10:20 25
20 121.71 31.11 1.3 7:40—10:50 7:50—10:40 30
21 121.58 31.04 1.2 7:30—11:00 7:40—10:50 20
22 121.61 31.02 1.3 7:50—10:55 8:05—10:40 25
23 121.59 31.07 1.6 8:00—11:00 8:20—10:45 15
24 121.6 31.08 1.5 6:40—11:00 7:00—10:50 10
25 121.65 31.07 1.5 7:40—11:30 8:00—11:10 10
26 121.64 31.1 1.9 7:30—11:00 7:40—10:50 15
27 121.58 31.1 23 8:00—11:20 8:10—11:00 15
28 121.57 31.09 2.1 8:20—12:00 8:30—11:50 25
29 121.59 31.12 2.5 8:00—11:55 8:15—11:40 30
30 121.71 31.13 2.1 7:30—11:00 7:45—10:40 25
31 121.62 31.14 1.3 7:40—11:20 7:55—11:10 20
32 121.53 31.13 1.6 8:00—11:00 8:20—10:45 20
33 121.56 31.14 1.7 8:20—12:00 8:30—11:40 10
34 121.53 31.16 1.5 8:30—12:10 8:45—12:00 15
35 121.57 31.2 1 8:00—11:20 8:20—11:10 15
36 121.52 31.24 2 7:55—11:20 8:10—11:10 20
37 121.56 31.26 1.3 8:10—11:55 8:20—11:40 15
38 121.6 31.26 1.4 8:30—12:10 8:40—12:00 10
39 121.62 31.26 1.2 7:30—11:30 7:45—11:10 20
40 121.68 31.25 1.1 7:35—12:10 7:45—12:00 25
41 121.72 31.23 1.6 8:10—12:20 8:20—12:10 20
42 121.72 31.2 1.3 8:15—12:15 8:30—12:00 15
43 121.75 31.18 1.2 7:45—12:10 8:00—11:55 15
44 121.5 31.18 1.4 8:25—12:30 8:35—12:15 10
45 121.51 31.12 1.5 8:35—12:35 8:45—12:30 30
46 121.61 31.23 1.2 7:45—11:50 8:00—11:40 25
47 121.61 31.17 1 7:55—12:00 8:00—11:50 20
48 121.75 31.15 1.5 7:50—12:20 8:00—12:10 20
49 121.58 31.18 1.8 8:10—12:20 8:30—12:10 15
50 121.72 31.07 1.6 8:30—12:30 8:40—12:10 10
51 121.73 31.11 1.9 8:20—12:10 8:30—12:00 15
52 121.71 31.06 1.5 7:20—11:50 7:40—11:30 10
53 121.69 31.09 1.2 7:30—12:10 7:45—12:00 25
54 121.55 31.12 2.4 8:30—12:30 8:45—12:10 20
55 121.52 31.17 2.6 8:10—12:15 8:30—12:00 20
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Tab.2 Model parameter value

[ERIVE =4 HRUE [T RIVE =4 HUE
m 5L/h B 2.65 kg/L
hy 400 JT/4 Omax 12t
¢ 5 Jt/km X 0.22 L/km
p- 0.5 JG/h Xo 0.15 L/km
12 0.4 Jt/kg De 8 JL/h
Ds 5000 JT/t D 12 JG/h
o 0.02 % 50 km/h
1.50
3.2 XIKRMBERSH ——SsA
1.45 —— BH#SSA
Xt bR S 4 BIAE T SSA R ISSA, A Bl
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Tab.4 Experimental results of different population sizes

ISSA SSA
SRS AL — —

AT B AT R

1 10 13212 0.9465 13455 09121

2 50 13225 09499 13102 0.8830

3 80 12523 09339 12942 0.8755

4 100 12755 0.9671 13251 0.8555

5 150 12822 0.9742 13356 09130

6 200 12810 0.9685 13201 0.864 1
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Tab.5 Experimental results of the proportion of different discoverers
. . ISSA SSA IBATHSA]/s
SR 5B WAl - —
AT i AT PSS ISSA SSA
1 0.1 13 062 0.9201 13 888 0.9122 72.553 64.227
2 0.3 12 699 0.948 4 13 255 0.8955 73.210 68.250
3 0.5 12 630 0.957 2 13 069 0.9222 75.211 73.260
4 0.7 12 555 0.958 9 13 532 0.902 1 75.185 71.652
x6 HEXRERSW
Tab.6 Algorithm experiment result analysis
o ISSA SSA IWOA IPSO
%%%Vﬂ . — Y = >, — yHE = . — Y = >, — S =
A /7T il B IA/TT PN A /TE il B AT R
FHME 12 653 0.972 13 353 0.914 12 722 0.952 12 841 0.944
brifE 2 152.367 2 0.017 185 399.5213 0.026 673 301.554 6 0.024 533 151.2554 0.015 352
B AT (R] /s 75.221 72.355 76.237 80.255
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Tab.7 Low carbon utility results analysis
ISSA SSA
S F S — — — —
C/Jt Kot Gy/% CJ/It K/t Gy/%
1 12 131 13 222 8.99 13013 13 998 7.57
2 12 183 13 151 7.95 12911 13 821 7.05
3 12 123 13 244 9.25 12 926 13 986 8.20
4 12 156 13 333 9.68 13017 13 988 7.46
5 12 111 13212 9.09 12 855 13 846 7.71
S 12 140.8 132324 8.99 12 944 .4 13 927.8 7.60
4 Z5iE [4] ZEDUE, R B, SARER. T IRBHER P8 B
2R LI EE R IE R [T]. Wi R L, 2021, 44(8):
BEXV BEW T A AR R, 25 SRR AR H s 152-156.
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