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Research on Multi Constraint Cold Chain Distribution Problem
Considering the Effect of Road Slope
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(College of Transportation Engineering, Dalian Maritime University, Liaoning Dalian 116026, China)

ABSTRACT: In order to solve the problem that the traditional cold chain VRP defaults the distribution area to a
two-dimensional plane, which makes the actual scheduling different from the ideal state and causes the distribution cost to
increase, the work aims to make an in-depth research on related problems, aiming at rationally planning the allocation of
resources and improving the economic benefits of enterprises. The fuel consumption cost and carbon emission cost were
calculated by introducing the slope function, and various realistic constraints such as three-dimensional space location,
multiple models, load changes, customer's pickup and delivery requirements, and time window requirements were com-
prehensively considered. The improved genetic algorithm of K-means multi-dimensional spatiotemporal clustering was
solved. The solution results indicated that if the road slope was initially considered in the cost calculation, the distribution
cost could be effectively reduced by 9.58%. At the same time, large vehicles should avoid sudden altitude changes when
heavily loaded. When the altitude changed, large vehicles could change to a higher altitude after some goods were un-
loaded. The model studied is closer to the actual road network and has higher applicability, especially for the distribution
of cold chain products in cities with obvious road slopes, which has practical reference significance.
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Cy 0.7 C, 0.01 v 30 m/s
o 10 Jo/h a 10 JG/h
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Fig.4 Optimal route for vehicle driving
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Tab.3 Route of optimal distribution scheme
G RS e 3 VI o A e 55 % 7 i 5 REHLL BT
1 A, 2 20—35—-36—3—-31-57—543-526—22—1 2
2 A, 2 52—32—528—8—48—23-524—12—-37—17 1
3 A, 2 11-2—21-34—30—39—-10—33—45—5—49 3
20228.3
4 A, 3 38—9—50—29—16 3
5 A 1 41—-40—19—42—44—15—-47—18—4 1
6 A4 2 51-46—27—6—14—25—13 1
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Tab.4 Results of numerical examples running for 10 times
e PIRRE emom empenzeris | 0P ewmom gmon s
AT WA/ TT
1 22 677.1 7 AL A 76.15 23 953.9 8 AL A 89.34
2 21949.1 7 Al Ayl Ay 75.18 25249.3 9 Al Ayl A 73.21
3 21 807.6 7 Al Ayl Ay 66.65 24392.3 8 Al Ayl Ay 84.71
4 22 321.1 7 AL A, 80.64 24 127.9 8 Al Ay 88.06
5 22 907.5 7 AL Ayl A; 68.27 23761.4 8 Al Ayl Ay 81.45
6 222924 7 AL A 69.74 24 894.3 8 AL Ayl Ay 85.51
7 21 802.1 7 AL A 75.07 24 952.9 8 AL Ayl Ay 77.23
8 21 603.0 7 AL A 78.18 24 353.6 8 AL Ay 83.72
9 22 385.1 7 Al Ayl Ay 79.08 24 643.2 8 Al Ayl Ay 85.14
10 21352.1 7 AL Ay 76.79 25503.4 9 Al Ayl Ay 80.19
@ﬂg{ﬁﬁi;’iﬁ% 22 109.7 24 583.2
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Tab.5 Route of optimal distribution scheme under asymmetry and symmetry
RICBCET R Y 8 'O e 55 19 % 7 i 5 I [\ Hgy

1 A, 1 41-40—13—18—4 1

2 A, 2 20—35—-36—53—-528—31-522—12—37—>5 3

3 A, 1 44—15—45—33—10—39—19—49 3
FEXIFR 4 A 2 51—46—11—532—6—43—523—524—14-25 1

5 A, 2 52—1—-8—48—7—26 2

6 A, 1 19—-42—17—47-27 2

7 A, 3 38—9—-21—-34—30—-50—-2—29—16 3

1 A, 2 27—48—6—13 1

2 A, 2 52—51—-46—47—25—14—24—43—23—-T7—26—8 2

3 A; 2 32—11—-2-5 3

4 A, 3 38—20—35—-36—3—-28—31—-22—1 2

XFFR

5 A, 3 21—-34—30—9—50—-29—16 3

6 A, 1 19—-44—17—12—18—4 1

7 A, 1 41—-40—42—45—15—-37 1

8 A, 3 33—39—-10—49 3
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