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Fig. 1 Comparison diagram of two-level delivery network

for island emergency logistics
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Fig. 2 Flow chart of the two-stage algorithm
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Fig. 3 The generation process of the new solution

of relay station 1
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Tab.1 Geographical coordinates of some demand points

=2 EA 2/ CE) 4/ CND
1 T 122.397 6 30. 007 98
2 U 122.397 7 30.017 69
3 EURS 122.399 5 29. 983 92
4 5 T0 L 122.396 1 30. 015 55
5 e PRy 122.393 3 29.991 09
6 T REFR) 122.397 4 30. 000 14
7 far 9 A R 122,384 6 29. 993 16
8 e 122.383 8 29.992 62
9 I o0 JB B A 122.383 7 29.992 82
10 212 JE RS RS 122,382 9 29. 992 05
11 i e < A R A 122.383 8 29.987 21
12 Y AUYNS 122. 383 3 29. 994 25
13 Jeib-— X 122.383 9 29.992 86
14 7o —IX 122.384 0 29.983 44
15 PEil X 122. 385 4 29.997 74
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Fig. 4 Optimization processes of the number

of cluster centers
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Fig.5 Clustering results of 38 cluster centers
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Tab. 2 Some drone delivery relay station informations

¥ %4 %/ CE) HE/CN)
1 TR e 122.381 2 29. 987 89
2 R R 122.382 2 29. 988 04
3 HRAE ST 2R 122.381 7 29. 987 08
4 R AT % 122.383 9 29.983 13
5 B BE 122.383 6 29. 994 20
6 HE R 1 122.382 3 29. 993 50
7 i U AR 122.383 6 29. 993 20
8 YR FNEE 5 122.382 3 29.992 92
9 HO /N R 15 122.383 7 29.992 82
10 Frl R R 1E 122.384 0 29.992 52
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Fig. 6 Distribution diagram of 38 drone delivery

relay stations
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Tab. 3 Delivery routes and truck odometers

in some regions

B R RED BCXHER/km o R AR A /J0
1 40,51,40(3) 1.17 35.2
2 129,121,++,129(5) 0.75 22.6
3 138,202,--,138(13) 0.71 21. 4
4 303,279,+++,303(6) 0. 49 14.8
5 175,220,-++,175(11) 0. 67 20.1
6 101,243,+++,101(8) 0.11 3.3
7 110,126, +++,110(7) 0.24 7.1
8 137,229,++,137(9) 0.24 7.3
9  149,139,--+,149(11D) 0. 87 26.1
10 219,180,-+,219(17) 0. 64 19.3
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Fig. 7 Two-level network chart of emergency logistics in Putuoshan Island
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Location-routing optimization of island drone delivery relay station
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Abstract: In order to break through the docking restrictions of island emergency logistics ferry
transportation and reduce the total cost of island emergency delivery, the drones are used to transport
emergency supplies from the dock to the island drone delivery relay station, and then the trucks sent
by the relay station provide terminal distribution services to the demand points. A two-level
programming model for the location-routing optimization of the island drone delivery relay station is
established, and a two-stage algorithm combining the K-means clustering algorithm and the improved
simulated annealing algorithm is designed to solve the model. Taking Putuoshan Island in Zhoushan
City, Zhejiang Province as a typical scene, the two-level delivery route for a batch of materials
transported from Zhujiajian Passenger Transport Center to 304 demand points on Putuoshan Island is
studied. The analysis results of the calculation example show that the minimum total system cost of
the delivery trucks dispatched by 38 relay stations after completing all tasks is 1 013. 1 yuan.
Comparation between the integrated optimization method of location and path design and the two-stage
optimization method of location first and then path optimization shows that the total cost decreases by

10.3%.

Key words: drone delivery; two-level programming; island emergency logistics; K-means clustering

algorithm; simulated annealing algorithm





