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Abstract: The unmanned aerial vehicle (UAV) parcel delivery is a new delivery mode that has received widely attention
in recent years. Compared with the distribution mode based on ground vehicles, multi-UAV delivery has the significant
advantages of high efficiency, strong timeliness and flexibility. Thus, this paper proposed a new delivery modea using
heterogeneous multi-UAV, where a large UAV assists multiple small UAVs in parcel delivery. The large drone carries
multiple small drones to the distribution sub-regions and launches them in sequence, and each UAV can deliver multiple
parcels in a flight. To solve this new problem efficiency, we design a three-stage iterative optimization method. The first
stage generates the initializing routes by a clustering method. The second stage optimizes the large UAV route by the
proposed improved variable neighborhood search algorithm, and the third stage optimizes the small UAV routes by the
dynamic programming algorithm. Extensive experiments are conducted and the results show that both the distance cost and
runtime of the proposed algorithm are significantly superior to that of other comparison algorithms, which provide a new
way and decision basis to solve the pain point of modern logistics delivery problems.
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Fig. 1 New logistics distribution mode of heterogeneous
multi-UAV
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Fig. 2 Clustering adjustment operator
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Table 2 Comparison of algorithm experimental results

SA . SA_TS

SA_VNS TSDC

Bl B B 2 BT Gap - BATH Gap P BITH]  Gap - IBATHY
1 40 58.29 27.58 29.56  56.67 27.94  27.55 43.08 36.31 4.69 41.06 20.68
2 40 59.41 27.88 30.85 53.55 28.93 23.29 43.73 35.61 6.06 41.08 19.37
3 40 60.28 29.17  33.13 58.3 27.36  30.86 45.15 37.22 10.72  40.31 18.93
4 40 55.31 28.97 2826 54.51 28.02 27.21 43.5 34.72 8.78 39.68 18.57
5 40 60.92 26.59 3234 5841 2522 2943 42.67 35.81 34 41.22 19.36
6 60 76.32 48.18  33.66 72.8 4529 3045 53.33 52.76 5.06 50.63 29.72
7 60 73.08 46.35 29.2 70.79 4324 2691 52.86 54.79 2.12 51.74 28.58
8 60 78.11 4357 34.09 74.15 4431 30.57 54.58 57.39 5.68 51.48 30.43
9 60 78.45 46.02 37.2 72.39 4342 3194 51.17 55.18 3.71 49.27 27.99
10 60 76.2 45.14 3484 70.48 43.9 29.55 49.95 51.87 0.6 49.65 27.85
11 80 89.36 63.48 31.95 85.01 62.81 28.47 62.42 77.61 2.58 60.81 39.56
12 80 94.89 6343 37.29 9221 59.57 35.46 68.04 74.66 12.54  59.51 40.16
13 80 94.24 58.91 33.89 87.92 60.78  26.64 65.19 81.01 4.43 62.3 40.79
14 80 97.17 66.94 37.04 9145 65.69 33.1 61.6 83.17 0.68 61.18 40.86
15 80 98.22 65.77 39.73  90.59 60.17 34.65 61.96 79.59 4.45 59.2 4191
16 100 109.25 74.56  38.11  96.27 72.37  29.76 71.88 94.12 5.93 67.62 49.18
17 100 105.53 72.42 3536 103.57 67.29 34.14 70.27 89.35 2.93 68.21 46.79
18 100 107.34 75.3 33.1 102.06 7274 29.64 75.38 91.52 474 71.81 51.08
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