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Abstract

Against the backdrop of the rapid rise of the low-altitude economy and the upgrading of e-com-
merce logistics distribution towards intelligence and unmanned operation, drones, as the core car-
rier of low-altitude logistics, their reasonable path planning directly determines the efficiency, cost
and safety of e-commerce terminal distribution, and is also a key technical support for promoting
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the in-depth integration of the low-altitude economy and e-commerce. Aiming at the 3D UAV path
planning problem in the scenario of e-commerce terminal logistics distribution, this paper takes flight
distance, flight altitude, flight safety and smoothness as the core constraints, constructs a multi-ob-
jective cost function and designs an Improved Gold Rush Optimization algorithm (IGRO) to find the
optimal distribution path. Simulation experiments verify that compared with the original Gold Rush
Optimization (GRO) algorithm, the total path planning cost of the IGRO algorithm is reduced by an av-
erage of 40.1%. Moreover, compared with other comparative algorithms, it not only has the optimal
path planning effect, but also has the fastest convergence speed, which fully proves the effectiveness
and practicality of the path planning model and improved algorithm constructed in this paper, help-
ing to break through the bottleneck of the last mile in e-commerce terminal distribution under the
background of the low-altitude economy.
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Table 1. Coordinates of the UAV path
T 1. T AN BRRALAR

iz 1 1% 2 1% 3 1z 4 %S
#A (400, 600, 100) (200, 500, 120) (200, 150, 50) (400, 100, 110) (350, 700, 100)
295 (250, 100, 120) (700, 200, 100) (800, 600, 100) (300, 800, 120) (650, 350, 200)
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Table 2. Fitness value comparison by algorithm and path
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CIGRO CGRO CGA CGWO Gapl Gap2 Gap3
A% 1 1467 2149 2301 2257 46.5% 56.8% 53.8%
4% 2 2074 2904 4125 2903 40.1% 49.7% 39.9%
%3 1479 1806 1491 2449 22.0% 0.7% 65.5%
1% 4 1418 1582 2950 1600 11.6% 51.9% 12.9%
%5 994 1792 2796 1984 80.2% 64.4% 99.6%
P45 Gap - - - - 40.1% 44.7% 54.3%
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Figure 1. Convergence curves of different algorithms for UAV
Path optimization in Path 1
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Figure 2. Path plot of IGRO for Path 1
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Figure 3. Side view of Path 1 trajectory generated by IGRO
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Figure 4. Path comparison of different algorithms
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Table 3. Numerical table of the effect of waypoint number on cost function

3. BERHENKNBEHHNTWHER

AT R KATEE S /m A AL e N BT
10 779.50 717.17 47.63 31.92 1576.22
15 750.21 729.87 21.40 13.55 1515.02
20 701.32 754.14 7.30 4.61 1467.37
25 764.40 824.44 5.28 4.13 1598.25
30 764.19 863.17 5.91 4.41 1637.68
35 770.03 906.65 8.06 3.95 1688.69
40 775.07 967.89 9.45 4.27 1756.68
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Figure 5. Trend of the effect of waypoint number on cost function
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Table 4. Numerical table of the effect of flight alert distance on cost function
4. HTEMBEBINMN RBFmEBER

KRR/ $FER/m AR TR AR SR
5 684.05 754.32 23.5 0.37 1484.02
10 701.32 754.14 7.3 4.61 1467.37
15 763.95 754.85 6.23 31.33 1503.87
20 766.85 754.9 9.59 75.28 1528.75
25 780.77 763.69 21.86 114.3 1618.93
30 814.01 761.22 45.74 213.71 1706.75
35 974.3 761.4 72.68 301.06 1977.22
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Figure 6. Trend of the effect of flight alert distance on cost function
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