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[ Abstract ]

to the ground risk assessment was constructed, focusing on the risk analysis of drone failure and crash. Firstly, in the drone failure and

In order to reduce the risk of logistics drones to the ground after failure or collision in the air, a model for logistics drones

crash risk model, the possible failure of drones in different flight stages was discussed in detail, including vertical fall and horizontal
fall, as well as the casualties and economic losses that these falls may cause to ground personnel. Secondly, the collision and crash risk
model was analyzed the dynamic behavior of drones after a collision in the air and its impact on ground safety, including collision
momentum-energy conservation and collision consequence assessment. Finally, a comprehensive three-dimensional risk assessment
mairix was constructed, combining the possibility of accidents, the number of deaths on the ground and the economic losses to evaluate
the risk level in different scenarios. The case analysis shows that the number of deaths on the ground is within the order of 10 %, and
the risk level in different regions is obtained. It can be seen that this method provides important risk assessment tools and data support

for logistics drone operators and relevant policy makers.
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Fig. 1  The drone hits the ground vertically in the area
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(2) FEZBFA LIy, 6 X3 2 X ek 3 1 (X 3 4
LV IR AR, BRI O AEX 3 A X & A
HHORE
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Table 6 Statistics on population density and shading factors in each area

Bzt i} Ji I 1 X1, 2 X1 3 XI5 4 X1 5 X% 6
X 38 i A/ m? — 3 271.50 4 693. 46 5419. 31 5996.78 4 864.26 3271.5
22.00—06:00  0.001 64 0.000 71 0. 000 32 0. 000 36 0.000 19 0.001 20
06:00—08:00  0.039 10 0. 009 46 0.004 82 0.031 70 0.004 17 0.003 14
R (o) 08:00—12:00  0.069 40 0. 038 30 0.017 80 0.023 82 0.008 24 0. 058 40
12:00—14:00  0.036 70 0.012 70 0. 004 26 0.008 15 0.001 67 0. 041 70
14:00—18:00  0.072 10 0. 041 30 0.016 40 0. 039 67 0.008 21 0. 067 20
18:00—22:00  0.026 80 0. 009 60 0.013 20 0.016 60 0. 005 89 0.019 40
WEHEHE/ % — 46.33 40. 84 0.40 32.00 86. 68 52. 64
Tk R E P, — 50 44 3 35 65 55
x7 MREAVEXSE
Table 7 Logistics UAV related parameters
T ML W) 6 e/ kg r,/m r,/m /] B/J vo/ (m-s=") h/m
15 0.834 0.25 10° 34 13 100

T r, AEABLBIRRAE s 1, ABIEAR s oy SR AR BUREA 6 I, TR B BOER ) 50% Ry BhRE v ; B ok 2SI R BIRAE K 0 I S:BA
GUBTZ R RE S B ; v HICANLBIEREE ;b S JC AHLEIRIHA L

®8 BREARM BRI ARG T AL

Table 8 The number of casualties of drone crashes in different time periods in different regions

(N i) [X 45§ 1 [X 45 2 [X 5 3 [X 35 4 [X 5 5 XI5 6
22:00—06:00 2.787 x10~'" 1.015x107° 1.713x10°% 2.220x10°% 2.272x107° 2.039 x10° '
06:00—08:00 6.640 x107'%  1.352x10°% 2.580x1077 1.950 x10°® 4.900 x10~% 5.336 %101
W )P (Jem2) 08:00—12:00 1.179x107° 5.175x107°  9.520x1077  1.460x1077  9.850 x10°®  9.924 x10~°
'_l‘ N [H - [¢
TR m 12:00—14:00 6.240x10°'° 1.816 x10°% 2.280x1077 5.026x10°7 1.997 x10°% 7.086 x 10’
14.00—18:00 1.225x107? 5.900x10°% 8.779x10~7 2.440x10°° 9.810x10°% 1.142x10"®
18:00—22:00 4.550 %1071 5661 x107% 7.066x10~7 1.023x10°% 7.042x10°% 3.338x107°
ST AN o s . 6 s o

— 5.770 x 10 3.334 x10 5.065 x 10 1.232 x 10 5.638 x 10 5.417 x 10

(N ®A5/h )
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*9 BT AV =R KL
Table 9 Statistics of property losses caused by drones crashing to the ground in each region
X 384 B X35 1 X 35K 2 X5 3 X 45 4 X1k 5 X1 6
HEATHL Q,/5C 13 199. 4 19 799. 4 26 399.2 65 998 6599. 8 13 199. 4
[ 22 Pr 2k Q, /T8 595.02 595.02 645. 02 1411.88 595.02 595.02
Bt/ ot 13 794. 42 20 394. 42 27 044.22 67 409. 88 7 194. 82 13 794. 42

F10 FXIFFT AR &5
Table 10 UAYV crash risk level for each region
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