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Abstract:  To effectively reduce the contagion risks in the " last-mile" of emergency logistics in

w CESS . 1003-3033(2026)05-0260-10;  Whs H1#.2026-01-10; 1&F& H11.:2026-03-16
wx WAEMEE . £ R(1977—) , &, R MR 4 B0, 2R3 54004 7 A F5T, E-mail : wi@ hutb. edu. cn,



5 5 1]

XA 45 PE IR A 25 T ML EI D 26 B AR MR < R 5580 e - 261 -

epidemic-stricken areas, a truck-drone collaborative delivery mode was first designed. A " basic
reproduction number" function was constructed based on epidemic transmission dynamics to quantify the
number of infections at various demand points. Then, a routing optimization model for truck-drone
collaborative emergency supply delivery was established, aiming to minimize both the total number of
infections and the total delivery time. In view of the multi-objective and non-linear characteristics of the
model, the IMOABCA was developed. Finally, experiments were carried out through multiple types of
instances. The results show that the IMOABCA could scientifically optimize delivery routes by integrating
epidemic data, demand point distribution, and population size. Compared with the basic multi-objective
artificial bee colony algorithm (MOABC) and Non-dominated Sorting Genetic Algorithm-IT( NSGA-II) , the
total number of infections is reduced by 922 and 746, respectively. Additionally, the total delivery time is
saved by 3. 71% and 1.41%, and the task completion time can be shortened by 14.06% and 3. 6%,

respectively.
Keywords: truck-drone collaborative delivery;
risk;  routes planning;
colony algorithm (IMOABCA)
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Table 1 Results of different types of case studies

=R OT/min TCT/min VDT/min DDT/min [ (VIN AP/ N\ 1P/ % RT/s
C102 2 021.89 596. 37 600. 43 1 421. 46 2 664 90 500 2.9 42.76
R108 1 860. 96 773.58 614. 18 1246.79 6 363 72 900 8.7 42.36
RC105 2 150. 80 806. 96 804. 68 1 346. 12 8 480 86 200 9.8 41.93
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= OT/min TCT/min VDT/min DDT/min Ic/ N\ AP/ N 1P/ % RT/s
27T1 1798.70 925.75 843.21 955.49 5013 50 000 10.0 42.22
28T1 1 920. 28 1 100. 99 847.37 1 072.91 5628 50 000 11.2 42.96
44T1 1 458. 87 826. 35 686. 01 772. 86 4 840 50 000 9.6 40.20
60T1 1 687.37 987. 80 902. 18 785.20 4921 50 000 9.8 41.45
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Fig.2 Path planning for truck-drone

collaborative delivery
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Table 2 Results of different algorithms

(N7 OT/min | TCT/min | IC/A | HV | RI/s
IMOABCA |2 020.11| 562.07 | 3239 | 0.51 | 44.65
MOABC |2 098.59 | 654.88 | 4161 | 0.34 | 38.28
NSGA-II |2 049.26| 583.38 | 3985 | 0.09 | 36.44
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Table 3 Results under different optimization strategies

UES OT/min TCT/min Ic/ A
2 049. 01 738.75 8 425

2 2 015. 18 682. 04 8 660
2 100. 41 783. 19 8 356
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Table 4 Sensitivity analysis of the capacity of the drones

P2 /kg | OT/min | TCT/min | IC/A | TDT/min
15 2125.00 | 855.44 | 7422 695
20 1900.10 | 801.70 | 7270 627
25 1723.61 | 729.97 | 7133 577
30 1634.13 | 646.92 | 7096 537
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