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Abstract

Drones exhibit agility but possess limited endurance, whereas ground vehicles offer high load capacity, albeit
constrained by road networks. Employing ground vehicles as landing platforms for drones capitalizes on the strengths
of both systems. This study explores collaborative path planning by accounting for constraints such as road net-
works, drone energy, and mission objectives, thereby developing a multi-objective optimization model for land-air
coordination. A two-step solution approach is proposed, integrating a single-objective ant colony algorithm with the
multi-objective nondominated sorting genetic algorithm II (NSGA-II ) algorithm. The ant colony algorithm deter-
mines ground vehicle paths, while drone paths are optimized through multi-objective criteria, facilitated by phero-
mone interaction. To enhance population diversity, a congestion control strategy based on open angle( CCSOA) is
incorporated into NSGA- Il , accompanied by a TOPSIS (technique for order preference by similarity to an ideal so-
lution) method to select preferred solutions from the Pareto front. Experimental results demonstrate the cohesive
performance of the two-step algorithm, reducing drone path length by 8% under identical conditions. The integra-
tion of CCSOA resulted in a 20% and 25% improvement in terms of the inverted-generational distance (IGD) and

the Spacing, respectively.
Key words: collaborative path planning, multi-objective optimization, ant colony algorithm, nondominated

sorting genetic algorithm II , congestion control, TOPSIS
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