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An Integrated Hybrid Approach for UAV Path Planning through the
Combination of Particle Swarm Optimization, Neural Networks, Genetic
Algorithm, and Intelligent Smoothing Mechanisms

Abstract

This study examines how hybrid optimization algorithms can enhance UAV
path planning within challenging operational environments. To systematically
assess performance, four increasingly complex scenarios were designed and
tested.

The first scenario relied on direct navigation without any optimization, which
proved insufficient for target acquisition. The UAV failed to reach its
destination, ending 40 m short, incurring 11 collisions, and achieving a score of
40.2/100. In the second scenario, Particle Swarm Optimisation (PSO) was
introduced to refine waypoint selection. While this led to measurable
improvements in path generation, the UAV still could not complete the mission,
with a remaining distance of 33.7 m and a score of just 12.1/100.

The third scenario brought together PSO, Neural Networks (NN), and Genetic
Algorithms (GA) in a combined framework. This integration enhanced the
system's ability to adapt to environmental changes, bringing the remaining
distance down to 13.1 m and limiting collisions to three, with a score of
40.3/100. Nevertheless, the target remained unreached. The fourth scenario
represented the most advanced configuration, merging PSO, NN, GA, and
intelligent trajectory smoothing techniques. This approach delivered the
strongest and most consistent outcomes, with the UAV successfully arriving at
the target within 665 steps, recording only 2 collisions, consuming 118.3 energy
units, and earning a final score of 58.8/100.

Performance was assessed across multiple dimensions, including path length,
collision frequency, energy usage, trajectory smoothness, and overall mission
duration. The results clearly indicate that the integrated hybrid framework
outperformed all other tested methods, achieving superior collision avoidance,
smoother flight paths, and dependable mission completion. These findings
underscore the value of combining swarm intelligence, machine learning,
evolutionary computation, and smoothing techniques to tackle the complexities
of real-world UAV navigation. This work lays a strong scientific groundwork
for advancing autonomous UAYV research, reinforcing the need for multi-layered
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optimization strategies to enable navigation that is safe, efficient, and
consistently reliable.

Keywords :UAV Trajectory Optimisation, Particle Swarm Optimisation (PSO),

Artificial Neural Networks (ANN), Genetic Algorithm (GA), Intelligent Path
Smoothing.
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