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Quaternion-Based Particle Swarm Optimization Algorithms for
Mobile Communication Network Coverage
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University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Advanced Innovation Center for Materials Genome Engineering, Beijing 100083, China)

Abstract; Aiming at the inherent correlation of azimuths and tilts of the antennas installed on the base
stations, a quaternion-based particle swarm optimization algorithms is proposed to optimize the coverage
performance for mobile networks, in which the quaternions represents the antenna orientations, and the
rotations formed by the multiplication in the quaternion field ensures that the feasible solutions, that is the
particles, update along the shortest paths. Moreover, the author considers the process to perform infini-
tesimal movements towards different directions in turn and thus introduced a blending quaternion-based
particle swarm optimization algorithm to overcome the problems that the destination of the particle move-
ment depends upon the order of directions including along the inertial velocity, towards the individual his-
torical optimal solution and towards the global optimal solution, which is indeed caused by the anti-com-
mutative law of quaternions. Simulations show that the proposed algorithms, especially the latter, perform
better than the canonical particle swarm algorithm, firefly algorithm and genetic algorithm both in the con-
vergence efficiency and the final optimized coverage.
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