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Abstract

To address the multi-objective optimization problem in the current deployment of maritime com-
munication platforms—where an increase in coverage rate leads to a rise in redundant coverage
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and is prone to interference—a multi-objective particle swarm optimization algorithm fused with
the Hypervolume (HV) indicator (HV-MOPSO) is proposed. This algorithm initializes the population
using a good point set, maintains the diversity of the solution set by combining grid division in the
objective space, and optimizes the selection of the global optimal solution and the maintenance of
the external archive based on the HV indicator. A deployment optimization model for maritime com-
munication platforms is constructed with two objectives: minimizing the uncovered rate and mini-
mizing the redundant coverage rate. Experiments conducted on the WFG series of test problems and
a comparison with the classic MOPSO algorithm show that: HV-MOPSO achieves an average HV value
of 81.1845 on the multi-modal deceptive problem WFG4, which is significantly higher than the
78.4371 of the comparison algorithm, and its solution set exhibits a superior Spacing indicator, ef-
fectively enhancing the diversity of the solution set while maintaining convergence. When applied
to the deployment of maritime communication platforms, the redundant coverage rate is reduced
by 46%, and the Spacing indicator is improved by 78%.
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Table 1. Parameter settings of algorithms in simulation experiments
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Figure 1. Comparison of Pareto fronts between two algorithms. (a) Comparison results on WFG1 test problem; (b) Comparison
results on WFQG2 test problem; (c) Comparison results on WFG4 test problem; (d) Comparison results on WFG9 test problem
1. PAFHEE Parcto BT/AXIEL. (a) WFGT MK BIRERTELLER 5 (b) WFG2 MR BIREXS ELEE SR () WFG4 JUist [a) %ot
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Table 2. Simulation results of HV metric on WFG test problems
2. XT WFG MK ERERY HV $eprfi ESLI4ER

] 5t BARFHY) HV-MOPSO MOPSO
Mean 17.9085 17.9085

WFG1
Std 0.0000 0.0000
Mean 17.3588 17.3588

WFG2
Std 0.0000 0.0000
Mean 81.1845 78.4371

WFG4
Std 0.0767 14.8146
Mean 16.3739 16.3877

WFG9
Std 0.0027 0.0000
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Table 3. Simulation results of diversity metrics on WFG test problems

3. KT WFG MK SRR AL R

W i) A GZRGR Spacing 318 Spacing Frift %
HV-MOPSO 0.0022 0.0007
WFGI
£ it MOPSO 0 0
HV-MOPSO 0.0018 0.0006
WEG2
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WFG4
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£ it MOPSO 0 0
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Table 4. Parameter settings of simulation experiments for two algorithms in 1000 x 800 2D rectangular sea area
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Figure 2. Deployment scheme of maritime communication platform based on HV-MOPSO algorithm
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Table 5. Performance index results of simulation experiments for two algorithms
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