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Optimization of rescue base location and scale configuration in high-risk area

Dong Yaxin, Ren Hongxiang™, Tao Rui, Yang Xiao
( Navigation College, Dalian Maritime University, Dalian 116026, China)

Abstract: With the rapid development of the maritime shipping industry, maritime emergencies show an increasing
frequency and an expanding impact range. When only post-incident rescue dispatching is relied on, excessive response time
and high dispatching cost are caused. To enhance maritime emergency capability, an optimization method for rescue-base
location and scale configuration in high-risk areas was proposed. First, the impact of maritime risk factors on navigation
safety was considered, and an accident analysis framework based on Geographic Information Systems ( GIS) and random
forest was established to determine high-risk areas; then, the Fuzzy Comprehensive Evaluation Method ( FCEM) was
introduced to calculate the comprehensive impact index of interference factors on candidate locations for rescue bases.
Finally, considering the supportive role of islands, a rescue equipment location and configuration model was developed with
the objective of maximizing area coverage while minimizing configuration cost, and an improved multi-objective particle
swarm optimization (IMOPSO) algorithm incorporating a derivation strategy and a sharing mechanism was designed to solve
the model. Numerical experiment results for the South China Sea show that, compared with NSGA-]] and the standard
multi-objective particle swarm optimization ( MPOSO) algorithm, the proposed algorithm performs better in the uniformity
and diversity of the Pareto solution set, the number of non-dominated solutions, and the solution time, with an overall
improvement of 28.88% ~84.82% . Sensitivity analysis shows that both the coverage objective and the cost objective are

significantly sensitive to response time and the number of candidate sites, and a trade-off between rescue timeliness and
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construction investment is required. Compared with the existing configuration scheme in the South China Sea, the optimized

scheme reduces configuration cost by 13. 22% and increases sea-area coverage by 11.98% , and the effectiveness and

engineering applicability of the proposed method is validated.

Key words: navigation safety; maritime search and rescue; multi-objective optimization; risk prediction
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5 3.0 3.11x107°  680.50 25.00 2.16x107>  990.10 23.00 1.05x107> 1125.71

6 29.0  3.16x107°  700.72 24.00 2.18x107>  975.80 20.00 1.04x107* 1115.75

7 33.0  2.91x10°? 710.25 27.00 2.20x10°> 1005.73 22.00 1.02x107* 1100.26

8 28.0  2.96x107°  668.94 20.00 2.24x107*  940.50 19.00 1.06x107> 1 040.38

9 30.0 3.16x107°  682.31 28.00 2.28x107>  935.82 21.00 1.04x107> 1053.92
10 31.0  2.84x107° 655.47 21.00 2.32x107* 1013.16 24.00 1.01x107> 1 108.68
SEHAE 29.9  3.00x10°° 675.13 23.20 1.99x1072 971.03 21.50 1.04x107* 1086.50
U R/ % - - - 28.88 84.82 30.47 39.07 72.15 37.86
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Tab.3 Rescue base location and configuration scheme

Y PR P O PR Y P P P PR [P IR
K, 00 2 0 2 3 2 0 1 0 0 0
K, 2 0 1. 0 0 0 0 0 0 0 1 1
K, 1 2 2 2 3 1 0 2 1 1 1 1
K, o 1 1.0 0 0 0 0 0 0 0 0
K, 00 0 0 0 1 0 1 0 0 1 0
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Tab.4 Comparison before and after optimization
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Fig.8 Sensitivity analysis of response time and

number of candidate location
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