Journal of Risk Analysis and Crisis Response, Vol. 7, No. 2 (July 2017) 72-81

A Study on Marine Vessels’ Path Optimization under Typhoon Scenarios

Li Xu'?, Xiaobing Hu"’

! State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing
100875, China
?Academy of Disaster Reduction and Emergence Management, Beijing Normal University, Beijing 100875, China

Received 7 April 2017

Accepted 7 May 2017

Abstract

Typhoon may cause a huge impact on the safety and costs of marine vessels on the voyage. In order to
effectively solve the path optimization problem for marine vessels under typhoon scenarios, this paper
proposes a hybrid algorithm integrating Genetic Algorithm (GA) with Receding Horizon Control (RHC),
which considers real-time typhoon data, marine environment data including ocean currents and reefs etc., as
well as safety operation requirements for marine voyage. Then, simulation experiments are conducted to test
the proposed method. The experimental results indicate that the new algorithm is effective and efficient to
optimize voyage paths for marine vessels under typhoon scenarios, i.e., when compared with global path
optimization, the new algorithm can improve the cost-efficiency of voyage path with safety guarantee.
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Fig. 1. Discretization of free navigation area for marine
vessel’s path planning
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Fig. 2. Key parameters for calculating the movement of vessel
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Table 1. Four simluation cases
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Fig. 10. The “MERANTI” Typhoon real-time path
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Table 2. Simuluation results in static cases

(A CDO RHC

48 0.1590 | 1.0489 | 0.3218 | 0.6079
“FHEJOCT | 871.84 | 162828 | 871.97 | 1631.40
SFEJAST | 05900 | 4.0975 | 0.6338 | 0.8099
B KOCT | 872.13 | 1634.53 | 872.52 | 1644.35
B AST | 0.1590 | 1.0480 | 03218 | 0.6079
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Table 3. Simuluation results in dynamic cases

CHLAL: CDO RHC
) Case3 | Case4 | Case3 Case 4
P OCT | 0.1206 1.1844 0.3125 0.4816
“FHJ AST | 928.21 1643.30 928.12 1638.61
K OCT | 0.5813 4.2603 0.6449 0.6908
K AST | 928.63 1866.83 928.45 1757.65

= 4 DD 1 UR’s Xt RHC #ERERIRZH
Table 4. Influence of DD and UR on the OCT of the

RHC
OCT DD=500 (km) DD=1000 (km)
1) Ave. Max. Ave. Max.
1 A~ UR | 0.3125 0.6449 0.3773 0.7072
6 I~ UR | 0.4935 0.7455 0.4816 0.6908
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Table 5. Influence of V on the RHC

A AN
CHAL: 5 | Case1 | Case2 | Case3 Case 4
OCT | 0.1045 | 0.1174 | 0.0920 0.1061
M AST | 880.83 | 3541.76 | 928.89 1753.47
OCT | 0.1630 | 0.2445 | 0.1618 0.1832
N AST | 871.71 | 1717.02 | 929.20 1644.83
OCT | 0.3218 | 0.6079 | 0.3125 0.4816
N6 AST | 87197 | 1631.40 | 928.12 1638.61
OCT | 0.5799 1.3290 | 0.5135 1.0750
N9 AST | 871.91 | 162835 | 928.19 1640.39
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Table 6. Influence of terminal weighting on the RHC

AR BB
Wierm(K) Case 1 Case 2 Case 3 Case 4
~ | OCT 2.8102 4.9121 2.8994 3.8453
(20) AST 904.67 | 1634.44 | 978.54 | 1647.80
23| OCT 2.5675 4.8498 2.4930 3.8419
(21) | AST 871.97 | 1631.40 | 928.12 | 1638.61
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