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Two-Phase Approach to Optimal Weather Routing Using
Real-Time Adaptive A* Algorithm and Geometric Programming
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ABSTRACT: This paper proposes a new approach for solving the weather routing problem by dividing it into two phases with the goal of fuel
saving. The problem is to decide two optimal variables: the heading angle and speed of the ship under several constraints. In the first phase, the
optimal route is obtained using the Real-Time Adaptive A* algorithm with a fixed ship speed. In other words, only the heading angle is decided.
The second phase is the speed scheduling phase. In this phase, the original problem, which is a nonlinear optimization problem, is converted into
a geometric programming problem. By solving this geometric programming problem, which is a convex optimization problem, we can obtain an
optimal speed scheduling solution very efficiently. A simple case of numerical simulation is conducted in order to validate the proposed method, and
the results show that the proposed method can save fuel compared to a constant engine output voyage and constant speed voyage.
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Table 1 « Value

Fn

N 010 015 020 025 030
0.60(Normal) - 154 126 1 0.56
0.65(Normal) - 181 136 1 042
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Table 2 p Value

Angle u value
30~60(deg) 2u = 1.7-0.03(BN - 4)*
60~150(deg) 2u = 09-0.06(BN - 6)°
150~180(deg) 2u = 04-0.03(BN -8)°
0~30(deg) 21 = 0.4-0.03(BN -8)°
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Table 3 Nondimensionalized Principal Dimension of Subject Ship

Item Value

B/ Lep 0.1342

D/Lgp 0.0812

T/ Lgp 0.0403

Block coefficient (at designed draught) 0.691
Block coefficient (at scantling draught) 0.721
Midship coefficient 0.972

YV /Ly’ 0.0036
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Table 4 Comparison on Number of Node Expansion & Searching Time

Initial search Searching time [sec] Second search Searching time [sec]
RTAA* algorithm 1389/3977 204.1 1017/3936 1544
A* algorithm 1389/3977 2041 1165/3936 182.3
Dijkstra algorithm 3475/3977 659.3 3263/3936 587.7

Table 5 Comparison on Fuel Consumption

ETA [hour] Distance traveled [km] Fuel consumption [ton] Ratio [%]
Speed scheduling 192.0 8510 859.6 91.6
Constant engine Output 1914 8510 889.3 94.8
Constant speed 189.5 8510 895.4 95.4
Great circle with Constant speed 194.7 8223 938.5 100
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