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Economic Ship Routing System by a Path Search Algorithm
Based on an Evolutionary Strategy
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ABSTRACT

An economic ship routing means to sail a ship with a goal of minimizing the fuel consumption by utilizing
weather forecast information, and there have been various systems which have been recently studied. For a
successful economic ship routing system, it is needed to properly control an engine power or change a
geographical path considering weather forecast. An optimal geographical path is difficult to be determined,
though, because it is a minimal dynamic-cost path search problem where the actual fuel consumption is
dynamically variable by the weather condition when the ship will pass the area. In this paper, we propose an
geographical path-search algorithm based on evolutionary strategy to efficiently search a good quality solution out
of tremendous candidate solutions. We tested our approach with the shortest path-based sailing method over
seven testing routes and observed that the former reduced the estimated fuel consumption than the latter by
1.82% on average and the maximum 2.49% with little difference of estimated time of arrival. In particular, we

observed that our method can find a path to avoid bad weather through a case analysis.
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Fig. 2. An economic sailing system proposed in this
paper

AY(G(V,E), Vg, V) |
/| G(V,E) : A graph of world map.
Il v,eV, v, & V' : Departure and arrival vertices.
P(v,) < null; // P(v): A string of the shortest path
from v, to wv.
/| h(v,w) : The distance between the vertex v and w.
g(w,) <0, flv,) <—glv)+h(v,v,);
g(v) <« o, f(v) « 0 VvE V\{T)_,}I,
C—a;
while (TRUE) {
w «—argmin e pof (v);
if (W= ’Ug ) break;
for (Vv € {v]|vE INC and(w,v) E E} ){
/I If (w, v) collides the land, collision_check
(w, v) is TRUE.

if (collision_check(W, V)) continue;

I<—g(u})+h(w,v);
if (1<g(v)){
gv)<1;
) —g@)+h(vo,);

I/l
P(v)<— P(w)®w; (string concatenation)
}
}
C— CU {w};
}
return P(v,); // The result of A* Algorithm.
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Fig. 3. A* Algorithm’ for the geographical shortest path
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ES—PS(V, Vﬂ {
t<—0 // Initialize t at the first generation.
ale—A*(V, V,/) /| Initialize first parent solution.
while (¢t < 7) { /| Repeat the loop until ¢ = 7.
y—ptate(z") /| Node mutation.
/I 7y : Sailing time, d Acceptance rate of
sailing time, C : Fuel consumption estimation
if (v(y')—~(2°) <6 and ¢(y') < ¢(z"))
then x'"ley' J/ Select the child solution for the next
generaion.
else z'"1< ! J/ Select the parent solution.
t—t+1
}
return 27, // The result of ES-based path-search
algorithm.
}

TR 4 ASKIE AN ARE e
Fig. 4. ES-based path-search algorithm
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mutate (z) |
/Il x:=axzyx,-- x, is a list of coordinates(z; is

ancoordinate represented by (latitude, longitude)).

/I Select x; and z; out of {11,12,"-,951 1} at
random.

x; (lat, lon, ),mj (latJ Jon; Y—random__select ({z, ,xy -, 1})

/I N(0,0) denotes a random variable by a normal
distribution with mean O and standard deviation o.

1',/‘_(Z(Lt[+N(O.,U), lon; + N(0,0))

1'J'<—(Zatj+ N(0,0), lo'nﬂrN(O,a))

return

Y=o &y Ty Ty Tipym Tjog T Tjyg.. Ty

27 5. Welgs Sas
Fig. 5. Pseudo-code of a mutation
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Fig. 6. An illustrative example of a mutation operation
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Table 1. Ship information parameters for simulation
Item Unit
Length 315.0(m)
Breadth 57.2(m)
Depth 30.4(m)
Draft 20.8(m)
Ship Block Coefficient 0.8
information| Longitudinal
parameters | Center of Buoyancy, 10.17(m)
Forward Direction in m
propeller diameter 9.1(m)
propeller efficiency 0.6
ific Fuel Oil
Specific Fuel Oi 125.0(g/hr)

Consumption (SFOC)
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Table 3. A* Z25Hz} ES 7 zstie] Alen|a
A*-FIX A*-ES ES-FIX ES-ES
Simulation Average fuel Average Improvement rate Improvement rate Improvement rate
schedule consumption sailing time | compared to A*-FIX | compared to A*-FIX | compared to A*-FIX
(Standard (Standard Fuel Sailing Fuel Sailing Fuel Sailing
deviation) deviation) consumption time consumption time consumption time
Durban — 1,039.65(ton) 270.56(hour)
1. -0. 1.2 1. 2.4 .
Santos (10.57) 2.49) 69% 0.38% 6% 39% 9% 0.99%
Busan — 1,234.56(ton) 321.29(hour)
Oakland (11.75) @.51) 1.75% -0.39% 1.38% 1.29% 227% 1.01%
Boston — 732.22(ton) 192.97(hour)
Toulon (5.46) 0.59) 0.94% -0.44% 0.79% 0.40% 1.85% -0.17%
Busan — 1,097.93(ton) 285.73(hour)
Sydney 731) (1.26) 0.87% -0.37% 0.90% 0.89% 1.65% 0.47%
Acapolo — 2,582.60(ton) 681.43(hour)
Chennai (17.33) @11 1.07% -0.38% 0.83% 0.47% 1.64% 0.21%
Montevideo — 1,385.82(ton) 371.20(hour)
Toulon (8.32) 0.93) 0.84% -0.37% 0.72% 0.11% 1.49% -0.28%
Tampico — 1,438.93(ton) 385.57(A)
Lagos (8.29) 0.97) 1.04% -0.39% 0.64% 0.01% 1.35% -0.35%
Average  Average  Average  Average  Average  Average
1.17% -039%% 093% 0.65% 1.82% 027%
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