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An Economic Ship Routing System Based on
a Minimal Dynamic-cost Path Search Algorithm

Sang-Yeon Joo' - Tae-Jeong Cho' - Jae-Mun Cha" - Jin-Ho Yang™ - Yung-Keun Kwon™"

ABSTRACT

An economic ship routing means to sail a ship with a goal of minimizing the fuel consumption by utilizing weather forecast
information, and various such systems have been recently studied. For a successful economic ship routing system, an efficient algorithm is
needed to search an optimal geographical path, and most of the previous systems were approaching to that problem through a minimal
static—cost path search algorithm based on the Dijkstra algorithm. To apply that kind of search algorithm, the cost of every edge assigned
with the estimated fuel consumption should be constant. However, that assumption is not practical at all considering that the actual fuel
consumption is determined by the weather condition when the ship will pass the edge. To overcome such a limitation, we propose a new
optimal ship routing system based on a minimal dynamic-cost path search algorithm by properly modifying the Dijkstra algorithm. In
addition, we propose a method which efficiently reduces the search space by using the A" algorithm to decrease the running time. We
compared our system with the shortest path-based sailing method over ten testing routes and observed that the former reduced the
estimated fuel consumption than the latter by 2.36% on average and the maximum 4.82% with little difference of estimated time of arrival.

Keywords : Economic Ship Routing Problem, Minimal Dynamic-cost Path Search, Dijkstra Algorithm Variant
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Fig. 1. An economic sailing system proposed in this paper
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Fig. 2. The grid coordinate system used in this paper.
One-block routing nearby departure and arrival ports
(a) and two-block routing at other sites
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while (TRUE) {
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Fig. 3. A" Algorithm’ for the geographical shortest path
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Fig. 4. An example of constrained space for minimal
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Dijkstra-variant( Gp(V, E), v, v,)

{
I Gp(V,E) : & 24 37 2=
Pv,), P(v,) < mull; /I P°(v):

C—I;
while (AC = @) {
w <—argmin ¢ of (v);

if (w=v, ) break

if (collision_check(w, v)) continue;

lef(w)-l-h(w,v,PU(w));

if (1< f(v)){

fw)—1;
Pv)—Pw)®v;
}
}
C— CU {w};

0, EV, v, €V FRAREEA) N 23

)
f(Us)Hovf(W%OO Voe V\{US}; //f(v):

for (Vv € {v|vEIC and (w,v)EE} ) {

I h(w,v, P(w)) : A2 P%w)
I EHoR AR E P (w,v)dMY YRR LE G
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Fig. 5. A minimal dynamic-cost path search algorithm by modifying Dijkstra algorithm
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Table 1. Ship information parameters for simulation

Item Value (%))
Zo] (Length) 315.0 (m)
4] (Breadth) 57.2 (m)
Z o] (Depth) 304 (m)
<4 (Draft) 20.8 (m)
&5 AT
;‘j}jjg (Block Cojllfi_';ient) 08
5o FA (Longitudir.]al C.entgr of 1017 (m)
Buoyancy, Forward Direction in m)
zzde] A% 9.1 (m)
ZedY 58 06
R AIZE mREl ARS AE % (SFOC)| 1250 (g/hr)
ARG dnEES olgde] A4 AnE PR F o
MR 14 FY 52 1gAgre 28H A8 s
& 449 wye ovat B9, 34 g e w
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Table 2. Performance comparison between A* path search and the minimal dynamic-cost path search algorithms (Unit : ton)

A-FIX A™-ES DV-FIX DV-ES
HZE x4 SRS Bt A-FIX 33t A-FIX Bt A-FIX
(FFHA) | (FFHAD ] RS (EF=HAH) ] RS (A i JHAE
Busan — 1026.27 1002.93 . 1020.79 . 1011.81 .
a2 Honolulu (15.93) (23.13) 220 % (8.43) 053 % (8.06) 140 %
A Busan — 124318 | 119578 . 122279 . 1211.30 .
Oakland (46.66) (32.62) 381 % (18.30) 164 % (1663) 256 %
Busan — 2495.82 2477.16 . 2467.43 . 2451.22 .
San Antonio (16.29) (17.89) 0.4 % (6.14) L3 % (5.19) 178 %
aF Busan — 110322 1090.79 . 1095.36 . 1085.72 .
B Sydney (26.29) (16.18) Lz % (8.89) 0.1 % (8.46) 288 %
Busan — 2417.24 2387.15 . 2402.23 . 2384.45 .
Puerto Montt (23.82) 8.72) 124 % (8.09) 062 % (7.19) 135 %
Busan — 2875.18 277441 . 2755.56 . 2736.31 .
Santos ©43) | 6707 330 % (40.10) 416 % (39.97) A8z %
Busan — 2810.55 2729.56 . 271455 . 2696.81 .
Rio De Janeiro | (94.03) (65.64) 288 % (2797) 341 % (27.70) 8:12.%
2% | Durban — 887.84 87483 . 88391 . 873.49 .
c Santos W07 | G66) L6 (451) 0.44% (3.41) 1617
Sydney — 1384.04 137052 . 1376.98 . 1367.82 .
Oakland a2y | @2 0.97% 6.7 0.51% (5.77) LI
Busan — 1369.06 1349.9 . 1353.11 . 1343.04 .
Topolobampo (34.58) (20.32) 1.39% (15.54) 1.16% (14.25) 1.90%
At 193 % B 144 % A 236 %
Ao, “A-FIXthH] /W& “A-FIX"¢3 W —
AT ARARF] Wd AT £F PUEY BT ARAE 5
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; . o o r’\ m WASES
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& wlo] A Wi HNES 1.93%, 144%, 2.36%0] T i ’\\f i
T, “AES"7F 2 =A(2F Al A el F9d .
HbE “DV-ES"E 87 =4(2E B9 O)dAl 7FF Aol 1 2 3 4 5 6 7 8 o 10 11 12 2
Fotom, Ax AAHorE ALFAE FRE du Fig. 6. Monthly average result of the routing methods
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