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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

EFAH

=7 &

A L12|E 23 2 EMM

B o=Roe ¢34z do zde A [1]dA
AHEE AR EAA L FAGE FER ARt 7] R
dolE7t A9E 15% w992 Fojdd ual A AA 3
4 AYE A 15E 99 R rlon oF Fal A Al
Aol AES F 240x120=2880071¢] BEoz TR #
oy 747kl B2 Adutel AAIAE mds] s sy
ojde] AME /M 4 Adred AR Adz" F4 xd
& 9l@l Fig. 29 #Zo] 559 o2t 871¢] AxS i3t
3, 40709 B F kR o]lsd & dEE SGith o] uf
g &g wEA 3] g olF BEEY NeE 29T
T AEE s B AFelMe ddAY F3A F29

(@) (b)
15

15

é 3 5

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

ANG(V,E), v,, v,) {
i G(V,E) : AAA X]?ﬂé
NV, v, €V J4

l—g(w)+ h(w,v);
if (1<gv)){

gv)<1
fw) <« gv)+h(v, v, ) ;
Pw)«—Plw)dv; / & @ #2449
}
}
C«— CU {w};
}
return P(v,); /A" &arelEe] At

Pv,) < null; // P(v): 3% v, 58 AY v7tA 9 A 422 3383 249
g,) =0, flv,)—gw)+hlv,v,); / hlv,w) : BH vek warele] 224 HgAz
gw) —co, flv) — o VveE N}
C—g;
while (TRUE) {
w «—argmin e pof (v);
if (w=wv, ) break
for (Vv € {v]veET\C and (w,v)E E}){
if (collision_check(w, v)) continue; // (w, v)7F FA2F FE38IH collision check(w, v)E TRUE

14 (string concatenation)

Fig. 3. A" Algorithm’ for the geographical shortest path
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Dijkstra-variant( G ( V, E), v, vy) o
I Gp(V,E) 8 &4 37+ ag=

Pv,), P(v,) < mull; /I P°(v):

C—a;
while (JAC = @) {
w <—argmin e pof (v);

if (w=wv, ) break

if (collision_check(w, v)) continue;

l<—f(w)+h(w,v,P0(w));

it (1< f(v)){
flo)—1;
Pv)—Pw)®v; /@

}
C— CU {w};

0, EV, v, €V FRAREEA) N 23

)
f(vs)e(),f(v)eoo Voe V\{US}; // f(v):

for (Vv € {v|vEIAC and (w,v)EE} ) {

I h(w,v, P(w))
I EHer ARHE FHw,v)N9) AR LEY

FA4 A H(string concatenation)

A2 Plw)E wet FaA]

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 (2+$])
Zo] (Length) 315.0 (m)
4] (Breadth) 57.2 (m)
Zlo] (Depth) 304 (m)
= (Draft) 20.8 (m)
&5 AT
;‘j}j_jﬁ (Block Cojllﬁ:ient) 08
5o FA (Longitudir.lal Qent§r of 1017 (m)
Buoyancy, Forward Direction in m)
zzde] A% 9.1 (m)
Zedy 58 06
SGAZE v G ARE A& (SFOC)| 1250 (g/hr)
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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 =4 B B A"-FIX by A-FIX eEie A*-FIX
(EFAA) | @FAD) | ol ARE | (EFAD | o AE | @EFRD | o A8E
Busan — 1026.27 1002.93 . 1020.79 . 1011.81 .
a2 Honolulu (15.93) (23.13) 220 % (8.43) 053 % (8.06) 140 %
A Busan — 1243.18 1195.78 . 122279 . 1211.30 .
Oakland (46.66) (32.62) 381 % (18.30) 164 % (16:63) 296 %
Busan — 2495.82 2477.16 . 2467.43 . 2451.22 .
San Antonio (16.29) (17.89) 074 % (6.14) L13 % (5.19) 178 %
% Busan — 1103.22 1090.79 . 1095.36 . 1085.72 .
B Sydney (26.29) (16.18) L1z % (8.89) 071 % (8.46) 288 %
Busan — 2417.24 2387.15 . 2402.23 . 2384.45 o o
Puerto Montt (23.82) 872 1.24 % (8.09) 062 % (7.19) L3 %
Busan — 2875.18 277441 . 2755.56 . 2736.31 .
Sating (99.43) (67.07) 330 % (40.10) 416 % (39.97) 482 %
Busan — 281055 272956 . 271455 . 2696.81 oy
Rio De Janeiro (94.03) (65.64) 288 % (27.97) 341 % (27.70) 372 %
S Durban — 887.84 874.83 . 883.91 . 873.49 .
C Santos (10.73) (5.66) 1.46% (451) 0.44% (3.41) 161%
Sydney — 1384.04 1370.52 . 137698 . 1367.82 .
Oakland (11.21) 821) 0.97% 6.71) 051% 6.77) L17%
Busan — 1369.06 1349.95 . 1353.11 . 1343.04 .,
Topolobampo (34.58) (20.32) 1.39% (15.54) 1.16% (14.25) L90%
w4t 1.93 % Wt 144 % 3t 2.36 %
Ao, “A-FIXthH] /W& “A-FIX"¢3 Wi o
Pit Aszwge] v A $F PEE5e] W ARLE s
Fol B % EJEAE U (FS FANE U X 4
gurd F g 2L A3ES ®AY)., AE¥An “A-ES”
“DV-FIX”, “DV-ES” 5 RE £ahhfso] “AFIX Wt} 3 -‘-EV-EFSIX
A
A 044%, AU 482% ABLARFS AN, A & 2 5 oves
g WhHol AA et NS 1.93%, 1.44%, 2.36%°] AT} 1
Tg “A-ES"7) 27 =A(TF A)A 7 Adsel 34 .
vk “DV-ES"+ 87 =4(2F B C)oA 713 Aol 1 2 3 4 s 6 7 8 9 10 11 12 4
Fgon, A7 AAHoZE HAFANE A2 du Fig. 6. Monthly average result of the routing methods
257 AgAr it EEgd dueES A2 AMES
ASF(DV-ES"2d)7} b Asol stk 2y F 4a ooz Al7le] a A% Ae Exo] 9=x2 Ay
E]%E}] 7&’5};}-0] 301-}2} /\]LiX] Eﬂ% IHZ]—E %@‘—% %}_‘ —’F— 9\1]\ E7] _‘H_a_]_oq “A:k_Es)iy A;I:)\[_]:—:I}(n7 “DV_ES” %g %@'Ho]'ﬂé
th &, 25 A =AM HLFENE ARES gu o] “AFIX” tjH] 99 HF dgxnaS dup} A4
EASCAS %7&?‘&_5’4@% 7}‘95184 AstAE7] %iﬂ%“—ﬂ 7|=A2 Hasgoen Fig 6& 1 A3 e, 1
dueFe] Aedde WedoeRA “ATES"HU xXE A IRl A Hol %o Al Zeo] ¥z Wyl A
T W]l glolth mil F kae]Fe] AUA adkel Y Taple 29 vk R DV-ES7F dAAoR A Fo
°f thE F= Ak 2% B wAdAE ALSANE AR gug nd 59, 996 1Y w2 AANe Bl
A dateeat sy SHEA dalEFel BF sdde b e AAae Btk w3, 2904 104
Ao 7199e AR 2F C =M s HATHn & o] AL “A*ES’7} “DV-ES’HT} o] £& A5S Hol
AR dugFol A duHer A dFS Fd), o] Table 29 AFlAAY HrFHu & Aze
AEE & g drh oledh Avks WS “DV-ES"7F M A gaE|Ea AR HHEHAEA dadEe gl
& Uo7l AT AuAA I 28] A% Sl Adro] P Qe M)
= fleids A AAFREAE AR A ESHEA Fig. 7¢ H2bellA Z3ste] AUz gatets wAlo
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Dijkstra—variant &aiz]zell 98] T3 H=27F A H
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