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Abstract — In this research, the conceptual design of the optimum safe routing decision support system was con-
ducted by analyzing various international conventions on marine environment and safety regulations of IMO.
Amended MARPOL Annex VI requires voluntary monitoring of the energy efficiency operational indicator to
improve the energy efficiency of ships in operation. International code for ships operating in polar waters requires
assessment of anticipated range of operating and environmental conditions for polar water operation. The e-naviga-
tion strategy implementation plan requires maritime service portfolios to provide electronic information in a har-
monized way. In this research, the conceptual design of the optimum safe routing decision support system was
conducted, and the necessary information were derived. The database for the optimum safe routing decision sup-
port system should be composed of ship performance database, nautical chart database, maritime safety database
and marine weather database. Ship performance database consists of ship specification, ship performance coefti-
cient and various data for additional resistance due to external conditions. Nautical chart database consists of nautical
chart and nautical publication. Maritime safety database consists of navigational warning, weather warning, distress
alerts, oceanic ice hazard. Marine weather database consists of meteorological information, real-time hydrographic
and environmental information. Based on this research, an example of the ship performance database was con-
structed and its construction plan of the marine weather database was suggested.
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Table 1. Considering Information for Voyage Planning of the Polar Code
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Table 2. Detailed Explanation of the Maritime Service Portfolios
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Gaf] FA FAE Z$]9135] NCSR(Sub-Committee on Navigation,
Communications and Search and Rescue)°l 4] e-Navigation ©]
YA E)(SIP, Strategy Implementation Plany= $Hd3}a1, ©]& MSC
EiARFE L1138 )ell AlEs7 1= SFdet (IMO[2014a]).

20143 112 MSC 943} 3]2]olidi= NSCR e R 1% e-Navigation
oA FS 51 THIMO[2014b]). ©] e-Navigation ©]3 A1 &>
2015-20191 7|7t 5t 48 07 433} 57}4] e-Navigation <&
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7] 91k AHg ARE Aol AlweiA 2 Zlelth
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Table 3. Function of the Optimum Routing Decision Support System
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Table 4. Information for the Optimum Routing Decision Support

System
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Fig. 1. Structure of the Optimum Routing Decision Support System and Its Database Connected with the Maritime Service Portfolios of
IMO e-Navigation.

Table 5. Speed Trial Analysis Methods

Speed Trial Analysis Program of KRISO Database
ISO 15016 Method Additional Method Ship Performance Database =~ Marine Weather Database
Water Temperature
Salinity
Ocean Current Speed
Ocean Current Direction

Speed Trial Analysis

Ship Dimensions
Basic Resistance in calm water Resistance Coefficients
Propulsive Coefficients

Added resistance due to wind M Blendermann Chart Ship Dimensions above Al\r)vrsglggjggre
(Kim et al. [2014]) JTTC Chart Isherwood Chart Waterline Wind Direction
Resistance Increase due to waves Maruo Ship Offsets and Dimensions Wave
Faltinsen Significant Height
Kwon Incident Angle
Diffraction of incident in short Mean Period
W;VZC(ICO;:O? e;r;cll [Z% lvg]a)ves shor Waterline Offsets o Swell .
' Fujii-Takahashi Significant Height
Incident Angle

Mean Period

Rudder Dimension & Steering

Effect of steering for course keeping SR208 Angle

Effect of drifting (Kim et al. [2015]) SR208 KRISO

Effect of water temperature and salt content ~ Simple Formula Water Temperature
Effect of displacement Simple Formula Displacement

Effect of shallow water Lackenby Ship Dimension of Submerged Body

Effect of hull roughness - ITTC'78 Hull Roughness

Effect of propeller roughness - ITTC'78 Propeller Roughness
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Table 6. Structure of Ship Performance Database

931 2| A|AELS] glo|Ejo] A 7l A 245

Ji 74]2% Ak Bl 7]*& Zélﬂ_

= 71 ARE H]iﬁﬂ’ﬂ, A 71743, IMOC, AWT,
Navtex ‘5 o]2] 7}A] M| 7ol AEste] &gk Siok
TRy oS A 71 ARES /b ede AdEAIR] 4 ]k
Gz A ARFE Sl B3 Aol glom, 53] =t e
FRiA ] sl 717 Fr= 7183 wRls ARl Al
shaL Sl 2 Pd = A AlAglel] 288k fleiAl= B
o] 2 O}Dh“’_ ek

g o el 9 ] 2 AT E A AR e 9el

Table 63} 0] kel Sl AT e Folel gz
sl AntehES sttt
47 QHIgRE nrk w= P £E3)

s S

Ship Performance Database

Principal Dimensions

Hull Characteristics

Propeller Characteristics
Rudder Characteristics
Engine Characteristics

in various Ship Speed, Residual Resistance Coef.
(or) Wave Making Res. Coef. & Form factor

Model Teat Data
(Resistance & Propulsive
Coefticients)

Thrust Deduction Fraction
Wake Fraction, Model
Wake Fraction, Ship

Relative Rotative Efficiency

Qusi-Propulsive Efficiency

Wind wave : Significant Height

Calculated Wave and

Incident Angle

Mean Period (exclude)

Swell Data Swell : Significant Height
Incident Angle
Mean Period (exclude)
1! Variable 2™ Variable 3 Variable
Wave Incident Angle Significant Height Ship Speed
Wave Motion v 0-180 deg (19) 0-16.76m (11) 0-00 kts (00)
1
v Swell Incident Angle Significant Height Ship Speed
0-180 deg (19) 0-16.76 m (11) 0-00 kts (00)
Wave Incident Angle Significant Height Ship Speed
. . . 0-180 deg (19) 0-16.76 m (11) 0-00 kts (00)
Added Resistance Wave Diffraction Incident Angle Significant Height Ship Speed
Calculated Dat ettt !
(Calculated Data) Swell 0-180 deg (19) 0-16.76 m (11) 0-00 kts (00)
Wind Relative Direction Relative Velocity )
0-180 deg (19) 0-30 m/s (11)
o Drift Angle Ship Speed
Drifting 0-180 deg (19) 0-00 kts (00) -
Hull Roughness Ship Speed

Hull Roughness

0.00006-0.0006 m (19)

0-00 kts (00)
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WEATHER SPEED PREDICTION FOR YOYAGE PLANNING :  WSI1B
PROGRAMMED BY KRISO

FILE NAME : TRIAL DATE -
SHIP_NAME : PROP. NAME CONDITION = CLoUDY

+ LPP = 180.000 M + NO .= 1 COURSE - OFF-BUSAN
+ BREADTH = 29.000 + NO, BLADE= 4 + SEA DEPTH - 145.0 H
+ DEPTH = 16.300 M + DIAMETER=  7.000 M
DRAFT « PRO70 = 1.0710 + ROUGH.HULL = 0.000180 ]
* EAN=10.600 M + EAR = 0.6740 + ROUGH.PROP. = 0.000036 M
* FP= 10.600 M + CHR = 0.3029
* AP=10.600 M + AIR TEMP. = 20.00 DEG
* MID= 10.600 M RUDDER * DENSIYT= 1.225 KG/M3
+ LWL = 180.000 M + AREA = 44.30 M2 + WATER TEMP.= 10.00 DEG:S
+ 5 = BB830.0 M2 =+ HEIGHT = S.700 W * DENS.= 1024.00 KG/M3
+ 8BK = 0.0 M2+ AREA R, = 0.0222 * K.¥1S.= 1.3653 EBGM2/S
+ AT = 540.0 M2
+ AL = 1420.0 M2  ENGINE :
+ CM = 0.9804 M3 + MCR BHP = 23000. PS
+ DISY = 33500, M3 + MCR REV.= S95.00RPM

+ ETAT = 0.9850

MODEL TEST RESULTS
PREDICT METHOD: 2-D, KRIS0-2D

DELCF = 0.000210

+ YS(KNOT): 10.00 12.00 14.00 16.00 18.00 19.00 20.00 21.00 22.00 22.50 23.00
+ CAM+1000: 1.2768 1,293 1.275 1.243 1., 209 1 192 1.179 1 IBU l 203 1.226 1.254
+ TH © 0.161 0.153 0.154 0.163 0.17 88 0.199 5 0.216 0.216
+ UM © 0.375 0.362 0.349 0.337 D.SZS EI EIIE! 0.312 D SEIE EI SDI 0.298 0.297
+ WS - 0.2689 0.279 0.274 0.273 0.273 0.275 0.277 0.279 0.273 0.278 0.278
+ ETARM - 1.026 1.029 1.031 1.032 1.035 1.034 1.034 1.035 1.033 1.033 1.031
+ ETADS - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O.000

WAVE AND SWELL DATA

+ WAYE WS - 0.00 3.00 5.00 10.00 16.00 21.00 27.00 33.00 40.00 46.00 54.00
+ WAVEHI - 0.001 0.10 0.15 0.61 1.37 2.44 4.27 6.10 9.14 12.18 16.76
+ WAVEPE - 0.10 0.50 1.50 3.00 4.00 5.50 7.50 S.00 11.00 12.50 14.50
+ SWELL HI: 0.01 0.10 0.15 0.61 1.37 2.44 4.27 6.10 9,14 12,19 16.76
+ SWELL PE: 0.20 1.00 3.00 6.00 BUU 11.00 15.00 18.00 22,00 25.00 29.00

BRAKE POWER[KWI=((( (CFS+DELCF)+(S+SBK)/S+CR)+0. 5+RHOS*S+ (VS+0,5144) ++2)+DELMOTH+

ADDED RES|STANCE[KN]

MOTION WAVE [DELMOTW]
3.000

0-180(19) DEG 0-30.48(13) M 3-1B(16) KNOTS
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Fig. 2. An Example of the Ship Performance Database.
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