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Main Objective System Concept

- KARS is designed to assist captains and vessel crews in the
voyage planning process. The safe voyage planning process can

be fully supported by the KARS

- Benefits
= Voyage Plan for NSR Administration
= Pre-calculation of Ship Performance in Ice
= Integrated Optimization Tool (Optimal Route, Safe Speed)
= Minimize the Risk, Time, and Fuel Consumption

= User-friendly Software Tool

- KARS includes the prediction of ice, weather and sea conditions,
and ship performances derived from the ship transit model
based on model tests and numerical simulations.
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Main Specifications

- General specification of software
ft .NET Fr
= Bathymetry Data (IBCAO ver. 1.0, 2.5km resolution)

k4.5

= Window 8, Mi

= Standard Map (OpenStreetMap only visualization's purpose)
= |ce Prediction (Ice thick.: TOPAZ-4, Ice conc.:AMSR2, MODIS, 24hrs)
= Weather Prediction (Wind, Wave, Swell height/period/direction: NCEP Wave Watch 3,

6hrs)
= Sea Environmental Prediction (Sea level pressure, Atmosphere temperature,
Eastward wind velocity, Northward wind y: Global F g System, 6hrs)

= Route Optimization Method (with A* and Genetic algorithms)
= Ship Transit Model (Ship resistance, V-DHP curve, H-V curve)
= Target Area (Default: NSR, NWP-Option)

= Virtual Reality Visualization (Option)

General Layout of System
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Systematic Diagram of Voyage Planning

- Voyage planning process

On Ship On Shore

Next Voyage Request
Planning Voyage Plan
Determine
Optimum Route
i based on
Forecast Data

+ ActualVoyage Plan

Monitoring
and Reporting

« Actual Voyage Plan
+ Ship Performance Data
* FloetManagements

+ Master's Intention Plan PE"TF"\“'E’;";‘ Si’c““
« Voyage Graph , ETD, etc.

Execution of
Voyage Plan

- Provide the safe speed and optimal route based on the ice,

weather and sea forecast data

Function - Ship Propulsion Performance

- Ship transit model : safe speed
= Evaluation of safe speed in ice
> IMO Polar Code POLARIS

Limied Spose Operaton
pamited

oo P s
~ wlo Icebreaker Escort
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fon? = | L €;...€,: Concentrations of ice types within an “ice regime”
<[ W RV, RV, : Corresponding Risk Index Values
3

for each Ice Class.
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Function - Ice/Weather/Sea Data Forecasting

- Ice information
= [ce information data are requested by the ship to the on-shore server system to

determine the optimal route in the initial stage of voyage planning.
= The main data source is based

on TOPAZ-4 model and satellite data from the AMSR2
and MODIS. These data are stored i ’ X

in the on-shore server. Inmarsat
(Iridium)

Ship officer

Server
Sea ice Prediction Data

Update 24 hrs

Function — Route Optimization

- Optimal route finding method : genetic algorithm

Cell - free algorithm

Cell - based algorithm

Departure

+ Finding the arrival pointalong the cell
+ Necessity of map composed of cells.
+ Limited search direction depending on cell's shape
+ Fixed length and speed between cells

(hard to apply speed optimization)

(easy to apply speed optimization)

Smoothing Speed -

Algorithm Use of cells S optimization  OPtimal solution Computation time
Cell-based | Dijkstra’s algorithm o . B Global optimum | normal
algorithm A* algorithm o Local optimum Short
2D Dynamic X X o Global optimum Long

Cell-free 5 ]

algorithm Isochrone X o X Global optimum | normal
KARS x o o Global optimum Long
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Function - Ship Propulsion Performance

- Ship transit model : open water condition

= Prediction of ship resistance characteristics

KARS
Ship
[
Calm Sea Data I-RES Wind Resistance Wave Resistance
Integrate Integrate Calculate.
- Va, PWR, RPM + Vs, PWR, RPM - Rwind + Rwave: MotionsDifr.
- RAO, WL Offset
Wave RAO
Interface iCacile-
Hull-form Definition WAVIS format * RAO: wave, swell
*+ Section Offset
(Opt.) Extra CFD
- TrimDraft Varistion

. at calm sea
+ Wind Resistance cos.

WAVS : Wave and viscos solver made by KRISO

Based on ISO 15016:2002 - Sea trial analysis method

Function — Route Optimization

- Optimal voyage route calculation process
= Water depth constraint (Default: two times the ship's draft , Changeable)
= Grid and pre-seed generations using A* algorithm

= Route generation (RPM variation) using Genetic algorithm

RPM, Heading

Distance = Total length / No of segments
Speed

Duration
16 hrs
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Function - Virtual Reality Visualization (Option)

- Education of vessel crews

Function — Target Area (Option)
- Voyage planning via. NSR or NWP

Busan > Murmansk vis NSR

KINPR 2018, Autumn Annual Conference

Busan - Murmansk via NWP
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Validation
- Comparison of full scale ice trials data and calculated data

Validation
- Comparison of AIS data and calculated data (via. NSR)
: [Optimal route (2017.08)]

[AIS data (2012)]

KINPR 2018, Autumn Annual Conference

Source: http://wwfarcticmaps.org! - Ship traffic in 2012

= Ice trials of IBRV “ARAON” around East Siberian Sea (5 to 26t Aug. 2018)

= Ice conditions (conc., thick., strength.), Voyage conditions (RPM, power, azimuth

angle, trim, location, trajectory, etc.)
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Future Plan
- Application

Validation
- Comparison of AIS data and calculated data (via. NWP)
[Optimal route (2017.08)]

[AIS data (2012)]

= Application of KARS on the vessels operating in NSR

= Full scale data acquisition (real voyage data)

- Validation
data

= Comparison

yage data and pr

real

- Improvement
= Verification of accuracy for the ship transit model

= Optimal voyage route finding method
= On-shore system : monitoring and controlling registered ships

- International cooperation
= Russia KSRC : ship transit model comparison test
= Russia AARI : real voyage test and analysis for research icebreaker

KINPR 2018, Autumn Annual Conference

Source: http://wwfarcticmaps.org/ - Ship traffic in 2012
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