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Abstract : Many maritime accidents have been caused by human-error including such things as Inadequate watch keeping and/or
mistakes in ship handling. Also, new navigational equipment has been developed using IT technology to provide various intormation for
sae navigation. Despite these eflorts, the reduction of maritime accidents has not occurred to the degree expected because, navigational
equipment provides too much information, and this information is not well organized, such that users feel it to be complicated rather than
helpfill. In this point of view, the method of representation of navigational information is more Important than the quantity of that
Information and research Is required on the representation of information to make that information more easily understood and to allow
decisions to be made correctly and promptly. In this paper, we adopt Augmented Reality (AR) technologies for the representation of
Information. AR is a 3D computer graphics technology that blends virtual reality and the real world Recently, this technology has been
widely applied in our daily lives because it can provide information more eflectively to users. Therefore, we propose a new concept, a
navigational system based on AR technology; we review experimental results ffom a ship-handling simulator and from an open sea test
to verify the efliciency of the proposed system.

Key words ' maritime safety, safe navigation system, decision making, augmented reality, ship-handling simulator
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Fig. 2 AR Navigation Mobile App. (SeaNav. B&G)
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Table 1 List of Navigational Data

Nav. data Details NMEA
GPS UTC/LAT/LON/SOG/COG $RMC
heading heading $HDT
speed Speed Through Water(STW) $VHW
AIS AIS messages $VDM
echo sounder depth (DPT) $DPT
tidal current current direction/Speed $SVHW
wind wind direction/Speed $VWR
rate of turn Rate of Turn(RoT) $ROT
rudder indicator rudder indicator FRSA
RADAR target RADAR target $TTM
CCTV camera color image, pan/tilt -
ownship attitude roll/pitch -
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Fig. 3 User interface of augmented reality navigation system
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Table 2 Specification of prototype system

Specification
¢ CPU : Intel i7 3.0GHz
+ RAM : 16GB

PC system
¢ GPU : NVIDIA GTX750

¢ OS : Windows 7
Monitor + LCD monitor, 23 inch

¢ AXIS P5534E
(Resolution : 1280x720 pixel)

PTZ Camera
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Table 3 Experiments condition

Simulation test Sea test

target harbour Busan port entry Mokpo port entry

ownship Tanker SAENURI
traffic—ships 15 vessels > 30 vessels
weather dense fog light fog
# of subjects 12 5

Fig. 5 Experiments for usability test (a) AR navigation
system with ship~handling simulator, (b) SAENURI
at Mokpo harbor, (c) prototype of AR navigation
system
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Fig. 6 Screenshot of experiments, (a) simulation test, (b) sea test
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Fig. 7 Results of experiment (a) ownship information, (b)
trafficship information, (c) ECDIS information
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