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Table 1 Levels of autonomy

Level Level Description
1 Remote Control
2 Remote Control w/ vehicle state knowledge
3 External Preplanned mission
4 Knowledge of local and planned path
environment
5 Hazard avoidance or negotiation
6 Object detection, recqgnition, avoidance or
negotiation
Fusion of local sensors and data
8 Cooperative operations
9 Collaborative operations
10 Full autonomy
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Table 2 Sensor and measurement in KRISO USV

Sensor Measurement
RTK-GPS Latitude, Longitude, COG, SOG
Fiber Optic Heading, Yawrate, Roll, Pitch

Gyro

Camera Electro Optical Image,

(EOQ/IR) Infra—red Image

Lidar 3D position data of obstacles

Track data of obstacle

Radar

(Bearing, Distance, Velocity)
AIS Navigation data of traffic ships
(Lat,, Lon,, COG, SOG)
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Input Data
Xg  from GPS
X, fromAIS: i=0,1,---,N, —1
W, fromuser :w=0,1,---,N_—1

w > 1> > IV

l

Configure Changeable Action Space,
LpP,, : branch
F.;  :node

L, : layer

i

Calculate collision risk due to i -th traffic ship,

Ry, ()

l

Optimize collision avoidance route

R, :setofnodes
R : optimal route

-
Take action for target waypoints of optimal route
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Fig. 3 USV test—beds for collision avoidance:
"ARAGON"

Fig.5 Traffic ships test—beds for collision
avoidance : jetboat, "KOMBO'(center) and two
rubber boats(left & right)
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Fig.6 Scenario for test of collision avoidance
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Fig. 7 Resulting Trajectory in the test of collision
avoidance
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