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Abstract : This paper discusses about the development of a visual sensor that can be installed in an automatic mooring device to detect the berthing
condition of a vessel. Despite controlling the ship’s speed and confirming its location to prevent accidents while berthing a vessel, ship collision occurs
at the pier every year, causing great economic and environmental damage. Therefore, it is important to develop a visual system that can quickly obtain
the information on the speed and location of the vessel to ensure safety of the berthing vessel. In this study, a visual sensor was developed to observe
a ship through an image while berthing, and to properly check the ship’s status according to the surrounding environment. To obtain the adequacy of
the visual sensor to be developed, the sensor characteristics were analyzed in terms of information provided from the existing sensors, that is, detection
range, real-timeness, accuracy, and precision. Based on these analysis data, we developed a 3D visual module that can acquire information on objects
in real time by conducting conceptual designs of LiDAR (Light Detection And Ranging) type 3D visual system, driving mechanism, and position and force
controller for motion tilting system. Finally, performance evaluation of the control system and scan speed test were executed, and the effectiveness of the

developed system was confirmed through experiments.
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Sensor

Characteristic
type

Representative picture

- Cheap

- Point cloud (RGB + Depth)
- Sufficient realtime capability
- Too short range (~10m)

RGB-D

camera

B | - Suitable range (1.5km, 80m)
- High accuracy

- Too expensive

- Weak realtime capability

3D

scanner

-~ Sufficient realtime capability (5~20Hz)
Ji% | - Suitable accuracy

¢ | - Suitable range (~100m, H: 360deg,
V:16CH for 30deg}
Slightly expensive
- No RGB data
- Low vertical resolution (2 deg)

Lidar

Fig. 1. Characteristic analysis of visual sensors.
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Fig. 3. Overall configuration of proposed 3D visual sensor system.
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Lidar interface board

Fig. 4. Mechanism design for implementing tilt motion.
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Table 2. The specification of HT-03 actuator

Specifications
Voltage 24 Vdec +10 %
Power
Current 7A
Max Torque / 17Nm / 6.9 Nm
Physical Continuous Torque
Max speed 40 rad/s
Communication interface CAN, Rate 1M
Dimension ®96 mm X 40 mm
Weight 480 g
. 4.5kHz @ 4.5 Nm,
Control bandwidth 15kHz @ 17 Nm
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X :angle
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Fig. 5. Control system for implementation of desired tilt motion.

X :angular velocity

Tin :direct torqueinput
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Table 3. The arithmetic scan performance of the proposed system

1—F/_|HEL . 7]

Mode Tilt range|Tilt freq|LiDAR RPM| Resolution [deg] | Scan range [deg]
[deg] (Hz] [RPM]  |Horizontal| Vertical |Horizontal| Vertical
A 0 0 300~1200 | 0.4~0.1 2 180 30
B-1 2 2 1200 0.4 0.4 180 30
B-2 2 1 600 0.2 0.2 180 30
B-3 2 0.5 300 0.1 0.1 180 30

% Mode A means using LiDAR alone
% Mode B means use in conjunction with tilt drive system
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Fig. 6. 3D-Visual module operation flow.
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Fig. 7. Implementation of 3D visual sensor system.
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Initialization task

f=0.2 Hz, a =40 deg

(b) Initialization operation

Detect lower limit and move to zero position

f=0.2 Hz, a = 40 deg

(d) Tilt motion implementation

Fig. 8. Operating procedure of 3D visual sensor system.
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Table 4. Point cloud data (PCD) measured according to angular

velocity
Tilt frequency
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Location . . .
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PCD
o 257236 113852 63639
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Fig. 12. Point cloud data image according to tilt frequency.
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