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Abstract : In order for an autonomous ship to arrive near the pier and automatically berth without the help of a tugboat or pilot, it is necessary to
recognize the pier and calculate the thruster output and output angle for berthing to the pier at a fixed berthing speed under given external force
conditions. Therefore, in this study, the external force and moment acting on the ship while berthing were analyzed, and the thruster output calculation
for automatic berthing was designed and the basic concept for the development of the automatic berthing program was designed. The wind pressure
applied to the hull by the wind while the ship is berthing was calculated based on the wind pressure area and the wind direction angle and the turning
moment to rotate the ship according to the transverse force of the ship was calculated. Considering the force acting on the ship and the turning moment
during berthing, a theoretical formula was presented to calculate the thruster output and output angle for berthing parallel to the pier, and the turning
due to other variables was controlled by the PID controller. In addition, the basic concept for program development was presented by analyzing the input

elements necessary for the theoretical formula.
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Fig. 2. Lateral Current Force Coefficient (loaded tanker).
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Fig. 3. Coordinate system.
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Table 1. Input data

2 3]+ 5l E(Tuming moments)E AJ2FeHC}, 12 Tnput_data Value Trit
1A Po RS AN FRY PyFon W oA -
CH(Division of forces). A Ao 2t&35l= 3 | FEHUEES 31 LBP m
23k 2 s &9 9 FH S ARkl (Thuster power), Breadth m
79 WMFER ol BASHE HAlY 35S PDAC)] . m

=) B 19) (Piar’ : : &) 5 AF A o}s b -
Al o] 0%1 FEre (_P1er s dlreCUOn)gr_ BT du = Aetat Transverse projected area m’
7] 1§ 22 2F E93S 9 =93 (Turning control). Lateral projected area m’

Water depth m

wind force(A) formula (1) Wind speed knot

Relative wind angle degree

External forces hydraulic force(B) formula (4) Current speed knot

frictional force(C) formula (7) Relative current angle degree

‘ Berthing speed knot

- Pier’s direction degree
Turning wind moment(D) formula (3)
moments hydraulic moment(E) formula (5)

‘ Table 2. Fixing data during calculation

Division of total longitudinal force Input data Value Unit

formula (9) - -

forces & total lateral force Resultant wind pressure coefficient -

moments total turning moment formula (10) Lateral current force coefficient -

ly Hydraulic moment coefficient -
output angle formula (14) Wetted surface area n’
t t t
Thruster power btoxrzfl thhrrtllls terr powerr formula (15)
= ‘S SSLALE Table 3. Fixed data
PID controller formula (17) Input data Value Unit
Turning control | feed | bow thruster power formula (19) Air densit.y 0.125 kg~secz/mz
back | stern thruster power Water density 104.6 kg-sec’/m
Frictional resistance coefficient 0.002 -

Fig. 4. Procedure of calculation.
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