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MR Interdisciplinary Program of Mechanical Engineering
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Pukyong National University

Abstract

The operation of ships for a long time has been automated through various
studies. Recent research on automation of ships is being conducted with the
goal of autonomous operation. The technology that ships operate in the ocean is
based on various technologies such as GPS and radar, and has reached the
degree to which they operate automatically under the observation of seaman.
However, it is difficult to adjust the ship by autonomous operation from the
entry into the port, which is the stage where the ship completes its voyage.

In addition to controlling the movement of the ship itself, the berthing of the
ship should also take into account many variables such as the amount of ship
passage at the port, current, wind, and port facilities. The marine environment

in which the ship moves continuously changes the hydrodynamic elements of
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the ship, and the movement of the ship in the port creates an environment in
which it is difficult to control the movement by itself. During the berthing
process of the ship, the speed is lowered to make the movement of the ship
precise. When the moving speed of the ship is slowed, the controllability of the
direction and position of the ship is greatly reduced. The advantage of a high
energy efficiency means of transportation, such as a ship moving with little
energy in the marine environment and switching directions using a small force,
is a disadvantage in the ship berthing process within the port. As such, ship
berthing is a very difficult task in the operation of ships.

In the ship berthing process, the ship's own berthing using only the ship's
main thruster and thruster requires a high level of strong control. In addition, it
is essential to identify characteristics of individual ports, tonnage of ships, and
ship type, and to control ships by experienced seaman who can operate ships.
Depending on the size of the ship and the characteristics of the port, external
assistance such as pilots and tug boats is also required.

Due to the safety of the ship in the process, the speed of movement and
berthing in the port are very limited. In particular, depending on the skill level
of the seaman of the ship, the berthing time may show a big difference.

In this study, we propose a technology for a new berthing support system
that can improve the difference in ship berthing safety and speed according to
the judgment of the captain and external assistance. The ship berthing support
system was installed at the dock to assist the external force pushed by the
tugboat with the onshore winch and rope, and to stabilize the speed and
position at which the ship approaches the pier. The position of the ship was

measured using an optical sensor, and the position control of the ship was
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proposed to cooperate with the tension applied to the rope and the pressure
applied to the damper. The proposed ship berthing support system verified the
speed and stability of ship berthing through model experiments, and verified the
validity of the technology through ship berthing experiments using manufactured

equipment.
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Nomenclature

Earth-fixed coordinate frame
(North-East-Down frame)

North direction of the earth

East direction of the earth

Down direction of the earth
Body-fixed coordinate frame
Longitudinal direction of the hull
Lateral direction of the hull

Vertical direction of the hull

Vessel position in earth-fixed coordinate frame
Angle between forces and vessel
Heading angle of vessel

x axes of earth-fixed coordinate frame
y axes of earth-fixed coordinate frame
x axes of body-fixed coordinate frame

y axes of body-fixed coordinate frame



S S we Forces by winch

Jovfm Forces by damper

Lyns Ly Winch distance to the action point
Lpuslpo Damper distance to the action point
T Forces in body-fixed coordinate frame
m Mass of vessel

Y, Y., Z,N, Added mass by fluid

I Inertia moment around z axis

R() Rotation matrix

n Vessel position in earth-fixed coordinate frame
Uls) Input voltage in frequency domain

Y(s) Output force in frequency domain

K, K, K, PID controller gain value

Uprp Control input value from PID controller

Y4 Reference value

Yy Present value

e Error signal
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Fig. 1-2 Ship autonomous berthing system(CAVOTEC)
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Table 2-1 The notation of SNAME for a marine vessel

Forces Linear and | Positions
DOF and angular and Euler
moments | velocities angles
1 Motion in the x; -direction (surge) X U T
2 Motion in the ¥, -direction (sway) Y v Y
3 | Motion in the z;, -direction (heave) A w z
4 | Rotation about the x; -axis (roll) K P 10}
5 Rotation about the y, -axis (pitch) M q 0
6 | Rotation about the z; -axis (yaw) N T (0
ol Mo ek &= sidsty] A A -4, AA-agel hE F
M AEAG £Ystgom, olg e Au LB ds EdsAh A
P-4 AEAE AT AR NFOL e 0,— X, Y, Z, AF-14
#Fx7A 52 North-East-Down(NED)&F3EAlolth. iAol 271€ 2+ 5
o ge AoH Bge Fo gow @
- X% AFDY ARG 2E WY
- Y& ALY AR BE WG
- 2% AFnA AR ARWY FAOE Sost: 4g
gsoz AA Fxxel udd O,— X, Y, 24, AA-2Z433ZA7F
th ool Axbgel #HeE o8 dAe AAY FASAA Fa dv #
A 7 Fe oldlel FolA BE Ho WIS Fe] grow et
- XF  AAY AR B (FAFAAA A5 )
- Y5 AAe dxelA N (FATACAAN -ERE)
- ZF AR QAN AW (1014 el W)



D dure] M AA-aAH(zA Y] ddSEFH S
2) g Aukel AA AHe <Y (homogenous)stt).

3) XZ¥H W2 oA (symmetric)©] th.

j SE@ > (2-1)

AN =z, yP|"TERE AF-nAZRATANAY X (z, )9 T=E
Yol digt #4d X= vtk v=[u,v,r]’ER*E MA-1AH KA ol
S ek £r2 oudt, aEla R(y)= Au

A A, 2ol i &
AEA A HER ABAYE W YA S 2ol ek,

(2-2)




v Aol i Xhg g ot
D=| 0 —Y,—-Y, (2-4)
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Fig. 2-2 Vessel motion with the assistance of damper-winch system
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COpy SQp — TpCop T Yp Sy
T(a) = COpy SOp, — TppCOpy T YrpSQy (2-6)

COyy SOup; — Typ o +YmSn

COuyp SOUp; — TyppCluyn + YppS Uy

oz yed 5 9l

1714 cay; = cos (aij), sQu; = Sin(aij) ol o},
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Table 2-2 Specification of DC motor

DC motor

(model: maxon motor 484391)
Nominal voltage 24[V]
No load speed 7580[rpm]
Max. continuous torque 177[mNm]
Max..permis§ible speed 6940[rpm ] maxonmotos
Terminal resistance 0.299[12] 484391
Terminal inductance 0.082[mH] 7861517 S
Torque constant 30.2[mN-m/A]
Speed constant 317[rpm/A]
Speed/torque gradient 3.14[rpm/mN-m]

Table 2-3 Specification of DC motor controller

DC motor controller

Nominal operating voltage + V.. 10~50[ V]
Sampling rate PI current controller 53.6[kHz]
Sampling rate PI speed controller 53.6[kHz]
Analog input resolution 12-bit -10~+10 [V] differential
Digital input +2.4~36 VDC (R,=38.5[k{2])

Speed full speed (12[Mbit/s])

JOSUSS [[BH €|
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Table 2-4 Specification of pressure sensor

Pressure sensor
(model: PSE-560)

Rated pressure range 0 ~ 1 MPA
Repeatability 0.2 %(F.S.)
Supply voltage 12 ~ 24 VDC
Analog output 10 rnl;fna\;
Output impedance Approx. 1k{?
Proof pressure 1.5 MPa

Table 2-5 Specification of Laser distance sensor

Laser sensor
(model: OD-1000)

Reduction ratio 1/60

Axial module 2.5

Lead angle 3.87[deg] §

Pressure angle 20[deg]

Backlash 0.14[deg] ~0.27[deg]

Mounting distance 93.5/mm] .
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Fig. 5-4 Front side of the fender(attaching part)

Fig. 5-5 Winch system installed on the fender system
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Fig. 5-6 Fender system control units
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