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Challenge to Automatic Harbour Navigation System

Kazuhiko HASEGAWA | Tkuo YAMAMOTO and Kouichi SHOUJI

Summary

Automation in harbour manoeuvring is one of the most challenging problems in the automation of
ship navigation. The problem can be charactenised as track-keeping or guidance control, but at the
same time it will be characterised as multiple variables to be controlled. A ship has normally poor
controllability in low speed, but is required accurate sensor measurements and control result, to meet
the safety issue. In this paper. the survey of recent researches as well as the theories applied for
harbour manoeuvring are briefly but clearly introduced. Then two cases applied to the actual ships are
introduced. Lastly, future technical trends for harbour automatic or guidance manoeuvre are forecast
including the development of various supporting infrastructures on shore, system integration and new

ship management system.
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Fig.1  Concept of intelligent and high-reliable techniques to be applied to a ship!
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Fig.2 Overview of highly automated navigation systemn®
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Fig.3 Overview of automatic harbour navigation system®)
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Fig.4 Comparison between DGPS (left) and RTK-GPS (mght) by calibrated measurements®
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Fig.3 Measured trajectories by RTK-GPS for TSL berthing (left)/deberthing (rzght) '©
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Fig.6 Basic available patterns of VecTwin Rudder System®®
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Fig.7 Thrust requirement and availability for harbour manoeuvring with various propulsion/manoeuvring
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X TxAFET
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Fig.12 Logic of speed control
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Fig.13  Logic of autopilot
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Fig.14 Logic of position control
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Fig.15 Qutline of feedforward compensation system
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Fig.16 Disturbance estimator

X(t) = AX(t) + Bu(t) + K@)(Y (t) = CX(8))
K(t) = P)CTR™!
P(t) = AP(t) - P()AT + Q - P()CTR™'CP(1)

£
X(t)=| #
Fx

Y(t) = (z)
0 1 0
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A= 0 (M+'r£x:) (M-i}m:)
0 0 0
0
B = 1
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0
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Fig.17 Block diagram of advanced joystic control system
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Fig.18 Manoeuvring forces by rudder and propeller
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Fig.19 A tank test result of manoeuvring control in Nagasaki experimental tank
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Principal particulars of SHIOJf MARU

ltems Dimensions
Bow Lenagth between perpendiculars 46.0m
/\ Thruster Breadth molded 10.0 m
] > Depth molded 38m
Draft molded 30m
F’(rg[;il’l)er\ Stern Gfos.s onnage 425 10n
Thruster Displacement 651 on
— Shaft revolulion 300 rpm
Engine MCR 1,400 ps
Propelier CPP
Rudder
Bow Thruster 150kw (CPP)
Arrangement of ship handling actuators Steon Thruster 210kw(Water jet pump)

D HERERE AT
tE AR T

600 X (m)

BBHTAIETERBDEREL TELETIEFERZRB DOV TORBERE T,
L UENRAEE 74— F v 7323 2 R<KCEFM~OBHBEERRB S

[

D.0 .

Fig.20 Actuators and principal particulars of Shioji Maru®
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Automatic deviation maneuver by - proposed
controller (ship's path)

Fig.21 Examples of automatic controlled motion3®-82)
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