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HISTORY AND RESEARCH ON AUTOPILOT

Metal Mike by Elmer Sperry (1860-1930)

AUTOPILOT

Weather Adjustment against disturbances

NY
. . DID YO NOW?
] 9 7 6 ] 9 8 : ! Adaptive Autopilot s qyrscope-uded wutoplot bcame known
- as a 'Metal Mike," the mechanical heimsman.

Energy consumption (due to Oil Shock or Nickson Shock)
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IDENTIFICATION OF HELMSMAN'’S TRANSFER FUNCTION PHASE COMPENSATION VS O el e
* To identify transfer DEVIATION ERRORS

function of helmsman in a

closed-loop system Sjw)

Utilising this capability to

Found the human - - identify the limit of human
capability of phase ; capability to control large
compensation and gain ships

adjustment in the range of

p Fig. 5 The concept of helmsman’s model
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EVALUATION FUNCTION

« There were two evaluation functions before. They are named,
Norrbin (SSPA, Sweden) and Toyama (Univ. of Tokyo). The weights

are quite different between two. AU TO MATI C C O LLI S I O N
D e R S AVOIDANCE SYSTEM
i (o S 1985-

S50\, . VT o853 7
(50 )7 + 3887 + 28537
Model B (Tanker)
_{ 0NZE 4 4en 5 doouqo T
J-—(lso)l/' +4-18508° 23427
Model C (Tanker)

. :F)l)-:“ oA T
J».(mo)‘/f 16073 42460 T

1




Oz e S s f¥° T n;.(-m» ’
B Eetfn S X T (19855 ~) ACAS(1987)
;E" é Y T l-m)u ’
.4 TN
%8 18172 T B3 (COLREG) (I ==
19875 B ENEHIN S X T LA(ACAS) (2 fihfE) D, BARE 2 AR DRER i
BEI7I HmET T I 1l (v)
e . < fHic & DBz, : .
1989 B ENEHIY 7 ¥« THFR/\— kX T L\(SAFES) : ce P =l ,
(*Eiﬁﬂﬁ) o Z DR, HEMHIIEH AN T ~ ; IME (min)

522 LERIRICYRF LT g
e RUTD. BMAZHEED s
3> Y 27 I\(SMARTS-> (TR T BICR B (B

0 0 7 .0
; TIHE (min)

8
o
P
al
TCPA [min)
20

Y (nm)

=40

%LTIS &SR LT, ? f:“‘ : ]
e S de ;
ol °53 00 .0 f

¥ TIME (min) ~

(e) (¢) R

Figure 19. Sisulation of collision avoidance manceuvres
by fuzzy control (Type ILI)

WORLD FIRST EXPERIMENT OF AUTOMATIC COLLISION AVOIDANCE
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Figure 3. An example of four-ship encounter at the origin by SAFES.




WORLD FIRST EXPERIMENT OF AUTOMATIC COLLISION WORLD FIRST EXPERIMENT OF AUTOMATIC COLLISION
AVOIDANCE WITH (VIRTUAL) MULTIPLE SHIPS, 2002 AVOIDANCE WITH (VIRTUAL) MULTIPLE SHIPS, 2002
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SMARTS(1990) SMARTS(2000~2004)
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MARINE TRAFFIC SIMULATION MARINE TRAFFIC SIMULATION

IN 1980S AND BEFORE TOKYO BAY, 1990
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Fig.I  Marine Traffic Simulator with Human Op-
erators [33, 34]

[34] Y. Fuijii, T. Makijima and K. Hara: Marine Traffic Engineering (in Japanese), p.135, Kaibundo Shuppan, Kobe, 1981.
[35] A. Nagasawa: Marine Traffic Simulation Including Collision Avoidance, Navigation, Bulletin of JIN, 80, pp.28-34, June, 1984.
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WITH AIS COMMUNICATION SIMULATION IDENTIFICATION OF SHIP DYNAMICS (K AND T) FROM AIS DATA

Tinmsates of Rite of Tom.

TOKYO BAY, 2006 It 2012
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Fig.5 Comparison of rudder angle Fig.7 Comparison of rate of tum

O Refervoce & Result of Optimication

Table 7. Calculated manocuvring indices from AIS data

MMSI K D K y
Fukacmaru 1.07 1.26 0.14 10
431000331 0.99 227 0.056 40
431000139 1.04 1.67 0.05 35
306336000 0.85 1.78 0.044 35
| 431000457 1.83 23 0.14 30
| 431300324 3 0.059 40
441129000 38 . 0.33 80
636014868 L 5 0.084 230

431500 . s 0.091 40
440554000 5 X 0.26 80
447001000 X A 0.1445 200

Fig.10 Correlation between K* and T
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Fig. 5 The traffic volume allowance degree [12]




AUTOMATIC BERTHING/
DEBERTHING
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NEURAL NETWORKS

> Mean squared error (MSE) is used as
evaluation function and Lavenberg-
Marquardt algorithm in training.




AUTOMATIC BERTHING EXPERIMENT (1993-) AUTOMATIC BERTHING EXPERIMENT (2004)

AUTOMATIC BERTHING EXPERIMENT (2004) AUTOMATIC BERTHING EXPERIMENT (2004)
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 ANN-PD contoller in wind, magenta= Optimal-PD controier in wind
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Fig. 26. Average wind velocity 1.5 my's, wind direction 0, initial ship heading 140" with rudder restriction %15

I/108t=EIfA blue= ANN-PD contoller in wind, megenta= Optimal-PD controlle in wind
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Fig. 6. All teaching data for no wind condition
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Fig. 4. Verification of virtual window concept

Fig. 8. Artificial Neural Network construction
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Fig. 15. Average wizd velocity 1.5 mis, wind direstion 31, initial shipkaadiag 250 with redder restriction = 10
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Fig. 12. Average wisd velosity 1.0 mis, wisd direction 315", initial ship hoading -270" with rudder restriction +10°
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ROBOTX COMPETITIONS

AUTONOMOUS
CATAMARAN
COMPETITION

ROBOTX COMPETITIONS, 2014 ROBOTX COMPETITIONS, 2014
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ROBOTX COMPETITIONS, 2014 ROBOTX COMPETITIONS, 2014
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http://www.robotx.org/
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