The Society of Naval Architects of Japan

445

BEE RN B2 > X 7 A DBIZ & S

E& /N Fk 5L BA

A Study of Supporting System for Berthing Maneuver

by Hiroaki Kobayashi, Member

Summary

Reliability of total ship handling system including human must be improved as by compensating the
part where human make mistakes. Although compensation for hardware such as double hull can be
effective for accidents, more reasonable and effective compensational way is to develop ship handling
system that prevents accident. In other word, it would be reasonable to develop software concerning
handling. In this paper, the support system is developed for berthing maneuver which is one of the most
difficult maneuver. The present berthing support system can only display the items of current condition
and forecast to the very limited extent of future. A rule based support in the information processing
has not been realized, let alone a knowledge based support. The proposed berthing support system has
realized leading support function and evaluation function in order to satisfy knowledge based support.
The effectiveness of the proposed support system was confirmed through the experimental berthing

maneuver utilizing ship handling simulator.
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Fig.1 The hierarchy model of human behavior
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Fig.2 The relation between course changing angle and
advance

MRLHHATIEET B,

B8, KEHTRT, XBOIHDHEAT— ¥ (Fig. 2) (Fig.
3) (Fig.4) &, #d¥ 2y 2 3 v - RITEROBERE
HMRELTwD, k7S FEMEOEHICIZ, %I D
BREEBOBET TV ERA VTV S,

2) HAEAGTEOHEE

HERPEZ ARG IR OB LEETH 54, &
NDOEACOFEH D CEETH %, HAELOHE I b
720 Tid, SHERHIBEIRES 2 HER T 5 7o D EROBIEIZIE
EHENE T2 R&MHELTNE, BL, 7/ u—F
RKEIRKATEMEE Y OICT 37012, BERXKBO &
BEOHBD %,

AR D REREETHE CHE L 72 B#& way-point 24N £+ 3
&, RRXMTHEEZY 0ICT 57D ITEN—1 O way-
point KW THIHES /v IR B L2 KMEE L, &

[ D
L d
[ = QO
\\\Aw
800
Aw<t0’|  1.—--
= 600 o=
?,. - {A ¢=0. I’/-,l
o 400 L—
— N
= / POTEY,
< 200 7 Bete ]

20_ 40 60
Deviation : AX [m]

Fig.3 The relation among the advance, position
deviation and heading error

A H/AH
=10 W
o AN
g N
Sl o I N S/AH
7. N 5 2 e
T \\\\\ X o
a S ~~N==——_._DS/AH
n N .
a 5 N N,
< i ™~ \‘\ 4
? Vo=3 <. "~.Stop Eng.

2 L X S
0 2000 4000

Advance :Dv [m]

Fig.4 The relation among the advance, current speed
and object speed

NI -El ectronic Library Servi ce’



The Society of Naval Architects of Japan

BEBRMTEY X7 AOBF - T 449

IEHIBI O 72 8 O R AR LSRR 2 AT 2 (REX B
WTWw3, REKEOERESZ OBRIFIC X 2 LFEREE D
BOEEIE#N—1 O way-point DB £ & L L) way
-point ODFEREEMT 5, M, ZDIELICHIENE ORE
ROIDDT =27 4 7 EEWEL, BREKER S
B/NEHED 2 fEERFER L T 3,

R D S#N—1 O way-point 50D J8 5 I3 17
DGR BB WERE 2RI 22 - 2 BEE L, 20D
B R DERZEED 7 0 AT X 2HE 2 AR A
TEHEIBEHD, SHCERRBEOERS 2R IT 2720
WERRMER 2ECT 2R 2BV T 2,2 BRERHEO 1
BB EEMRE IV L BB ED 3 /v F OhfE
L, COMBEZZELRETI /v M 2EERHE LT 3,
@ GrEr2irTE

BINE AR OAEFBOERRTESE L LTHED
BMMETEEZNET 32 LR b, IOBRGEOREEE
BERBIEDOEMSERIB L, BREEEL
LEELERT 2HND S, EEEHEIIRO-HB L Lz,

1) way-point ifi '

2)  way-point 2 81} 3 i
UEDEEEB CHT 22HMXBITRD IEENETES
%o v , :

1) FrEZEISZEZERNCHD, B FEEE
MEBERINTV 022K 5, WlshTuirnEs
X way-point OB E2HEET 3,

2) way-point >SS REINBESAICETXFRER
AEEEL, BOBEXR Ty P2 —-AVERFTEELEDIE,
EEAOREAD 15 EE2B2 5548, ZRKEDES0HT
KZoRWEEREREWET 2 & & b I way-point ©
BEISEHET 3,

3) MBEFOFEIINHLTIE, Thr2EFTIRHD

EBRER 7Y 2 -V ERTT B L L bIT, EEWEEDL
BEVHAHEORECIRYRME2EE L (EEE2RT 2
L& B, way-point IZB 1 2 BEMEDOLEE S HmE 3

U EDFRIZ X 0 EBTER L 2%, BRICBIT 518
ROEITEREICA D ROZBBEENF S Z L 23,
@ FEITREEZE

ETRICB I 2 AHZBIIERE LHERE: 0EXE
ET27:00REER2BTRT 5, ZOBEERMEOHHENIIAM
f2ix GPS, $BIE Y v 4 o a8, #i#iE GPS LK
BEOET 2 —ONHFE2ERAT I LT 3,
1) REEEF BT s EETE

HLOEWEOFEC & 0 MO BEHSEE L 7R S
RELIE, RBEEDD DRERLIETRT IH#END
%, RBOEBELERENICTS L AR RS L E
ETBHIZLERD, INESITBL-DIT, BERTHAS
ZORFETEEL LTWw3RD way-point (#n) &332 &,

R R BIETENCRS 2 OB WITEEIE 272 2 &
DBTE S, {HL, #n ® way-point BSEEEL T 3BAICIE
BESTARELREND 20T I OHEZiFEn+1 O way-
point Z HEIR L L CHEEOBES®FE T 5, (Fig. 3) 1338
EBECBI2EELRT—s0fITH 5, SEEK» S AX
BAMCREL, $HEESEENEL S Ad ThTH 2RO
MEBEOTEHEHE 2R L Twa, #n O way-point ¥ T
DEEHE D 53, BIED D L BELATEERE d L D /S8
BCREESEIn+IBLILERS, AX, A¢ LLE
AT DBIR O—M % (Fig. 3) &R,

2) FHEENZEACOERICET LM TE

BEOHS L RD way-point TOBEEHEA L D=5
HU, BEEERT 20 OBBRERZIETRT2, 20
REDER T — 5 O—FIps (Fig. 4) TH Y, BEFHNV, H
BHES Ve, B LBERZAHEESED, OBFEERLTY
%o RD way-point ¥ TOEMEHS Z DIEL D /NS LEHZE
BL2HET L EHIC, RORD way—point B33 H
BRI U CRBIREDHBE 27T 3, (Fig. 4) 1R
T LB BBERERNEEEROBHE CHRTAL TV S,
7272 L, #N—1 @ way-point 3ZI2HF S h 5 FHREIEME 12 L
TRLEAEEREMERDOEE 3 B/NOSEEERIC & 3
BEBRSERENDZ L2 B,
® EHiThkrxE

ETRROZHBRIIRORIZEL TiThh 3,

1. BEOHTMERE S 2RTRHAETB THE T 2E
EHE LA RTG53, 2L T, BEEEREEHCT
ZRETHIECIIERERT 2,

2. BERFORFLATXECHET ML LB LZ
S 5. BEREREEECTIRETHIRTIZ
BHREFRT 5. [T, FHEUEERICES B2 OBEDER
way-point I B W TR IEBSEEIC 2 3 X 5 REEER
BESAE2BVLIESE2RRLTWVW S,

(2) nN=v>r7RH

W=y Z7KEOFIPREBIIERTEMSOME B W
THREEIEDRETHZ, N—y I REICBVLTERS
NHEE;IEE LT ZOBEERES L MBHTH 5, B
BRECEBEBREZEIZVWE LGS, ThoDEELSH
BTELIEMAOT 7 F 22 —7 13T, fEZL T/
TR B—REITH 5, BRtMmd LincEsh2EEL,
BT 7Fax— DR, HEIEASE2HET 2 LESD
Bl THEE B L 25, HB TR, ZOR#EE
AR L BRI R ER T 3 D KB W ESSEA TEB T
T3, 74bb, BUEFHEERNCEEDTBL LR
&0, BEDIA I 7OTRICEDRET 2 FHEE
BER/NBcLEdon3Ebil, BT 7Fax—F0D
BIFLIRET 2NHNRBERRE T2 28 TES, Ly
L, COBRLRMIIN— > 7 BRCEREL2ET 2 2
ey, BERLOKRELEEAL LT, kHEEHsN

NIl -Electronic Library Service



The Society of Naval Architects of Japan

450 HAEMF xam e H 182 5

TWBEIATH5,

T 2E8HMEERT D07 7 F 2 n—F BEDOH
HIERHT IO, BETRYa A AT 4w 7L 5
BIREESHARINTWE, Yat AT 4 v 7 XBEIAR
LHEEERENTAILRENVET 7 F a2~y OHIES
BEHECIThN 2 O TEREOAHEIRKIECER S 1
BRPEOSNTWEY, 22T, KIVATLRFEOHIRE L
TVaAdRT 4y 7BREBEOFERAEEZIbDEL, ¥
aA{ AT 4y VRREBOBIEE Y X T LANCER TS b
DL,

FRCHBEERUCHERAENTHEYa A RTF 497
BIRY R T LABEHRENT VA I L2 LTEEY X
T LADRETETo e BB, TOVaARTF 4y 7D
EERrE % (Fig. 5) WR¥9, ERIEIMEORA A L85
PR BRSO &k CAEE B A AE 2o BB 1 & E %R
LTw3,

@ FrERpEHERE

BMETEOERIIE B CERTEDME AL %2 HH
L, RICIRME L MTREEZERL O OoBBEH 2TVWRKE
BRTELTS &Lk, MEAMNOEIZLEREE
BArZzOREEEMCLIERTLI L L, EBEHICR
EEEgEH 2SR T REBE 2T Lz, 20
B, BHEDOY a A AT 4 v 7Y AT LAOEBEBSE (Fig.
SlicmEnd k312, MOBRANOEBHIITTETH 2
ZLEERTIVLEND D, BICAFERO D ICHE A
DEEFVFLE NPT OLRIZEIERS 258 L L VHGE

2r u[m/s]

1 ] z M ]
—1 0 1
v[m/s]

Fig.5 The characteristics of parallel shift maneuver
by joy-stick controller

DEESLBE %5, FEHEEROERTBRIULEOY 3
AT 4y 7 BMY AT LOBMEBEL T, ZOBEH
Bfn, BBERBORIEEE L EBOHESRTT 5, §l
HER I RERESEE AL TW 5,
@ FrERFEXR

BB AT ADORRT B N—v V IHEEBET 3
EEbHIC, YRAT LHFHEIFRITE ZWEE, flzid,
R MOEEM ORI R £ 2EEB L T, BB E
BARTE I L L3, BMEOREESEEIZ way-point &
way-point B AMEHMTH B, Ly 27 4
13 % DIFEEHO ATEENE % RE/KE & OR%RD & FET 5 &
Ehiz, HBERRRCEL TRISCHODBANDERER
EDORREMEW DWW THHI L, FHEEBRD:HDOBREELH#
ELRTT DI Lhd, BAEBEORERRBKEIC
BLCHES D 2B E2RRTHILIck 3,
@ EITHHEMMSER

ETRFCE T 2B ZHIBRT7 7u—+KEoD
XEEERRIC, Rk ORMIIER, EHERER RIS,
big, FHE L OEESEET S0 DBRELHEET 2, £
1o, B E OBRIESHEZERD DR ETH 5 0Ed %,
BT 2RER2EXEL UM LIRRT %,

3. SRTLOFMERREN 1= HRILRER

FRFELLY AT AL, BHEBY AT LLLTOE
S ERIET 7.1, BiEY I 2 v —9 2HWELET
EEETo N, MEEDBER Y AFLEAVEILICL S
BITOREHOE, BITOMERMEDOEL, BBEHZT
ZRMAEEEOEERS I LIch B, HTOoTLEICHE
THEHMEEE & U TIIFEREE, S8, HIOZRE 25t
RELUT, DEEIFFARMENRE L, BHAHEED
FHEEE R EER e R E L,

3.1 NEAEE

HERIRVPETHES RS0 5 100m DAHMK &
L, —HEEE Yy F - a7, BERENTVRASAS%
ELTWB L, ¥ 8 /v b CHIEEAD I EFH
L, ZESIBICERT 275 —X20RE Uiz, BGE 3
‘oL _AsHELL, FESECATCOVLTEME
Tol. BMABRTBY AT LADDBESLXEV X T
LEFALZVEEDO REEHED DT> Tw 5,
o, MEEENICEELEZ 2NEBHIHBEICOVT
LEBY AT LADOMRB D B EREET 5720, Bt
HODH2BEENRE LIEREIT- 2. #WAFLOKAE
BR77O—FRENCBOTI0EFEA»S 1/ v b, N—
Y 7REITIEFESS 0.5/ v FOFmSD 2 &ME
BDO . B, SEBERLEYATFLATIE, g0
ERECBOTHELOEEENMRLZ WY R TFALEST
w3,

3.2 EEARER

NII-Electronic Library Service



The Society of Naval Architects of Japan

BEE RSB v X 7 A DOBF L Tl 451

3.2.1 ErEKIRHEE

FHERF O TR L 2R EO—B% (Fig.6) &R7,
AKONL 7 70— FHRIREHERF O E LK OB E TR L Tw
bo BUDICYAT L& BAETEBAICE T EFEE
(6a-1), (6b-1) BRENZ, RICIBBBEOEEL L
T way-poi nt LAY (6a-2) DEISCANZIhB L
N T 2HIEIR 7 Y 2 — 53 (6b—2) DBHRD & 5 1248
RENDS, ZOFITIEH 3 D way-point 25 1) 3 SHEHES

VN TH D7 DICHEER LB LB Z L 52Hsh, &
TG LBIERDS (6b-2) DEFD L S wRES flT
Hb,

3.2.2 EITERBECBI 2 VA7 ADOBYMEMREEEEE

2

RITERBE B 3 KB I3 L HIEOHERE & L Toxs
XESEFRICERINDEIE LR S, 2 TRIhBD
XBOMREFIRY 5, (Fig.7), (Fig.8)i3HEDHME %

1 1

[ 500 1000 [m]

(6a-1) The route recommended by leading support

LI

@

[=3

(=]
LI

COURSE :deg
n
o

PITTT1

200

N
[=]
I

RUDDER :deg
[=]

I
8
T

SPEED :knot

i

[OP R SR AR —
(4]
[=]
[=1
[=]

PRO. REV. r.p.m

)

WP1 WP2 WP3 WP4

r\
)
g
—
C

The operation and motion recommended by
leading support

1 ]
0 500 1000 {m}
(6 a-2) The route revised by evaluation support
o ; Lo
S 280} i : :
w L , : '
2] N ! ‘ :
5 240:' : \ i
8 [ ' H :
A N TN SN RANEN NUUNE N N BT R B
200 2500 5000 (m]
2 20p : : 1 :
2 L ! ] : ,
2 PR T S NN N1 | N B '
w oo 2500 j il
g N :
T T K H
T : : .
8 1 '
g o : :
= L : :
2 i : :
E oL T PRE-EVAL : AN
® | ——POST-EVAL | ' '
| I TR WU SN U0 W NS SR N | >
0 2500 5000 [m}
£ 80 ' H i :
d. -—;——L_;-'-.'— i
= 40p ' : :
>' - L L { 1 1 1 : 1 1 [ ! ‘ ;
L on 2500 | R f
g O ----- PRE-EVAL. | G =
< -sof — POST-EVAL ! : ]
WP1 WP2  WP3 WP4

(6b-2) The operation and motion corrected by

evaluation support
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Fig.7 The ship trajectory in no current disturbance
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Fig.8 The ship trajectory under current disturbance
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Fig.9 The history of ship speed and engine operation
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Fig.10 The relation among mean

deviation of ship’s position,
support and current condi-
tion
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Fig. 13 The ship’s trajectory in the berthing maneuver
concerning support and current condition
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Fig. 12 The relation among mean
time consumption, support
and current condition
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