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A Study on Automatic Berthing Using Artificial Neural Network
- - Verification of Model Ship Berthing Experiments-

By Masahiro NAKATA (Member) and Kazuhiko HASEGAWA (Member)

Ship berthing is one of the most difficult ship operations. In the previous works, the artificial neural network

(ANN) is verified to make it automatically. However, there are still many obstacles before it will be practically

used. One of the problems is neither sea trial nor model ship experiment was done before. We have conducted

model ship experiments based on ANN, and discuss for the availability in various conditions, especially for the

methad how to provide suitable teaching data. Combining model ship experiments and simulation, we have

concluded that ANN can be practically applicable for automatic ship berthing. Secondary, we have discussed on

the structure design of ANN for this purpose and propose a new ANN structure rationally.
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Table.1 Particulars of ship.

Ship type Tanker
Length 3.00(M)
Breadth 0.48 (M)

Draft 0.20 (M)
Cb 0.8293 J
Wind 5
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Fig.1 Coordinate svstem for ship dvnamics.
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Fig.2 Equipment for experiment.
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Fig.3 Artificial neural network.
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Fig.4Teaching data

Fig.5Teaching data
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Table.2 ANN for experiment.

Teaching Leaning result Experment | Berthing
data (Berthing rate) result rate
Expg;itx:ent Success (100%) Fig.7 93%
Experiment | g ijure (0%) Fig.8 0%
Simulation | Success (100%) Fig.9 80%
Simulation | Failure (50%) Fig.10 42%
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Fig.7 Result of Fig.8 Result of
experiment. experiment.
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Fig.9 Result of Fig.10 Result of
experiment. experiment.
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Fig.11 Result of experiment.
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Fig.12 Phase analysis for teaching data and

experimental result under error operations ANN.
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Figl3 Correlation of inputs and outputs parameters.

ZO ANN TR 7OXRSEHEROREICEENEG VD
i1 u. d2 TH DI M- - I T — 5 NER
F—Z OO ANN EHBL T, ¥, dl OFERENE
WO EWTRHTE DI EIALTEITHD & R
dl ISR EEMEAEITICEMTH IS TS EE

—148—



FIoH L TRENEL THELS THEMbRLA, »IiZR
CEZR> TOWTHEFOEMICHN L TTORSEESK
ARBEBIENS, TORTEEROEEIZN L TRE
MEVWEEZSZD LTV OEEDHENNKRERE
HEEAOND £ AICAESRFREL TR TORTS
EiEH. BAIIHTAAINNT A OERANRL ST
WBIENETSNE.Z2D0 ANN O ELUI-#R.
ROEIETEMEAB. '

1) TORSEEEIIIAMHDOEENEN.

2) TOXRSEEREEACKEERITTANNS
A=Y DHEENIRRR D

Lo T. ANN OAHABREREEN 7OR S EEK S
ATRILERTH Y. FUAOKENE NI ENSED
ghEIFE5|ZREIITEREEZ ONS.

4.3 ¥&¥

“EEORITEE AL, ANN OSBRIt EiTo 1~ %
DR, SEORFHERFEES ORI EREORTE
T AHMADRKEDOEETHE ENHBRLEF
FmZOBRELZL TWAEW ANN EOERETS Z &I
Lo TTORSEGEKEAMAADREICEENH AN
NIA—FIEFRBOTNWBIEMENEND T EANH
BHL7=.

5. ’Sbl=a—=5NhRxy bT—-0ODKE

ROBMERII—R ANNNRICHAZLTNW TS, *
DOANBHEIZL B> TWB I ENHBAL = 45T
OXRTEEBEMAIHTIAINTA-—YORHD
HWRKEREBETHH IO LEREORRAEE
LTIR7OXRSEEK. fEH Z&I2 ANN 2ERT B/
LW Za—=—SNWRxy bT—0BH5.ZOMEKKZ%E
Fig.14 IZRT. 70X S @K, EAFKIEOALNK
BRORKREIDVBIIRFRBELEEEL TWIRWEMT—4
MN3Ial—3 30O ANN 282 2L T, #1F
NICEHBEWRTA—F 2 AL BITEERER
BEICR > AANARTORSEEKITIZA S LW
I LTWB RIS LI Za—=I)NVFy hT—2
OHBREERTAEDIZS I 2 —2 3 ETHRERE
EEToHEDOD LATOBAN S FRETVL, N
WZa—IWFxy NT—VDONREHER L. ZOKER
% Fig 15 ICRT.ZOBREIONST LI Za—F )2y
FO— 23R PEEERETIERLSERZEZT>TNS
CENHRTELE. Lo TNIT LN 2a—F N Ry bT
— OB THBENHEERTE

Hidden layer ~ Output layer

Input layer

Parallel neural
12 network

"~ Fig.15 Comparison united.

and Parallel neural network

6. ¥R

ERROLEHILTOED THS.

1) HEEMICE? ANN 2H0W-EHERITZFETH
5.

2) FERIIHMLTIEYIal—Y3ick? ANN O
FEHERNCEMT— Y DERIIENTH D Z
EMMHBAL .

3) ERICLDANND AT LA LOMERESL.
FNNE ANN OHAZRELTNBAHNTA
— Y DOEEOBNTH DI ENHEAL =,

4) LFREOMEROKEELT. XFVIZa—F)
FY NIV ERELZTOUREI 2L -3
> THERL.

| [

SHEETIICHD.GPS IR EDERBM 2124t L
THEZEUAAMEME. BEF GPS Y a—varX
BRI, EL<ELBL EITFET

—149—



e EXM

1) H. Yamato a/ et : Automatic Berthing by the
Neural Controller, Proc. Of Ninth Ship Control
Systems Symposium, vol. 3, pp.3.183-201,
Bethesda, U.S.A,, Sep., 1990

2) EBHIfE KFHFHR: Za—-I)NVxy bU—0
CHFBR—AEHRALEBHER AT L, HAE
E R 220 B pp135-143,1993

I MEEER, EFL— KBEHE KEBRIEFL: AW
Dk 2 RERMRMIZBRYT 2R BENMBFRS
X4, 97 5. pp. 155-164. 1997

4 MR WE EHMEE. EBEE: BCER
RZa—F)xyba2bO0—5ATFLDOHRE
CHEHKBOEFFHNOERH HEERF 2RI
&, 169 &, ppa77-486, 1991

5) Namkyun Im : Studies On Parallel Neural
Controller And Motion Identification For
Automatic Ship. Berthing Using
Networks , KBk KZE#53,2001

Neural

L] L]

[#3] (WEEMmAE)  MMF #E—
Za—SNhERy b EEALERERIIDOWTE
RERICLLZFMOERAONTVNIRDEAICHE S
®LET.

L ¥PDBDOENT VIR ELEGEETNTNIIDN
TZa—NFy b= EBO - 2a—O OB
BDARDNTOEAFEBHABETETTLELIMN

2. EBOHIME % TS BE TIIAELAEFEL T, BEF
T EERT DRI ZOAELOEEIIDNTHER - B
HEINTONEFNRZOVTBHATEIVWELZOH
HROHEEEEED D -HOES - RALZLIZDN
THBHEAT I

[=&E]

THRMBHONESITESNET
1. HRTRPEROROSEMNREEIIELEILEN
THOEFAIITR. Za—5 0%y bT—0 DOFH
BORIANBEHAIMOBIEE T HOLELT, #
FRBEAIFREEHBORMELTHRELELAENS L
NVZa—=—ShFxy bI~JOBEIS LEROFEEZT
SFETLEMN 1HATHDHEEOBNDIRTES
ELT, ANWEO 1. 5508 ELTRELELE.

2. 5E, BEF—INICEENBNEOBBITET 2
BT THNEEABTED—ASIZLBBEDHR
KTIEH B L AL ETORELT TIRHBATETT A, 4
HOLANHKRES LD EHETETVERATLA,
Lo THEADHBIZOEEL T, 5% & 510H%
EEDTOEET

[H8] (BEA%) KT BE
IDZa—F)Fy NT=I~DANT—FITIE. #i5
POREBEROUAT— I ENTETNTHET 2y
hT— IR OF— 5 ERIAT BT, RAE SRR,
EEEEUEETROEETRER ST, BERLTR
AHRINT B EEDNET ANT HURAMEDT— 5 i1,
MHEEREESO SO TCRE LA 2T
BWLWOTIIIRNWTLEDIM?

[(E%] -
CHBBOMESTEVET
REMICE A ICHEALTBDEEATL AN 2 —
ShFy FT—r OARABEEERELERED 2
MEEEEROEEINSNEND D EHBALTH
DET.Z2—FN %y hT— ) OBEBEIETORE
HLEDTHFW. NSV a—I)vFxy bT—U T3z
MEEEERIANLTED EEA

—150—



