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Studies on the Practical Use of Learning Feed-Forward Control System to Ship Manoeuvring Motion (I)
—Construction of Multi-Variable Control System under Some Disturbances—

by Yoichi Ogawara, Member Seiji Iwamoto, Member

Yoshihiro Yamamoto

Summary

Recently PID action feedback control system or optimal control system have been applied to the
control of the manoeuvring motion of a ship. But there are some problems for practical use. So it has
been tried by authors to apply the feedback-error-learning neural network technique proposed by
Kawato et. al. to the automatic manoeuvring system of a ship.

The system is called Learning-Feed-Forward Control System. And it has been recognized that the
system has a self-tuning ability and a good controllability.

In order to push forward with practical use of the control system proposed by authors, there are some
items which must be studied. In this paper for the first step of those studies the practical method of
the multi-variable control system design is investigated. That is, the real control system must treat
multi controlled variables and multi disturbances to a ship motion, and so the method for the decision
on many coefficients of the learning equations of neural network and the confirmation of non-interac-
tion between controlled variables are investigated.

As a result the practical design method is obtained and it is recognized that the system has a good
controllability for the multi-variable control and the multi-diturbance compensation.

v 7HIEHARPEE L Fa v -5 2 E0H 5, PID §lH

1. i
. HARRBEEHHER ORI SHETH Y, Ry ¥

il

BRI, WEEREZNCHE AGERECEEGF RO
DHED» 5, E&EREMR, 7V —, &—7VEER, Bk
EHATE 25 v —2 CiRiERO T L EEER Lo
ERPEFHIIBE > T3, ZREREIC, FEREIRMNE

DOEIMERNIS T 272010, EFTEY AT LARED—

RELTEDHPVWEREOECES TS X 7 4 DB
BRDENT 5,
ke, MRAHDEFAEEBI OFIE AR E LTPID 7 4 — K

" AUMAZEIFH
MR

FRZE FR8ETHSH
KEBESCBOCHEE FREEILR14,15H

2V —F BRERFCIEEARETTAUBRLERI L, B
HEEB OIERIE T 2 EDBHA TR VWEEL ORSE
HhH B,

EEZZ, NEO/INKOEEZ A THEICEE L
FEEMT 4 —F 7 27— FHEIEARZ B iROEGE
BN BEEBRERIEIR BENEME Y A 7 AT DWW TERN
BRI ETY, 2BMT 4 —F 7 17— PR
DEEAROIZ MBS R EE T 2B AR TH B Z
RIS I LIz,

Z I THBIER, BT 4 —F 7 17— FEFEHRD
ERbzEM3 20, 7, EEOIIAOEHCESHIE S
AT LCERENS, HEOFEHEZEEALTICB LT
ST BB OEEERE L, ZOL D REEREIERCE
WTHEBHMT 4 —F7 17— FEIEHAROF—HA >+ T

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

706 BEEMFESRE F1805

HLEBEHBRNOFRBOERANLREF KR OVTREL
7ebDThH3, FRFICBOLTRFELT, Re@iRo=
DONEMHBEE, NIAFAF—ELRI—VATA
F =il X o7, BEOEFROBEIR & BIEAOHIHE 21T
IB/EEID LS5,

2. F¥FBEEI4—-F71+7—FHEFR

FERT 4 —F 7 17— FHEEHRE, AV FICL -,

TIREI N ABO/NMIOEBEERAE L THEICEEL
725D THY, 74—F732T7—FV—TOH AT LD
FOBEFREE, 74— FNy JHEEEBHRIC L > THE
TEHDTHB, FLT, WY RT AL, HEOI-HICH
AL LR OFRGER TR > 5B SN VWb 5
GEEREAVS L TREFZHESE SN S T LT
DB SR THBDDI

Fig. 1 WCHGHS A7 AQERE LR 2R T, BEE
BREHES AT AL > THEME X, 2EBR T 2 8ER
Tro BEZ 50, HEBEB S A7 5105 > THELF 0F
BrfET 28R Tcn 5250 2, LT, 74—F
Ny z7arha—-5OHAB0ERB LI, BEVAT
LADFDFREEFRB W 2B HBRRAC L > THEL, 8
EVEEEIC-BL, »OAELOEENR KB LSl
Twd,

3. MRfAOEHEEEHER

3.1 EREBEORETER L - MHORKESHER
Fig. 2 \OR 3 EEARR B 1) 5 HERITT(L & M7z #ifE O #i
HEAERE, XX TELL1 B,

(m'+ m3c)<—lﬁ>(—gcos f— A sin B)
+(m’ +my)r sin 8

(i m)( Y2 )7 sin(Oc~ )= X" (1)

U

—(m’ + m’y)(%)(—gsin B+ cos B)
+(m' +mo)7’ cos B

~(memm) () cos(@c— =Y (2)

Fig.1 Control system for follow-up control to desired
value and compensation of influence from dis-
turbance

(1;2+ l'éz)(l‘(j)z(%f"*FTU 7 ')=N’ (3)
L, I TRTEHEEEEERCET 2R [,
AR & Btk L oM BIRICERT 288 k] b
WIEBERMI TSR LT 2, ERXoEE" i
KAtz R L, U SRR, SI3niming, » idxits
EEEAEETH 5, $72, m IMEOER, me, my 137
nNENx, yHAROMINER, L., i 3FHFh 2z @H
D OMBOERE— 2> P BLURIMEREE—X> N Th
3, AADHBE T E O RERIC &> THER
NBBTHY, B L > THEICECSHEHIRZ 0
KEENh5,

xiAkffE U LxtAmgding f dxRcHEkasns,

U=Ja*+ o? (4)

B:tan"<~ ) (5)
7272 L,

#“=U cos B— Ve cos(Oc—¢),

7=—Usin B~ Ve sin(@c—¢)

MECELBEENBLIUVE—X > P Wwb w3 MMG
ETNORXECRARD L S WWRET 228, LB & 5 i12#

T L BBERBE L Fu S L@ HEh S En
TEVERICL 24 DEL LTRBiREALR VY,

&*:]Qo

X=X+ Xp+ X3 + X (6)
Y=Yy +Yi+ Ty +T¢ +Yw (7)
N'=Nj +Ni+ x5 Th+ 25 Té+ Niw (8)

ZIT, X, YRBRZEWETIWIRED x iAAB Xy 8HH|
B ST, NIZREELE D @ BEHET—A > N ThH
5, WFDH, P, R, B, S, WiZnFhittt, 7o
R, e, NTRATRY —, AFVASRAY—, @AEET,

x0,Xo Xu

| /

Y, v
. : Owy Vw
i Current |
:>®; Ve ' /Wind
I : » 10,Y0

Fig.2 Coordinate system

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FAARIERCER Q¥ B 7 1 — F 7+ 7 — FEIEGROER{LB 3 2815 1) 707

B D451 DHEE I 1T Isherwood” DI BEREH VTV S
B, FOFEHCOOLTEX ) KBRS T WS, x5 B L
Vs ENTATAF—ERY VYRATASY —DRENE%
*7,

3.2 RHSES SRR

KIFTHEI N FHRARBOM S AT A%, EEC(Q),
(3), (4), G)Roftiz, EIFEA & EEAREORRRS X
U yo B A OMGELOBEHEOR LHBILL 2 XX »
sEsN5,

7‘%‘34‘(1113%- am’"=b115+ bxz Té+ b13 T5/+ b14 YlfV

(9)
<§;+gm)r’+auﬁ~=b216+bzzTé+b23Ts’+bz4N{v :
(10)
BB+ ang=—sin Oc (1)
%gb—du?’l:() (12)
%—y&— as\¢ — as:8=0 (13)

7272L, B (Vo) BAE (U) &L THaehaw
ERELTWS, o ld yi=yo/L TRENDMOBERE D
EITETH %,

4, BWEAETICE T2 ETHHEH X T A

4.1 FBRT 4—F7x7— Pl 257 LOWK

RO & 512 I TR—FlE LT, #REEOZO0H5
ADHdEEWL, WIRFARI LRI —VATAY—IT
o7, MOBMAEOBER & EHAOHE 1T HBE
DVTRET 5, ZOLEDFBR7 4 —F7 47— F
RO 2K % Fig. 3 1073,

74— RNy 7GR, MAROBEHRIZ/ YT X TR
o THIEIL, BERAZAS -V ATRY—itLo
THIET 2 &5 S Tw3E, ZheDRE, 74— -
Fovy 7REFERC L DBEREOFESTERIT L
RORETHNE LD, 2 TREEEE N TA
—N—=Ya— I BECLWBEIFEEIA TV S,

Fig. 31Ic8WT Gy BV AT L%RL, G, GBIV
G, G ¥ HE{EEREF LFFCD (Learning-Feed-For-
ward Control System for Follow-UP Control to Desired
Value), Gis, Gz 3HIFLSMELFEER LFFCC (Learning-
Feed-Forward Control System for Compensation of
Current Disturbance), G, G iZESELFEER LFFCW
(Learning-Feed-Forward Control System for Compen-
sation of Wind Disturbance) D ZhZhDH Y AT LT

g
[
g

N'w

g’@i‘( Y'w .| G24

Esc: current disturbance estimator
Esw : wind disturbance estimator

Fig.3 Block diagram of LFFCD, LFFCC and LFFCW
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Fig.9 Controllability of various control methods to
desired values and disturbances
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