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A Basic Research on a Control of Underwater Structure by Adaptive Control

by Hideyuki Suzuki, Member Takuya Shimura, Member
Koichiro Yoshida, Member Noriaki Oka, Member

Summary

The water depth of the underwater development such as deepwater drilling and exploitation of
submarine oil and mineral resources is becoming deeper so that the structures must be installed by
remote control. In such a operation elastic response of a large-scale and flexible structure must be
restrained by active control technology.

In water, uncertainties of parameters due to estimation error and non-linearity of hydrodynamic
force make the control result worse. Adaptive control, which improves control gain by identifying
parameters of system online, is expected to resolve this problem.

In this paper, control of structural response and rigid body motion is formulated abopting an adaptive
control algorithm which renews optimal control gain while estimating parameters of system with
recursive least squares algorithm. Comparisons of control result with optimal control are made. With
respect to regulation control and tracking control of a flexible experimental model, simulations and
experiments are performed. The rigid body motion and elastic response are more successfully
controlled by adaptive control than optimal control. In adaptive control, the initial values of feedback
gain and estimated parameters of system, which are improved during the course of control, are set up
to optimal control gain, that is, the best estimated values at the starting of control, so that transient
response and elastic deformation are well deteriorated.
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Fig.1 Sketch of model and definition of coordinate
system
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Table 1 The value of parameters set before starting
control
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2.25 x 10-3(kgm?)
1.31 x 10-3(kgm?)
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Fig.3 Simulation result of adaptive servo system by
second order IMP (initial theta ; theta true)
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HERBTHONBRWILEERL T3, &7 7 74T,
ANA ZIRICEDB R EDS 5 72 & 5 RSB H B3 DI, I
EITHEEICAZBRN/ A RACLB330DTHB2, Z0D
HEERIzDWZ, 1A7 v 7 (0.1sec) OHEICBBCE
BB L 72 & 2 ICRHBAMEZEF L2 E L S BEES N
HEML, COUBTKEL /A XEROIBLILICK
> T, FLEFHHD /A XD ICHIEHRSFET 2 2 21X
Zlltot, BE, 77 7HT, BUABNELET 7T v+
RT3 EZ208H501E, EBIKE SEMSTIL
Lz &2, ZONEDLDIENBEFEL L2720
TH5%,

Fig.4 & Table 2%, 50cm DEFLDVFaL—v 3
CORERT, REFHHORERENOERREN6cm » 5
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(b) Estimated value of parameter cll, c22

Fig.4 Experimental result of regulation control of

50 cm model
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Fig.5 Experimental result of tracking control with
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Fig.6 Experimental result of tracking control with
servo system by IMP
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Fig.7 Experimental result of regulation control of 1 m
model
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Fig.8 Experimental result of tracking control with
regulator of 1 m model

Table 2 Experimental result of regulation control of = Table 3 Experimental result of regulation control of 1

50 cm model , m model
%£E& No. bl oz alt: ] %R No. | FWEEMOEFRE () YV ¥— 1 DER) (m)
EXHRE (m) EHRE (m) & H#R#) (m) A Boss A HE Fr
1 -0.031 -0.099 0.025 5 0.013 -0.109 -
2 -0.019 -0.073 . 6 -0.012 -0.169 - -
3 -0.026 -0.100 R 7 0.015 -0.177 0.030 0.035
5 0015 0089 - 8 -0.060 0.229 0.045 0.031
A 08 0100 05 9 -0.060 -0.189 0.052 0.041
7 o0 o078 o5 10 0.023 20124 0.049 0.023
s 5018 061 - 1 0.025 -0.162 0.015 0.032
5 0l 060 o 12 -0.034 -0.123 0.041 0.025
— o 6 oo 13 -0.018 20,005 0.024 0.072
- 14 0.046 -0.073 0.018 0.071
14 0018 -0.0% 0.035 15 20033 ~0.053 0.019 0.079
16 -0.058 -0.062 0.025 0.078
18 -0.078 -0.131 0.029 0.061
cm OEFIIZNE > T 5B, iz, BGHETRIZLEALR 19 -0.030 -0.083 0.021 0.085
b o RO E RS, REHETEIH omIZL 2 0091 0093 0.019 0.081

Boh, v¥avr— I BPRETERVWI LXb» 5, BD
BUERIC L 2V Y —DEFGEE TR, YV -0
BRI L, REBKEL khoeedilhE VERMR
Shigr-o7z,

1m OEFNVDFEWIE, Fig.7 & Table 3icRohd
k5, BCHE TR, BEEMLOEERZIT lcm 95K
ELTHImBTH5DIIHL, BBHIHETEIEIZL0
cm Pl EE, BIZRERENHENTHWS, /2, 50cm DT
FLEDRREHEETH L0, BEERCEL THHIE
BIRIZENTTWT, FLHEOBEX2cm AR TDH S
M, HEEHATE I~8cmBEOEHLELCTCLE->TWL
%,

Fig.5 & Table 4 250 cmDETF NV EZVF 2 L —F —
TrZ7 v F7HILBRERT MGEAEL T,
ERREZRIHEDEOIEBV, FEREX R0 S »ICE
LTI L, RERETCIREFEENBHT /-0

Table 4 Experimental result of tracking control with
regulator of 50 cm model

EB No.| RBBEELOEERE (m) 1) ¥ ¥ — 1 OIS (m)
A EoR il B BAH
1 -0.069 -0.088 0.021 0.013
2 -0.116 -0.124 0.110 0.111
3 -0.076 -0.101 0.013 0.018
4 -0.050 -0.145 - 0.025
8 -0.120 -0.179 - -
9 -0.049 -0.108 0.020 0.079
10 -0.038 -0.066 0.011 0.072

KV Fabv—yaryOH5L0 bRHFBELLZ> Ty
%, iz, AL L THEIT S0, BMESHLAEIR
D, ZBEEEHOSTTRIEECKE LBELENTTVS,
ImDEFLDVF 2 —F =255 NT v ¥ 7%
DFERIE, Fig. 8 &£ Table 5 2R L 72,50 cm DFBE LY %
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Table 5 Experimental result of tracking control with
regulator of 1 m model

EBENo. | BUEER OEHE (m) P ¥~ 1 OFRH (m)
HICHE BAHE B HIE Bl
8 -0.068 -0.090 0.007 0.032
9 -0.077 -0.060 0.008 0.088
10 -0.076 -0.101 0.008 0.032
13 -0.035 -0.038 0.010 0.078
14 -0.019 0.037 0.009 0.089
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FAYRZEHFLTWL 2 LT, ¥—7VOREOELIst
IETEREEA3LEbh B,
P—RRICELZ MFvF 7@l CiE, Fig.6(a)d
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HHEHANESB USRI T2 L2 R ANBEE o272
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J: 5 &%%05@37:&;%39“50

6. #

AFWICTIE, Ossman i2 & - TH 2 X i “FsE iR
ANELBEE Ly, TELR” BISHHEHBERL %2 TH
SEEVOREHENCERAT 2 2 L 28a, UTORELE
wmoEohl,

YIav—varvERNSIT,

(1) BRICHEELLZYXTFLAD/INT X —F —DBEEH
K&EL, 74 —=FNy 724 v5EELLEEHETIER
HMLTLESBETYH, FEHED S 1 VEBIFIC L 246
CEoT, BAV—7RERELT B LNAETHSE Z L
BRI Nz,

(2) i, FHICHE LS5 X —F —HEED ¢
W B BHEiE, R L BCHE ORI IZE
EZEMNRL, RIA—F—WEET 4 —F NNy I 5Ly
DFFEICRES 0 5 2 ey, Bl HFHEHETH 2
ZEDERBET NS,

k72, EBRER» S,

(1) Ossman OFEHIHERS “BEGEREHEA ST % 0
BLlRw” 2rT, NEROIGEHEICH HATEEREE
HEHEERTH S I LHPHERTE 2, B, HET 2,95 4
— 5 —DYHRER, VoI FBET 4 —RNNv 75400
VIER &k, BRCEON3BHRIOBEO LD RS 2
3Lk oT, Fhy, NIA—F—HEOHEELIZS
CERE->T, BRZBEGECHEEER £#ML 2 L
TE, RREEEVORIECLIBERATE 3 2 L8RS 1lz,

(2) 25, ZOFEGHERICL->T, BANCHREL
TemXT X5 —lHZDHDODEERFTRL, W%
EDFHBERBBA LI Z LIt X 2 EFMEOEES,
T 7 Far—F—r—7 iz ¥ ORMEFFERE T AL
ENTOREWS A F Iy 7 RS CL2EERTINL, 7
A =R 774 U RRET LT, REEE RS
HEREE DT o5 Z LaRE NI,

(3) Fe, PHEEHbs i ARORIGOMBERERC
L T, SEFEEL D bBCHE DS B%E TRIFRE]
HBTZ 2k, %72, BEEE L TOEROHEIZ O
Ty, V¥av—F—CREGHEOFBERTHL I &
BRI Nz,

(4) ABEFTVEBRICESTOWTERLEY—FRT
i, 1ROFHER S, EEOHIECHEE TS 328, —H,
REDOEO 2 ROV —RRDFE T, BERESHRIE
g /NT7 A NFARNBEREINS 120, #EDOHE~OKE
RCRMESS D2 L BbhaZ LR EnERELTES
iz,

il

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

494 HAGEIREESHE F118 5

D

2)

3)

4)

5)

2 #F X MW

Ossman, K. A.: New Result in Indirect Adaptive
Control, Ph. D. Thesis, Univ. of Florida, 1986
Ossman, K. A., Kamen, E. W.: Adaptive Regula-
tion of MIMO Linear Discrete Time Sytems
Without Requiring a Persistent Excitation, IEEE
Trans., Vol. AC-32, No.5(1987), pp. 881-889
K, HH, B, wE, FEE, AR 7 2 7+ Tl
WEB54¥F—0Y v ) —, BEERFWX
£ Vol. 174(1993), pp. 855-864

B IR - SRIREESYIERR R O REBIHIE, REKE
T Aare e TR R0, 1993

SR, HH, L BMEICEDT 7 7« THIENC X
3 R EPHEY O RE R BT 2 ERARE,

6)

7)

8)

10)
11

HAE M RIROCE, Vol. 174(1993), pp. 865-874
Samson, C. Fuch, J. J.,: Discrete Adaptive Regu-
lation of Not-Necessarily Minimum Phase
Sytems, Proc. IEEE, Vol. 123, Pt. D, No. 3(1981),
pp. 102-108

Samson, C.: An Adaptive LQ Controller for Non-
minimum-phase Sytems, Int. J. Control, Vol. 35
(1982), pp. 1-28

FHAl LI, 3 = EICHEOFER, Vol 32,
No. 12, 1993

Goodwin, G.C., Sin, K. S.: Adaptive Filtering,
Prediction and Control, Prentice Hall, 1984
wWH: 7T4YFVvar hu—n, 2ot 1989
ILH CRAGIE Y R 7 AT, BRILEEIE, 1985

NI | -El ectronic Library Service



