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Wl 3o 1 5 5 500 el R BCREAE B, R R 1 —
FERRRER, T A% 3 bR BB R SR T [ AR A A ) A
RIEEH, SCIUHH B ) MIMO (multiple input multiple
output) FeiR LB RIAE. I8 75 ik B HE AR U s B 3l
B5#ATHEIR, T B & A 0 4% ot i e
B, HA TN /Kalman JE3 3% K R ZHRTT
#: (observer/Kalman filter identification, OKID)[#-*]
J& NASA Langley B 5T A0 BIBT 5T 5132 i i — 7ol
BB MIMO BFREAR, JEHES TH KB 418
% Markov Z:%, BRI ko ma BORAE(E. %77
— &3 H T 44 Hubble %5 [ S5 55, H 8% i
BT AR RSB M TR, T RH%T.

ASCRA OKID 75 & WF 50 g 7 & 1 i K B
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tem realization algorithm, ERA) @/ KI R, B
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Fig.1 Model of offshore platform

MZz(t) + Cqz(t) + K=z(t)

Hob, 2() A EABRAIEE, M, Ca, K 4514 %
GOREEE. FURFERRIBERE, w(t) M H0 4B
BT SE SIS, Dy £ u(t) MM EA X
.

IR (1)

= Dy,u(t) (1)

BERRAZMEY, &

&(t) = Az(t) + Bul(t) 2)

J
+

xR (2) BEATE UL, WH

x(k+1) = Ax(k) + Bu(k) (3)
T

Het, A=eAT B = /0 MAtB, k [NEFRHES
B, T a % RAE .

I 24 50 B B R, AR SCER SR SR A R B R ST
25 1) 1) B SRR B A 1), U R A B SRS B
AW R I B R AN BB S fE S 4
TESh A8 AL B AR FE — 3, BEITEF IR AR w(t) £
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20T 25 #2150 B R RS e, A RO
RV E] DA 8 B 2 M ey m B, X AR AR B — 4
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AL — B B PR A A IR

2 REPHRFESI#ERI

2.1 OKID AR

OKID J7 ¥ /& — R gk LB R B0 sl
T7 8 R SR IR M 25, & 56 v E M 2% 1
Markov 223, Bk ma BoRAEME, K5 REBRER
%5 i) Markov 2 3%.

IR T B UG 1T & S5 KRS 2 A A

x(k+1) = Az (k) + Bu(k) (4a)
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y(k) = Cz(k) + Du(k) (4b)  BREE KT AN 20 i e A H B — R IA AT B N

Hrp, x(k) Anx1 4R HE, u(k) A mx1 4
AR, y(k) A gx14EfmtimE. B A, B,
C F1 D 53 JIARSFERE, R AFERE, i P A
BRI AERE. dia (4) BEATEHE, 53R 58w N R
58 KT AN 20— R B XN

k—1
y(k)=CA*z(0)+>  CA"Bu(k—7—1)+Du(k) =

7=0

k—1
CA*z(0)+> Y u(k—7-1)+ Du(k) (5
7=0

He, Y, =CA"B f1 D AT## KRS Markov
S MR (5) ATEH, 4z KMHHREANZE.
BN w ARk, FIREZ B = 0 MRS W
N oy(0) XER PR D 5], k> 1 KNZKRSEWN
M ylk+1) =CA*B=Y,. Wi, D MY,
ARG WK RAEAE. T 5450 B R0 46 A A B B
251, Bl x(0) 241, WATLlEERA T (5) #1417
R4 Markov Z3 ¥R B0 SRR F—A4 52
PRCAEEGEH, PG sE EIRAERG W4 &, BPfF
B AT SN A E A T4 T P AL &, ™
B W06 5 R RS 0 SR UE 1, 4540
S AHEFR R ERG RGN AL, X
FR A 2 4t 1) N FH S £ BOHE FO SR 7R (5) 4T R
4t Markov ZEUMHEIN, A AT 8 40 b2 5 B0 R
ZEWIFEE. AT T BRBI IR & X RS Markov 224
PHAK M, OKID #iE TRAWME, HhED
#1530 5 4046 44 T0 R LI 2% 1K) Markov 223
Tite, MR R o8 A B SR 1% 7 R AR B
) Markov 24, RGHESFIMW A Markov S5
JRF G Markov Z2HZ AR RX, HUEIERS
) Markov %1, SREMHWTF.

FA 3 30 AR AW 2
x(k+1) = Az (k) + Bu(k) — Fly(k) — y(k)] =

(A + FC)Z(k) + (B + FD)u(k) — Fy(k) (6a)
4 (k) = CZ(k) + Du(k) (6b)

Her, x(k) ARSI yk) AN H, y(k)
ARG HLH T F OIS B s b, @ F
KIFBL A+ FC WFAEE, FEHRIM & KRS z(k)
iR R EICRES (k). X5 RE (6) BEATHEHE, B

y(k) = C(A+ FC)*z(0) + Du(k)+

k—1

Y Y [utk-7-1) yTk—7-1]" (7)

7=0

He, Y., D AWMEE Markov 2%, Y, £ik
mF

Y, =[C(A+FC)" (B+FD) - C(A+FC) F]=

~(1) ~(2)
v, v, (®)

(1) _(2)
i, Y. = CA+FC)(B+FD),Y, =

~-C(A+ FC)F.

W F, % A+ FC WM SECELE 2 7 KR
A, B E RN RSB, BIWIR 2 x (k) —z (k)
LR R (1) BETERPRAERN L. 1
B A+ FC W4AE A A" = 0, 348 Hamilton-
Cayley EHNA (A+ FC)" =0. 12 (4a) 5 (6a)
R, FARATTE (4b), IR RETTEHA

zk+1) - 2(k+1) = (A + FO)[z(k) — 2(k)] (9)

YRS IR ZTTRRIATIEE, FH
z(k+1)—z(k+1) = (A+FOC)z(k) — 2(k)] =
(A+FO2[z(k—1)—z(k—1)]=--- (10

AW, X k>nif, HTFH (A+FC)" =0, W
PR 2 (k) BB T ESRE o(k), W72 (4b)
575 # (6b) MHURAT AN, WM H (k) BT
s y(k). BAHFRE 8) a&, T >n A,

Y, =0. Bk, %k>nbt, HE ) BROTFTHER

n—1
y(k) = Y [u"(k—7-1) y"(k—7-1)]"+
=0

Du(k), k>n (11)

TR (11) M ROL, 5 R GBI &A%,
B I AE K f# Markov 280 BT LUR % B 400 46 4 4 19
W, X — SRR R R A B R, R
ANk 2 i@ g5 AR (1), BT DA E S 2% ¥ Markov
S Y, Ml D. BRGSWWIE Markov S5 F
FEWTF R FR 00

~1) = e
Y. =CA'B=Y, +> Y,
k=0

~(2)
Y, 41 +Y, D

(12)
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WA R ST B, E Rl g R
(11) 75 Hi LI &% B9 Markov 2%, RGMRIETTHE (12)

9 SR e e SRR, B R SRS 3.2 TR A A ER
LRGBS (ERA) A ARG 2 R GE 1 e /N SE B
MU EdREALUES, £BNMEIES, HFAE
BHNE F R AR

2.2 HIERGLUMEZE (ERA)

FRAE R G Sz oA ik OO0 B — Fh Al 3 1 B 35
RSB EEE, B 3 G0N e ma 5598 8
Hankel 43 HfE BE (K &1 R H A R, KR FRRGERES
Al &N sE B (A, By, Cy, D).

F%E (s+ 1) x (f + 1) Hankel 4 He4E B 4

[ Y‘r YT+1 YT+f ]
Y‘r+1 YT+2 YTJrf
H(r) = (13)
L YTJrs Y‘r+s+1 . Y‘r+s+f ]
¥ H(r) 5 BN TR
H(r)=V,AW; (14)
Hif, Vo=[CT (CAT (can)t - (caTTr,

W;=[B AB A’B --- A'B] 4 ARG K
MFI AT RE . EHEGIER A, XTI RCAh n AR
4, REGRASHEEERB/ANGEEA nx n. X T Hankel
SYBERE H(r), MR s+1>n, f+1>n, FHZR
GEATEERAT I, WV W BBk ER A 0, RIAE
H(7) BBrRA n. & 7=0, % H(0) #EATE FHRAE
{Eﬁ’ﬁ, ﬁ [10,13]

H0O)=UNV" (15)

He, UMV AERE, N A&REXNMAE, B
A

N:diag(d1,d2,‘";dradr-i-l?'“)
(16)
dy >dy > >dp > dpy Z"‘ZO}
B I @ L K BT R R I B -, e ATRAHE
A FE AR T S E e W

%>€, drs1
dy — dq

<e (17)

B U, MV, 45K UMV BE r 5,
N, = diag(dy,ds, - -, d,), 7 H & X T4k
E:;F = [Iq Oquq] (18)

E}, =[In Opxsm]

Hor, I, MLy, 5050004 g BrFl m B BULBE,  Ogxsq
O pm A AH D AE RO FRE. TR G0 /N SEHL
(AmBmCraDr) EIU\%%&HT (8-9,11]

A, =NYVPUTHQ)V, N2
B,=NY*V'E,, (19)
C,=EUN}"?
Bk, RGRRMER AT AR RN
z(k+1) = A, z(k) + B,u(k)
(20)
y(k) = C,z(k) + D,u(k)
Hep, z(k) AEBERRASIE, D.=D,D &
SAEfFIRE (11) BB H.

2.3 LQG RiiEHgigit 14

LQG & —f ik kBB th i, BRMER
S K B AR A Kalman 3838, KAGTHH R
GEPIRAME, DU TR R,

2% 18 B 7 55 1 I R Wk R R B 2 e R B LT 4
B R T2 (20) ATS 4

z(k+1) = A,z(k) + Byu(k) + Gw(k) } o
21
y(k) =L

Her, w(k) AshAMAE, ok) R BEHLE NS,
REMERMEZREHAMRS, HE
Cov[w(i),w(j)] = Qydi;
Cov[v(i),v(j)] = Rods; (22)

#(k) + D,u(k) + v(k)

Covlw(i),v(j)] = 0

Hrp, 6 AMBHERS, Qo M Ry AXffiFE.

AR B e B, 5 4 O e ok mT LA DA g ST B
PiFE4r:  Kalman ARG T 2 (k) 8 F0 R A5
WA AERE Ky Kot B SERA G kB B
#l (LQR) B3t K. ZWT5RE (21) R AT, 3F
SE SCHN T BEHL R S8 B A — B RE 4R A

J= %E{ ;[@T(k)cz:z(k) + uT(k)Ru(k)]} (23)
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He, QA rxr BIEESRIEEXNKEME, RXA
m x m AEEEXFRIERE, E[] AMEME, s
ey
u(k) = —K,z(k) (24)
R Ky B4
K,=(R+B'P,B,)"'B'P,A, (25)

He, Py AW0F Riccati 7721 f#
AT'P/A, —A'P,B,(R+B'PB,) !

B'PA. +Q-P, =0 (26)

RIGH BB ARG T 2(k). Kalman J83¢ 358
XA
z(k+1) = A.z(k) + Bou(k)+

He, z(k) RBMRSHH, 2(0) = EZ(0)], L £
Kalman J§ 3 #% (€73 72 56 BE

L=A,P,CY(C,P,CT + Ry)™! (28)

He, P, AWF Riccati J7 721 g
ATP,A, — A, P,C}(C,P,C! + Ry)™ -

C,P:A' +GQ,G" — P, =0 (29)

®HE Q Ml RH, HHERBUYERAEME K Mk
PR 2(k), i 2(k) R 2(k), RIETTR (24)
TS BB T, R R B R I B A R
JURELRY e AT R
3 HMEME

AT REATHAEN R, BUEA SR T B NA K
PE. MR & A REF IR B0 Z 5 P AR A
WP a U PR AR, HSER. MR
FIF A S A, HEBR 8 A\ 18 IR IR 20 838 60 m, 2544
BER T g S il 1 R, At 8, BERR R
JRIRET 6 pEieib il 45, F5MK-F& 15.5m Bl E
) B B B E AT R WAL A 15.5m &b 4 A AR
ERER R HERMAA MU ANSYS10.0
AR S IA R, PRk RS H
F 1R, FEl 4 D FELRKKF ., BB 210
() 4 AR DL HoAh SO S AR, BERRK 15.5m,
KAE L HRHEIC 5. T 3 SR EEAD

R E SR (V R SERRS) NG 3, Z JiH
P A BT 1. M IO T T R DA R S A TR P
BB EMASE R4 RTHSERRH R
JG 2, 4 NMERFTECSRH BT 6. giH3t 54 MR,
126 NMEHIG, 4 DREHEIT, BHER 300, I
W 46, 47, 51 F1 50 F5 L H LT .

SE MR AR, B AR 206 GPa, JAHA
WA 0.3, MBI 8 A 7800kg/m?. R 1 HHE
PR G J7 AT DL 7 & I 0 N H i R iR, DAk
SKALILL L 56 1) S N B HE BOHE, 0F T OKID 3
Ml ERA FEELERENEIRES AR, R
JE BT AR B s A, KR AIAESE 1
WA BROCAR R HE AT s B R, B0 R4 R B 1 5
PE. S35 3CHR [16], 1R R B0 A0 3 st ) e
47T b, Jr M 47 1R TR M 33 .

x1 REBTRESH

Table 1 Elements and parameters of the model

No. Type Outside Wall thickness/ Mass/

diameter/mm mm t

1 PIPE16 1716 20 -

2 PIPE16 609 12 -

3 PIPEl6 457 9 -

4 PIPEl6 800 22 -

5 PIPEl6 1400 34 -

6 MASS21 - - 500

P W 7 380 77 F0 3 sl 4 g 6 A RN T ) R
—3. UFEEG RS, BRI BEE AR 0.1s.
XF AT T RN R R S, P 46 TR X T
WAL RS W L. WA T A RGN, LR W N R
Sigg i, RIGHH OKID J7kgbATHHR, B RS
) Markov %, JRED Ko B SR AR MR, 8tk AT B
BHEETERER Ak p gk, K 2
M&ITR. RASE 1 WWEMRTHE (FEA) itH
FH AT B B BT Bk e Y, A0 RS2 R TR, AT
Hi, OKID kg R EA WL EmBg 1y 4
fR4F. £ OKID s#rid ey, WA ISR EHER
WHERE D,

SR JEMRPE OKID J7 ¥+ 8 H 1 Markov 248, R
Fl ERA 77 %:# %% Hankel 43 B R PR BT &
H & NEH (A, B, Cor, D), BIRGEKRBH R

% Hankel 43 He4E B H (0) Jk47 47 A6 50/, %
RESHME 3 PR,
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Fig.2 Impulse response of system by OKID and FEA

x10~7
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singular values
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Fig.3 Singular values of H(0)

BRI R A R ER R, RS RERE
6, HT 2 Brar e 20 5 A S K 99.26%, it DL
BRERBIIREA I, IR EEADEINA

A _ | 087787 045401
" —0.41640 0.88171

_[-6.9717x 105
" —3.5275 x 1075

C, =[-1.0584 x 10~* 3.9999 x 1074]

D, =3.3681x 107°

FE I T 15 2 B 2R B do /) S8 BUAR R HEAT 0 i
Xt d /N SEBUAR R e i (8 10kN, B3R A 0.5Hz By
SMERIE SR WA Sy s N, SRR R, 45 R
B4 RB& TR, RAS 2 WA RIUT B8
AT F5 RN R AR KB SR, 46 R X J5 1 B A
Bom N, ZiRmE 4 FR&R, ALEN, WE

WIa RS, RIS R B A A AT DR AR A PR
JUREAY.

x10~4

displacement /m
o

0 10 20 30 40 50 60
time /s

B 4 BRRRGES R R G R ) LA

Fig.4 Displacement response to sine excitation

HTF ERA B G R MR ER, #iF LQG
Pt SEERN T R=10"7,Q=HH", Hh
H=10 0", Qo=10"3, Ry = 10~1°. B4t 19 F
X JrmpEmiE{E A 10kN, BZE % 0.3Hz KIETX
SR 7T, FE s I ERAE 47 58 (Grm s
] 33 5 ), WIS TG 46 35 250 X 75 [ B o7 8 g o 4
E 5(a) fras, EBHIIREWE 5(0b) frx, WEHE
IR R L7

7E 19 i X J7m s Sl imiE e A 10kN ik
MR 7 FABEAE 4 10N, 0.01dB ¥ 171 B 75 3 77,
T 46 55 550 X J7 1) 0 L A g o 0 45 3 77 B[] g #2
wmE 6 fE T . HBLEZGRAEH, 7E 3 MR

o x1074
2.0

i ---- control off
control on
AR A A

.....
........

displacement /m
o

|
—
=]

0 10 20 30 40 50 60
time /s

(a)

B 5 IESZ J71E R T Bt 48 S8R 2 O it
Fig.5 Displacement response to sine excitation and time

histories of control force
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4 8 ---- control off
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(b)
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Fig.5 Displacement response to sine excitation and 8
time histories of control force (continued) 6
é 4
%103 3 2
< 0
---- control off e 5
4 —— control on = =
g —4
E 2 -6
3 -8
§ 0 —10 .
,S‘; | 0 10 20 30 40 50 60
R -2 :. time /s
—alfi (b)
—6
0 10 20 t'30/ 40 50 60 B 7 R R P R T I ) A8 SRR ) Oy I
me
) Fig.7 Displacement response to random excitation and time
(a) histories of control force
1.0
" 4 L5t
0
Z s AR 3C L i ¥ I i Y B X, WRSE T
g ~1.0 T 5 Nl ) R G R B AR S g4l i
E -15 &, AR AR A OKID HiARF ERA J7 ¥k, 424#
3 20 R LQG 7. Mg RE R, OKID JjEfei
-25 A RPN RGN Markov 2%, ERA J7 6
30— P 550 BN S, (BB HURY), 35 TR L8 i)
time /s LQG &l it fE % A B M s g P & ksl &
®) ST W B P Al S 4k B 3y R

P 6 ke el 0 1 PR e 8 1 28 SR 5 1 e AR
Fig.6 Displacement response to sine excitation and

time histories of control force

FFE WA TR, BT R 15 R B A 2
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TR AT AT AU L.

EFEHE .
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T R AR R R 0 B N i R AT I AR A
BT A 5 S A AR RS AL B A R, A
K fESh a8 fil 5 MAHALE & S BUTEMRA AR, HA
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FE U AR RS 1 R s ) B AR
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TIME-DOMAIN DYNAMIC MODELING AND ACTIVE CONTROL OF
OFFSHORE PLATFORM Y

Liu Song* Cai Guoping®? Dong Xingjian?
*(Department of Engineering Mechanics, State Key Laboratory of Ocean Engineering, Shanghai Jiaotong University,
Shanghai 200240, China)
t(Institute of Vibration Shock & Noise, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract This paper presents the studies on low-order time-domain dynamic modeling and active control of
an offshore platform. Firstly, based on the input-output data of the system, the method of observer/kalman
filter identification (OKID) is used to identify the Markov parameters of the system. Then a low-dimensional
state-space model of the system is established by using the eigensystem realization algorithm (ERA). The linear
quadratic Gaussian (LQG) controller is designed based on the low-dimensional state-space model. Finally, the
controller designed is introduced into the finite element model of the system to verify the effectiveness of the

controller. Numerical results indicate the effectiveness and feasibility of the studies in this paper.
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