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Direct adaptive fuzzy predictive control of flexible structure

based on characteristic model
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2. Beijing Institute of Control Engineering, Beijing 100080, China)

Abstract: To avoid the overflow of the control and observation caused by using mode truncation to design controller, the
flexible structure model is transformed into the characteristic model described by a second-order difference equation with un-
known coefficients, then a direct adaptive fuzzy predictive control method is presented for the flexible structure position holding.
In this method, a fuzzy logic system is used to design predictive controller directly, both the controller parameters and the un-
known vectors in the estimation of generalized error are adjusted adaptively. It is proved that the designed controller can make the
estimation of generalized error converge to a small neighborhood of the origin. Simulation results demonstrate the effectiveness of

this method.

Key words: flexible structure; characteristic model; predictive control; adaptive fuzzy control

1 5|5 (Introduction)

T2 A (R R A 2S R SRS T )
JI . 2 RS A e xR AT A, K KR L
T35 S A TE T I A 3R, B TR
BT, A R EASR TR BRI SRS
ERT AT AE S [ 4 AL IS 5 (LR SCRR [ 1048 48
TRUEWREEEE T B, L EHE R AR
BANTEEHEA - s EkE
N, IR TS HIAR U Sy G b il A0 ORI s % )
B AR BRI BE R R, LR AR
Wase , I AR RS BB U R A . MR
BT BOR JIB , B AR R A R B R A0, A ST H
AR X R B 2 A A AR AR R 3R — b O ik
PSRRI AR R R 50 Lk 5SS

R H 39922003 ~ 12 - 11 WO BERRR H $9:2005 - 01 - 27.
HEWH DR 8 RBFEE TSI H (60034010) .

HIBUBTIM O 5C , Tt T AT HRAS 1 A8 25 e i
5| X2 ) RO 4 ] R

T B 2 S R A e A
BORME S, M B AR W LR R T
—EXERELHELRE, CHREETRYZ
B ARG R PURN 3 60 S BR 4T L DR A T 4 ) A
BERSEER, BB RAERAHE RN RR
BB L R HIER

A SRR AR T ik, LR —
N ES TR, KRG IR RBCRA
HIROLT , R 8 RE U0 H & A B
By, T SGREMIHEXHEHER S
A SCRZEAGTHE P BIR H ] BT AE N .


http://www.cqvip.com

678 B OH =

® 5 N M

-k

2 FHLE S MEE R (Characteristic model
of the flexible structure)
& PO MR oM A SR v, H AR
AT TR R — - PR R 15538 BN
m 2
G(s) = ‘sk*; + Z B kg

i=1 + 26,&),'8 + w%'

(1)

Hobs J = o KU HIRRO RS, b, R LR
A, & WRMRHILIE, o HRIEMEEE, B

H wr e 0, m BT M SR — 4 X4 AT B

ey
ISR | R A T, A G (o) 5
W

bis®™ + - 4 byus + ank,
G(s) = szm1+2 2m+1 2 2 )

+ ags + 0 4 g’

S agy = 1] . 8 u Ay SBRR () 05 AR
it IR ()1 3 T2

¥y = - aku + F(1). (3)
Hr |
F(t) =7 + asf + =+ + ajy@mtD 4 y@me2) _
b2mu o oeee b2u(2m—1) _ blu(Z"‘)_

X2 (3) Wit AN (3) AN, SR % BR AT 25 0
JRZME & LU B 2 AR

y(k +1) =
2-Ty(k) + (T - 1) y(k = 1) + hou(k) +
hiu(k = 1) + W(k). (4)

He, TRRHERAY; ho = - asnk,T(T + 1)k =
ark, T;W(k) = [F(k) - F(k-1)]T + F(k) T
T F(k) 2 ufly SMMFEOKEHEE,

M S I B, MIERAASHE, W(k) = 0; 3

Ao, 4 TR, W(kE) AR, Btk wk)
ATVE BRSNS, XA (1) A E R A 5
y(k+1) =Q-T)y(k) + (T -Dy(k-1) +

hou(k) + hyu(k - 1). (5)
LA T RS MR MW () S ER
Feot, RAMEERI T A R (S M M &0 Bk
R FESAN R, SRR A 1 5 R A
(D) A —EIRETLENREM I, £
AR .
LT 2 FRHEB R (5) X EWEM (DBt N
A T T ]

3 T4 B K T #2 42 (Predictive model
and predictive control law)
B (5)%
y(k +2) = hou(k +1) + byu(k) + Fp( X(k)).
He
by = hy+ ho(2 - T),
F(X(k)) =
[((2-TP+ T-11y(k) +
Q2-T)(T-Dy(k-1)+2-T)hu(k-1).
S HE AT LATS 2 N A5 AT T
y(k + N) =
hou(k + N-1) + byy_1u(k + N =2) + - +
byiu(k) + Fy(XCk)).
HAr: byy g, by B2 T, he A1 Ay B BREG
Fy(X(E)D) R y(k),y(k-1) Al u(k - 1) LA
& HARBR T HA, R IERS
Fi(X(k)) =
Q-T)y(k) + (T-1Dy(k=1) + hju(k - 1),
A TR AR

Y = GU + F(X(k)). (6)
Hrp
y(k+1) ho
y - y(k:+2) ¢ - b-zl ’fo - ’
y(k + N) by bz ho
U - u(k:+ 1) CF(X(R)) = Fz(X:(k)) .
u(lk+ N-1) | Fy(X(k))

RRWESRRABERIGETEM v, WILEPERESE
FReRECH

= 200+ ) - 30+ D ACulk +j - DI

(7
He A BBEEHMREF.EX Y, = [yoyey]b
A PTR (676 + AD 6" B8 1 47, MIAT A8 Fi 4
A

u(k) = PI[Y, - F(X(k))]. (8)
4 EHMTE GRS REES T (De-
sign of fuzzy predictive controller and stabili-

ty analysis)
HFAHR(6) I RBOCR A, 15 H35 (8) ARELHL,


http://www.cqvip.com

EORE G

VI B % S TR AEAR B B SR PS5 M B 1 58 RS B 4 679

A b B IS B 8 R LR T 30 (8) SRR i il 2%,

B R FIR M B B RN EE B A I FER .
RV ¢ N FLH, -, H 2, NFL,
e kG

Her: 1 =1,2,-, M, M AHFE OIS
(£1,,2," BH X = [xp,,x, )T BBIMLIG BT1G
MBI &, ¢ HEHiE m’}Zg Fi(i = 1,-,n)
MG HAEMES EXNORBERD N
pp () T pg Cy) BRI RS, R FH B MELAORA 7= 2

38 TR 2 AT BT , M2
1 R GeH H 7T  H

y = A(x18) a 67&(X). 9)
Hr: 0 = [6,,,00]556(X) = [&(X), -,
en(X)1T0, = ¥ (5 H pg BRER K AE B 5 X L B
H#F'(")
B 8(X) = == IR
2 e

FIRZ N (9) AR Z B R 5 Ein R (8), 1%
0T ARSI BT 2%
u(k) = f(X(k)|6,) = 636,(X(k)). (10)
B x(k) = [y(k),y(k - 1), u(k - 1)]".
PUF kB ot anr x4 28 0 (10) R S 800 &
0,(k) Wit BERLEIAE.
LHE6) MR, 12 of & (676 +
AD BB —AT, e X R E
e,(k + N) = PI(Y -Y,) +20TU.  (11)
T e B R R AR, e (B + N) = 04 HAY
2 ] o kL T 0 4 4 1 K (8), X 2 WA {3 A
le (k) WSBIFMERI T KX (8). Bt
BETFI URE e, (k) MEHESH 0,(k) 7 H
TERLAT, RIS RRBARUET Y {e (k)1 HIMSIHE, B0
AFLAREES B . B FREER R EOR A, T R
%o, (k) v E W, FIHET P LR iHE
(k) MERIERSE 0,(k) #HATAERAY, RS
BIPEFH {6,(k) | BSE R S /MR KA
B B A e T SGREMHE ¢ (k) R
é(k) = O%(k-N)Z(k-N).  (12)
Hep: 0% (k) = [PT(k),0T(k)], P, #1 Q, 5351
Py Q BIfITE Z(k-N) = [y(k-N+1) -
Yes sy (k) = vy Adulk = N) o, Au(k - 1) ],
KA 89 B & SRR SR & 6,(k):

Yok < My,

oCk),
6 -
(%) { Y o(k) | > M.

Plg(k)},
Hrp

¢(k) =6u(k—N)—Cll

(13)

£.(X(k - N))
(s Z(h-N) | 20t F)

a B HERM ¥ I %M bR E RS,
10.(-N+1)| < My,,]|0.00) | < M,. BEZET
P | HSCHRIS T iR XL

)
Pt = Mo 70T
FRWT M HENERETSHME 6,,(k):
o(k), é|¢(k)\<M
Ol k) = { Plo(k)l, %l o(k)| > My, (14)
Hr
_ ZG-N)
¢(k)—6 (k-N)—a2 (1 IZ(k N)I)zeg(k),

ar B H & N ¥ Y M, BRI E BRE,
|(9pq(—N+1)|<Mpq, 9|6pq(0)‘sMpq. BE¥E
F Pl | #RSCERIS iy X

Plo(k)l = M

AT HREH:

TR ARMEHQ) A R AR T
FR BREMFEUNEHZ AR 0), SHmE
0.(k) R 0,,(k) 9 B & L35 323 3 X (13),
(14),2% ¢, > 0,a, >0, H a; + ap < 1 Bf A

D) {u(k)} F1 iy (k) BAFF;

2) &, (k) WS BT S B — /BN .

TERA TR 5% .

5 {AE (Simulation)
BB R 45 40— 38 MRS AR T B 1% 3 R K

G(s)H
k klwl kzw%

G =
(s) 2 * 32+261wls+a)1

(k)
Mle(k)]’

+ .
52+262w25 +w%

(15)
‘QFF'k_ k1—05k2_025(u1—32w2_
4.0,8, = o 003 g, = 0.005. i AR RHE
MIMHIE y(0) = 0BBIFHRFTE 300 & .
SRR B ARG, WL v(k),y(k
- 1) M u(k - 1) WEMEAE—EEEN .f&ﬁn?_ﬂ@—-

A, 7 (k) = m%s’ AT TERE

I v (k), B 7 (k) € (= 1,1) %t y(k = 1) 7


http://www.cqvip.com

680 : B OR H

v 5 M M

B0E

w(k — 1) ATMRIRIRE RO BRST . BEIOL, MO B8 R4
FXCY 18 B, X(k) = [7(k), 7k - 1), ua(k -
DT, G R » BB RBECY

x; + 1 X
w1y = exp(~ ( 038 )2, 12 = exp( - (6._8)2)’

xX; —

w3 = exp(~ ( 0.81)2)'

P HEFE A = 0.1,0; = 0.85,0 = 0.1, T
= 0.01,y(-1) = 0,u{-1) =0,6,(- 1) F16,00)
RN ERE] - L, LIABENLER, 0,,(- 1)
0,q(0) X [4,0.2,0.1,0.05]", M, = 12,M,, = 10.
B | RS R B R RTE 308 M ELEE R .

70
60

50
40
30

y/

20
107

0

— 10 —_ L
0 10 20 ' 30
tls

B 1 SR R BRER 1 15
Fig. 1 Tracking performance when parameters
chosen randomly

RREEERIERE, 704 T RBRT Al AR PR RS
B — 86 B 05 SR Mo B R S8 R0 {E, LADR AR
BHAGFA A G, BROMERE 6(s)
—BE MRS HE BRI G (s) A

k,} klw%
G = +
1(s) 2t

. 16
+ 28,018 + w3 (16)

GIE DR IR RSB e bzl

1) 6, WA TER

MM 6)HHE S [P, Q71 1R 6, HFIME.

2) 6, VAR B .

BERMIZRRENHER L. 6, WP EE ST
BRI BRI 2R 5]

B BT BT e AR T 42 i 28 i X i
(8), ¥ BSR4 10 2, L) b SRR R B0 L S Y
{EFE N (8) BB A, Hoi it w S 80 & 0, sl
GE, REXMRO6)FATHENG R ER S
BOEBUR] L .77 ¢ = 20 s BHE® 6, VGG REER
EHIASSE 0, WA,

FRUA_E B B A (B i i il 48 % =0 (15) #47

e, B 2 R R A AL BARFRLE 30°RT T B
701
60
501

_—

40 F
30

y/ (O

20+
10}
0
-10

0 10 20 30
tls )
B2 ST INHERIRERRI
Fig. 2 Tracking performance after parameters training

MERDE S, MARESHN—SERER
O3 B A ) AR 0 6L, S A IROR IS BN B B
6 £5it(Conclusion)

Xt R SR T H T RHMER R H B HE N
BRI TS B, FHIEH T S RSN B
PREEET, Bris it Ay 4a il 2% AT T SR 22 A8 T HE o sk
RS —DPBEN, M EATEHERNER
PELSHIREAR AT B 55, 8 e T e A T
5| R ) RO LI 45 1 A I R

B % 3Lk (References)

[1] WU Hongxin, LIU Yiwu, LIU Zhonghan, et al. Characteristic mod-
elling and the controi of flexible structure [J]. Science in China( Se.
F),2001,44(4):278 - 291.

[2] ROUHANI R,MEHRA R K. Model algorithmic control( MAC) , basic
theoretical propreties [1). Automatica ,1982,18(4) : 401 - 414,

[3] CLARKE D W, MOTHADI C, TUFFS P S. Generalized predictive
control, Part I and Part 1T [ J]. Automatica , 1987,23(2) : 137 - 160.

[4] Er#i. BEMEH R L SBEHN-—RH SR Ek S IM].
b5t B ok AL, 1995:120 - 163.

(WANG Lixin. Adaptive Fuzzy System and Control-design and Sta-
bility Analysis [M] . Beijing: National Defence Industry Press, 1995:
120-163.)

[5] GOODWIN G C,SIN K S. Adgptive Filtering , Predictive and Con-
trol [M]. Englewood Cliffs, NJ: Prentice-Hall, 1984:91 — 94.

(6] LIU G P, KADIRKAMANATHAN V, BILLINGS S. Predictive con-
trol for nonlinear systems using neural networks [J]. Inz J Control,
1998,71(6) : 1119 - 1132.

B} 3% ( Appendix ) :

SE B

1) MR (13)E 1R | 0.(k) | < My IER
(13)8 2473, W | 6,(k) | = M. FFELSHERM & > 0,


http://www.cqvip.com

538

VT 25 B TP AL B A M 454 B 1 38 IO A0 T 45 681

¥ | 6.(k) | < My, RIEA(14) 7TIE, SHEZL £ > 0,
B | 00(K) | < M.

BT 1 E(XU) | < 1, IR0 5, u(k) HR,EE
BAGM, y(o) BR.FLU, tu(k)] F 1y(k)| BERF
5.

2)id
Axk)|6,) g2e,(X(k))
T
- f(X(k:) | 0.1) _ 6u1$u1(.X(k)) a7
AXCk) | Bunor) 0% Eav 1 (X(K))

HFRODRAR (), FRAR1)HE

eflk+ N) = PI(GU + F(X(k)) - Y,) + 2QTU, (18)
i PTGU + AQTU = F(X(k)|6.), Fik

ek + N) = J(X(k) | 6,) - PILY, - F(X(K))]. (19)
E X 6§ = a.rﬁgen})ini X(%l)lé)yj‘f(X(k)‘eu) - Py, -

FOXUNIE, Hdr 0 = 16,0 [0.(0) | < My} 332 @,
= 0,- 0, BUEBEEE o(k) = A X(K)|05) - PILY, -
F(X(k))]. BR(19)18 k AEZIR g2
eg(k) = @1k - N)&,(X(k - N)) + w(k - N). (20)
L [PT,QF) = 8% W e (k) = 8% Z(k - N), BZ(12)FIR
(20)7%
é(k) = @1k - N)E(X(k - N)) +
D, (k- N)Z(k - N) + w(k - N). (21
Heft @, (k) = 0,4(k) - 8. iC
77 (X(k)) = [ph(X(k)), g8 (k)] =

ENX(k)) Z"(k) ]
L+ 1z 1+ Tz T1”

k) = T Tz T

B
V(k) = 0l @,K) + Ol (k)@ (k).
AT sitie
D WRA(13)5 177145 1778, WA
,(k) = @,(k = N) - ar,(X(k - N))é,(k), (22)
D, (k) = Pp(k = N) ~ apne(k - N)&(k). (23)
LK) = ar| (X)) |2 4 ay| 75q(R) |2, [D(k),
Op(k)] = @T(k), Wi A LR
V(k) - V(k-N) =
-20™(k - N)p(X(k -~ N))3 (k) + I,(k - N)&2(k).

(24)
B a(k) = ﬁ’% AN

O"(k - N)n(X(k - N)) = &,(k) - w(k - N). (25)
B8 -1+ L(k-N) <0, HR25)RAX(Q)E

VO = VG- V) <= 8017+ 127 G

(26)

DHWRR(DFE 2 AR E 1 TR, BT
16" | < My, TR FHBRFLERE
| 6,(k) - 6|2 <
X(k- N 2
e JORTRR
XA(23) oL, BT AT &
V(k) - V(k - N) <-20"(k - N)p(X(k - N))e& (k) +
O,k - N)&(k). (27)
R DR HIR (26) AL
I RA(13) 58 1 7R (14) 5 247, U3 2
TR (14)5 2 47 B ar, RIE AT A2(26) IR AL
LR BT TF BB AR (13)F(14) , 2R (26) AT .
4 suplak-N| = e. BT |pXk-N)| 5
| gk = N) | RETBERIES BT 1, BT LA I,(k - N) R T
1.0 < H,,(k -N)<1,% suprjm A WRE
F . B (26)7% »
V(k) - V(k - N) <~ (k)2 + &w.  (28)
A FSCRR (5] B9 BUBE AT LASE W« 8,(k) Wi 830 I 19 /18
AN . FEL L, B (28)5
V(k) < V(k-N) - [12,(k)|*-&W].  (29)

*(29),24 k13 18T,
VD + -+ VI-N+1 <

6u(k - N) - aj (1

V(0) + - +V(—N+1)—2[ | é,(k)|2-e2w],

SHERE b, BF | 6,06 |, | (k) | AR, 8 | 0.(8) |,
| @p( k) | HR,BTLL V(E) HR,Hib e L8

lim >0 &(k) |7 - 2W] < o (30)
F BB, B =0(30) H
liml | &,(k) | - Wl = 0,

B k— o B, | 3,(k) | >/ We,, B 2,(k) BSEE
REIAREN .

R\ BT EEY, RER A 9% 2 MR 9 5,
w(k - N) &3E50/0, Atk w(k - N) BIR/DNKE T, e B
RIVNR, B, 6,(k) SRR S K /NEEA . Xl T
1+ [ ZCk - N) | AR ¢, (k) Waes RS BV A

EBERRL .

YEH B A

IBEX (1964—), 55,2003 SEE FI MBS MR KR8 LF
RE, RGO B KRBT REH B AR S B SRRl
2, BRI 2 3 B R AR B 4 ST T, E-mail : shiwuxi @
163. com;

B .F (1951—), 5, #4R, BLAESW NS %R
ﬁﬁ%ﬂ&%‘ﬁﬁﬁ%ﬂﬁ?‘i;

REE (1939—), 5, PEMEREE L, AW, TEFR
FiaHE BERN A E RS


http://www.cqvip.com

