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ARSI E A&, BB E
E(f(t)/F;d_l) = (,a.s., SUP E(Hg(t)”z/Fr-l) <X CO, a.s.,

lim — Z} |E@I < o0, a.s., (2.2)
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A(0) = C(0) =1, B(0) = By,(0)=10,B 4

" by
B(zﬂl) = [z'*ifBif(z"‘)],k;; = 1aB£f(3#1) = z: bii:’»’*z: b;io 7= 0,
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RTARQ.DIEW FMRrix:

Al FERT k; B A

A2. rank B(z7V) =, det C(z7) x0 |z]| =

A3. (D(z7)B,(271))7'B,(27") HHE, D(z™") *ﬂ B,(=7") H(2.3),(2.4)x\4 H.
NU1013EH . W% rank B(z7') = n, H k; EAL—WLIERE] D(27) 71 K(2™),

lim D(z7")7'B(2")K(z™!) = K,;, det K; = 0, (2.3)

= —» 00

Hih D(z™!) =diag (z7%), k;, = 1,K(27') = diag(27%),dj = 0,k = max k,, Tk

lsirsn
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A(zDy(G) = D(z7)B(z7")a(e) + B,(z7Hv(e) + d + C(271)E(e), (2.5)
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@+ k/1) =3+ k) — F(27)ECG + k), (2.8)
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(2.9)
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N(z™) = 2AF (™) B(z™), (2.12)
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(2.6) Rt /MEA
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b= A(DBy)'d|.=y = 2H(1)'F(1)d, (2.18)

R=1+ 2(DB) 'Al,ey =1+ 2H(D'FA(D,FA() =1— G(1), (2.19)

=, HBRERHIE

1(2.7)5K,(2.8)XF(2.13) X A5 BTl S B IR H B HI R HE
y(¢) = Gy(t — k) + Ha(s — k) + No(s — k) — C*5*(1/(G — k))

+ F(1)d + FEQ), (3.1)

Gy(:) + Ha(e) + No(z) — E*J‘Tv*(z/(t — )+ F(1)d
= Rw(t) — Oa(e) — Sv(¢) — b, (3.2)

Fp C*(z™) = C(z™) — C(0).
H B IE 3 H] H &

6() = 6(:— ) + X1 = ‘g (5T — x(: — B)TOG — )1, (3.3)
r(t— k) =1+ Z x(i)Tx(1),r(0) =1, (3.4)
O() x(z) = y*(G + k), (3.5)
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y*(t+ F) = Rw(s) — Oa(e) — Sv(s) — b, (3.6)
EARFEERBP PO H(2.16)FNELHE, S, 6 MIRH(2.17)X—(2.19)XNELER,. H
(3.5)RX KAy aC) f1 K(z™) "IRIKRE ule), EIREEB.3)XF(3.4)NHH u(e) H
THAHE a () RRE:

a*(¢) = u(e) + v(2), (3.7)
A () BEEHEBES, H FEH:
p(z) = 1;22 , V=2, (1) =10, &€ (0, . —l_—ls " k)-),
S = Mmax[ngyniyn,snels (3.8)
a(t) FAEBMIT Q) 1Y » ETEHLFHL, R
Ea(:) = 0,Ea(t)a(s)T =el,0 < e <1, E|la(s)|]® < oo, (3.9)
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— B(1)b+ OBu(2) + OCE(), (4.1)
(ITB%J +- AQ)u(r) — Ade(i1 + &) + ARw(t) — (ﬁz + AS)v(s)
_ PD(l)d — 4(1)b — PDBuv(s) — PDCEC, (4.2)
A A(z"HPD(271) = PD(z"‘)A(z"‘),detA(z 1y = det4(z71),
B(zMH0(:z™) = 0(z)DB,(z71),detB = det DB,, (4.3)
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EEH. &S
O() = @ — 6(z),
z(t) = e(¢t) — F(z™ &) = () — 0 — B)Tx(s — k) — F(z7")E(e), (4.5)
i x(e) BT X FI(45)RA 2(e) = x(e)o + x(2)., HH
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A v(e) HG.DARRG)RAH, ule) H(B5)X=E, A 60— 0,a. s.,
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2" A [DB g, By, Cd,0,0] 2 1[1,,0,0,0,0,0]
[0,1,,0,0,0,0]
Fouz ) =| # [0:1,,0,0,0,01 ]
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zﬁl[O,S,O,b,R, Q]

—2
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2 %[0,8,0,6,R, O]
FRAX9IhEE 3 ER B EAIEER 4.1,
IR 4.2. REIX 41—43 REH 4.1 X 1)—3) IMEEBLEF PN OHE
det [P(z™)D(=)B(z™") + 0(z™)4(z™")]1 TRy, Hh
A(z"DB(z™) = D(z7V)B (2 )A4(z7"),detB = detDB,,
BAYBRIEEZEG.3I)R—GIHANH TR (2. DK, MH

1) FoiEME
lim sup — 33 | YOI < 00, a.s.,
lim sup—z\-; Z la()|? < o, a. s (4.7)
2) Wrdkhk
lim z E(leG + R =7 a. 5., (4.8)
3) smAHAM:
@(t)::;"" @9 d.S., (49)
R, SRSl L1 1Ry B Al
im —2— s = > 2P =0, as., (4.10)

N2 r(N) N ;55
KEAXIIN G E, BHG.O)ARMB.OAA ERE »() e

Z Ip(OIF = 0, as., (4.11)

N-—rn:-

E|F4.1, det [PDB + 04] Bia
y _3‘{[5]5@,}3%”]'11:
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N

el (2.2)XM(4.11)KEL R () T BIH 8, K
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~ G
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N->w
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N>
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0 1 — 0.1z [yg(r)l — [ z ! 10z"“] Lz(z — 1).
1 AR Y M Eﬁ] 5.1

AH §G) BHEAZ, FEAH LI PBERERE, RERE L= [3,2]T —HEATZA
5. AIUTIE v(e) 24

0 — 3
60 <1 <240, v =| |3 240<r<320, vty —|_ | |;
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A MULTIVARIABLE SELF-TUNING FEEDFORWARD
CONTROLLER WITH CONSISTENT
PARAMETER ESTIMATES

CHAI T1anyou

(Northeast University of Technology)

A BSTRACT

In this paper, a novel self-tuning controller 1s presented. The controller has the following

advantages: 1) It can control stochastic multivariable systems with arbitrary time delay struc-

ture;

2) It can deal with unstable and/or non-minimum phase processes; 3) It eliminates me-

asurable disturbances, load offsets and tracking errors without having integral action in adptive

control case; 4) It has global convergence properties; and 5) Parameter estimates are strongly

consistent.

control; feedforward control:

Key words: Self-tuning

multivariable systems; glo-

bal convergence; consistency of parameter estimates.



