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Variable Structure Qutput Feedback Control of Discrete Systems
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Abstract: This paper discusses varisble structure cutput-feedback control of discrete systems. The output feedback control
doesn't need full observability. The paper presents a design method of discrets sliding surface, proves the stbility of sliding

mode for Systems.
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1 3|8 (Introduction)

MG BHRD-Y, T wEy
MERAER A ENERRS ELHEREELA
g, BEWANEE: — 2REWMEE, 5 —1
BB LE . R 5 AR RaT, AT R A %
ARAERNEER R HHTEREHNTEE S
EETHEAREC), MRAGHERNBR TS
HEHNREERD ZXHKATRARLE RS
A AEN, B THEMNGEE . EXE
SR SRR B REBFRTE
MR IR BN ATLHERRNBITMESER
SEFEIER .

2 BT HMiEH (Variable structure control
of discrete system)
2.1 AR QSM B ¥ (Definition of QSM: quasi-
sliding mode)

BRIMMRADTRERSL:

{x(k +1) = Ax(%) + Bulk), 0

y(k) = Cx(k).
#h kK AEEMHEL = 0,12, , 2. s ER", 2 C
R, yCER,A,B.C EHNERIERE . MFLRES
B r W &5 # #2 il (variable structure control, VSC), &

» E&TA - E#E RS L (50675014 REEHTHE .
WAk B WY ;1997 — 07 - 16; W& ECTN B 2000 - 05 ~ 15.

WETH S EZRENRE T

BE VSCHPMBENE, ——REEEHE, 5
—REHFRE. BHRBENE S S B EHE,
ERFELINESER, I AHERENTEL:

FES 1 M VSC #0) B RE -0k O ( Zig-Zag) ! 2
Nizsh S—EHERBETH. X, RRIVEM
TREBEFEMRARER I,

=12 ERI-A < s(x) <.A},  (2)

2 B ¥ B 30 bR YR 18 BX (real quasi-sliding
mode, RQSM), 55 BrHELH .

EX 2 AERBE(QM)BRRHEIHERX, &
Bit R, SR EBERDEAFETE
s(x(k)) = 0; B—F N EFEHE, MEX L.

2.2 BREERSHMA(Quasi-sliding mode)

1) LhREHEE.

MFRE() . RENEENAL ZES, TH
FTREZ (k> N, NAERHERZ)ZMEE:

s(k) = Sx(k) =0, S € R™". (3}
ESREHT, S ERSIFE L
Sx(k+1) =0, k =1,2,-. (4)

B s(k+1) = Sx(k+1) = Se(k) RESH
B uo(k):
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veq(k) = ~ [B(SB)'SAx(k). (5)
XA REBRH RN
x(k +1) = [A - B(SB)'SA]x(k). (6}
244
Ay = [A - B(SB)'S4], n
H{6)EN
x(k +1) = Agal{k). (8)

HTFEHEHEE, «(k+ 1), x(k) WESHE
wMgEr.
MEBDBREERZNFESED, g FAES
HRREE, - BASBEFEETSRE L MREY
B R AT L T R (S0,
ERBCEE L RE Ry EARMEE, B
HEHEDERRREL2TFR.
BN TAEREH.
[U.-*(x(k)). si{(2(k)) > 0,
P L (a(R)), sils (k) < 0.
ETEHERHERT, Fassh BN
Ae(k) + Bu* (&), s(z(k)) > O,
wlks 1) = le(k) + Bu (k), s(x(k)) <0,
(10)

(9

2P ut (k) = [af k), ui(R)]™

EXZREHF, ENDRRE—-THA,FE

A2A FR B
sa = {s(B)1 D sll = ()| <241, (1)

2) Blik&MA.

T FEERGHNERRRRARBES R A
BB, X8, 1015 & A ES,
HAEMABES R AR BOTE.

(618 K —F BT T S Bl &, Y s 4k
T U D NE, IEARIIT LI E
FREN)RABYRBIER:

sCk +1) - s(k) = - Tesgn(s(k)) - T8s(k),
(12)
HH, & = diagle,, " &a),0 = diag(dy, -, 6,). 3
P > 0,8 >0 BEK(12)78
s(k+1) == (T8 -~ I)s(k) ~ eTagn(s(k)).
(13)

BSEA() MR HEHE HEFBEHR
TR —.

3 FXFHEAYifit (Design of switching sur-
face)

R A R AT e, B IR s(k) R

Rig1 (A,B)RaT&Em;(4,C) BRATMM,
#H B, CH2%;

Bi&2 p= m,#EH tank(CB) = m.

3.1 REEBIFXFEEHIRH (Design of state feed-
back switching surface )

RBAVR Y W R I 6 | MG T Z B, AT
ERERBIFXRFEMZIT. THEMARITS[11]
Rl X[V ELFRHNH LR REGHEH .

EE1 XRH(OWERRE .28, FE—4
R S, H78.

D) RE 2{k +1) = Ax(k)} + Bu(k) EBETE
S(k) = 0 LEEE,E n - m FRERERNIHPA .
2) SBEHR KHANKFE—T2BER
wc R“(“'"), W C R{n-—m)un.

%48 .
3) WW = I._,., WB = 0,
WEAW = diag(Ay, "\ An_w).

I M REEE L2, BRE s(2(k) =

0 LEEhS ,RETREN.
x{k+1) = [1- B(SB)'S]A={k). (15)

B J = diaglA, A2, Aucml s A1 A2, Ao
RYEFZHAEWVBRTME Sx(k) = 0_LIESHF AR
BIBLTFESBENR w#iS,

[7-B(SB)'5]aW = 0. {16}
4
SWJ = S[I, - B(SRY'S]AW = 0. (17)
HH, A =« 0, JIEHR FFL
SW = 0. (18)

LT, WRSHAEMHEER,BE SBES

®.4:

rangeB () rangeW = {0}. (19)
XENRE B, WHL2ERNR (19, BA[B I W] H
WL 3FH R

[ (20)

XE, BB =1, ,BW=0,W8 =0,"WW =1,_,..
BB WEAW = J.

T4 BRI BT BESCER™EVHER
EWEN, SHNY 2 € angeW,H 5z = 0.R{1E
Soik®d SB REFHR.

B 22 € R™, SBx, = 0, 44BE S HE N
LTEEy €ERV™, 8 Bxy = Wzy, BTl
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z = WEWx; = WEBx = 0, F & Bx, = 0.
BIBBE rank(B) = m, 2, = 0,F7LL SBEHR.
FEFETME S(«(k)) = 0 L RGEEBRRE[] -
B(SB)'S]A, BBHEAH IR SW=0,F
range{[ ] — B(SB)"'SIAW - WJ|  kexS () kerW¥.
(21)
HHTETIE, 2, € kerS R H x, = W, . H A, W
B x; € kerS = kee W, WFH ;. Wz, = WPWx, = 2, =
0. x,=0,F
{kch M ker®* = i0},
[1 - B{(SB)'S]AW = WJ.
ROEDEHTF A, A, A BERTE S2 (k)
= 0 LR, BRELT - B(SB)15]4 MR,

(22)

EB2 BBER™,WER™"VHFWMT&
T
1) rangeB () range W = {0],

range{ AW - WJ)  rangeB.

) FE-TERERE W ER WV = I,_.,
WEB = 0, WEAW = J.

i Sx[i]el.

3.2 WU R IMIF T ER I (Design of output feed-
back switching surface)

B b AT, AR 48 B R RATF LR B R
ST EFE Sx(k) = 0.BHERE, MR S2(k) =0
#FC = S,3B4 Fy = FCx = Sz = 0,115
By BIOEETE Fy(k) = 0, BEHHEBRFE,
Wl FC = SER.

T3 FCER*,WE R RLBE
M,.SER™E WHNENEZERE PLFEFC
R*P S = FC,EENY rank(W) = p - m.

E BBErzp=nBHSHELE,S= FC,
Ma FLEE2B, BT F(CW) = SW = 0,4
rank( CW) < dim(kerF) = p - m. H—HFH

rank( CW) =rankC + rankW - » =
p+R-m-n=p-m.
FTLA rank(CW) = p - m.

R ,rank(CW) = p - m,RFER B CW
BB KER, B4 mok(FC) < m,BAEFCE
R™™ & CW WAESBHELEHER rank(CW) = p -
m,®IH rank(F) = m,##E{Bi% rankC = pﬁ;

rank{ FC) zrankF+rankC-p=m+p-p=m.
BT SHRWHRLSBENFERE, B rank(FC) =
mAFCRWHLBRAENEERE. L.

4 ¥2HEFIRIT(Design of the controller)

HTRAGERNBERMG, EEEHEHS

TREHE, RAGHIRESH TS, BERSITE

H(1HME .

{ s(k+1) = Py(k+1) = FCe(k + 1),

As(k+1) = s(hk+D)-s(k) = - Tesgns (k)- T8s(k).

(23)

Brid

s(k+1) =~ Tesgn s(k) - (T8 - I)s(k).

(24)

AP e = disgley, ¢, 1,8 = diag[8,,-,8n].

B LM REEH (k)
FC[Ax(k)+Bulk)] = —Tesgn s(k)-(T0-1)s(k),
u(k) = — (FCBY-'[ FCAx(k) - Tesgn s(k) -

(178-Ds(k)]. (25)
5 EREBEMY S (Subility analysis of
quasi-sliding mode)

5SS B, REEREEEEHOEMN

RERERAMBEN BHEEHFFAFBELE, B
1) RESEREF T ERMERE; 2) EREZEAHT
EMEMNREHEEHTE.

EEIRSPHITIRHFRFER TP, 4%

Es(k) =08, EARGRHRE, PEHERNEEAN

51 AR BB 7E B fr (B P
AFREGEREH T, FEEHA ALY

EREAEREEFEREMN.
BIBEHIFRGEHTESR, M (k) = Fy(k)

= FCx(k) EX

s(k) = FClx (R)z(k}] = [FCi 1z, (k)+[ FClza(k).

#® rank[ FC;] = m,z(k) € R™, MZEMBEFE LF

xz(!‘t) = [FC:]_l(Fcl)xl(k)- (26)
MFRE(DHETINT XS
0 1 An  Ap xl(k)

TB = [Bz], TAT = lAm Aﬂ] , z(k) = e

A.HF rankB; = m, MAEFK(1)ZEN:
2 (k+1) Ay Agirz (k) 0
[12(}: + 1)] = [Azl An] xz(k)] ¥ [32] u(k)‘
(27)

sCk+1) =FCix,(k+ 1) + FCpxp(k + 1) =
FC[Apx (k) + Agz (k)] +
FCZ[Anxl(k) + Azzxz(k) + Bzu(k)].

MEER u, W w(k) ZEXH:
w(k) == (FC;3By) '[FC (Ayx (k) +
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Anx(k)) + FC{Anx1 (k) + Anxa(k)) +
(T8 - I)s(k) + Tesgns(k)]. (28)
R (28) AT T 2 #
[x(k+1) =[ I 0][x1(k+1)]
stk +1) FC, FCilx(k + 1)
WA (27)3
zilk + 1) = [Ay - Ap(FC)T(FC) )xi (k) +
{ (FCy) lAps(k),
sCk+1) ==(T8 = Ds(k) - Tesgns (k).
(29)
HTHE, R FC, = 1, MRA(9)EH:
[xl(k +1) = [Ay - Ap(FCy) )2, (k) + Anps(k),
s{k+1) == (T8 - INs(k) -~ Tesgns(k).
(30)
Bl 4 HFRARREXRBAX(B)HFEN
H,UWE | B < 154, FERFEBER s,

Te
#ﬂ!ds_zl I—TE)‘II'

iE BROTFEERER
Vik) = sT(k)s(k). (31)

5

AV(E +1) =

V(k +1) - V(k) =

sT(k + sk +1) - sT(k)s{k) =

[{F - 78)s(k) ~ Tesgns(k))]" -

[{F - 78)s(k) - Tesgn(s{k)}) - s"(k)s(k) =
sT(E)[(T - 18)% - I]s(k) -

sT(k)(I - T8) Tesgn(s(k)) -

sgn’(s(k))Te(T - T8)s(k) +

sgn’(s(k)) TPe®sgn(s(k)) =

sTORI[(T - BB) - Is(k) -

25T(k)(1 - T8) Teagn(s (k) +

sgn'(s(k)) T2e®sgn(s(k)),
&, (I- T8) - T RIAKERE, U

AV(k + 1) -2egns{(k))(1-T8) Tes (k) + T2e2.
Lt AWMBEH
AV(E + Dg-20 1= I 7 Il Hs() Il + 1t 72671
% rhe FURBE - Rl s >
2| ah,av(k + 1) <0 B0 |s(B) Il >

Z‘Hl}%ﬁ,ﬁl’(k+l) > 0. iEEE.

MEHE 4 TR, T RBRSE, BEMNBE
HERZERMABURER. i TRERMFE,

EERAR s(k) = 0, TR 54,
6 it (Conclusion)

R BRI LA B OR G ERE
WREXPFENES BRESRMNBEELERA
Sxgn AR, RABEENBRIRRETE
LETREZE D TEERELA BENBTHS RS
A EDXR . B FRERAMNEL, BHRELXAT
B s(k) =0, s, FXHHTHERMESEN
BN EFEM TR, EHTREREH .+
XRERHERTE AR FERFNER .
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