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Abstract: The variable structure control ( VSC) scheme is robust to parameter uncertainty, extemal disturbance, and un-
modeled dynamics, and it is widely applied to designing the robust model reference adaptive control (MRAC) systems. The
main drawback of VSC is the phenomena of chattering. To improve systemn performance and to eliminate chattering, a new VSC
with feedforward filter is designed in the paper. The proposed stable feedforward filter makes the control switching with sign
functions to produce a continuous and measurable signal so that the actual control law is smooth. The auxiliary signals and nor-
malized signals with memory functions are introduced to the controller design and the estimation of uncertainties. With a suitable
choice of controller parameters, it is shown that even when the unmodeled dynamics exists, the proposed VSC guarantees the

closed-loop global stability and arbitrary smallness of the tracking error. Simulation validates the proposed VSC scheme.
Key words: unmodeled dynamics; feedforward filter; variable structure control; global stability
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Yo = kON?())(1+#1A (s.a))(u + Aw). (1) F(s) = (s + ap)byay > 0,0 RIEBHER
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B A (5,0) BRABENS, ARK—BHE, R o £
E¥; e € 0,0 B—1R" LA F X ;A N
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PRI o) BUEREES WL v, (¢), BEAF
RENFTERSAER.SEGE v,.(1) K
Ym(t) = Wo(s)r(t). (2)

r(¢) RERABESN, W,,(s) B BAHX B K
FkoNo(5))/Do(s) BIMIXTB. M RGE(DEWT
Bk

Al) (koNo(s))/Do(s) R4 IE W AI; Do(s)
M No(s) RE—ZIMRK, No(s) 2— Hurwitz &
.

A2) RE(D B EEEI T (koNo(s))/Do(s)
AIAIXTBY n* FIESIE 2R ko MFFS RO HA.

A3) A\(s5,a) RIEMEREHR].

Ad) Au TR

Au(t) = ACs)f(yo(t),ut),t),

| ACs)x(t) | KZ(S,E},) | x(z) 1+ e(2)),

| flyo(e),ule),t) 1<

Kz(srl:[? I yolt) I+ g2 sup lu(z) 1+ 1),
pa > O B/NERLK > 0(i = 1,2) BREEWE,
AGs) BREREEERE (1) RE—TDBESE
PREY.

AS) XA v(t) = (s+a))u(t),1glgn”,
HE—HR K, #5

| (s + qo)'Au(t) I<

K\ (p, sup | v(z) 1+ sup | yo(z) I+ 1).
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w() = Fayot). (3)
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eo(t) = yo(t) - yu(t). & X Hurwiz £ F &
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i =1,2,-
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3 #=H3&i& 1t (Controller design)
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{él(t) = - aje (1) + vi(2) + d(1) + n(2),
vi(t) = Li(s)e{t) - d(t) - p(¢).
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é(1) =
- aye(t) + v(t) + H(s)L,” ) (s)d(t) +
H(s)L,* o1 1(s)p(2) = L," ., (s)H(s)e (2) -
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e(t) IRIEH S (IEHEBE) .
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S 3 4 z2(t) = H(s)x(t),H(s) EX(14)
PREN,x(t) R—OPBEEZRE.IKA 1 20) 1<
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).
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v(t) = - 2sgn (ez(t))K*[srlslyt) I en(7) 1+
sup | yolzr) I+ 1]. (18)
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FHFERBFIREWE (1) = 0(1/7a) + (1),
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(19)
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ERIRE BRSO BE BLARAE . H A AR AR
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AR ko RHN,E %8 (20) NEESH . BIFHE ko B
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K' /Kyl U K*/kg € T.ZER(18) H, " F1 K"
RPEFENSEL USRI ER K € TR E
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4 {HE(Simulation)
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0l 1 ek e e — s
0 2 46 81012141618 20
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B 1 a=500 AFBRERIRZE eo(4)
Fig. 1 Tracking error ¢y(¢) when a =500

5 &£ (Conclusion)

AL ERET AR T L, A RE %
HEEEEEWMARYE FANESIN AT R 5R
T —# VSC EHIRIT TR . XBECBEIR i
FPRARFECH. A KA A FA ISz sheE
HIERILE S 51 R EE S5 # T vsC it
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2 R R P AT I SO AR BIE BA . BT B I8 U AR S
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A9 VSC = HIRE AL B R B BN A M IR E L,
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REMERR ) FKIEM e (o) FEARBE MBI FH
BREERNFT . REFIE 1B d(e), 9(0) BT, BT (o) I
BWSHRFEE T, S e > TR, 1e(e) 1 < 1L.BHAUS) &
EH v (1), 18F

ée(t)e(e) =
—ayef(e) =1 e(t) | [K] sup | yo(z) 1) +

Ky sup lo(c) 1+ 2] + eCe)[d(e) + 7}([)] <

—a; le() 17 -1 e () 1.
XERY e (1) EAREBRINEEIE.

b) FHIE »(¢) B e,(¢) FEARBTEI NI EIF. HiUEX (17)
HNBERMYETE BRI NTF—IMEER. AXFE
MESRSAE H(s)L(s)d(e) R H(s) L (s)p(e) BAHKETF
a MM, B e(e) BIE X B (10).(16) FIK (14)78

e(t) = Hi(s)(d(e) + 5(e)) -
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a Hy(s)/L(s)(d(e) + n(t)) + H(s)e(£), (AL
yo(t) = Hi(s)(d(e) + p(2)) = ay H,(s) /L (5)(d(1) +
n(e)) + H(s)e,(e) + 1/7L,7 ;1 (s)ex(t) + %, (1).

(A2)

iE gd(t)7gr’(t)vgr(t)ﬁ
ga(t) & [(Li(s)R(s) = ayR(s))/Dy(s) 1L~ ,,_1(s)d(2),

g(t) & [(Li(IR(s) - a;R(s))/Dy(s) 1L~ 11 (s) p(e),
g (t) a L, (s)H(s)[H(s)R(s)/Dy(s) - 1]e,(t) +
[H(s)R(s)/Dy(s)L" () Wols)r(e) -
Ly () W, (s)r(e). (A3)
#(A2) KA (), FREX(17)15 2
é(t) =
—ajex(t) + v(1) + g () + H(s)L(s)R(s)/D(s)ex{t) +
H(s)H(s)ga(t) + Hi(s)H(s)g,(¢) +
H(s)L,” ,;1(s)p(e). (A4)
THEAETT ga(e).g,(0), L oia(s) g(e) T g,(2). REFEX
(A)FFLE—AMSLT o WIERK FIT,E18% ¢ > TH, |
g(t) < K, 0 d(t) #l 9(e) B9EX R (8
L,y (s)d(e) =
[Li(s)R(s)/Di(s) 1Ly 41 1(s) yo(t) =
R(s)/Dy(s)v(t) + [Li(s)R(s)/D\(s)]L,* ;1 2d(2) +
[L(s)R(s)/Dy(s)]L," ,12n(t), (AS)
L, (s)q(e) =
A (s a)v(t) + i Li(s) A (s, a)A(s)f(yoe), ule),t) +
Li(s)A(s)fyole),ult),t). (A6)
2 (AS) BR (A6), R A3) ~ AS) &5 |H 1|, HIFLEIE
WK T M (p! <p®i=1,2), 8y < p B,
| L0 (s)p(e) 1<
Klp® sup | o) I+ sup | yolz) I+ ()],
| Ly* i1 (s)d(e) I
Tn*”_l[srlé[l) lo(z) I+ sup Fyol) 1+ e()].
RS, BB FE RS K, K, 3 F e R, 5y <
pl (i = 1,2) B 1R
| ga(t) 1 Ki[fil:) I yo(z) 1+ sup lo(r) 1+ ()],

| g,(¢) 1< Klp” sup | o(z) I+ sup | yo(7) I+ e(0)].
(A7)
g5 H 3 R (A7), FLE T FEBY > T B,
| H(s)H(s)g,(1) I
((n™ + l)Kd/a)[fli[‘) | yolz) |+§li? lo(z) 1+1],
(A8)
| Hi(s)H(s)g,(t) 1<
((n*+l)K,,/a)[§lé[,> I yolT) I +sup lv(z)I+1], (A9)

| H(s) L, ya(s) ) 1<

K[sup 1| yo(z) I+ " sup 1 v(z) 1+ 1], (A10)
5t Tt

| H(s)L,(s)R(s)/D\(s)e(t) I < K, sup | ep(7) I+ 1.

(A1)

EBREFREHEFTE(AL) L. AER(A8) ~ (AIDR

T

| H(s)H(s)ga() 1+ 1 Hi(s)H(s) g (e) 1+ 1 H(s) L, oy () i) | <

[(n™ + D(Ky + K))/a+ K,](fgg Fyol) 1+ 1) +

[(n* + D(K;+ K;)/a + K,p']fgg | v(z) I.

FE VSC B (IB) RIS I K™ p " THE

[((n" + DK+ (0" + DK™ )/a + Ku*l <12,

K* > max {(n" + D(K; + K))/a + K, + K, + 2,K. 1.
A[EY gy < p) (i = 1,2) B, X} Lyapunov BREL V(e (1)) =
(172)e3(1), R (M) R FH/ V(ex(t)) - ared(e) -
| ey(e) | < O.XBRIRIE T e, (1) ZEHRAY (B Ik B F IR

AT
c) EAY ¢ > THE,e(t) = 0(1/7a) + e (). R4 5(¢)
M d(e) BE X R AT (3 1 FIS |3 2 AT 15
| Hi(s)(d(2) + n(2)) I <
{n* + D/7a)[ (g, + #Z)Mzsrli? | v(z) |+

(M, + M) sup I yolz) I+ e(8)],

| Hi(s)a/Li(s)(d(2) + 7(2)) 1<
((n" + D/7a)[ () + 1) M, sup | v(7) | +

(M, + My) sup | yolz) 1+ ()],

B e, (e) F ep(e) 7677 R IET 9 R 2R, H(s) P48 E U,
ya(t) AR TUFRIEIER M, [£15
| H(s)ey(¢) 141 (1/L, 7, y1(s))ea(t) 141 y.(2) 1= M, +e(1).
AEBIEL M, = max [2(p) + p7 YMy, 2M + M) ], By, <
ui (0= 1,2) B, BIR(A2)183)

yo(t) I

((n* + l)/a)M7[§li? I yo(T) 1+

sup | v(z) 1+ e()] + M, + (). (A12)
RHE B BB R X0, IT(X) > 0, % ¢ > T(Xo) B,
le(e) | < 1. AR(AR)FATE [ T(Xo)¢] EBURKIMAR

sup | yo(7) I

((n" + DM /(a-(n" + l)My))[fg? | o(z) I+ 1]+

a(M, + 1)/(a-(n" + DM,). (A13)
X (AB)RABER B (8, RE 1 - 2K"[(n" +
DM,/(a-(n* +DM)] > 1728050, TR o) AREH
ERMF o HTHE yole) ARARLFMILT a.

d) M (AS).(A6) TR L(s)d(e), Li{s)p(e)(i.j =
1,2,+,n") BRERK Ba5IH3BEFEER M M, £

| Hi(s)Li(s)(d(e) + p(0)) 1< (" + DM[ /a + e(1),
{l Hi(s)(d(t) + p(e)) 1< (n™ + DM; /a + e(1).

(T4% 210 W)


http://www.cqvip.com

210 B #

B o® 5 M H

2%

tems [J]. IEEE Trans on Circuits System-I, 1999,46(6):767 -
772.

[4) PYRAGAS K. Continous control of chaos by self-controlling feed-
back [J]. Physics Letters A, 1992, 170(6) : 421 — 428.

(5] L, &®%. BEMER R AEREE] . BH B 50,
1999, 16(2) :297 - 300.
(PEI Wenjiang, HUANG Jun, Control chaos of adaptive delay feed-
back [J]. Control Theory & Applications, 1999,16(2):297 - 300. )

[6] HUBERMAN B A, LUMER E. Dynamics of adaptive systems [J].
IEEE Trans on Circuits Systems-1, 1990,37(4): 547 - 550.

[7] CHEN G, DONG X. On feedback control of chaotic nonlinear dynam-
ic systems [J]. Int J of Bifurcations & Chaos ,1992,2(2) :407 - 411.

[8] HWANG C C. A nonlinear feedback control of the Lorenz equation
(J]. Int J of Engineering Science ,1999,37(12) ;1893 - 1900.

(9] LIJ, ZHANG J. New treatment on bifurcations of periodic solutions
and homoclinic orbits at high r in the Lorenz equations [J]. SIAM J
of Applied Mathematics, 1993, 53(3): 1059 - 1071,

[10] WIGGINS S. On the detection and dynamical consequences of orbits
homoclinic to hyperabolic periodic orbits and normally hyperbolic in-
variant tori in a class of ordinary differential equations[J]. SIAM J
of Applied Mathematics , 1988, 48(1):262 - 285.

G AR

BEA (1970 =), X HHEMBRFEE 58 FIR¥RH
B R R A TR B R BUEE . BATHTFR 7 6 iR
$2#) . E-mail : minfuhong @ njnu.. edu. cn;

e (1939 —), B . BB BLASH. TENFEHERE
FRERE L LIRS0 AR .

(L35 204 W)

B Lyapunov BR¥ Vo(e(t)) = (1/2)e2(e), Vole(t)) iF
KADKTE

e{t)e(t) s—aye?(e) + [(n™ + DM} + My )/a +

e(e)] lele) 141 Li(e)H(s)e(e) 11 e(e) . (Al4)

Hoe(r) ZEEMMEMNBTE, () KigHBREF. AKX
(AL e(2) = 0(17a) + e (o). FRER(14) 18, MFED
KA T,% 1> THE, | eo(t) 1 < O(1/a) + e(t). HEEE

Y& @A
REBE (1962 —), B 5T R SURMITE BB R, B
Hafh] IS PR Geha B RG] . E-mail: wyq@qfu, edu. on;
KB (1960 —), B 5B FRIRAIETEHRREH R

RGBS . E-mail: x. yu@ rmit . edu. au.
BaE (1928 —), B . #HB . PEREEEKLT . HRIFHE N E
PRI 5N A . E-mail: chunbo@ seu. edu. cn .


http://www.cqvip.com

