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(2 = folz, %) + go(z,%)w,
i = 2+ fillz,x,t) + glz,x,0)w,

p=ox + filz,x,t) + giz,x,0)w, (1)

i, = v+ filz,x,t) + g(z,x,t)w,

LJ’ = h(stl)s
Bx = (x,",5),u €ERyERMwWE RHGHEREHRE BMABERFR . £(-)
Mgi(+),i =1, r BRAEEE R £(-) go(-) M A(-) RERB IR, B h(0,
0) = 0.

mﬁ%,ﬁﬁ%iﬁ@ﬁ hj(Z7x1)9] = 1v29 ﬁf&:

y = 27h(2,%)) + %1k (2, 2,). (2)
JLFE TR AERRIE B (ADD) :
VAS>OBMNBR-AIHHRERSE u
u = u,\(z,x) uA(O,O) =0 (3)
HERAFREN) .G)HLE:

DEws= 00 HFREEFHES x = 0B -BHEREH.
2) Y w(t) € Ly, ARG (1).(3) N x(0) = ORI B

J‘ I y(s) 17™eds < Azjl I w(s) Il 2™ds vie=0. (4)
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Ffolz,x) T (2241 2y 1) 0p(2,2,),
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Bi&2 po=piz==p = ETEH
TEEMGF #E—-NEEFTRGE,REANIFHENERO A RE .
SIE Wa,bMe,i=1,", I REEBE 4: R —R,j = 1,2, EFA LB RELN,
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EBE BEFETENEIEEN Lapunov RE V(z) KR
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- % Hz 2™ W(z) + & (ol — 257 +
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(1) () )],
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F2(Z’x’t) = f2(29x9t) _, a fO(Z xl) - (-xpl +f](Z’x t))9

Ix dx
Gy(z,x,t) = go(z,x,1) - 7z go(z’xl) - gl(z x,t),
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S Vy(2,60.8) = Vi(z,8) +

2mpy - py + U’
VB>0,H:
Vo(z,61,6,) + y*™o =38 w | ™™ =
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(el . s
5 + 1€y °)W(Z)+E P(Ey + 2y )P — 2P ] 4
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B(16).(17) M58, RA1TE
3g3mp

[ gimon[ (& + 27 — 257 | < = WD) + 870y (2,6,6),
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| o (2l -
Va(z,61,6) + y¥*™o =38 w ™ < - 5 +(r=1)&™e) W(z) +
2"""o pz(x3 - %3 1'2) + Esz" pz[x3 P2 4

(a0 + () + (1- Zm)(’52”("“‘2";1;3”(")”(2""”)]. (21)

&

x;(Z,xlyxz) = - 5202(2 51,52) = - 52[(7— I)W(Z) + 52(') +§2(') +

(1 s )(EZM(po p2)¢2m( ))1/(2m 1)]1/,u2
m

2mf ’ (22)

B ay(z,6,8) >0, BH:
Vz(z,él,fz) + _’)’zmp" —3,3 " w ” 2m =

[ Lz | ™ z - 1)(&™0 + 62”"0)] W(z) + &30 P2(a — x5 P2). (23)

MU TE BEES K */F,WFH%JT~§@J%%EE&

xl" =0, xj*(z’xl’...’xj_l) ﬁ,@ x;(O,'",O) =0 (J = 2,'",k),

&= 2% - % (2), & = 2 — % (2,%1) 7,

{ek = m - x5 (2,21, %1)
94 2z, 21,0, 8) = - Sa(Z, 60, 6), (25)
WE o) > 0ffR.

Vi(z, 61,5 8) + 920 - (k+ DRIl wl® <

(24)

[ ”Z” i (r—k+1)(5%mp°+'“ +$%,MP°)]W(Z)+

52'"'% p‘(xk+1 - xk:‘; (26)

k EZ.MPo_pi+l
X JL Vi(z, 6,7, &) = V(Z)+;2mpo_pj+l'

/—% §ks1 = Tpal — xl:+l(zaxlv"'vxk)’
EEIH: ék+1 = xl;ch:IZ + Fk+l(z’x’t) + Gk+l(z’x’t)W’ (27)
XL

Fk+1(z’x’t) = fk.,.l(z,x,t) -

fo(Z %) - Z a;—rl(xn + fi(z,x,1)),
)

j=1
k

ax axk
Gya(z,x,t) = gie1(z,%,8) - k”go(z %) - Z HEJ(Z x,t).
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Bzl Pen ] & 1P o ] Gy 1P1) 530 (25 6100 0 6rt) s (28)
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62'"1'0—1’,,,,4-1
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A con -— see —_— 7
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Vlu-l(z’El’"',EIH.l) + }'2““ - (k + 2),3” w " ™o
Vk(ZaElv"'yEk) + J’z"‘"° - (k + 1)B" w " im +

o Mg - BllwllP™ <
2mp
[ ”Z” 0 k+1)($"‘p0+"'+$£m”°)]W(Z)+
&1mPo" P"(xkn - )+ 5k TP (s 4 Fi(0) +
G (dw) = Bl wll?m. (30)

B1(28) . (30) MBI H, FAEEARBEREE 5,.,(-) M 5, () EF:
VI,H(Z 519 "’EIH.I) + J’2MP° - (k + 2),8 ” w " m =

[ Az %™ (,._k)(&}”"’o-;-'--+$imp°)]W(Z)+

2k+1

2mp - p P 2mp,-p,, *p
Evill ¥ i(xk‘:a - xk+2+l) + Epa’ M Tpst +

(31)

E};"":l‘(gh.x(‘) + $a(0) + (1 - 2.1_m) ( Ei'fgpf”z"::ﬁgbfi‘l(-))1/(2,.._1)) ] -

@

xl:+2(Zaxla"'9xk+l) = - fkaku(z,&,""‘fhn) =- 5h+1[(’ - k)W(Z) +

Spa0(0) + 80C) + (l - Zm)(

EE am(z,él,'",ém) >0
M31)BE.
Vier (2,615 0 8pn) + ™o — (b + )81 w ™™ <
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R Mz 112 S ENE™ v e 870 | W(z)

2k+l

2
3% """o phl(x‘;‘b:lz - xk+2+1)

P5A LT, B r &, BATAT LS A6 B R AR AR AR iR
E1 = %~ 2 ,y & = x4 - x)
B RER B :
vt = x5 =- &a(z,6,,8), a(+) >0, (32)
318 B 2L F(29) BY Liapunov ¥ V.(z,&,, -, &) #1§.
Voi(z, 6, ,8) + ¥ - (r + DRIl w ™ <

”2“2 2mp eee 2mp 2 - *
[ + &0 4 0 4 &2 °]W(z)+6,""’° P(ufr - u™h), (33)

/‘7\ u/\( ) = Uu (Z’Ela"'oer) & (T+ l)p = Az,
i it
V(z,61,,8) + ™o - A2l w ™ <

2
- (———” z2||r e, E1™P0 4 v 4 63"”’0)W(z). (34)

BHOGHHAE, S w =00, HFRE).32)Ex =0 R—BIERBEN. BV HESHR
V,(0,-+,0) = 0, BA123B:
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J‘; l y(s) 12™ods < AZJ. | w(s) Il 2™ds, Vi=0,%2(0) =0.

3. 4 ®B

AL T — 268 /M Fo B 88 K R 8 A0 JLF T 30 8 48 5 B 49 AR B3, % — A 49 et
Lyn-Lom, BT RE LB RS AEH B 18R, E— R EPE R ERG T, RIOVAEENAH T —MrHEE
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[ ®% X W]

[1] Willems J C.Almost invariant subspaces:an approach to high-gain feedback design-Part I :Almost
controlled invariant subspaces{J]. IEEE Trans Automat Control,1981,AC-26(2) :235—252.

[2] Willems J C.Almost invariant subspaces:an approach to high-gain feedback design-Part II : Almost
conditionally invariant subspaces[J]. IEEE Trans Automat Control,1982,AC-27(5) :1071—1085.

[3] Marino R, Respondek W, Van der Schaft A J. Almost disturbance decoupling for single-input single-
output nonlinear systems[J] . IEEE Trans Automat Control ,1989,34(5) :1013—1017.

[4] Marino R,Respondek W,Van der Schaft A J, et al . Nonlinear H, almost disturbance decoupling[J].
Systems Control Lett ,1994,23(2) :159—168.

[5] Isidori A.A note on almost disturbance decoupling for nonlinear minimum-phase systems(J] . Sys-
tems Control Lett,1996,27(2) :191—194.

[6] Qian CJ,Lin W.Almost disturbance decoupling for a class of high-order nonlinear systems[J] . IEEE
Trans Automat Control ,2000,45(6) :1208—1214.

[7] Lin W,Qian C J. Adding one power integrator: A tool for global stabilization of high-order lower-tri-
angular systems[J] . Systems Conirol Lett,2000,39(3) :339—351.

(8] Lin W,Qian C J.Adaptive regulation of high-order lower-triangular systems: an adding power integra-
tor technique[J]. Systems Control Lett ,2000,39(3) :353—364.

[9] Isidori A.Global almost disturbance decoupling with stability for nonminimum-phase single-input sin-
gle-output nonlinear systems[J] . Systems Control Lett,1996,28(2) :115—122.

[10] Lin Z.Almost disturbance decoupling with global stability for nonlinear systems with disturbance af-
fected unstable zero dynamics[J] . Systems Control Lett ,1998,33(2) :163—169.

Almost Disturbance Decoupling for a Class of Minimum-
Phase Higher-Order Cascade Nonlinear Systems

BI Wei-ping, MU Xiao-wu, LIN Lan
( Department of Mathematics , Zhengzhou University , Zhengzhou 450052, P. R. China)

Abstract: The problem of almost disturbance decoupling (ADD) with internal stability is discussed,
for a class of high-order cascade nonlinear systems having zero dynamics. Using adding power integra-
tor techniques,the ADD problems via a smooth static state feedback is solved.

Key words: almost disturbance decoupling; internal stability; nonlinear gain



