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Abstract The robustH,, dstubance attenuatbn w ith nternal stability Hr nonlinearly paran eterized system s w ih uncon-
trolhble Inearizaton is discussed The systenaticmodel & devebped By adding a power mtegrator and using the pa-
rmeter sepamtion technique an explicit wbust dynan i feedback lav that solves the problen of gbbal stabilzatbn is
designed Finally illustrative examp k verifies the correcess of the conclusion

Key words adding a power ntegrabr robust dynamic feedback virtual contolker

> H°° >
, [+ol Ho
[7] ;
8]
[9] [10 117
[12] Ho ;
1 iR
: 2016-05-18
(2010A 120005).

s s , : . . Email wpb{@ yahoo cn



H,,

xp=di(xu Q 1) + Py (wy, 20 0) + g1 (w0, 20, )@
2= da(xu Q )7+ Py (wy, 20, x5 0) + ga(x1, 22, 43, 0) @
(D
a7 =d, (% u 0 t)up" + Py (%1, oy Xy 1, B) + o (%1, ooy Xy 1, 0) @
Yy =X
x€ H u€ » .pri=12 .5n .06 % o A
de B x Bx T xR B b B x BT RBoge A xR T A i= 1
e n C' (00 ... 0) =0
H. (RAH., - ADD):
Y> Q
0= Xx 01, uw=u(x 01, (2)
X(00Q¢)=0u00Qt)=0 (1) (2) :
() ©=40Q (Y (2) ;
(2)V&)6Lh,m=],2---, (1) (2) x(0) =0
J|y(s) 17 ds < ¥ Jw*"d; V20
L, :{z(t) | 0L(S)Pds< o p >}~ )
1 p >pz>--->p,b>1 .
2 0§56 5§20
3 c” N(xy, oy xi) > Q Ti(wy, ooy i) >0 Hi(xy, ooy w1, 0) > Q
A(x1, -y %) <d5(96 u 6, t) < (2, -es i, e),
Ti(xl, [N xi) < di(x, u, e t) < l‘li(xl, ceey Xix 1, 6)-
4 i=12 .41 d)ij(xla sty Xp 9)
pi 1
¢i(x1, s Xik 1y e) = iji+l¢ij(xb s X 9),
j=0
| & i(xn, o2 0) IS (T 1" 4 ot L 1777 )by (w1 ooy, 6),
bij(x, 2 0) 20j=01 . p- 1
PR V=B VE G HIE T
1 , .
1 m, n T[(x, y) > 0
L 1" 1y 1" STty L M =0 (g Ly 177
m +n m + n
2 2 3 di(*) (), 21 ¢
Yi (%1, -on Xie1 ) > QO Vi(x1, - xi) > 0 Bi(xb o A7) > 0
B(x1, «ony xa1, 6) < Yi (%1, oy x41)0,
< }\1(5\717 cy xi) Pi Pi Pi
| & (x1, -+ 251, 0) |\—2 Fapr 774 (T 74+ oo+ L 1) Vi (2, ooy x4 ) 6,
gi(x1, - i1, 0) <le’—2§x) Lo 4 (Lo P4 ot L 1) Bi(xy ooy 1) 6.
[7]
1 13 4 , (2) RAH..

- ADD



( ) 33 4 (2010 )

, , (1) RAHw. - ADD
1 O(1)= O 6(1), ® > 1 ,6(1) © . Vl(xl,ca):—;xf
1 »
—0®
+ B ,
n ’tl
V?+y2mP'—Bw2h<d1(')x1x};'+x1[%)l o I+ | II'Y|( )® + %Ile W+

Ly 1718y ( )@m} 0 @+ " - B K

Py )0 24

)\,1 ° 1
dl(' )xlxpzl + X1 |x2 |p1 + |x1 |pl+ Y1(°) 1+ O + x +

X1 |9C2

[l_z_;][h_lgmﬂxl "By ) 1+ @ )Tk [l P )+ 1a PTUB () 8- 676, (3)

SO OO O L e

2n) | 2n
N(C)+T(*)8

2m11 P 1

V(. ©) = vi(+) I+ © +x ' < Q 2 3

ip p+1 ° T (° p * p
V?"‘}”Z"“_ o™ K- maf! +|:U1(.) + Hi(s )5+ M )+2 . )? Lo 11" =™
(Wi(x1) = ©(1))(O(t) + ), (4)
W (xy ) = la " )+ P Be )8, = 0
ko, x1 “es x;l,
g =X _x*U g = X2 - x*Za s EHI = Xk+1 _xjwl-
x*l = Q 96*2 = - g(ll(xb @A)’ ‘s xtﬁl = - a(lk (xl, eny Xy @A)’ 1= 1, 2 vy I
o (21, ©) > Q oy Gu(x1 x5 ©) > 0 . ., (1) (%1, = 1)

V(& & 0)+ " - kB K- (n-k+ (& L+ &) 4

L n oo 2OIEROIY pmenet g 1w ) - 60w e ) (9

k 31*P/+2 ®2

Vi (&, --3§,®)=;m+—2 (6)
Lyapunov , 0< W.(*) < (E'”+ et %‘”)Ok(%, G, ®A)a LO(+) C7
o(+) 20
k+1 Lyapunov
g P 1+ 2
Vi (& o &, ©) = V(& . § 0) +T+2 (7)

Vai(*) + " = (k+ 1)Bo™ <= (n—k+ )&+ .+ &) 4

L) s w0 BOLEROI got g - itte (we ) - &) 0w e ) +

dur (Bt + B o) - Za“*'(d( Y+ b)) +

=



H

©

R + a*+ .A 1
&I l[gk+1(')— Z agw gl )] ©— i xAA]' ® - Bo™
j=1 Xj 00

2
Pre 1+ 1 - &C;»+1

g o) - 25 (s ()l + 4| <

Zf:lal‘f' 21:1%”1

)\'lwl(

8"11A|+11k1|+

%‘J.%.() ®Az+1+[ + g Ml(.)}@

6 6(0°+ 1)(MW+ 1)
\{wl (gy ) E.h—l; ®A) . s
k *®
O
g [gm(‘) - Z g;l' gj(')} <
j=1 J
Zk 1+ 1
|: le( ) A 1=616 + aﬂl"@l(') CHE

e

p ; + @ﬂ]%l(' ;| e,
6§60 + 1)(M+ 1)

Vie1 (ga Tty E.h— I ®A)

k
Ppett | Qv 1 < Ti(* )8 giprt pis Z:1=1g] l
& |:gk+1()_z R g()]&)—B(o —2|£.Jk+1 Xt 2 |+—6+

81+1 ~, n
[ AZH + &L e )] m®+[1_%1][2ng [85 Y ( ®’ + 1/%
650"+ 1)(T + 1)
Vi (& o & ©) 20
[uk(-)+ H(~) 8+

M-)+2w )? & | -t 1<

[(1+ §) v (- )+ 2L +21;(°)? A R P R ICEN

Zj_ 814-1 l k +1
_— & Vi () rJ [ Zl:la + 8l+11‘¢+1 (* )] o,

6 65(0° + 1)(M + 1)

(9) (1) (12)  (8)
V(s )+ " = (k+ 1)Bo” <—[n_ k+—ﬂ (B et &)+ duy ()BI X

g w1 (° w1 (° 6 Pl p +1
kaTZ]"'}\A ()+21; () |gl FEE T+ gil[v(+l(.)+%+l(.)] r\]@Az+1+

l Zkl‘:lglﬂ

o aﬂV
@‘*'(\i+.(')+‘¢+1(')5+ \i+l(-))‘|®_@ilk+1l kA1®+

206+ 1) + & 00
[l'ﬁl][zm_lg LB ) O 1T (W) - 0)(0 4 (e ),

. Zi_leﬁl
‘phl(gl; AR E.hla@): 1.}](0)_}, ~ - 2 E.llrlJrl(‘iJrl( )+ W+l( )6+ le( ))
200+ 1)(N+ 1)

¥

1P 1t 1 axk+ 1

€+ 1 )
00

Mot (& oy Buy ©) = TL(* ) +

(8)

(9)

(10)

(11

(12)

(13)

(14)



33 4 (2010 )

. (13)
Vai(* )+ v = (k+ 1)Bo™ < [n— k+—] (C e 2 ) d (¢ )8
,,k+]+Aﬁ+1(-)+FE~+1(-) |Z”“+lﬂ]|+g_; [V (s )+ Vi (*)] ’é2+1+

X+ 2 D)
le lgﬁl
2007+ 1) (V4 1)

grper Qe wk+1+[1—71n][2n_1g g e ) et 1 (15)

B OB () + M (*) 8+ Vi (s )| W(* ) -

(Wr(* )= ©) (O + Ty (* ))—[

2
§1+I - +lax*'+1

| Zl:l +g.kl+l(\¢+l(.)+ ’%4-1(.)6"' %+I(.))‘| r]‘"(’)+€;ilpk+] _kA. Lyk+1|<

L)

2007+ 1)(T + 1)

Zi_laﬁl k+ 1
S B O () 4 e ()0 s+ ) w1+ B DB ) (1o

2
B (& 0 Gy ©) 20 1<k By (& o & ) 28707 x| 000, /00 | i (*)

. (16) (15),
V(& con G, @) + 9™ = (k+ 1)Bo™ <= (n—k) (8" 4 .+ &) 4

)‘k+1+ Tk+16 .+l p
o L& 1

ot (4 )B4 S
i1 o _1 1+ 1 . 92 %
& [YM()JF[]_Q;?J[MJ @ Vier (* ) 0"+ 1/ ]"’
(Wei(*) =€) (O + Thyi(*) ) (17)

Bt (B B ©) = (Vi (* )+ Wi+ )B4
Ver(*) ) (T (*) + 1+ \‘®A2+ 1) + Z;ille-n),j(') >0

1

Xz = - a{ 2n- ke 20 )+ 20 (o) W67 ] 1‘2_11}[2:71& _Entides Uﬂ -

)\k+1(.) + Tk+l(.)6

~
- E.L:+1C1k+1(x1, vy X1, ©),

3
Vi (& o G ©) + 91 = (k+ 1)Bo™ <= (n-k) (a’l*‘ PR &l*ﬁ)+

M) +21;+1(-)? BT a1

l"&"+l(.)+ l“'Z"Jrl(')g‘l'

(Wr(*) = ©) (04 i (+) ) (18)
n , Lyapunov
V(& & 0) =V, (& .. &1, 0)+ %‘—” (19)

Pi— Dt 2

u» = xjHl(éa b ga ®) == gan (. )J
V2(&, - & 0)+ ¥ = aBo™ <o (8" 4 4 T



H

©

[Un(' )+ H( )6+ )\"(.)+2T”(. )? I S [V s (W () - é)(G"‘ n.(*)). (20)

=W (% .56 1, u=u (& . & 0)

nB = Y,
I/?(EJ, - a} @) " y?mpl _ Y2w2n, <_ (al+l N gﬁl). (21)
: (1) : o(*) . (21)
]ly(s) 177 ds < v’ ]co””d.g (22)
1

BUa BT

xP = x%(1+ x@ (2+ sinz@])xz+x1(1+x§)%9t1‘+x1(1+ xi)_;gllw, 0, 20
w2 = 2l 14 x3) (2+ sin'® Ju+ In(1+ (0x:)° )+ In(1+ (0x:)° )0 6, € R
Yy =Xy (23)

2 1 4 3 2%
| d1(x, 0) | |x1||gl+—|x2|+ R <3|x2|+|x1| 1+_39€1 e’le?,
ﬁ9]n29
ai(x 0) < g |+|x1|[1+—;xﬂeze_zl,
Mo 2a) = Tlmw) = 20 14 23) Sdi (v 00) = dafw, x O) <
u1(x1,x2)= 1']2(901,962)2 3961(1+x2_zj (24)
ol 0) IS0 x|, ga(n 0) IO 11y L.
92 12 1
O—O—OO—|62|+eZ Vl(xl,o)— _O ,
)
Ve x-S Zx?+[u1(x1, x2) + By (x1, x2 ) 8+ A +2Tl(xl’ ) 1
(Wi(x1) = ©)(0+ 1), (25)

*3
Wi(x1) =1 a |2[1+—;xﬂ e?(1+ 6),

s oo liad 7 dine, 7]

3 =— 210 (%1 ),
(x1 x2)+ T](xl, x2)6

Lyapunov Va(xn, 22, ©) = Vi (x1, ©) + _ég

B

. 2

~ 3 X ) * 5

0 = x?[l+—;xﬂ e’ + 1 ,\2+ (9612' —lel)zg(' )
2+ 20

%+9M+90)$+§+9N+9Pq

uz—(m-””{ N, 02) + T (xy x2) 8

4
Bi(e) = [1+—;xﬂ e,



( ) 33 4 (2010 )

[ 10]

[11]

[12]

O Or» :
Ac) =315 |+[—§§lﬁm] :

B )= (8+ 1)[1+ 1+2®A[B1(')+|%21 [1+—;xﬂ e’—ﬁ] ZJ

<2 2 2 =3 >
(*) = x?[1+—;xﬂ e_2+LA2] (3+x%)267+pz(’) J1+x% J1+(x2—x2 )2(3+x%)e,
2+ 20

ol5

B )= 880 )(1+60°) (- ),
ety - 20 <= (§+8) <0

. (23)
Z510
B ackstepp ing , H
s Hoo

[ |

LnW, Q an C ] Adaptive control of nonlnearly paran eterized systems[ C] // Orbhnda Proc 40th EEE Contio] 2001
4192-4197.

Jason Polenda Q an C J A un wersalm ethod Hr wbust stab ilizatbn of nonlinear systems un ification and extens bn of smooth
and non—sm ooth appwaches[ C] // M ineapolis Pwoceedings of the 2006 Am erican Contwol Conference 2006 14-16
Qian C J LnW. A lnost distuthance decouplng or a class of high-order nonlnear systans[ J|. EEE T rans A utan atic Con-
tro] 2000, 45(6): 12081214

Lin W, Pongwuthihun R. Recumsive design of discontinuous contmwllers for uncertain driftkss systens in power chained fom
[J]. EEE T rans Au bm atic Contio] 2000, 45( 10): 1886-1 892
M arno R, Santosuosso G L, Tanei P Robust adaptive observers for non linear systens with bounded disubances| J]. [EEE
T rans A utan atic Contro] 2001, 46( 6): 967992

, , . H., [J] : , 2009, 32

(1): &1L

LnW, Qan C J Adaptive control of non lnearly paran eterized systems te snooth feedback case[ J|. IEEE Trans A utan atic
Contio] 2002 47(8): 1249-1266

SunZY, LuY G. Adaptie state-feedback stab ilzation for a class of h igh-order nonlinear uncertain systems| J]. Autan atica
2007, 43( 10): 1772-1 783

LnW, Qan C J Adding one power integrator A tool for gbbal stabilization of h gh-order lw er triangu hr systams[ J]. Syst
ContwolLett 2000, 3% 339-351

Qian C J, LinW. Practical output track ing of non linear systam's with uncon olhble unstable lnearization| J]. IEEE T rans

Auom atic Contwo] 2002 47(1): 21-36

Sun ZY, LuY G. Adaptive practial output track ng contwo! for h igh-order non linear uncertain systens| J]. ActaAutan atic

Sinica 2008 34(8): 985-989.

BiW P. RobustH ., control for uncertain non linear systems[ J]. JrlSciCanplex ity 2007 20 545-553



