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Output-feedback Regulation of Nonlinear
Systems with iISS Inverse Dynamics

ZHAO Cong-Ran!  XIE Xue-Jun!

Abstract This paper discusses output-feedback regulation for
more general nonlinear systems with integral input-to-state sta-
bility (iISS) inverse dynamics and unknown control direction.
By using the adaptive backstepping method, an output feed-
back controller is given to drive the output to the origin while
maintaining other closed-loop signals bounded.

Key words Nonlinear systems, integral input-to-state stabil-
ity (iISS), inverse dynamics, output-feedback, unknown control
direction

Citation Zhao Cong-Ran, Xie Xue-Jun. Output-feedback reg-
ulation of nonlinear systems with iISS inverse dynamics. Acta
Automatica Sinica, 2012, 38(5): 865—869

HASCHR [1] 5IAHAREFEE (Input-to-state stabil-
ity, ISS) IR LK, XS ARt R G fs il 38 it
FIRSE PR B iy A A, BE)S, SOk [2—5] SR T
ISS & Bl T, STk [6—8] M HAH G SCHRIEST T B A 1SS
T BN 75 AR S Pk R G0 1 4 1) 2% v vk R AR R A i) R T AR
K, SCHER (2] St T AN EE MBS — BN GIRS TR
(Integral 1SS, iISS). 3CHik [9] AF5T T %F iISS Y Lyapunov
IR, HAEA T 1SS ZE™AH 85 T ISS. ZJ5, SCHR [10—11] 3
—H e T LSS MIMERT, JE4TH T LA IISS RGN AE
2R /N 25 e L

WEAFE, HurA < HA 1SS W&t R
28 U FER E R AT B ST 45 AR />, Jiang ZEAE X
MR [12] g T B A ISS WBhAS IR A1 RS R Gt
T I — A — BN HESE:

1 =qMm,y), € =Az+ Bu+g(n,y),

Wk H I 2010-01-04 A HH 2011-06-22

Manuscript received January 4, 2010; accepted June 22, 2011

K ARRESES (10971256), w2 1l 2R LRI 4 (20103705
110002) %l

Supported by National Natural Science Foundation of China
(10971256), Specialized Research Fund for the Doctoral Program
of Higher Education (20103705110002)

KUTHERE £

Recommended by Associate Editor WANG Wei

1. BTG R A S ETCRT s 273165

1. Institute of Automation, Qufu Normal University, Qufu 273165

y =1

ARICK % 1 BAT 1SS WAhAS K B — MK AR R 4t

n=qn,y)

& =iy + fi(@i) + gi(n,y), i=1,--,n—1

Tn = goott + fn(®) + gn(n,y)

Y= (2)

Hfz = (21, ,2n) e R, u e R,y € R 0N REN
PR BRI AT, n € R RRWIE, (22, ,z0) W
n RAEMEES, 2 = (v1,-- ,z) R, i=1,-- ,n.
BOEAENRE g: RTXxR - R filg; : R xR — R,
i=1, -, n 2&JR#E8 Lipschitz 1, JF i & goo # 0 1
P RAL fi R — R, i =1, ,n, /& CHDGHT R E
SR TR

Big 1. fi(z:), Loy, 2 CRHDLHT KA, WAL
fi(0) =0 H. |g%.ofi E)—fi(€:)| < pil€,—&i], b & = g%oxi,
{i = (615"' 7&)7 61 = (517"' 751) € Ria P15 Pn Z%Lﬂ%ﬂ
IEHHL

BT fi () W2 L STk [12] SE— B 1, X slifs S
MR [12] RIS A RE T RS (2) M R IS S
Th B, TR (2) MESIgs o e b & —AF
U I, E SR SCHR [13] h, Wu X RS (2) IFETR
TR, W fi(2:) = dymg, FERCT IXAS 8L SR SCHK [13] 193
PR ATE T ARG 25 P o2 B — IR Riceati 5 75 T2
PRSE . IX NPT G K DR BE 0 T P PR R e U7 AR AN SR
B, MAEAR SO, U5 14 25 O o i — > 28 P AN 45
3 (Linear matrix inequality, LMI) RITJ43 2], &R T 3Tk
[13] AL,

AR BI 1 ME R RS (2), @ RAER Ty
W5, T — AN R AR, 1S P PR R S i R
B, FEORIE T FLAh ) PG 5 A AL

1 HFEm&ER

RS E P Ry AR E s #L
S, R™ & n ERRICAN. |z| AE R E z FRKKTEEL
Ay ] BRI, 0 AR SRR — AN NI 1 s, T o (s) =
O(o2(s)) F7r o1(s) < coa(s), ¢ >0 L

ZIBA LR S

z = f(z,u), z(0) =xzo € R" (3)

He z e R® WIRE, v e R™ A#EEHlEA, Hf: R x
R™ — R" & &% Lipschitz pA%L.

EX 1P, WREE o,y € Koo, 8 € KL, X THE—A
WG54T £(0) € R™ FAT— T U I g i AR TR B w
R, — R", /L a(lz(t)]) < B(1z(0)],6) + [ (u(s)))ds K
fift z(t) WERE— ¢ > 0 #4770, WIFRRSE (3) A& iISS 1.

En 100, RSG5 (3) S 1SS Y HA Y AEAEE S 1] 1ok o 4
V(z), ¥4 iISS-Lyapunov HEL, X TERT (z,u) €
R"” x R™,

7 =

a(lz]) < V() < a(|x])

Viz) = %f(ﬂmu) < —w(lel) + () (4)



866 H | 1k

F {4

38 %

Hrf, o, o oy 0 Koo REREL, m AXUBURIE EIE SRR EL
il 212, F e R 55 (3), iISS-Lyapunov B V (x)
SR (4), WIXHER MG AL ¢ 2 ¢°(s) = O(n(s)).
%wﬁﬁ,mewww%§<mmﬁi %/é%ﬁ
f ATIEZI%ZU%“ K Koo HHL @ i [ 02(|Jz(s)])ds <
+f0 ds. I H, Qﬂi’yfﬁ()tﬁﬁ
O A o) = O,
&3 IR ro > 0 RUT R I 247 7
BEO(t) € [bmin, bmax], LT —00 < bmin < bmax < 0
H 0 < bmin < bmax < 00, & X Nussbaum FR# N, iifi &
liminfg_ 00 %fok Ni(r)dr = —oo, limsup,_, ., 1 fok Ns(r)dr

= 00, ;H:EF' NS(’I") = { g(r)NO(T'), ‘%\IU_I\IZJ To

%@

A
Ap

) NU(T) =

exp(r?) cos(0.57r).
2 MR IR RIRR T

2.1 BgEH

Rig 2. f4E—A ilSS-Lyapunov B Vo 2 ay(n) <
Vo(n) < @o(m), 25 q(n,y) < —mo(lnl) + vo(lyl), Hr* mo
R MNEEELREL, oy, ao, Y0 & Koo FEREL

Big 3. X THE—"N1 <i < n, FAERMETEE pir, pi2,
EANIE S E ST R AL dar T daz, WAL |gs(m, )| < pindpar(|y])
+ piadpiz(|n])-

SE L. BATE ST EOR 1. AR AL RS T &
SISk, () WL fi(y) MBI AR A
T fi() MBS gy, B TT%?}HUE‘J%?&%% z;.

Wu 2% 8 T 3 ki R a8
n=q(my), £=Az+Bu+g(n,y), y=1
C11 1 0 e 0 0 T
0 C22 1 e 0
A=| - - |,B=| |06
: : : 0
0 0 0o --- 1 1
0 0 0 - cCoun
MEARSH, W2 B® 1 RS (2) B8 R4
n=q(n,y), = Az +Bu+g(n,y), y=11
[ e 1 0 - 0 |
C21 C22 1 e 0
A= (6)
Cn—1,1 Cn—1,2 Cn—13 *°* 1
L Cnl Cn2 Cn3 ot Cnn i
H, B=10,---,0, 1|7, ciy MEATRMFE, B, T4
=1,---,n My =0,i> 4, 7% (6) BIANRE (1); 4
ci; = 0,1 > 7, R4 (6) BN RS (5).
FEH, B 1R £i() AT LS — SR 2R pR S, e

sinz, cosz, 1n(1+x )-
E 20 B2 AN LSS A, ST ISS. B 3 A
VFZ SCHR A2 — A 251

2.2 MMt
XFZRSE (2), TATL H T FI R4

gz éz+1+fz(§)_lél>i:17"'>n_1
En =u+ fn(fn) - lngl (7)
Hof, by, Ly R SHL B BRE R e, =6 — &, 1<
z<n Ehfﬁ( ) FI= (1), TU»T?$U61761+1*Z€1+%7;”
) Y Ly G = e+ 2B f ) 4
Qn(ﬂy)+l7zy7i_1 con—1,7 B

Goo

é:Ae+?F(z)—F($)+G(n,y) (8)

;H\:LI'I7 A= [ -1 OIn_lo }7 e = (617"' 7en)T7 l = (ll,
)", F(z) (fl(fl) fo(®2), -, fu(@2))T, F(€) =
(ﬁ@)h@ﬂ o fa€a), Glny) = (B Ly
gng(n,y) ) Jiig

_ e _ < 1 pa pi2 o

R sr=irmic B
X (8) &N

S L (L p B L
e=det - (_—Fl@)-F@)+ Gy  (10)

Pk, gier s (2), & (7) A (10), wTHE

) 1 L 1
e=Ae+ — | —F —F —G
e=det -( —F@)-F@)+ Gy
U = goola + gooip*éz + fi(y) + g1(n,y)
57, éz+1+fz(éi)_liéla 2227
gn —U+fn(£n)_lnél (11)
2.3 ITHIEIIT
T, AR LS B g s e,
S 1. @ U — N R
a1 = cNo(k)1(y)y, k=Ty1(y)y’ (12)

L, T, e RWAEREHSHH ¢ &4

AR
NSRS §[)\ ANFHIH IR vy = & + fo(€2) — 1261 —

,n—1

aalrdJl( ) , FFE 21 = 52 —ai(k,y), W2
. 0 2 .o
Z1 = V2 — ﬂ(90052_"900]3 62+f1(y)+91) (13)
dy
P2, UV =1y Vo= 397 + 127, il (11) ~

(13) 15:
3 8 * —
Vo= 21(’02 — aiyl(goo(ou +z1+pe)+ fi +gl)) +

goo (cNov1y” +y21 + p E2y) + (L + 91)y (14)

i Young A& 1

0
JooY2Z1 — gcoaiylm(oq +2z1) <



5 Y] BNIREE: FAT i1SS WA AR S R S i S B 867

5 2
(cNo%bl al) ) 5 9
2w1 21 +gooy wl +
|goo| Oon 2\ -
> 1+ (5,) )4
0
- %Zl(goop e+ g1+ fi(y)) <
deap” + (goop™)® + 1 (D12 »
deo ( oy ) At
€2 (62 + f7 (y)> 4p (15)
Hrb e B NS @ ORI O 2
lgoo| g2 4e2p” + (goop™)® + 1
(9 2 maX{T,T, 462 } (16)
EX O HBH 0 ik, R
2
Py = (gioyzwl + € (é% + ff(y)) + f;) +
(goop*é2 +g1+ fl(y))y (17)
_ 1 7/« 2
Vo= Vo + f(9 - 9)
Oau 2
Aonea(22))s
= é3 - 042(]‘7797517527@)
2
R - 1+ (CNQ’L/)l 8(11)
ag = 1281 — c1z1 — f2(€2) — % z1 +
1
ooy Oa1 \ 2
Se Do’ - (1+2( ay> )zl (18)
Hr,Tg >0, c1 >n—2 @IS 46 (17) GIE:N

(18) 13, Va < ¢gooNo (k)11 (y)y” + @1+ 2120 — 127 +ﬁ(9—
0)(0 — 11). A
TR (3<i<n). ATHRHZHBE, EX u=_Enqr.
B rEs i — 1 25, BA:
‘L/i—l < ¢goo No (k)1 (y)y2 + P2+ zi2zi—1 +

1 /5 = Oa; A
F—e(e—e—;rgz]— — )(a—n_g) -
SC]'ZJQ- —
=2

FHUEEIER (19) B Lyapunov B3 Vi = Vioy + zz 1 1
BRI, ERE] 21 = — 251 (gooks + gooDE2 +f1( )+

da—1 p i Baz
91(n,y)) +vi — aélevvi—*zj i 1(€J+1+fj(£])

(c1—i+ 3)7«’% (19)

ljél) + éi+l + fz(gz) - liéh AT
‘;/i <Viei + Zi—1<vi — 30(;151 ) - 8%21 (goo (@1 + 21) +
g2+ [1(y) + 91 (m,1))) (20)

i Young AR, W —z-1 2% (geep™ @2 + g1 + [1(y))

€ oo day
< (& + fi(y) + fear +€4g€2p ) +1( %yl) Zi—1 + 417917

da;_q
daj_ (eNo ) 1 2
—Zic1m g, goo(on +21) < 2+ —— 2 1 + TP X
Oai_1\2 2 2 2 TRV
(55 ) 7+ gaoy 1. X

Qi = Z 8;;] : <§J+1 + fJ(EJ) —1j fl)) — Zi—2 —

j=1

Ci—12i—1 — fz(&) +1 51

8k

aai*l 805] 80(1',1 2
—Ti—1 + z; —=2T" Zio1 —
o6 ! ; i o (Tay )

) 2
(cMo %552 ) o

(8% 1) I ay .
ay i—1 4 i—1

i1 = DBio+ gothi(y)y” +e2(85 + fi(y)) +

%)2 2

Ti—1 = Ti—2 —+ 2F9< 6y Zi—1 (21)

Zigral (16) MR (20) LK 20 = vy — o, EWREE Vi <
g No(KJor ()2 + i1+ 201z — Sisb ez + o (6

—(c1 —i+2)25.
ijj:’%%J u

6 0) (22)

0 — Z;;ll Loz; %) (é - Ti—l)
KIAEEE n 22, GBS

k = le(y)yQa é: Tn—1, U = O"ﬂ(k7y7éla e

(843 Vo = 507 + 720 527 + o, (0 — 0)% Wi

Vi <cgoo No(k)1 (1)y” + o1 chzj — (1 = +2)z
(23)

3 FEEMS

TEZS A R G RIS P2 W 22 T ﬁ‘éﬁ]?ﬁjﬁﬂﬂ"ﬁlfi.
SIZE 1. AFAE—ANTEIM p = (X0, p7)Z MK
T2 €2, goo, Di1, Diz, 1 < i < n BIIEFHEL 0o, WL

—F(z) - F(é)
o) < 2(ulyl + dallyD)’ +Z2¢Zz )

| < nea(@ + F () + (0~ Dglethry’+
bo(y” + on 1y Iyl + 611 (1y1) + neta(inl) (24)

< ple]

JIERR. E‘Hmﬁ*%ﬁ VI, @, Py 7EIN (17) FASK
(21) FfE X, F(x), F(E), Gn,y) 1ER (8) R K15E XLH

p* A3 (9) HHIERILA, SRR ARIKOT. O

EE 1. BRI 1~ 3 gy B2 R
% (s) = O(mo(s)) (25)
TiAk, ik o A5, W)
. ¢122(5)
slgg sup o(5) < 0 (26)



368 H | 1k

F {4

38 %

ML < i <n Fly(s) = O(s
3 (22) TS g, WTH

1) FIIRARYE (2), (7) F1 (22) BIMREA KITE X HAE [0, 00)
A5

2) tim—oo (J2(8)] + [n(6)] + [u(®)]) = 0.

JERA. % Lyapunov BR%L

Vz = €' Pe,

2) oL, A AGER kR

Ve="Ve+Va (27)
o, P=P" >0 256 n. mixt (10) MK (24),
Ve <&’ (ATP n PA)é +67'E"PPe + 55 'e" PPe +
11 -
61— | — F(x)—F(&‘—&—é) ’”"_
P** 1 goo
& (ATP+ PA+ 0T P 01+ 6, P e +

2
263" ((1lol + éua(lyD) + ¢ (1)) (28)
i=1
Horp, 61,60 215 (30) YoEm kS EL. sl (23), K (24)
FizX (28) 15
vV, < cgoo]\foi/ny2 —(c1—n+ 2)2’? +(n — 1)9;1/113/2 +
e (ATP + PA+ (67" 46,1 )P? + (p°61 + nez) I e —

> cizi 4+ 00(y® + e (lyDlyl + 611 (ly]) +
j=2

n

2623 (tlyl + daa(l9)” + 2623 (i) +

i=1 i=1
nez 7 (y) + néiz(Inl) (29)

bt e, AT UL IERE 11, -+, ln, 61,02, €0 AJLMHASIE
SERERE P i A2 T T AR PEAN A X

ATP 4+ PA+ (67 + 6, )P + (p°61 +nea)I < —Q  (30)

Hp Q B— e esmbeE. et (30) Mg e 2
AAEM. &5, A

ATP 4+ PA+67'P? 4 0?61 < —2Q (31)

FISCHR [15] H 1Y Schur F1EE, AP (31) Hedf A 2k MEARFEA
&5

PA+ AP+ SB+BTST +p%6,1+2Q P
|
P -1
:/H\:E'jv A = |: 8 I(n—l)ox(n—l) ]7 B = [71707' o 70]1><n~ égl_
& B AR, A Matlab o #) LMI T HA ML = Pt

ATLARAR P, S R 6y HLIK, BATIEFE AR50 KHY 62 A7 53/
(1) ex 113 651 P? + n€21 < Q, Xgia3 (31) B (30)
AT

M (25), 30 (26) Fiam il 2 19 fo(ﬁlg n(s))ds <
oio(In(0)]) + fgtpi1(|y(8)|)d87 Hdr o0 RIEEREL, pin A&
Koo ZERRE BLTE SR A BT 2 IR, BT BRE o1 WL

i)y’ = max {v* +onlulyl + o (). ).

(Lily| + ¢i1(\y\))27soil(lyl)m(\yl)} (32)

H_?I%I (I %ﬁ&ﬁ’] l_liJ f1( ) ¢¢1 FEOGH Y HAE B mi 55 T
ﬂ?%:

Ve < cgooNo(k)1(y)y” — (1 —n+2)z

Z CJZ]
((n —1)g2 + ne2 + 6o + 2n52)¢1(y)y -

&' Qe+ ngia(Inl) +262 ) ¢h(Inl) (33)

X (33) PR R (12), W43

k(#)

) No(s)ds + dak(t) + ds —

Ve(t) < Ve(0) +

I
t n—1 t
. e(s)%ds — . 2 _
Aunin(Q) /O &(s)ds ;c] /0 22(s)ds
t

1 —n+2 2(s)d 34
(c n+>/oz<s>s (34)
nes + 0g + 2nd> + n + 2522 _ lg), d3 = —dgk(O)

<tz [FO No(s)ds + noro([n(0)]) + 202 X7, oio(1n(0)))-

e PR R R e XAE— A s KX [0,7) |, 0 <
T < co. FHFRATEFRIH RUEFIE k(t) 46 0, T) LA
BE k(L) TSI, BN k= T (y)y® > 0, B k(t) 3
H&t— T W, #T oo X0 (34) MPLFINEREL k(2), ¢
AR (Htt<T), f:

_ _d k(t)
% < %ﬁ/o gooNo(s)ds +dz (35
AT 3 Fl goo WA SRR B, 2 (35) AT LS —

sk (35) /507 t — T WIEKEI%, FFJE. Mk, k() 15
[0,7) EfS. MK (12), X (32) B k(t) G54, oL
I3 v0(y(s))ds €6 [0, T) AT F- XA RS A BB’ 2 Bk
H Vo(m(t)) 7 [0,T) LA F, Kk nt) 01E [0,T) AT 5
RIS (34) k() WA M, WTLAERI Vo) £ 0,T) BFH
G w1 Ve(t) £E3X(27) HEE S AR HIER RS S y(2),
z1(t), -+, za_1(t), O(t) F&(t) 75 [0,T) =4 F 1. 1
BT A BB R, B 2 () A u(t) BORE S IR
SAEW] E(t), z(t), u(t) 1E [0,T) LR, Wik, T = oo, &

1w 1) ik
I, 4516 2) T RESCk [12) o 1 R T R
FE . O
4 {HEHIF
ZETHNRY::
.1 2
=iy Y
21 =22+ fi(z1) + p11y
T2 = goott + f2(Z2) + p21y +p22#772
Y= (36)
Hrlr, fi(x1) = sinay, f2(Z2) = In(1+23 +23), p11, pa1, pe
AARHNER B Bk [10) FTAL n T RS0 ISS M2



5 147 BEAREE: HA 1SS W shA& M IELR M R 4 e R 1y 869

ISS. #4% V(1) = (1 + %), Bl V(n) < 2wz + 42

B 1~ 3, Wmo([n]) = 2252, 0(I]) = v2, éu(lyl) =

2 s
lyl, 621(yl) = lyl, ge2(nl) = s, H limsup, ., 225 <

oo, MAER 1 MIZAFHL. LI 2 il i vt
Fe, Bt

. 0
u= 126 —c1z1 — f2(€2) + %lelﬁ -

2
14 (cNo(k)wl%) A Bourn 2
0 Zl*"(”?(aﬁ) )
=&+ filé) — L&, & =u+ faf2) — L&

k= T (), é=r9(1+2(%)2)zf (37)

H, ar = eNo(k)Yi(y)y, 21 = & — a1, LT >0, Ty > 0,
c>0,c1 >0.

M 2, o (ly]) = 2, war(yl) = v*, Bt (22)
HER) oy FTHCR 1 (y) = 3+ 205 +203. B, EHSH ¢
=0.01,¢; =0.01, 1, = 1.4, I = 2, Ty = 0.05, 7 = 0.05, p11
= 0.1, pa1 = 0.5, paz = 0.5, goo = 10, HILH{H n(0) = —0.3,
21(0) = =2, 22(0) = —0.1, &(0) = —0.05, £&(0) = —0.05,
k(0) = 0, 6(0) = —0.9. [ 1 4t T HIFRZRS: (36) 1 (37) (1
Wi 2, 3K IE B T 42 3 7 SE A k.

g 2
g |
g
8
2
3
£ -1 2 1 6
Time /s Time /s
- = :
U ;
100 o2
3 =
£ 50 é‘ Oﬁr_
3
S o C
-50 _4
0 2 4 6 0 2 4 6
Time /s Time /s

K1 MRS (36) 1 (37) iR
Fig.1: The responses of closed-loop systems (36) and (37)

5 it

BT HAT 1SS W8S 25 AR E 4 7 ) B R i Al 2k
PERGE, ASCHTSE T e i R T R, (EAT) A7 7R — L
A AT SO 1) AR AREIFEESITT 17 RS 00N SRR
VEREI LI 2) BT AR R, R
¥R (2) #E) I HAT SiISS (Stochastic i1SS) 1% 5h 4 1) bt
GIES

References

1 Sontag E D. Smooth stabilization implies coprime factoriza-
tion. IEEE Transactions on Automatic Control, 1989, 34(4):
435—443

2 Sontag E D. Comments on integral variants of ISS. Systems
and Control Letters, 1998, 34(1—2): 93—100

3 Sontag E D, Teel A R. Changing supply functions in input-
to-state stable systems. IEEE Transactions on Automatic
Control, 1995, 40(8): 1476—1478

4 Sontag E D, Wang Y. On characterizations of the input-to-
state stability property. Systems and Control Letters, 1995,
24(5): 351—359

5 Sontag E D, Wang Y. New characterizations of input-to-state
stability. IEEE Transactions on Automatic Control, 1996,
41(9): 1283-1294

6 Jiang Z P, Mareels I M Y. A small-gain control method
for nonlinear cascaded systems with dynamic uncertain-
ties. IEEE Transactions on Automatic Control, 1997, 42(3):
292—-308

7 Jiang Z P, Praly L. Design of robust adaptive controllers for
nonlinear systems with dynamic uncertainties. Automatica,
1998, 34(7): 825—840

8 Praly L, Jiang Z P. Stabilization by output feedback for sys-
tems with ISS inverse dynamics. Systems and Control Let-
ters, 1993, 21(1): 19—33

9 Angeli D, Sontag E D, Wang Y. A characterization of in-
tegral input-to-state stability. IEEE Transactions on Auto-
matic Control, 2000, 45(6): 1082—1097

10 Ito H, Jiang Z P. Necessary and sufficient small gain condi-
tions for integral input-to-state stable systems: a Lyapunov
perspective. IEEE Transactions on Automatic Control, 2009,
54(10): 2389—2404

11 Ito H. A Lyapunov approach to cascade interconnection of
integral input-to-state stable systems. IEEE Transactions on
Automatic Control, 2010, 55(3): 702—708

12 Jiang Z P, Mareels I, Hill D J, Huang J. A unifying frame-
work for global regulation via nonlinear output feedback:
from ISS to iISS. IEEE Transactions on Automatic Control,
2004, 49(4): 549—562

13 Wu'Y Q, Yu J B, Zhao Y. Further results on global asymp-
totic regulation control for a class of nonlinear systems with
iISS inverse dynamics. IEEE Transactions on Automatic
Control, 2011, 56(4): 941—946

14 Nussbaum R D. Some remarks on a conjecture in parameter
adaptive control. Systems and Control Letters, 1983, 3(5):
243—246

15 Boyd S, El Ghaoui L, Feron E, Balakrishnan V. Linear Ma-
trix Inequalities in System and Control Theory. Philadel-
phia, PA: STAM, 1994

16 Yu X, Xie X J. Output feedback regulation of stochastic non-
linear systems with stochastic iISS inverse dynamics. IEEE
Transactions on Automatic Control, 2010, 55(2): 304—320

17 Yu X, Xie X J, Duan N. Small-gain control method for
stochastic nonlinear systems with stochastic iISS inverse dy-
namics. Automatica, 2010, 46(11): 1790—1798

18 Yu X, Xie X J, Wu Y Q. Further results on output-feedback
regulation of stochastic nonlinear systems with SiISS inverse
dynamics. International Journal of Control, 2010, 83(10):
2140—2152

19 Duan N, Yu X, Xie X J. Output feedback control using small-
gain conditions for stochastic nonlinear systems with SiISS
inverse dynamics. International Journal of Control, 2011,
84(1): 4756

RS R A ST ST A, R HERFSITT B L
g4, E-mail: congran369@126.com

(ZHAO Cong-Ran  Master student at the Institute of Au-
tomation, Qufu Normal University. Her main research interest
is stochastic nonlinear control. )

BFE MBI AT EER. LT W A BEALAR 2Rk
. ARE/E4. E-mail: xuejunxie@126.com

(XIE Xue-Jun Professor at the Institute of Automation,
Qufu Normal University. His main research interest is stochastic
nonlinear control. Corresponding author of this paper.)



