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Dynamic anti-windup compensator design based on ESOs
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Abstract: A dynamic anti-windup compensator design method is proposed for a class of nonlinear systems subject
to actuator saturation and external disturbance based on extended state observers(ESOs). Uncertainty and external
disturbance of the system are treated as extended state, and the corresponding ESO is designed to estimate the total
disturbance. Then, total disturbance is compensated in the controller by introducing the estimate of extend state, and a
dynamic anti-windup compensator design method is presented. The problem of parameter tuning of the controller, observer
and dynamic anti-windup compensator is translated into the problem of optimization with linear matrix inequalities
constraint, which maximizes the estimate of domain of attraction. A numerical example is given to illuztrate the

effectiveness of the proposed method.

Keywords: anti-windup; nonlinear system; extended state observer; domain of attraction

0 5 B

TE SRR R G0, T ST AT 25 K
Fb (55, 24 45 S A, AT 2R 10 o 52 )
S, AT 512 2 G PE G R M 1% 0 SRR B AT 58
() L R ) L. AT 5 L A 2 1l 1 o S L
5 3|2 R G5 R A MR RIX — 17 VT AR
St PR SR BRI (R 22 HEAT R, B — AT 2
AP R A S 120 STk [3] 41— 2K U I AE
DK B N LR 0B ) L M 1 R 5, SR — R
L RIAME 38 B 7 3, I3 R GRS AT T A i
SO [4] EF X — BB B IR L BT T — R T
189 2 FEE 1 0 VLRV B 8 ZE 1 R G B M B 1 )

ks BEA: 2017-06-16; 1&[E HHEA: 2017-08-28.

I FAIG T HUA AT A2 45 BT A DR T 4k SCHR (518 23t
AT DA ML 5 ) PR AR G 9 A AL IX 2k
PERGE Wit T — U s AR 85, A 2o YK
T RAGNSOSTE . A2 AR Lk R GE i AR ] U7 1,
SCHR (651X — KA Z IR BT AL AR R 5
BEUE 7 PURAN 2 A 4% SCHR (7] 8E % — R EAT AT 48
YR AR NI 0 R G, SR 1 — R XA S A Pt An
MRS BT 7, AT RGE T RGN TERE. [FIRT,
BRI VA DA K B A A ) RN T B R
H ATARLRE R G pt A F ] (0 20T B, JE R 3 Ah i
BN L RN LA A LAt v, FE 2] 25 P 5 i 1 AR
JSLFRRMES. SR, HY T AR 22 48 DL b il 42 X 2% R Gt 46

HEME: HEAARRIEESTH (61374012, 61403028); iRl 4 T H (2016ZA51011).

RIERE: BRE.

{EEE N XU (1990-), 5, A, N AT S0 il S 5T A; FHEIFH (1966—), 5, BU%, 4, WK

TSR WA RG-S EH A
Tl IAAE# . E-mail: dongchaoyang@buaa.edu.cn



2088 # % 5

xR ¥33%

SERIINE I, e CLLE SEBR T2 ;3 4% il
iR AT LRI SHUG T S5 e — e b
BN T SR RGN IHMEE. 256 R i, AE 2R
RGE BT 1 1] BTSSR 2 BT 9T 1) B ).

F =I5, AN SN . RGBS ELL R SR
At MR LA T A 3 R G, 5152 2
PN I B AE LR R G, B Pl s B R 47
(42 1) S8R K 2R G I A e T A ST B Ak 3
RGN TRAS, A HODR A I 38 5 33247 00
T B R AN TR TP R 4 sk A L) B8 A K
T RGO RS AL, HgE I fa s 5 T se Bl Rtk E
Prdt s dIrE B o b 5 S br TARE R BN 21
7 R4 SR (15142 H— Rl S 5k i R 1 5 Bk
Pl 2%, PR 1 4% 1) 95 2 B08 1 FE; STk [16] 4
Xf—RTF RGN AA A B2 TP i) 8
KERRGE, 18— BT sKR A UL 25 119 73 A 84
T R IR T RERIPUILEE 1 SRR [17) 2
ST A LB R S AN R G s A LA R,
X RGATAE S A 2 I 4E A A 55 ) {1 155
P T R AT H T g5 B AT R SRR
NI A 5N e AR M R g, IF 2T b 5E
JRATU LT 2 ] S ) T

AR — 282 BN SNl A R LM R
G 0 1 A0 42 o) SR e 0 AT T AT, R — R R T EKOIR
A28 ) BhASPURARME SR BT T RGBT
ST R RSO, 1 5, il B ko IR S WL 28,
SRR M RG A AT PR . R EAEL B DL
AMER T IEAT Al TE; SR, 2 Sl ot 4% 1) 2% e sh A it
FRM 38 AT BT RIAS A2 1 2 BT, RIS B 4% 1k 28 0
5 DL PR 28 1R 2 BOR A 1) R A o 5 T
LMIAZE R H L HR A 1 8, 1 R 2R 48 A R AT g
KIS0, Bt i, 383 1 B 45 B U0 E AR SCPT R HE 4%
) ST P A RCE R . 5 SR (18] R
PURIAME B AR L, A ST ) Ve s R LA
B K B Ss0a; [R) BT, A BE T SCHR [81 A0 STk [10], 45T
T )45 ) S g A O T B, HL 5 TS, B
B RS T SE PR TAE.
1 [ E#R

I HA WAL RS

:tl = T,

jjnfl = Tn, (1)

Ty = f(x1, -+ ,2n) + d + bsat(u),

Yy =x.

Heiz = vy, 20, , 2, ]V NRGURES, FARFN
BT SR, d NSNS, I, 5 RE AR G
NS Z RIS 0.

Bi%1 dRdE R, BA |d| < do,b > do!.

BB 1 RE X RGE (D) M ). FEA S, B &
RAEZ T IRE T, HEE P R%&MED > do
ANHEAL, T RGeS AN 45 1)L FEAR T 1 RROZ B LR,
MR B BTtz il SR, vT DL R FNAE R ZN A f LK
SR d 5K AT AR AS 131 B

Tp1 = f(z1, -, 2,) +d. 2
AT RIS FRI RER R
$'1 = T2,
$n71 = Tn, (3)

En = Tpe1 + bsat(uw),

i;n-l‘l =h.
WA e B F T3 e TR 2 38

&1 = &g + ay(z) — 1),

.’I;,'nfl = .’f}n + Oénfl(l’l - .@1), (4)

Tn = Fpi1 + an (1 — &) + bsat(u),

én—i—l = Oén+1(331 - ﬂf71),

RERGE I T IR AL 35 DA R A AT
L. Hoep
1 I,
v o= [ ]

SIS L = [l 1o, Lug] T LNAE
IR Z U0 s 118" + - - -+ 1,5+ 1y A Hurwitz
R k. A BAR 2R TR @) FRiy sk s
W2, B0 — A & AR RS0 (1) Wik i 2
AR Bh AU R M 28, 1 15 00 0 2% A2 70t A b
IS E RGAEZRNBM L RO BAA R AT
[ENiLiesiecs
2 FEPRAMER R
TEFEH N SZ WAL RIS T, I AN LR g =
sat(u) — u, Hi&EH AW N Z S PUBAMESE:
Ty = AaZa + Bag,
¢ = Caqzq + Dag.
Hrr:z, € R RHUEAIN S IRES; A, € R™™,
B, € R™*',C, € R"™™, D, € R NFBHHER;
CRPUFIRMERR T H.

&)



B AT RIREWM B 693 & e fe iz B8t 7 & 2089

#1135 b
BETHIRES S iz i 2%
1
u= 5(ch — &1 +0). (6)

Hi:K € R NIRERBIGHIE 2 = (21,
20T N R GURES BOWIME, 2,01 Y HARZS UL
1H.
AT G BKE X R SRR AT AT, [F e R A
il UL DA K shaS Pt M 45 1 2 80
e, AT IRESY KGR S (3) 5 s M
FETE =

& = Az + Bix,y1 + Basat(u). @)
/\q:‘
01- 0
A= € R,
00---1
00---0
0 0
Bl frg 6 .Rn7 B2 - E Rn7
0 0
1 b
[FI IR, 78 SOOI 22 A
T — &
nizmvl*1727”'vn+17 (8)
A1 BR Z B AR FEE
577 = (/10 + LBg)’I] + B4€h. (9)
/\EP
m 01---0
y = 72 A — R e R )X (1),
: 00---1
N1 00---0
-1 0
BT = e R"™, B,= || e R".
0
0 1
M, I R G sh 2 0] AR A
= + Tn+1t
Tq 0 A,| |za 0
B, 0
sat(u) + | | a. (10)
| 0 B,
en = (Ao + LB3)n + Byeh,
1
u = E(K.@ + Caxa — .’%n+1 + Daq)-

HITAE RS (1), AR LRI f 1L H el &, 975K

W& 2pr LRI RGURES « AW EUE
KA

|Zn11] < Chllz]| + do,
|h| < Col|z]| + Cs,

Heir O, Co M Cy NIEFEHL. N7 G EERIIER-, 2 X
XAHMET = diag{e,e"!,--- e}, URIMET, =
[-B.KT Bi],Ts = [-KT 1,75 = [K — KT 1];[F
NNl 8

 b—d

“=miTer

Cy = (C'z + %)2 + <C1 + %)2,
Fen a5 H,
SIE1 WRuMNEEH = {ue Rw €
R; -1 <u—w < 1}HHICE, M THEERHE B W,
PRSI ¢ i 2 R IR AR A
qW(g+w) <0. (11)

FE_ BB M Ko 51 BRA SR B 1S 240 T 4518,

EE1 FHREIRL, BFEIEEHEREP €
R(n+1)x(n+1),M c Rnxn,N c Rmxm,%ﬁﬁi@ c
R(n+1)X1,F c Rlxm,K c Rlxn,Aa c RmX”,J c
RmX1, Ql c R("+1)X("+1),Zl c RlX",ZQ — [221 O]
€ R>*0HY 7 ¢ RU™ RIEWEHE, R U, vy, &8 H
T 2

(P 0 0 TF+2ZzF
x M 0 MTKT - ZT
= 0; (12)
x « N FT-ZT
[ x * % b*y
- 1 -
Y I 0 EZQT 0 PB,
* g B F Vo4 BU 0
1
* % * 2<E+1H) 1U 0
b b
* % * * -U 0
B * *  —R|
(13)
(1 R P I
20, = 0; (14)
U1 I 9
U U U
——=I<0, M- —=—I<0, N——=—1I<0.
& Cy Cy Cy
(15)
Hrp

1
1/111ZE(PA0+A0TP+QB3+B:?QT)+P3

oy = MAY + AM + MKTBT,"BiKM + M,



2090 =

xR ¥33%

33 = NAT + A,N + N,

1
Yoy = B1H + BoE — gZlT.

BTG TH B W 25 (4) BRI M 38 (5) S il
HOTHISHAT HEHFN T L = P7'Q,B, =
E-'J,C, = FN7'.D, = E7'H It ek R %
(H YA

x={reR"ne R

o' Xz +al Y, +n"Pyp <yt (16)
FioR 6 B AT 3 — B E N WIR RS B, R R G5
SHE R .

TEBR e RS B 1, s B 2 (6) R w

AN BB W A w:

1
w = E(le + G344 — Gof) — Tpy1 + Dagq).  (17)

:/E\:EP'F] - [n177727"' 9777L]T7G1 € Ran)GQ S R1><n’
Gs € RV>*™, {53
U w = Y[(K = Gz + (Co — Ga)za + Conl, (18)
Gy =[Gy — KT 1].
N an =t (16) Fr~ B8 A 05 75 2 HAKSE H P RSN
N

2T Xo + w2, Yl + 0Py <y Hu—w|®  (19)
#(19) BIF A 1E
i1 Tiz i3 Ui
TS x:ﬂ * Yoo Tog r| =20 (20)
x* % Ta3| |24
Hrp

Ty, = P+ GIG,,
Yo =—b"*y Gy (K — Gv),
Tis = —b"2y71GE(C, — G3),
Yoo =X — b2y (K - G1)" (K - Gh),
Tos = —b 2y YK — G (C, — Gs),
Tys =Y —b 2y 1(C, — G3)" (C, — Gs).
iz Shur #hjE 2, ¥ X (20) 5 i LMIE L, B
P00 GT
« X 0 KT-GT
* x Y CF — Gg
b2y
FIx A B diag{, X1, V=1, I} X 2K (21) #EAT AR
B, 5NN FLE:M = X' N = YL F
CY 1. Z = X71G1,Z, = |Gy 0],Z5 = Y1 Gs,
T T 2601 5 B 45 (12) Re s 1R 20 (19) BT

>0. 1)

* kX

RJG, A5 P DL L w RIE R (17), 0T LIS 3
qW(q+w) =

1 _
qW (q + E(Glx + Gsxy — Gon — Tpy1 + DaQ)> =

q(W + %WDa>q + qW%Glx—i-

1 1 . 1
qWZG?ﬂ?a - quGﬂ? - qWEJ?n+1~ (22)
HTXMERE ||[n © zo 7| = Co, BT K F:

@asi] < Chlle] + do <

7 . n
0
< —
Glla||+d<(@rg)|]|]] @
ICL :'Ea/
"
|h] < Collz|| + C5 < Cq T + C5 <
T
Cs
(02 n a) 24)

La

WFAEBREB R, RN |0« x| > Cu B

ntPn+a2t Xz + 2 Ye, — hTRh — J:E_Hlen_H >
Amin(P)HnHZ + )‘min(X)HmHZ + )‘min(y)HxaHz_
R(Collz| + C5)* = By (Cullz|| + do)* =
min{Amin (P)a Amin (X)7 Amln(Y)} X
(Il + llzl* + lzall*)~
T2
n
Cs\? do\>
=3 20 >
(r(ere &) emfe = 2))| |1 -
Lq
(00 {Amin (P, A (X), Amin (V) } =
- 2
n
Cs\? do\>
R(C2 n a) "R ((J1 n a) ) 25)
T

SINERU = RN B4 THESH Q) <
P~' Ry < R. &4 3(15), 7T LR 2] \pin (P) = R Cy,
/\min(X) 2 R1647 /\min(Y) > Rléél; EEJ—:t(ZS) m‘;f%
n"Pn+a'Xe+a, Yz, —h Rh— ) Rizni1 >

(min{Amin (P)s Amin (X), Amin (Y) } =
n

R16’4) X

Lq

> 0. (26)



B AT RIREWM B 693 & e fe iz B8t 7 & 2091

%11 x|
R GIEH Lyapnov B4
V=n"Pp+a"Xe+ 2V, 27)

gE4 531 LA R (26), AT 418 Lyapnov BV < 011
MR

V —2qW(qg+w)+n"Pn+ 2" Xa+

xaTYaca —hTRh — xZHRlan < 0. (28)
¥ (28) B IR
- 1 -
v TFX 0 ngg 0 PB,

* @22 XBlCa 4524 XB]_ 0
* * @33 @34 0 0

< 0.
* * * Dyy 0
* * * * —-R; O
| * * * * *  —R]
(29)
Horp

Gy = ATX + XA+ K"BYX + XB K + X,
P33 =AY + YA, +Y,

1

&$yy = XB1D, + XBs — gWGIT,
1

G5y =Y B, — 5Wczg,

By = 72<W + %WDa).

FI X6 1 B diag{I, X1, YL, W1 R Y, 1} 4
3 (29) AT IH A4, I 5] N N IR E AT B i Q
=PLE=W"'YH=W"D,,J=W7B, 7, =
G, M, Zs = G3N, 7= (13) RE 051 £ 3K (28) kL.
R, #5380 (12) ~ (A5) AL WA FAEE [0« 24] 7Y
>Cy > O,i@ﬁf/ < 0.

FINEXS ([ o xa) Y| < CuWITER,H

K& — 1| =

|K2z — KT+ Nng1 — Tpya] <

n
IT50|| | = |||+ Cillz|l +do <
Tq
n
(s +CO)|| | = ||| +do <D, (30
T4

BT 5 T 4 RS, S 25 5% (13) i, U T
Wik A + ByK B Ag + LBy 49 2 Hurwitz B3 4
AR T PRIFR R G R 20,

55 E A, 25 AR (12) ~ (15) B, I DS

AT (16) o T A I, 3R R Geiniafa e .0

EL AEARSTHTR R H i ass i S mE b 4 2
358 S MWL 25 16 7 A2 73 ol BEAT BT Y, LI 248 55 W]
DU I e BE 14518 HEAT 0 5 1 ) 28 10 . K IR 4%
RiAE A + By K i 2 Hurwitz 258 261, vl i) i
BRI KT R .

E2 P RS L ATk R A
R T AR A FEFR X E B 1 458 AT A0

min vy + trace(P) + trace(X) + trace(Y) < 0. (31)
FINGRN Flrs B LM

X I y I
20,
I M I M

Hrhx e Rn Ry € R™ ™ 591 € 56 . H X
(32 f%

>0, (32)

NIEES

trace(X) > trace(X), trace()) > trace(Y).

AL FR N (31) AT AL

min vy + trace(P) + trace(X) + trace(Y) < 0. (33)
PR ke, A ST St A T R 0 25 48 22 A 70 PR A 22 2 48
oo 5 ) R, AT e A O LK (31 A Ak g i, 23X
(12) ~ (15) BL K% (32) 2 R AL AL i .

E3 SRR R G, W & 8 N A
G, TR BRI Q = [Q1,Q2, -,
Qn+1) T FIINLH KA

|Qi| < 6;, i =1,2,-- ,n+1. (34)
H L = P~1Q Al A1, LR 26 AF AT LR LWL 4548 6 ik
K. [FIS A LR AT HAH I GE T LM R LA .
3 FEME
IR AR R 5

€Tl = T2,

Tg = i(9[: +x )—i—i(sin(ﬁ)cos (ﬂ)—i-
S D) 2 3
L2

oS (%) sin (;)) + 2—10 sin(7t) + 3sat(u),

Yy =x.
(35)
Hrp

f= —i(m + o) + %(sin (%) coS (%)—1—
() (3)
d= 2—10 sin(7t), b = 3.
XY KRS 25 = f + d. BIIHE A1



2092 #= # 5 kxR %33%
1.5
|71 < Ci|lz]| = 0.1179|=]|, i ——u — sat(u)
|h| < 0.1242||z| + 0.3889. LR
N R BRSSO K = [-3 —2] A Jze = 0.01, 3 05
BB LREAF|Qi| < 1,0 = 1,2, 3, KGR A i vy .
3
-0.5

[ 0.9026 —0.0012 —0.5527
P=1-0.0012 04731 -0.1066|,
—0.5527 —0.1066 1.1193

1.3032 0.276 3
0.2763 0.6215]

v |09563 0.1294
0.1294 0.356 7|

L =1[0.8903 2.0425 0.5530]",

—0.1730 0.0963
- {—2.0562 ~0.353 71 ’

B, =[-0.009 —0.131]T,

C, =1[0.7386 —0.0453],

D, = —2.6853, v = 0.6639.

B RGVIIRIRE N2, =0.4904, 20 = —1.409;
WIS IVIAEAR S BB N 31 = 0.490 4, &2 = —1.409,
&3 = 0.003 1; A PUEAAME R A IR IRS LN
z, = [0 0|7, 1B A R WK1 ~ B 3FTR.

2 ———ﬁéﬂ@fﬁmm%g
EN 2 HU LR

-1.5 -0.5 0.5 1.5

xl
1 RS
1
<>.<:
= 0 w -
_ — I ——-I
0 1 2 3 4 5
t/s
2
g ———
-l — Ty—— I
-2
0 1 2 3 4 5
t/s
. 0.06
. W
= —XT3—1T3
-0.06
0

B2 RGRESRUNHFETE

El3 RGITHIE uMsat(u)

FH ] 1 AT 0, AH EE SR [18] Fh A i 25 B0 v Fn 2
AT IS PURAIRME S RE A R B A
SR B Sk, B 2 s 1 B (4 o tR A Il 5
REf A 20T R 48 RS AR RN ARG A AP 3
BEAT LN, [RIE, 72 1 3 v AT DL 31 R Gt i 45 i 2
S AN 520 K BRI, ISR 7 A SO 3h 2
PO RN RME2 35 (1A RUE.

4 4 #®

ASEE X — 2 BN o TR A € E Lt &
GEPUHL AN RMES 3R BT IR R, B T — R TR
S 25 ) B A PO AN 28 B UH 71, R s il 45 . WL
W25 DL R U AT R M 25 (1) 2 50K M 1) U X 9 2 T
LMI AN G SC2H 29 s A Ak in) . 47 25 SRR T A
SCHTHE H TR A R
2 Z 3 Hk (References)

[1] RanMaopeng, Wang Qing, Dong Chaoyang. Stabilization
of a class of nonlinear systems with actuator saturation
via active disturbance rejection control[J]. Automatica,
2016, 63: 302-310.

[2] Liu Sheng, Zhou Liming. Static anti-windup synthesis for
a class of linear systems subject to actuator amplitude and
rate saturation[J]. Acta Automatica Sinica, 2009, 35(7):
1003-1006.

[3] Cai Xiushan, Huang Jun, Liu Leipo, et al. Stability
analysis of linear time-delay differential inclusion systems
subject to input saturation[J]. IET Control Theory and
Applications, 2010, 4(11): 2592-2602.

[4] Forni F, Galeani S. Gain-scheduled, model-based
anti-windup for LPV systems[J]. Automatica, 2010,
46(1): 222-225.

[5] LiYuanlong, Lin Zongli. A switching anti-windup design
based on partitioning of the input space[J]. System &
Control Letters, 2016, 88: 39-46.

[6] Herrmann G, Menon P, Turner M, et al. Anti-windup
synthesis for nonlinear dynamic inversion control
schemes[J]. Int J of Robust and Nonlinear Control, 2010,
20(13): 1465-1482.

(71 554, PR, sk —ERARIT HBA AR



%11 xR F AT RREM B 69 3h & St ez 50T ik

2093

(8]

(9]

[10]

(1]

[12]

[13]

[14]

P RGBT LR FE (0], B 36, 2016, 42(5):
798-804.

(Peng X Y, Jia S L, Zhang B. An anti-saturation
method for a class of nonlinear systems with actuator
saturation[J]. Acta Automatica Sinica, 2016, 42(5):
798-804.)

Wang Huanging, Chen Bing, Liu Xiaoping, et al.
Robust adaptive fuzzy tracking control for pure-feedback
stochastic nonlinear systems with input constraints[J].
IEEE Trans on Cybernetics, 2013, 43(6): 2093-2104.
Zhou Qi, Wang Lijie, Wu Chengwei, et al. Adaptive
fuzzy control for nonstrict-feedback systems with input
saturation and output constraint[J]. IEEE Trans on
Systems, Man, and Cybernetics: Systems, 2017, 47(1):
1-12.

Chen Mou, Ge Shuzhi Sam, Ren Beibei. Adaptive
tracking control of uncertain MIMO nonlinear systems
with input constraints[J]. Automatica, 2011, 47(3):
452-465.
Zhai Dihua,

teleoperation system with varying time delays and

Xia Yuanging. Adaptive control for

input saturation constraints[J]. IEEE Trans on Industrial
Electronics, 2016, 63(11): 6921-6929.

Xia Yuanging, Zhu Zheng, Fu Mengyin. Back-stepping
sliding mode control for missile systems based on an
extended state observer[J]. IET Control Theory and
Applications, 2011, 5(1): 93-102.

Han Jingqing. From PID to active disturbance rejection
control[J]. IEEE Trans on Industrial Electronics, 2009,
56(3): 900-906.

Huang Yi, Xue Wenchao. Active disturbance rejection
control: Methodology and theoretical analysis[J]. ISA
Trans, 2014, 53(4): 963-976.

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

Gao Zhigiang. Scaling and bandwidth-parameterization
based controller tuning[C]. Proc of the American Control
Conf. Denver, 2003, 6: 4989-4996.

K2R, TR, Arar, 5. BT iR A LM #8144
HICRE RSN 2 4] (7). #2161 5 BR 3K, 2016, 31(6): 1093-
1098.

(Liu A D, Zhang R C, Yu L, et al. Extended state
observer-based decentralized model predictive control[J].
Control and Decision, 2016, 31(6): 1093-1098.)

XUAE A, BT, XIAK, &5 SBNINE R S g i J 3k
etk B PIIaE i 0], 5 R, 2017, 32(5): 906-
912.

(Liu F C, Jia X J, Liu L, et al. Pneumatic loading system
modeling and nonlinear active disturbance rejection
control[J]. Control and Decision, 2017, 32(5): 906-912.)
Ran Maopeng, Wang Qing, Dong Chaoyang. Anti-
windup design for uncertain nonlinear systems subject
to actuator saturation and external disturbance[J]. Int J of
Robust and Nonlinear Control, 2016, 26(15): 3421-3438.
Tarbouriech S, Prieur C, Silva J. Stability analysis and
stabilization of systems presenting nested saturations[J].
IEEE Trans on Automatic Control, 2006, 51(8): 1364-
1371.

Freidovich L, Khalil H. Performance recovery of
feedback-linearization-based designs[J]. IEEE Trans on
Automatic Control, 2008, 53(10): 2324-2334.

Chilali M, Gahinet P. Design with pole placement
constraints:  An LMI approach[J]. IEEE Trans on
Automatic Control, 1996, 41(3): 358-367.

Tarbouriech S, Garcia G, Silva J, et al. Stability

and stabilization of linear systems with saturating
actuators|[M]. London: Springer, 2011.

(FAEmAR: FhE4r)



