%52 % % 3M AHIFERFFROE AT R Vol.52 No.3
2024 %5 A Journal of Henan Normal University (Natural Science Edition) May 2024

AT AR I 5 1 AR 20 b Zett & Ge iy oA e 2 il

SN P OEINCY 1 B

(1R T2 B PR TR 312 453003 2.0 55 B 22 B a B4 B 24 24 B
b. R A B A TR AR 5T b0, W F £ 453003)

W FE LG WA R e v AT 5558 LR 0 7 SERAT g T 24 T 4 A R — S R
THEM . — T, BT YRR T e, LT A IR R G4 32 B 2 340 RN (Y A 1
R GEERRIR L B ORRE M RN R WS T 32 BIRAT 25 0 (5 5 3 00 0 20 3 09 42 1k 2R 4 1) 5 fioh 2 4 il ) .
G, — B R GRSk R R BT R 0 i (B R SR BRI AR S L BT B AT R X ot A L b AR R S 1R A BB IX 3R
Rk B i Lyapunov FUg PEIR I, AR A5 T 0 47 P B 38 St DX S80I 3 A2 19 70 40 4% 10 T 2o PR okl AR 3801
T /N B T S fih 2 SR S O Ak TRD R T AR A5 1 45 S R e M R S X 3R OR L BB WS (B M R MATLAB
A9 LM T ELA 347 3R M B Je o BB T A0 B 3G IE T BT 75 45 5% 10 7 8501k

KRR vk R G S A ok 5 R 2 T R

FESES 0231 XEKFRERD: A X EHE :1000-2367(2024)03-0106-07

B 2 T S AL AR A0 90 2% 368 15 150 A O DR A e, D R e e A T R L 2 A R e YA B S A
s ) B E B AT 5 5 1) I A A ) R 8 R — b s ) o A s o) AR G HG R AR e A i A PR AT A =2 1]
T 1 28 R AT B AR 1 33 A X A e ) 0 R R TE R ) R G B T R R R R A AR R 5 T
SR E NGRS RS T A TR P N B SR € TP e DO G| A0 NS N DB 8 ol SRS AR N
1A 38 A5 P 2% B 5T R T — L )R, L An P B A R R AT R 2 R B R SR R L
B2 AR G A 15t A 2 A AR G R R B SR | A B A i 38 R IR 8] Ak 2 #) 388 {5 AL X Ao ]
fih 752 366 15 52 3R R G O 46 A g — [T ) {5 I 220 A0 A i 4 52 O Ak BB L 30K 25 ™ TR B I 45 B
TR, AL 2 3 e i 25 A A A RE R 2 52 L I 5 Y AT B A 9 265 8 R Y e o PR 2 o A R e 1 R
ORI T INITITES S G0 R N D R DS RS S iy 0 B QR e o i B R S B SR U 1 Y- B R R /N
] o G AR R AR BT i 2 DSR2 A 55 3 75 R AT o DT 3 81 24 o0 4 B A A

53— 7 WL JLF B AT S B S A5t o) R e A 22 2 BIARAT S MR RN 2R T T R R S T e
JE AT S 3 B 455 /N aE B A — 2 R A5 L 451 B e R T R (R (100 03X BRI T i 6 B B R 4L
(1 L i 5 A 3R B 5 e AL R A 11 L JAE A Y b T R A BRI L G AL P 40 IR SR 45 40 0 A A7 7 2 75 4
il R GEVE RE AL L AE — LER I AR 00 T 2 S EA I RGEEATEE 1 L 4F P A6 045 1) 28 G2 19 20 B 42 ) K i
FH— B P 1 B 5 2 ) AR b AR S A SR T 75 B AR, SCRR R A R 22 45 R R X AT 4 R
A AR . F 52 b AT ae sl R Al B F 2 R bt e AT R R G s LR 5

Yo #s B #9:2023-05-27; 16 [ H #§:2023-08-28.

BELTE: HE A RBA A (62273132) 1 1 4 BHE HOCIT H (232102320338).

EZE B A BT PE 1991 =), B IR B £ A pg 27 e YR, - AT 5 T 1] O RS0 1A L A i S o Tlk T2 72

BAEAEE MR NI (1981—) . 5 10 B P47 AL 30 pg B4 2 B 8042 Wi 4 F 52 7 1) S 4% 11 3248 5 B2 A 5 E-mail: happycygzmd
@tom.com

SRR - B 4 MRk WL 1 10 [ AGAT 45 MR 1 5 R 24 TR ek R e 38 0l K s i L 0. 900 g O 91 O 2 24 il C A SR B2
M) ,2024,52(3) :106-112.(Jia Jinze, Chen Yonggang,Bai Yuanyuan.Event-triggered control for linear systems
under input amplitude and rate constraints[J ].Journal of Henan Normal University ( Natural Science Edition) ,

2024,52(3):106-112.DOI1:10.16366/j.cnki. 1000-2367.2023.05.27.0002.)



5

% 3 4 EF . F HATERMEE R EGRT AN R R0 FHRAIEH 107

8 3 ) ] — i TR A 3 7 B A L A0 0 A T ) PR 45 SCHR L 11 I 58 17 3 S 2 P 28 9 44 Jsy 308 B 5 AL 7 W)
L X PAE T o W (L R AR AR M Y B R R T, SRR 12 ] 20 1 T gl 2 i Hh B it 42 ) 80 3O 58 BE X SRAT AR
L 138 3 0 0 ) 2 e 2 M AR 9 SR 13 T4 1 17 5 7 SRS A0 ) 42 o SR

VF 22 SEBR PR 2R G840 700 24 SRR 15 19 28 1 1 J2 [a] I L7 9 DA 0k o 3 47 R o 0 285 140 A R 28 492 1 42 il
L )AL 32 BVF 222 W O Y JR O T 2 AR AR BRI AN D A R AT T T A PR
P 25 A48 0 2R 8 10 42 o 4 TR, LU A ZHANG S50 75 0 25 0 10 i 2 B S0 BIF T T B A SAUAT 4 1 1 24 3
P T 52 R0 88 TR 400 9 2 4 Jey SR [ L. 7 25 R 8l 285 T 4 Ak i BB LA B 1 i & B SUR L ZHANG 20T it —
ABTSE T AT s 48 0322 2 I (1] 2% 8 14 2 42 Jm) BE [ AL ) T Jm) 38 B X 4% #F - MOREIRA 51 JE T 0 25 i F
fih Kz BIRISCAIE I 1 PHAT A 10 R AP 28 8 194 g S bR 25 B A5 2 i I T, G L X 5 S 4 1 A B e T AR
A fih 5 25 18 DA P 0 A ) P A R R O 0 0 A A SR L LT A5 58 T AR X R i A T D R 5 9 R £ T
RN 75 B4R RS2 SCHRL 16 — 20 13 B A 25 JEEIAT a4 (14 8 A8 1 A2 R

ST A TIE AR SCE TE 75 18 A2 B HAT 4 05 1 5 380 3 0 A 249 SR 8 2 2 P 25 8 10 S F Mo 42 o] )
AT SCRRLTL, 13 ] FHT — > — BB H ke 2 7= AU i 11 k(0 0k 4 B AR J AR P A 4 110 J) 8 i 1X 2%
T ofe Ak B AR A 51 RES Y AE DXCAR AR 4% T R Ll ad HE— 22 M Lyapunov f8UE PR EE 345 T 8 O/ P 35 R 41X
ST A A RE Y T8 73 A% 1 ek BR A A A e /N Y TR L B T S e R Y e DG A TR B AR SR AR A 4
FH R M AR 250 (LM Is) o L B 0% 7 (8 bR T MATLAB wh i LMI T HAf 47 5R . 55 o 400(E 1) 7 0k
AR SO AR 25 2R 9 A B

P55 R Fomn EWILEARZE ] P > 0(P = 0) KR PO FRIEE [ O AR IEE 2R L AT KR HH
e A BB o 0% X PRHE M v A X BRI T Ay B

1 [EFEHFIA

ZE T LR RS
() =Ax () +Bu(t), (D

Hrhx () e RMFERRGEWRE . ulx) € R" RINRGERIEHIHIA A FIB by HATAH S 4E 5000 T 80 58 7 56 B
TESLPREERI R GE . i T W BT 5 09 BR 1 250 5L T2 278 08, PUT A 11T 23 32 B AN 20 o A S [ B =%
BT PAT AR I AE S AR 2 B SCHERC1L, 13 /S A 3 L BT 27 T R I — I R RN .

oy () =sat, gy (A upy () +Agysat,gy Cogy (1))l =1,2,++,m, (2)
Hrrw, () RRPATERRE v (0O FRPATERBA A o N —IEFE. RG22 1, IEER R EL sat,, 5
T RN PR L sat, o, 43 HE LT

sat,) (w,) =sign(w ) min{@ ) » | wo |} ssat.o (we,) =sign(w, ) min{a, o, | wao |

Bl @, 5w, 5357 PUAT 25 00 W5 A8 76 17K S iR 2800 K.

1 B RG22 2 My H A SR BRI A 07 S i AR AR 5 R 221 B A (R 1R N S SR R Y
PATHR. B (2O AT AT PAT 7 0 SR 0 S R A Y B D) A, T B AR I, W A ) B TR AT R w ()
RS TR Tl 2 R 1R R 2

A R I o 4 AT AR R R T 2 N 4 TR AR SR S il % TR 6 IO M AT AR
2 il A BA T g .

v(t) =K, x(t,) +Ku(ty)st € [thsto)s (3)
Hh K, MK, A ER 0, (B =0,1.2,) JFFfh & w2 B ¢, =0.
AR F A R B (R =1,2, ) N &S B,
tyn =min{t | t >1,,07(1)R:0(t) —=z" (). z(t) >0}, €Y)
Hf§() o 2(t,) —=2(2) .02, A2, NXFRIE E .
E SO FHERE A & diag{d o) oA s sdn s D ~ ) AT AR F 35 R 55
() =Ax () +Bu(t),
(1) =sat, (—Au () +Asat, (K,x(t,) +K,u(t,))).

(5



108 AHEIFERFFRCRHF R 2024 4

FESCHE R 2 () & [ W« (] € RHF 7 & n+m, IFEIAES

A, 2

A B 0
{O O}’BIA[I}’BZA[O _A]vBséA’Ké[K,r Ku]-

PR R G8 (5) ] 7R hy
£(1) =A,2() +Bsat, (B,z (1) + Bjssat, (Kz(£;,))). (6)
T A BRARAT s 0 1 - AR R, AT T A SE DX BRI
¢, =Kz (2,) —sat, (Kz(£,)),
{47[),—(BZZ(t)+BgKZ(fk)+B3¢JP)Sat,A(BZZ([)+B3KZ([,{,)+B3¢}/)).
FEEH G 2 2,) —=2@), ARG G) AT HBTRRN
2(t)=(A, +B,B, +B,B;K)x(t) +B,B;Ko(t) —B,B;¢, —B,¢,. (8)
A SCHY FEEH BB A () A & 4% A (O A5 P 28 R 48 (8) IX i I FR e
BIE 1Y AEWANMEw € R U Kw € R IFIE ¢ (w) 2 u—satCu) MR | ug, —wo, [Zag, (=1,
2o am) S WIXHEZE R m X om IEXTFAERE H . F 1Y B6 X S5 ST
TOH[Y(u) —w] < 0.
R TR FRPAT AR IR S R RG] AR FE X AR M AR i
u, (1) 2 Ké(t) +Kz(t) u, (1) o (B, +B;K)z(z) +B;K5(t) — B3¢, »
w; (1) &4 (K—G)z() +K6(),w,(t) o (B, +B;K—G,)z(t) +B;Ko(t) —B;¢,,
Hi G, MG, hm X a MFE. RGN A 29 58 55 lior

D)

[ wrn (1) —wi) (1) [ Tprs |tz (1) — wi (0 | <<it,)sl =1,2,,m,t > 0. 9
FIHGIE 1, WXHE B m X om IEXT AR H, F0H,  F T AR XS5 T
—2¢,H\[¢, — (K—G)z()—Ks()] =0, (10)
—2¢'H,[, — (B, + B,K —G )2 (1) — B,K6() + B3¢, ] = 0. (1D
2 FEHER
J T 43 PR R G (8) R e e ML BEBCT 1T 9 Lyapunov PR
V() =2 (t)Pz(¢),P > 0. (12)

FE 1 HEME T X7 WNFRIEEMEMEX.Q. A2, .m Xm WIEXNAMEMEH, 1 H, .m X7 WiFE5HE
M K.G, M1G,, #i15 FmEi LMIs 87

I'' B B.K I, T, X
x  —Q, K" K'B! 0
* * * —H]—H, 0
| * * * * -0 ]
a’ G @’ G.
pD 1 ~0, (D 2 0,0 =1,2, s (14)
* XT * XT

_E..

I''=A+BB)X"+X(A+BB,)"+B B.K+K"(B,B,)",

I'=—BB.H +K'—G!.I'y=—B H; +XB} +K'B! —G?.
T2 2k 2 48 (O e il A (3) R i & 4 A (4) 7F A S 80 DX Sl B 5 G IO Ml L BE B e (P) = {2 (1) € R”,
2T (OPx(¢) << 1) R AR S, P 45 14 25 56 MR R Rl & 2 b S 80T 0l K 2 KX 7 FIR. 2 Q'
Q, o X 'Q,X " G



% 3

5

IS IR LY EE RS FE AL Y YIS 109

PERH il Lyapunov R V()T HFA] ¢ SRS, I A H ) A5,
Vi) =2:"(t)P(A, -B,B, + B, B.K)z (1) +2:"(t)P X B,B,K6(t) —

2:"(1)PB,B;y, — 22" (1 )PB,¢,. (15)
A fh & 2 ORI, 25 ¢ € (£, sth ) B, T T BYAS 25 20 A5
TR (1) — 8T (1)R0 (1) = 0. (16)

A% QD A2 R A8 W ZAME IR V), Wy 15,
V) <2:"(t)P(A, +B,B, +B,B,K)z(¢) + 22" (1 )PB,B,Kd(t) — 22" (1 )PB,B;¢, —

G.)z(1) —B,Ko(t) + By, ]+ =T ()R.x (1) — 8T (1)02,6(1) =" (DHEEU) an
Hibe) o [T 6" ¢f 71" UK
I' Q. PB B:K I, I,
_ * —Q, K'HY K'BIH!
T - x  —H,—H —BH
* * * —H, —H!

I'=P(A, +B B, +(A, +B,B,)"P+PB B.K+ (B,B,K)'P,
r,=—PB,B, +K'H] —G{H|.I'\=—PB, + B/H; + K'B{H; —G}Hj.
BOE A AR 5 <0 B, M E (17) "I45 V << o, bR A, ik

(/i )Gl Gry < P (1/u! ()Gl Goyy < Pl =1,2,m. (18)

HEER V) <o, AR A8, WAl i — B8 840 F A%,
| wi —wio |=2"OGT, Gz () <) V) < a) V0,0 =12, m, (19
| sy —woy =2 (DG Goyz(t) <’ V() <’ V(0), [ =1,2,,m. (20)

MAEBIHTESG e (P) 2 {2(1) €ER 2Pz () <1} BRI A = (0), XA Ao "TLLEH, RS
R IR S I 3 A TR A () — 2 M, 1 V() << 0 AT IR R G0 (8) XM TR E R, H e (P) &
{z(t) € R", 2" (0)Pz (1) < 1} ARG HIFEE B,

2Rk R UE I R A A5 <20 A KR (18) AR S s Al A7 8 A N AR i

P2rX ]aKéf{X T.G, éélx TG, éézx T,
_ _ _ _ 21)
H, A H'.H, 2 H;'".Q. » Q',Q;, » X 'Q;X".

X LMIO) 223w e LA diag{X . X ' H ' H,' LT A7 e LR B IR R X (21 F1 Schur 46, 0 7T 5
AN <o [H L X (14) g LMIs Zesm e L diag{1,X '}, A7 ¥m 9 DL H 5L B, F R 1 (21) fil Schur
AL AT 25 55 A5 3 (18) S AN 25 3K I Be.

TEPRUE T BR R S8 (8) W iz A i 19 ) I, 2% iU ] B B3R A S 4 M & YR L 38 310305 249 I 4% e R ) B 19 i S
BRC L8 JE B i3 fl & SR mE ik @2, RIS AT AR /N7 Q. R AT REHL K7, S T 4RA5 X N i FE Ak 1], 51 A
T A R N A

Q,=X"'Q,X"T<0,Q, >0. (22)
FEH XTQ,'X =0, (X —a,)"Q (X —af,) =0, H o —H%50, 255 0E 0 b i 40 B AR 25 2]
R A LM AR

A

Q, 1
= (23)
¥ (X +X" —a'Q;
KT AL A il e RB EBUE S e (Py) = {2(1) € R 32" (DOPyx (1) < 1,P, > 0} ffifd e (P,) C
e(X D.EEI (P Ce(X ) Al X > Pyt #fd, a8 F ek n &5 .

A 55 1 min trace(Q. +02,) +s.t., LMIs(13) ~ (14) F(23) {57 . X — P, > 0.

X.0,..05.H1.H2.G1.G2.K .Qs



110 AHEIFERFFRCRHF R 2024 4

2 TEX A R AT AR T R N E VAR E e (P B B 3E  H 218 B HEE DR
FE S FE S B RS Al R AL R XA T R R 2 R R G AT T B NN DG T il R R 3 T LT
I 2% 1 2R 8 1 A B

3 FESCHERLI8 I AR WRSE T BAT 4 MR (VR T A S 4 i 2 4 ] 1) 0 AE X T SCHR18 T, AR SC[R] e 5
ST AT A B AR R S R R L S L AT A R R S TR 2 TR RS T, I AT R
GRS HL R G A A 0 R Geda il v, 28 TF BOR Y P B AN 7T B A8 A0 R e, DAt AR SO R 2 B A
45 R H A A,

E 4 FESCERL18 T M R A AR I B B AR R ECH trace(R. +2,) I E N Q, =X, X", B,
trace(R,) MHE/MEIFANBEFI IR trace(2,) AR /ME. R, SCHRC18T 48 H A 5 F 25 14 ik & 2% 14 40 1k ) A 2L
A —E R H A S, PEE trace(2,) BY A trace(Q,) #EATH04L . BAER (23) 5] AT S 50, X8 21
Jn R 3 .

3 WEHIF
Bl 1 HERL DM NN SHRBR .
1 1.5 10
A= [0.3 2} B = [ ) } sAay =205,y =Wy = 0.

W P, =1 Fla=0.1, IR A 5 U0 A m] 0, DU) ] 75 3890 °F 10 09 288

0.494 0 —0.067 0 0.099 8
K=1[—0.3486 —0.1089 —0.021 6] .,2.=|—0.0670 0.9250  0.049 1} ,

0.099 8 0.049 1 1.334 0

1.143 2 0.357 3 0.070 9
Q,=10.3573 0.1117 0.022 2 0.027 4 0.2297 0.074 7
0.070 9 0.022 2 0.004 4 0.2355 0.0747 0.772 8

BT E P R 5 () =[—1 —0.3 —0.7]" € e(P). FIH F a5 0250, 4 5
HH 7 R ) D BR[04 37) PA R BR A5 0 7 o PR T 2 bR A5 R A A S T fih S ik 20, T R 1~ 3 B R O T X AL AR
5y W UETE 0 3 G 2 AR e 1. 1D 1 AT ZE AR SO Pl SR R, P 3R R 8 T DA S E L BT 2 SR T AR Y
R R AZ B AL A At i B 2 BT LU R R X R [0, 3T S (RN i & 12 YK, 3 36 BH 3% 1 35 0 foh &
HIL T 1) SR I R 805 7 200 38 AV 0B A2 i A0 %, AT 38 380 7 24 19X 45 30 1 0 R A E Y.

9P:

0.207 8 0.027 4 0.235 5]

1.0 6

— () w1 (1)
0.5} -= B8 -y ()
8 ;s
~ &
,_ifﬂ 0.0 :‘%
= =3
= 05t =
P 4
5 o
£ 0 B
§& i
-1.5 =
9.0 L . L L L L L A L L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/s t/s
1 PR R GRS B2 AT B AR AT B
Fig.1 State response of the closed-loop system Fig.2 Actuator rate and actuator input

BIAT A AAFTEMLFN LY A L T B S 80 AR 1R 4 i i T P ER AR e R S e 1 B EL
JE ik e OB B AT SR AR H P 4 RT LU HY L AR GE R 9 /0N WG SIOEE RE EPR G SR W] BRAT AR R T 2 i



5

% 3 4 EFF HATERBMES R AL RT AR Z ARG FHBLES 111

AR R LR PERE IR AL

1.0g 1.0
—_— )
osh 0.5 == x, (1)
= 0.0F
+ 0.6 F =
pay =
& = 0.5
& 0.4} _K:
EX -1.0
0.2 WR -1.5}F
(). ()« -2.0 L L L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/s t/s
[3 Sl Z) 4 PP RGUR A R
Fig.3 Event-triggered Instants Fig.4 State response of the closed-loop system

ES ERUEITE AL LMI23) R RIS o YA A O 8 E BOR R o, 215 B R /Y 314
fil & YR BSOS [R] B A8 52 d. FE B0, 2 o 20 SR B 0.50,0.10 1 0.01 B, i8] X 18] [0, 371 P A9 354 firk % v B0y
TR 10 12 YRR 14 WR.ARTHT . 5 ZE48 I 02 o M 0.50 B Xt R A& 2 38 8 /N s i 0,01 Bk Xt 7 114 F& 2 36
K.

4 5% B

ASCWFFE T 32 BN PRAT 4 1 B -5 32 39 000 1 240 o 00 2 P 2R 00 1) o 41 flh Dk 4 o 1) AL 15 5, T — B R GE ok R
P 5 94 1 R i A BR A AR o 3 o M) A ) B JR 8 B DX 25 PR A Lyapunoy RRUE PEBLIE . #5721 LMIs R
F 1 DR PAT B 28 8 DX Il 30 A S 1) T8 53 2% PF. D 1 AR P ik ke O 80 3 i R ) A RE S e /N L L 4R T R
17F ik ¢ 3 ) e DG A IR0 B I BB 091 5 R0 B SR 1 A SCRT AR A5 45 2R 19 A3 80PE A Ol Je S2 9 W5 oF 75 1 Bl
AT Mt A B IO TSR 19 S PF i 5 IR 8L B 9 ) £ 5 Tl G A A B 4 S i A L U5 R R GRS
FIPAAT B R 285 fih Kz 1 220 A [] B9 15 0

2 % X #

[1] HESPANHA ] P,NAGHSHTABRIZI P,XU Y G.A survey of recent results in networked control systems[]J].Proceedings of the IEEE,
2007,95(1):138-162.

[2] BB, BBk — AR LML RANL I 4 22 50 049 1 77 48 BB 28 L0 1T m D8 K 2 2 4 CA AR BH M0 . 2019, 47(6) : 31-37.
YAO H J,LIJ T.Mean square exponential stability control for a class of nonlinear stochastic network systems[J].Journal of Henan Nor-
mal University(Natural Science Edition),2019,47(6) :31-37.

[3] TABUADA P.Event-triggered real-time scheduling of stabilizing control tasks[ J].IEEE Transactions on Automatic Control,2007,52(9) :
1680-1685.

[4] GIRARD A.Dynamic triggering mechanisms for event-triggered control[ ] ].IEEE Transactions on Automatic Control, 2015, 60(7)
1992-1997.

[5] PENG C,LI F Q.A survey on recent advances in event-triggered communication and control[ ]J].Information Sciences,2018,457/458:
113-125.

[6] TARBOURIECH S,GARCIA G,GOMES DA SILVA J M,et al.Stability and Stabilization of Linear Systems with Saturating Actuators
[M].London: Springer,2011.

L7 ARSI, 250 i 40 0 2 T4 o 3R 0 O W 5 | it T [ ] 45 1 15 e 58, 2018, 33(5) : 824-834.
LIN Z L,LI Y L.Estimation of domain of attraction for linear systems with actuator saturation[ ] ].Control and Decision,2018,33(5)
824-834.

[8] STOORVOGEL A A,SABERI A.Output regulation of linear plants with actuators subject to amplitude and rate constraints[ ] ].Interna-
tional Journal of Robust and Nonlinear Control,1999,9(10) :631-657.

[9] LIN Z L.Semi-global stabilization of linear systems with position and rate-limited actuators[J].Systems & Control Letters,1997,30(1);



112 AHEIFERFFRCRHF R 2024 4

(1o0]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

1-11.

BAIOMY N,KIKUUWE R.An amplitude-and rate-saturated collective pitch controller for wind turbine systems[]].Renewable Energy.
2020,158:400-409

GOMES DA SILVA J] M, TARBOURIECH S,GARCIA G.Local stabilization of linear systems under amplitude and rate saturating actu-
ators[ J].IEEE Transactions on Automatic Control,2003,48(5) ;842-847,

GOMES DA SILVA ] M, LIMON D, ALAMO T,et al. Dynamic output feedback for discrete-time systems under amplitude and rate actu-
ator constraints[ J |.IEEE Transactions on Automatic Control,2008,53(10):2367-2372.

PALMEIRA A H K,GOMES DA SILVA J M, TARBOURIECH S, et al.Sampled-data control under magnitude and rate saturating actu-
ators[ J].International Journal of Robust and Nonlinear Control,2016,26(15):3232-3252.

YANG H J,XIA Y Q.YUAN H H,et al.Quantized stabilization of networked control systems with actuator saturation[ J].International
Journal of Robust and Nonlinear Control,2016,26(16) :3595-3610.

ZHAO L,XU H,YUAN Y,et al.Stabilization for networked control systems subject to actuator saturation and network-induced delays
[J].Neurocomputing,2017,267:354-361.

ZHANG L Y.CHEN M Z Q.Event-triggered control for semi-global stabilisation of systems with actuator saturation[ ] ].International
Journal of Control,2016,89(5):1047-1064.

ZHANG K.,ZHOU B,JIANG H Y.Parametric Lyapunov equation based event-triggered and self-triggered control of input constrained
linear systems[ ]J].International Journal of Robust and Nonlinear Control,2020,30(16) :6606-6626.

MOREIRA L G,GROFF L B,GOMES DA SILVA ] M.Event-triggered state-feedback control for continuous-time plants subject to input
saturation[ ] ].Journal of Control, Automation and Electrical Systems,2016,27(5):473-484.

LI H C,ZHANG N,ZUO Z Q.et al. A novel saturation-related event-triggered scheme for systems with asymmetric input constraint[ J].
International Journal of Robust and Nonlinear Control,2022,32(15) :8600-8613.

BRIV G K. — IR S 2tk T A A A 2k AR A > PR R SRR D 1 [ 30 U R A 2 R CR AR 24 D 1 2022, 50(6) - 8-14.

LIJ T,LIANG C, TANG Y.Iterative learning control method for solving a class of perturbed linear algebraic equations[J].Journal of

Henan Normal University(Natural Science Edition) ,2022,50(6) :8-14.
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Abstract: In traditional networked control systems, control tasks are usually executed in a periodic way. On the other

hand, due to physical constraints or for security considerations, almost all feedback control systems are subject to saturation

constraints. The existence of saturations is the main factor of system performance degradation and even instability. This paper

investigates the event-triggered control problem for linear systems subject to saturation constraints of actuator amplitude and

rate.

Firstly, the first-order systems are utilized to represent the actuator amplitude and rate constraints. Then, two generalized

sector conditions are introduced to deal with the dead-zone nonlinearities induced by saturations. Next, by utilizing Lyapunov

stability theory, a sufficient condition is obtained to ensure the regional asymptotic stability of the closed-loop systems. The op-

timization problem of event-triggering rate is proposed by restricting the minimum range of the stability region. The result ob-

tained in this paper is expressed by linear matrix inequalities, which can be conveniently solved by using the LMI toolbox in

Matlab. Finally, numerical examples and simulations verify the effectiveness of the obtained result.

Keywords: linear systems; event-triggered control; amplitude constraints; rate constraint
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