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DYNAMIC STATE FEEDBACK CONTROL OF NETWORK-
CONTROLLED SWITCHED NONLINEAR SYSTEMS

Abstract

Switched nonlinear systems, as a dynamic system model widely
applied in engineering, control, and automation fields, have received
increasing attention in recent years. The characteristic of such systems lies
in their ability to switch between different subsystems, each with distinct
nonlinear properties. Due to the existence of switching behavior, the
analysis and control of switched nonlinear systems become more complex,
especially when confronted with real-world issues such as external
disturbances, system parameter uncertainties, and network delays.
Ensuring the stability, robustness, and efficient performance of switched
nonlinear systems has become an important issue that urgently needs to be
addressed in both academic and engineering circles. In the context of
significant progress made in the research of switched nonlinear systems,
the switched control method has been successfully transplanted to multiple
research fields including networked control systems, providing new ideas
for solving related control problems. This paper, based on switched
nonlinear systems, considers the uncertainties of the system and controller,
and adopts the T-S fuzzy method to solve nonlinear problems, modeling

them as uncertain switched T-S fuzzy systems. At the same time, the impact
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of quantization in network control systems on switched nonlinear systems
is also considered. Therefore, in this paper, by integrating multiple
theoretical tools such as the switching system theory, the nonlinear system
model and the matrix theory, a comprehensive study is conducted on the
key issues of the switched nonlinear systems.

This paper focuses on the study of networked control switched
nonlinear systems by applying multiple Lyapunov functions and the
average dwell time strategy. Different from traditional feedback control
methods, this paper designs a dynamic state feedback controller. Dynamic
state feedback control not only depends on the current state of the system
but also includes the dynamic behavior of the system, enhancing the
performance of networked control switched nonlinear systems by
introducing the time-varying information of the state. By designing a
dynamic feedback gain matrix, this paper ensures that the networked
control switched nonlinear systems can maintain good stability and
performance requirements in the face of external disturbances, parameter
changes, and uncertainties. Therefore, this paper, based on the dynamic
state feedback control strategy, comprehensively considers quantization in
network control systems and studies the control problems of switched
nonlinear systems. The main work of this paper is as follows:

For the switched nonlinear systems with the coexistence of discrete

characteristics of quantized input and system uncertainties, a dynamic state

v
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feedback elastic control method is proposed, which effectively solves the
problem of asynchronous control. The asynchronous switching means that
the moment the system switches, the controller that matches it does not
switch immediately and will lag behind the system. To approximate all
nonlinear subsystems, the Takagi-Sugeno (T-S) fuzzy model is used to
describe the switched nonlinear systems. Due to limited communication
capabilities, a static quantizer is used to quantize the input signal.
Considering the uncertainties in the switched system and controller gains,
an asynchronous resilient H_ dynamic state feedback controller is
designed to ensure the global uniform asymptotic stability of the closed-
loop system and meet the performance requirements. Based on the average
dwell time method and the theory of multiple Lyapunov functions, a
controller existence criterion in the form of linear matrix inequalities (LMI)
was constructed, which is convenient for solving by using the MATLAB
toolbox. Finally, by adopting a verification method combining numerical
simulation and instance simulation, the practical value of the control
strategy was fully demonstrated.

KEY WORDS: Switched nonlinear systems, networked control systems,

asynchronous switching, quantization, dynamic state feedback control,

H_ control
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1,[0,c0) 7S [ I AMERHAEN, U (k) e R™ RomEAL G B o) o 73 B[] 3 25 ok 4
o(k):[0,0) > Z={,2,.. . M} AV, Kb MERTRENEE. W T
SEMUIRTH 0=k, <k, <--- <k < FEARTHOOT SR ELER . X R k JET—1
TCRRI T E IR [0,1,2, ] o Mk e[y, ke,y) B, o(k) FRAIEIEZAT. N T fEiH
W, EAENESEE ST, ibok)=i(ieZ). fEARES, BEYHTHE K
FREZLOHI. 76 Q2-1) H, si(K),--,sp(K)ZATHRERE, N (p=1-0) RH
M (M=1-,r), Hrhr 2B HcE .
Ans B Gy Epo Fy T H, 2 FUAE 4R (0 O RS2 B M . A,
Ay (K)+ Ag (K)~ Ag, ()BT A, () T G5 /5 s e ey S i e
M, IXEPLBIHIN N BAEA FYE R . A EEH LT oR

Ay () Ag (K)
Ae, (k) Ar (K)

Horr, EEANE MR RE A (K) TR FE AT (A, () < 1> BLEM « M, Ny
HITNG, 72 EL 0B 8 B R

A" (k) =[5! (K), -+, s, (K)] » S HEAT 2RI, 152 AT RGN R B
B, WRORITTR

Ivliml
{M' }Af ONy Nia]. (22)
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{x(k 1) = A (K)x(K) + B, (QT(K) +G, (K)w(K), 03

2(K) = E (k)X() + . (QT(K) + H, (k)w(K),
B 00 =240+ A, - UK)= S 00Uy FT A (K)= X h (500,

(U=AB,G,E,F,H). sk, XTIH—ARERE D, (s(k)) 75255 &

Yim (k)
> atm ()
HA N (s (k) B s! (k) ERMIEE NI HOSRIR I . (R

e (5(K)) = 0 (K) = [ TN (51, (K)). (2-4)

v, (k) >0, ﬁ}%&@ZO,Iﬂ=L~qL (2-5)
=1
M —Ab S e B B A LU 56 4F

(50D 20, 3, (k) =1 (2-6)

2.2 IIFSKERIRIEHI

SV EHE SRR FRAZMAVIMAERG. HTFRS
o (k) B A — AN 38 17 i 18] 18] B [k, Kg,,) > %5 RE S 20 i AT DAY % B 18] [ B 4
Ky (kg Ko) FTK (Ko, Kq) IR o AR, K. (kg ko) =k, ks +k) BN T RS
o (ko) 18 5 AL R M 281847 B R 2 A ). 7575 K, (0 <k, <k,,, — k) I T%
RRGVIHRI IR — 2, 5 2 DLEC i) g A 2 SLEI DI, JF B Z (i AF RS o
K, (Ko, Ke,p) = [k, + ko, ko, 1 88 T 258 o (k) S TTRC #8518 47 1R 22 A 1.
Ik, eSS LT, i i N RO B AR S st ] 4%

X, (k +1) = A; (K)x, (k) + By (k) x(k),
u(k) = Cy (k)x, (k) + Dy (K)x(k),

X, (K +1) = A (k) (k) + B, ()x(K),
u(k) =C, (k)x, (k) + D (k)x(k),

k e Ky (kg K1),
(2-7)
ke K, (K Ke.,),

He(n=i,])

A ()= A, +A, (K), B, (K)=B,+A, (K),
Co(K)=Cy +Ac_(K), D, (k)=D, +A, (K).
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£ Q21 x (k) e R™ ZEHISSHPRESREM, A, B, C,MD, &
A Bt RSl ., AR SR BOERE . BRBCRAAEREA, (K) v Ay (K) S
Ac () FA, (K)2TEECA T, ATRORA

Ay (K) Ay (k)

Ac, (k) Ap (k)
Horpt A (K) A E PR AL A ()AL (K) <1 LUK O Oppn Qo ATQ, & LRI
S HUERE .

—OmAk 2-8
- Onz c( )[in an]’ ( - )

23BSENSR

I T AP I A A B B o 2 R B S (S TE AR A A R A PR 1, PRIER S
WA Q, (u(k)) xrE il A uk) BEAT AL, RERHBI RS (2-3). FFAEIL A
LINN

5

U (k) = Q, (u(k)). (2-9)
Q, () FREH AN B H N AL . Bk, B AT ERHAE S uk)
HAT LT B0

U ={£0,..0, =0,,0.C=0,£1£2,.. Ju{£q,,} {0}, (2-10)
H0<g, <1FrENZERE, Haq,>0.
AL AR EUE SO
quc’ 1+ | qUC <IO_ _ ; qUC’
Qu(p): 0! p=0! (2'11)
—-Q,(=p), p<0.

NP o, LoxBEBLTR, &N

_ 1_Quc

w, = )
1+0,

u

(2-12)
AR R SCHRIOT AR R L B B DX AR A B A R 7, IR R AL R

FERINN
(k) —u(k) = A, (k)u(k), (2-13)
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Hr
ol e
B, HRIEAR (2-13), ATUAER R &R
u(k) =(1+A,(k)u(k), (2-15)
Hr
|A,(K) €T, T, =diag{e",...,@*}. (2-16)

Y 2.0 R B, FF5 A, K) R RERE A, (K) | TR I E, A
FISCERIOI 56 T g XL S i) 777%, BABIRZE A (K) | W] DA By — e ofr 5t
AHENE, BRI B SORAT RO AN B AL R IR

2.4 AR T-S R R 5
TS xg (k) =[x (), X (KT » & ARQ-3)FARQ-7) T3 2 T 51 )
e T-S B R4t

Xy (K+1) = Ay, ()%, (K) + Gy () a(K),
z(k) = E (K)xg (k) + Hc,i (K)ar(k),

{xc. (k+12) = Ay (K)X, (k) + Gy (K)eo(K),

k € KT (ks' ks+1)!
clij

(2-17)

— - k € K¢ (ks ! ks+1)’
2(k) = Ey; (k)% (K) + Hyi (K)ao(k),

e (n=i, j)
A ()= X P (60D A Eup ()= X 1 (500 Eu
Gar ()= X (NG Fi (K) = X iy (KD Mot

Aim +BimYD BimYC
écn An
G

Aim =A1m+AAim’ IBim =Bim +ABim’ Hclim =Him’ Gclim :|: cl)m:|,

Y],

im

A\:Iinm :{ :|1 EcIinm :[Eim +IFimYD IF

B =Em +Ac , B =Fy +Ac, Yo=(1+A,(K)D,, Yc=(1+A,(K)C,.
VLT 2.2 SCHRIPgE R 1 — SR BSOS (A ARGV DI R GE 00 H, DRI R AR
VR T 5 SR A R H 26 R, RS ZARRE, ARCPHEE T
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SO, FHAS T RGAEN.

Y 2.3: ASCE ARG T U T-S BIWI R G H, 12645, RGiah )7
RN ) 9 408 o ARAFAE AR E 1 o BRI, FATTEAE RS BT 5 )8 1 Bk
I, LB i 3A T4 HE 0 5 92 Ao P A s T A

2.5 EEEXFN5|E

BN 241 FIEX TAERUIE S, WARAFEIRE k <k <K, Ny;>0,

7, > 03 /& LA FANEE

K-k
N, (K, K) <N + :

(2-18)

a

N, (k, K) Zm DI f5 5 o (K) 7E i il ) R [k, K) 3 i D e, migk o ()
HAFHE R Er, (N, ZRBRE .
FE X 22100 A1 X B N 18] R G2, W RAE TG 26 F T, W T4 € i Ky >0

$D0<a<l, ‘]V%/%

i (1-a)z" (K)z(K) < 2 i o' (K)o(K), (2-19)

Hrb o(k) € ,[0,0) . MIFRRGEEATHE BIBLH,, PEREREAR 5 o

S12

m@zu&mﬂmm=%ﬁﬁ%ﬁ@s{3l },E¢%ﬁﬁw%%,
12

22

I Z=AN RS
(1) s<o0;

(2 Sll<0’ Szz_S128;11812 <0;
(3) S,<0, S, -S,SHS,, <0.
BIFE 22070, A L=L", LFNLH G THEMBBEESMAERE. W T vr

W FTF <|HsERE, AL P AR,
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L+LFL,+L0F L <0, (2-20)
2 HACAAE M E o > 01115
L+vlL +u L, <0. (2-21)

2.6 INEE/\2h

AT T AT iR R B AR R, BT A E DI T-S RGTAR A,
ENAVIRE BHE R A, SRR DU PRI T-S RS, X484
FRR L O A R AR Ot T A RGs e, AR ERUR . Bk
BEZAh, g TR —F A E AR AR T A B R L 51

15
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EIE EBHEIL

3.1 ZGRREME DS M H. EEEST

N T BT RGIFAE AT H MEREFERR, R4S HDLR 5] B
53 31090, Z R 2-17) AR T-S BB R %, A ECHSH0<a <1,
P20R u>10 WEREEV, ) (x(K):R" >R AV, (x(k,)) =042 I E ELSH

FFV(, j) e Zx Z R A %R

Vi(x(ky)) <V (x(k)), k=k, (3-1
F
PV (X(K) -T(K), VK € Ky (K, Kq,q),
AV (k) < {—aVi (x(k))-T'(k), VkeK, (kg,K,), G-2)

Hrb (k) = 2" (kK)z(k) - y?0" (Ko(k) » PAATE IS S 2
z, > ceil[z] = ceil [{k,, [IN(+ B) —Ina]+Inz}/ Ina], (3-3)

1 —k.), Vs e N % ceil[c] FRBUA /N TS24 ¢ 19—
AR A2 RQ-1 IR T-S B R 408 47 —Buirdtfa e i, Bl
—ANIECH , PEREFEAR 5

BT 51H 3.1, Ui T-S BEM R Gu i Fase M 70 20 2 AR T LA DA 8 BRA

SE B 3.1: R (Q2-17) P I R U T-S M1 R 45, 48 2 2 S0 <a <1,
Bz0, y>0Mu>1. 3TV, j) e Zx Z U RAFAEIEE FERE P AT P 2 5 1

Hr g =1-a,k, 2 maxK,(k

__(1+ﬂ)Pi 0 A%Ium E;-Iijm_

* 2 T T
i I Gc im Hcim
) e A <0, ke K, k), (3-4)

* * * -

__(1_a)Pi 0 A |

* _7/2| G(;rim H:im
* « _pa g |<0 TkeKiloka), (3-5)
* * * —I
F
R<uhy k=k (3-6)
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A NRQ-17)F I AR T-S B RS2 45— guirdtfae v, Bl —4
TIACH, PERETEHR 5 -
UER: AR RS8(2-17)F U1 N ) Lyapunov BRI%K
V; (% (K)) = x5 (K) P (k). (3-7)
3L (3-7) 7] A3 3 T 5 AGE 2

AV, (x4 (K)) ~ AV, (%, (K)) + T (K)
= AV, (%, (K)) = BV, (g (K)) + 27 (K) 2(K) = 7*@" (K)ao(K) (3-8)
(k)Qu cl (k)

o
Qij = Zr: hi (S(K)) €245

Q. = A\;iijiA:Ium (1+ﬂ)P + EC|I]mEC|Ijm Aﬂljm I:)Gcllm + E(-:Iiuchllm .
. * GT PG + Hcllm Hcllm 7/2|

clim clim

AR (3-4) I Schur Fh & B AT D153 45 Q.J <0, FBEMARZEX3-8)n] LA 2]

AV, (%, (K)) — AV, (%, (K)) +T(K) <0, vk €K, (K, k,.,), (3-9)
IR, LA E AR

AV, (%, (K)) + @V, (x, (K)) + T(k)
—AV0%&»+avO%W»+fkbdm—7%fW%d@ (3-10)
X} ()2, X (K),

o
Q. = Zr: CI(9) [0

Q.. — A;I;iimPiA:Ium (1 (Z)P + EClIIm Eclum A:IumPGcllm + E(;r|IImHC|Im )
" * G(-:I;lmPGcllm + Hcllchllm 72|

R G-S)HAE Schur HhE AT LIASIAE G, <0, FILMAREER(3-10)7T LA
3

AV, (%, () +aV, (%, (K)) +T'(k) <0, VkeK (K K,), (3-11)
SIALE(3-6) B TR LA XT (k) T X (K) » FTLATS 2R B AR5 2
Vi (% (ko)) < iV (% (), k=K. (3-12)

RIS E 2.1 Fpg3-D)AI3-2)a] Bhd i A% (3-9), (3-11)FI(3-12)KiEH.
BT g R, EUHESHEG3)IEN T, MR T-S B R5Q2-17)2
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G ff St R e 1, B NIECH , PERETERR p o IEMISE K

3.2 BIASIKAS R IRIE S 22801 it

AN T ENASIRAS S BB A B R T SRR AR S
B0 BTN, — RAEVIH REQAT RIS Ay (). Ey(K) -
(k) FRVEL A R SRR S b, 7 T R 5 A R 3
HIET LM BB e fhs B o T2 58 (000 25 R L R P, 2 [
BB, (e R s S N R

N T RS TR B AR ISE, A/ N R LT LR AR

B, A, B, A, A_ 0 M.
K _ cj ] ’ K o ci i A= im , _ — iml ’
[¢] _ch ch:| ci {Dci Cci:| 'Alm |: O 0:| 'A/llml |: 0 :|

5 :‘Bim]am :[0 B, (I +Au(k))},gim :{Gim}on {om]
B 0 ! 0 0 On2

Il=|:0nuxnc Inu]’Mmlz[Niml O]’Mmz =[0 Nimz]’ (3_13)

Qn = [an in](n = i’ j)’Kci = Kci +OiAch’ch = ch +OjAcQj’

gim =[Eim O]’ IEim =[0 I:im]“?i.m =[O IF|m(| +Au(k))]’7-4m = Him'
MRAERG-13)HE L, AT T-S B R 58(2-17)F BRI A s oy

A\:Iijm =A. +Bichj, A=A +B K,
Ec”jm =&+ FnK Euiim =& + FinK

K K-
MRAE(3-13)F1(3-14), HG2EHEFE Ay, B Eqyy BOESAE— DR K o JET3X b
AR, IO R EA

SEHE 3.2: X F AU T-S B R 50(2-17), 44 € D AR E 0<a <1, 20,
y>0fu>1, XTV(, j)eZx2, WRIFAEIEEHMER, R, IFArRHEEW,,
W,, JEFES,, S, frEn>0, £>0, v>0, £>0, 5>0FM¢>04FfE, HIF

AN

A () FIE

(3-14)

I, <0, 1<m<r, VkeK. (kK. (3-15)
Eim <0, 1<m<r, VkeK(k,Kk,.,), (3-16)

i
R, —uR <0, (3-17)
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Hrh
e, 0 ©, ©, 0 Sl 0 O 0 WQ]
* -l G, H; 0 0 0 0 0 0
* 0 * R 0 gBT, 0 M, 0 O 0
* * * =l 77F|mTu 0 éMimZ 0 Vlfimoj 0
o - * * * * -nl 0 0 77TUTN;nz 0 0
T S ) B 0 V1,0, o |
* * * * * * _gl 0 O 0
* * * * * * * _é:l VMmZO 0
T T
Aim O 0 Bim 0 Bim
O WT{O ol TSI 0 | ®=7vy o |O
®11:(1+,B)(_W1T _Wj+Ri)1®14 :WjT[Eim O] +Sj imr © WTMLl"'S /\/‘anv
_A11 0 A13 A14 0 SiT I1T 0 A18 0 \NiTQuT
* g,{n 7—4; 0 0 0 0 0 0
* * _Ri 0 8§imTu 0 §Mml 0 A39 0
* * * =l gl:imTu 0 5Mim2 0 g'EimOi 0
R ) 0 0  &£T)N;, 0 0
R T Y () 0 c1,0, o |
* * * * * * * _5| gN 20 0
T T
A, 0] [0 B 0B
A, =WTl " +S, T Ay = ™10,
13 1 |:O O 1 I O 39 g O 1

Ay = (1_a)(_WiT -W, + Ri)’Al4 :WiT [Eim

P 47 1) 4 D 18 2 KL

" +STET A

im?

18 :WiTMrTnl + S.T/\/.Lz
AR T 2 G-3) BT #f5E 5, A DIHe T-S Bl RS- 1A/ —
R E R, HAE — AU H HREFERS 5 o BEA, AR Q- SRS

Ky =SW, %, K, =SW™ (3-18)
T Mk e K, (k. k) 8T ERIERE AL, FIEL, FIRTIEYE, FEg
Ao A5 B TR R M 43 B LR, R T W SR B B 2.2, o R AL IR A, (K)

AEXG-HEE G H

19



RT3

¥y He{AA‘jI_—(k)B}<O, (3-19)
Hr
_ _ 0 ]
—(1+ p)P, 0 O, 0, 0
* 2 T T
P 7l g.m1 Hin A= |:Bim:|
* * -P~ 0 T
1 O u
* * * —
L ]FimTu i

T
L] eu-gemio BT

B:[th‘ 00 O:I’ @13=“Ai1r;1+Kl—j|:l 0 ¢

ERQ-16) 192G, 2 HACEbr & 7 > 04724 Hii 2 F 3

Y +nAAT +7'B"B <0. (3-20)
MIANEE 20(3-20) 1] AR 51 2 2.2 A1 Schur #h 5] B3] R 51 A5
{\P 4 B ]} <0. (3-21)
* _77|

&, R EAGRZE A, (k) FIFER T BRG-2D) P RIATE N A, (K) T1A(K) -
BT BRI E T A, (k) TTLR 2] T FIAZER

O (U V'
[eu V'] <0, (3-22)
* —&l
Hr
0 -1+ B)PR 0 C:)13 ®14
T - 2 T T
CD:|:\P1 I:nAi ’ ]:lhAlz _O ¥y = * j;l glm—l b ’
* —77| im 'u _Pi 0
im'u * * * _I
A m O i O Bim i @ — T C
®13={Ag O} +KL‘L 0} =®14—[Eim 0] +K11‘Fi;’

L{:[O 0 M:—nl Mi-lr—nz

Z I, JERAHENE A, (K) 7E320(3-22), 1 H FFRER T2 EBR A EE AL (K)
JERE T IIAZEN

0 0], V=[Ny+NKy 0 0 0 gN,,T, 0]
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= |lvx )T
[V Y <0, (3-23)
* -l
Hrp
T T
oo U vl], o, | 2 [nA B ]
_(1+16)Pi 0 C:)l3 é14 . .
* - 2' an -lr;1 ) Am 0 0 Bim
\Pzz * % _pt 7_3 @13—|:0 0:| +Kch|:| 0:|
* * * —
©, =[E, 0] +KJF., »=[Q, 0 0 0 0 0 0 0]

Blz[lchj O 0 0]’ 1{:['/\/‘iml-l_'/\/‘imz

Kg 0 0 0 nN,,T, 0],

jim

]
0 B | _

X=0 0 o}[ ”“} O'Ff 0 Ol 0 OTNTz]-
| 0 : e

WULE, AT W FRIR(3-23) PR AE P P DA A B B (0 25, o8 SC R AR A
SHIT I AL
R=R", (3-24)
A
S, =K W,. (3-25)
FREEI W —RNR™W, —R)<0MR >0 " LI 2]
“W/R™W, <-W -W, +R, (3-26)
WAER(3-24), FEFF P AP AT LAME R IR, B dfe. (87 diagW,', 1, 1,1,1,1,1,13,
X (3-23) R4 B (3-25) MI(3-26)EAT <5 A AR #e, o] A B2 (3-15) F U T,
PRt ASEIRG-15) BB RIE T ASEG-4) RO . R 7RI A
RG-15) I ALARIE T AR G-5) AL W(3-24) T LR R R B-17)RIE T A
F(G3-6). KL, WERAZERG-15)-G-17)80L, W35 2 (3-3) KAL) e
7, YR T-S B R G0 (2-17)2 4 /) — Bt A e 1, HAara — Mk H, v
BEFRFE 3 o LW 5E B
Y 3.0 ARG H, 6T, Pt R G R TANETIL, KRGS H
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o i) 2R 3 2 ALV B R AR E RS . SR, X RRE H $ERUL, B T Ak
W, RESHREHIFM B O S AT EER. Bk, SEgmmiiEt, &
T 8 ) A R B L b s AN MR 2R G A 1 2% R R

Yl 3.2: EH 32 HEANBE (o . y Al HEEMHEE L. 35
a F1 B4y MARF D) RGAE [RGB 525 BUR B Lyapunov BRI 220826
FRHR o HYIHAT 5 A R FR RN N g o XL R 7E S PR vhm]
AR e TEIE 2 (MY B Y, AT 3 5 8 1 R

U 3.3: X TRENTRSA, € 3.2 MAHE T IRIEAIRE Rz H 451
AAFEM TV Ah, R B AR AN T D U 1 2R G R A R R X . AN
3 SR AT H T R Dl R G BUH A R VI D) R 48 A XA A
JEZ AL, iyt #8F0 Lyapunov %A 5 58 T-S BRI tHE R 4%, DLAAT A LMI
(RIRFRE TTVEARAE — € IR VESE o DAL, 7R3 TR TAE &5 & FaR A X
225 1) R G0 TP AR AE 1 ) R ARCE— D AR A

3.3 KENE

AREA LRI NPER S — X RGREVE S I H, PERERI 215 H AR 3L
TEAWZ —HEH 3.0, S ECAERIE 7SS B bR e, R
BRSSO i 4% ) BT A SO AN F A0 e 3.2, [RIAEE I B ik
WGAIE 1 BT S48 18 RO BER IERR I -
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F4E HEUE

A B AN EUE 0 B S S 07 JIIEE B 3.2 T R H 4%

A A R S S

4.1 (HEHH

R TIHWNAT RGNV T-S BRI RS, BT RGA MBI .

HANT RS
TR 1

[13 04 5 _ 05 0 - 0.2 £ —[03 08
Au= 0.2 01 ™ |13 04| |oal' ™ U b

12 04 06 O 0.1

Aﬁz:{o.s O.J’B”:L.Z 0,5}’612{0.2]52:[0.2 0.6],

F.=[0.2 02],F,=[03 03],H,,=0.1H,=0.15.
TRG2

[12 -03 5 _ 1 08 o _ 0.2 £, <04 06]
A = 04 01| ® |0 13| ® Jo3| = 7 b

[11 -05 5 _ 1 05 o _ 0.3 £, -[02 05]
A = 03 -02|" ® |0 15| *® |02 ® " b

F,,=[02 03],F,=[03 02],H,=04,H,,=03.
¢t R(Q2-2)MAR(2-8) I S K F

M, = 0.3:|, M,, =0.6,N,,, = [0'2 0'4]’ Ny, = [0'2 0'2]’ O, = |:_0.2}
0.2 93
My, = 0.2} My, =0.5,Ny, =[0.2 0.3],Ny,, =[0.3 03], O, = {0.2}
0.3 0.1
Moy = 0.1}’M212:0'1’N211=[0-2 02],Ny, =[0.2 0.1]; OZl:{ O.l}
0.15 -0.1
0.2 -0.1
M, = 0.1}’ My, =0.2,N,, =[0.3 0.3],N,, =[0.1 0.2], O, =[ 0.1 }

Q,=[01 -02], Q,=[-03 0.1],Q,=[0.2 0.3],Q,=[0.1 0.2].

R — 1 3 e E e H
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,00 = 2By 0 =1-h, (),

a0 =D 00 1,001

B, AN wk) = 2cos(k)e . & T RGETF IR KA T FPRZAS
R HEZE AN 4-1 Fros, BRI T R AN E 1Y -

Subsystems1 Subsystems2
12000 T T 10000 T T

10000 | 8000

6000

8000

4000 [

6000

2000 -

4000 [
0

2000 1 2000t

-4000
0

Time(k) Time(k)
B 4-1 TFER LA R T RGP AS i 7

SRIG. N TIEIEEE 3.2 Wit A AR R BRI, SRR 3.2t bR R
RN a=0L8=0Ly=2,u=12, Wi, HEFREIHVHEES T EH L
7, =5.5397 H ky = 2. ik, YIHe RS M T LRI A%y 7, =6 . R E R 3.2,
IR A GE(2-17) 1 4 — Bk RasE i), ELAFE — MR, ERESE AT 7 (3R
25 ST B 3 T LA A o 1710 T 2(2-2) R 2(2-8) PP 0 A 2 1 5 K43 0 e
g A, =0.5c08(K) F1 A, =0.3sin(k) LA A, =0.2sin(k) it T, =0.2 . i, @A
P LMI TRAH, A&a0(3-15)RI(3-16)F AR AR Kb il vl R 73 n

05623 -0.2402 0.2856 -0.1046
~0.2402 05732 -0.3652 -0.0423

R = , 1=1.8997,
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FH120(3-18) AT A 3l A R A 2 1 2344 25
0.5391 0.0303 0.0047 —0.0329
« _[Ba Au]_|-0.1509 00668 00005 0.0038
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« _| Bz Az]_|-01815 00120 0.0027 0.0060
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4.2 fHESAHI
T UL BB AR S AR I B8 BT VR I S M, AN T —ANE B
T8 AR HLEE RS SERR T UH, BETE N R K AR G I SR (] B A U R A
@
I (t) =—0.2U (t) —0.01U* (1), (4-1)
Horbr, U(t) A1 1(t) 2 AR RS AR ) i IR A AL . B3 AR R 1 3 & T
FEET BLA X (t) = U (t) FI x, (t) = 1 (8) 7330, 1 R s

RO =%+

0 = -1 %0+ %0+ uw),

0.01

3 1
Txi(t)+6><z(t),

(4-2)

H, c=01F AWML, L=1H NHX, RAHPME, Al R =1Q(>i=1) f
R, =2Q(i =2) 2 WY} ¥, YlifRE kM ADT YJ#ilbl. A7 b2 R 2 4 1
0.1 (t) » FATIEFEPIANREBLNARL, FEN N x (1) €[-3,3]. )5, ATLAEHILL
T T-S BEm s A
Plant Rule R': IF x(t) is 0, THEN
X(t) = A X(t) + B x(t). (4-3)
Plant Rule Ri: IF x(t) is +3, THEN

X(t) = A,X(t) + B, X(t). (4-4)

_ [2 10] . [29 10] . [2 10] . [29 10
Al B a2 a2 Ba 2 )

1) 79, -3<x(t) <3,
M) = {0, otherwise, (4-5)
hiZ(Xl(t)):l_hil(xl(t))! =12

FUF 2 (4-5) i SR L B 2, 45404 T-S BOM R S Bl SRERT )y
T=02s, HEMNEM, BB T, o LUEFILLF B MR 5 D1
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T-S 150 R 4t :

X(K+D) = 3Ry ()L A, + Ay, IX(K)+ (By, + Ag )T(K) + Gy w(k)],
r m=1 (4-6)
z(k) = Z M OBy + A, JX(K) + (B + Ag JU(K) + Hiw(k)],

Hrp
~ [1.2530 2.0980 1.5150 2.3200
A“__—O.2098 0.6236 |’ -0.2320 0.6101]
A _'1.2670 1.9210 1.5300 2.1300
1__—0.1921 0.4982 |’ -0.2130 0.4859 |’

[0.2083 0.2225 0.1960 0.2096
Bn = ' BlZ B ) Bzz = '
10.1681 0.1675 0.1529 0.1523
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E,=E,=E, =E,=[001 001], H,=H,=H,=H, =0.05.
N T(2-2) T Y H B R

0.3

M111= 0.2 ’M112 0.6, N111 [02 04]
0.2

My, = 03/ My, =0.5,Ny,, = [0-2 0-3],
0.1

My, = 0.15 |’ M,, =0.LN,, = [0'2 0'2]1
0.2

M221: 0.1 szzz =0.2,N 221 [03 03]

Nii, = Nip = Ny, =Ny, =0.2.
22 3(2-8) ik 4 i s v H IR R B0 1K) O R

0.2
on{_o_s},cgnz[o.l -0.2],0,=0.2,Q, =[-0.3 0.1],

0.1
0, {—o J,Qﬂ -[02 03],0,,=-0.1,Q,=[0.1 0.2].
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