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RESEARCH ON HYBRID CONTROL FOR UNCERTAIN
IMPULSIVE SWITCHED NETWORKED CONTROL
SYSTEMS

ABSTRACT

Switched systems are an important class of hybrid systems, whether
they are power grand systems or power electronic circuits, these control
systems can be improved by switching strategies to improve control
performance. With the in-depth study of switched systems, the idea of
switching has also been widely used in the study of other systems, such as
the control problems of networked control systems (NCSs) based on
methods of switching, as well as the consideration of impulse behaviors in
real dynamical systems, which are used to analyze the impulsive switched
systems. Therefore the study of switched systems is of great importance
both for the development of other theoretical systems and for practical
engineering applications. Based on the idea of switched systems, the
impulsive behavior is comprehensively analyzed and modeled as impulsive
switched systems (1SSs), and the effects of quantization and packet loss in
the NCSs on ISSs are considered. In addition, local nonlinearities obeying
the Lipschitz condition and local nonlinearities obeying the incremental
quadratic restriction are discussed in this paper. Therefore, in this paper,
theories of combining switching system theory, nonlinear system theory
and matrix theory are applied to the study of ISSs, which focus on the
control problem of ISSs by utilizing the strategies of multi-Lyapunov and
average dwell time (ADT). Since it is impractical to obtain all the state
variables of the system, this thesis is centered around hybrid dynamic
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output feedback control and hybrid observer-based control.

The main work and innovations of this thesis are listed below:

(1) In this paper, the dynamic output feedback (DOF) control problem
of ISSs with norm-bounded uncertainty is studied. In order to cope with
impulsive jumps in the system, the DOF controller is also designed with
state jJumps at impulsive switching moments, that is, hybrid control. The
effect of quantization in NCSs is considered, and a static quantizer is used
to quantize the control inputs, with the quantization error modeled as norm-
bounded uncertainty. To decouple the designed hybrid DOF controller, gain
matrices to be solved are fitted to one unknown matrix. The resulting
stabilized conditions are expressed as a set of Linear Matrix Inequalities
(LMIs), and the desired hybrid controller is obtained by solving this set of
LMls.

(2) This paper investigates the guaranteed cost (GC) control problem
for nonlinear ISSs whose uncertainty is randomly occurring, and this part
of the ISSs carries a local nonlinearity obeying the Lipschitz condition. The
designed controller is based a hybrid observer. In order to cope with the
state jumps of the system at impulsive switching moments, the state of the
observer is also designed to jump at impulsive switching moments,
reflecting the universality of the impulsive behavior. The effects of
multipath quantization and multipath packet dropouts are considered, and
both control input signals and measurement output signals are quantized
by dynamic quantizers before network transmission, and there are random
packet dropouts obeying the Bernoulli distribution during network
transmission. The zero-compensation strategy is used to deal with the lost
signals. In this thesis, sufficient conditions for asymptotic stabilization of
nonlinear ISSs in the mean-square sense for this complex situation are
derived and given in the form of a set of LMIs. By solving this set of LMIs,

the expected hybrid observer-based controller can be obtained.
v
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(3) In this paper, we study the hybrid observer-based control problem
for 1SSs with local nonlinearities obeying the incremental quadratic
constrains. Based on the hybrid observer, a new observer-based
compensation strategy is proposed for the packet dropouts of measurement
output signals, which utilizes the measurement output states of the observer
to compensate the lost measurement output signals of the system in real
time. In this thesis, the sufficient conditions for this local nonlinearity to
obey the incremental quadratic constrains 1SSs to be asymptotically stable
in the mean-square sense is derived, and the LMI toolbox is used to derive
the expected hybrid observer and controller. By comparing with the
traditional hold compensation strategy for packet dropouts, it proves the

validity and superiority of the proposed method in this paper.
Mao Xinya (Electric Engineering)
Supervised by Associate Professor Zheng Qunxian
KEY WORDS: Impulsive switched systems, networked control systems,
quantization, packet dropouts, H, control, guaranteed cost control, local

nonlinearity
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RYAH A% B Lyapunov KL, 4> Lyapunov bR 7E & B IO X (8] A 2 T
R 1Py, FED)HbE R S0V Lyapunov B ECH BEAS, (H 2 7E%A TAEX 8] N Lyapunov
PR R S, XA AR D) R G R WHE AT 1. AT 1-4 it £
Lyapunov %k, & 1-5 FiosiZ2 Lyapunov R 05 RE 75 HE AR ST R R R 45 51
122 fiIES:

kit 2R Gt FE A R GUIRSAE S LU 21 5 A BRER R AL ) — R IR TR &y —
FER BT Aoy Ry =2K12T: (1) (B E Bk b e 20 Bkt R e 12Kt R G iR
MRS, kot SREE ARt =t {t ) E eSS Bkl
RAEE U=t WZI L (2) kol 2122 s IRk R Ge, 1Z KK RS8Rk s &
TP =t (X) BEEE: (3) MKt BiR RS, WiZK ARG AEE M,
HIE &S T (t,X) =g(X), x(t) ¥ £ % dx/ dt = g(X) WHiEEs), 4t =t i,
X(t) SEA M HE, W x(t) LRI N X ) + 1, (X(X,)) .

ARSI FE kD)3 2 GeAR sk b s 5 V04 A ], BBk D048 s 0 [ 7 ik
MOt W SE [A] FBk rP DI R g8 mT DA T AR

X() = f, (t,x(t)), t=t,
‘ (1-13)
AX(t+) = Ik (t,X); t:tk’ k :17 2’
Hof, f 2 (t_p tIx R ERELLMRE, SHEZxeR", i e{l 2,..m}, #
171E Iim(tyx)ﬁ(m) f(t, x(1)) »
BT [ () kb D) 4 2 B[R R T AR R 7 -

x(t+1) = f(t,x(t)), t#t,
{Ax(t+1): L (LX), t=t, (1-14)

EH K AT D) 6 5 B IR S R AR i 1l R g AR e ) B EE IR 2, AL b ik 1) 46
RGN e M o) R VF 22 24 B ST 9T . SCHRIPBVERof LA D) 48 1B R 1 AR 25 1 ik
YIRS, GINT — AN B Lyapunov-Razumikhin i3, 53 7 &35
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il R GERE OB I S X 2% 13 PH A ) B A8 1) 2R 4, FLARFAIE 2 K 15 1) S 4 P o
B A5 (5 RO I PR 28 72 & AN 3 I BEAT S8 e e SCHRIPLRG A B0 2
IR RGEANEN— DR ] [ HE L SR AT IR T R AR, K
Horg SONMIZ 328 2R 50 IXEE SR IR IR 425 R ST AT A R RE P, B 284k 1 45
s BRI R A B AL B ] T Re -

MILH I FURR R, KT MR IEH RS R EEG WAL, —2
MIEE R RE, D T SV, A A5 R 2 2 P R ST sem 1 53—
AN TR A BERIT T . AIBAS AR BERTE S TR TT IR A s 2 0 2% R E A s i
FESE S INZESR S R R, BB R 4R B A5 AR ST o . M A1 BE A 7 A
2EH ARG, RN R A B R S, R RERR AR I E . Kl
BER BRI W 28 32 6 R GeiE A R o A SR LA
F1JEE AT 7 X 2% 475 1] 22 St ) s AT ) 7L

SEGNER RS, WaEh R A RIELSE . FRERAR. 235
HEpr e b RGIRRL, AN RGN RS AR RS8Rk, Mg A%
RGBTV R IR B AR, U247 1) R Ge 0 R0 e i PR ORI i B A ) 2 e
o BRI BT MBI TN, R REE A TR AR S B B
v PIZIEIR . Mt RAREF IR, AT S ECR GUIERE PR EL 22 KA

1.3.1 EfkEmARIIK

FEZ ML) B P L L A A% RS PRy ) EL R AR A 45 P 2% Pt 2% 2 s
HAA, SRR B AR AR E & . PRIMTAE 285 1] SR e, T8 R HESE
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WHIT AR JE A ER B R, AR RGUIEREIG AN REZR, [ALEAE 7T R 45
FEH R GRS 5 AL ) B T B BRI X .

FER AR A 7o, Kalmanl 250 1 SR Bt 1 & g0 b (A0 AN, 48
H A8 A PR B A 2 0 A g 15 1) e 3R AT B AR 3 BUS I AR 46 HE LR R A
AT N o IR J5 I EARAIT 0 32 B2 S A B RONE R ERT ae bo BEAEAR e
PTAEAL B T DAy N B St AL, BT i S B s B pia oy
Ko TS EA S, BEENSER GME A T rtEee, mahSElds
W] LGB S S BOR S A T AL SR RS BEAE ], ek A . SO 4
SRR s X 2SR VE T T AR DR <7 A SOl 1) R, 1207 120 A S e ) i) et
B AR A R S R P I o SCBRVMR ) — R R s S AL I AL SR, 3
SEACA BT AT A, TP IR 5] X, BRARAR E AR BRIEM . S
HRVIRIE T 1 W At A A N E g R b 2 (5 S Bk, — KBRS &
S8 UL 25 0 42 ) 28 1) ) o (e SCHRMOHR T — B A Zh A R AL FIAE
A5 o S 1R A SR 1 o 40 AN G e P 22 I 2% (R R g PR BT vk . SRR VE
DI BB FiK i D) e R G 9 1 i N A P I B 55 OR P BB 2 o 1) SRl
X AFAE B A H AN DD HRSE I D)3 e R e 9T 1 FL AR Al s e vt i) i, 15
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1.3.2 Z8 AR IIR
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IUAT R FE 45 SR 2 AT ORD R, B ORAFA N SR R A N SR L. gy N Semk
AT ENRERIE T, ORI Z M Z AT i JE — e R s 45 5 Rk 4b
ARG T o X PP HENE X P 2 ) R G M B A FIPE B A0 B2, SCiRle)
LT RAT ZRM NCS Lot U L F il R, 3 B 2 Aob SR gt X ) 26 4% il
AGUERERITZIR, UL HY X PR S 247 K

T HdE B RS BRI B S RS R SEE . dEm PRz E I, A
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R ARG, SRR BUEE FAAEE R E BN B RS, BT R5E
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Vo SCHRIPOURIF ST T S — MR I 1O S U5 e A R iy o) e A 1 O 0, 25 2 ) I 2%
FE R G0, R R GEFAL Yt DU T R GUR i B RS R D) & 48, FHE
S A ARG EAR NI SIRERT V%, 25 T PR 2R GedR Boka e (178 70 114 AW I
RSN i BB R AR BT TR, JFIROL T E B RN RGRER KR X
HRPUZE LR Al i TR — 2P, At T — RV R, 2T DL
XA N A F ) E DL, I HoRE AR M R GRS E IR R AT T &AL
SCERBDN S A AN A E A B R Kt R RIS ATARME T Gy
WHESE, JFREH 7P Z A m e s ok L 2 R e b .

BEAh, M AN RO IFAZ I BLR AU A R OB E T B, e
FEBST, SR 7T el T (S SN B R AR, HXUIE SR AR
FHIEIR AN E AL o) @R I A R G, BOUE TR T I A IR B S A i % o SOk
Sl FE 7RSO AR 2 e 23 B3 R o FE ] R R, e I ERS B SR SRR =
BEATER S EAL, FEA A S A BB R BORHR 12 Hl N5 5 E Mt qh i) Z 6
LG . SCIRUCE FE T AT AL 25 B I B A ) e R o DA T 1 A8 A BRIy 58 A0 B VR
THAE, 1R T Ao RS, e DLSEELM 2] R IR E . AR
Jo R RO Ao 22 X 2% (V) B8 B (N AN E RGN B R BEUE , A2 7 2 R % RE Ry
[AfEE R E T, (HRRY KB EERMREI . EIEAE, BREZ MEm
BT R S 2 B s A 1 B8 2 N AT 5 SE B AR ITTAE B I ST R o,
Rkt Ul R GEH 2 e Al & 2 HAe Z AR LD, A2 ARSI R
SCRE

1.4 AXHFETE

AR — RAFAEAE 5 AL EEE E O R Ak VI 248, 7T 7 HASE
M ST 2R AR )R AP S, IR S A ) F0 48 1) SR A T s p A
KA RGPS B R DL IR R GU RS o SR T IR S S 154
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AL SEBR AP AR AESEIL, X2 ORI R GE T A IR S A B A AT SR i) o BRI A
SR Tk U7 e 2 4 1R 42 1) T 7 ] ke 2% 50 285 i ) S A4 A R VR 2 WL 45 £
i sz dl I . IR T WIS H] R g A S B E AT R,
PRI A S BAR L 2GS M it an s

1R AT E GG TRk U RGN B R ERTRE R, Sl T
DI 28 48 PR A B g B S BT, AR TR 1O Bk D4 R Sed il i
AT SR S o SRR BT X M 28 F ) R o b Bl AL M BT T A, 2Tk
WHARE SN, B8 T ASCHIE T BARFIRE 7 A2 TEARTE BG40 T AU
AR B T 7 I T2 iR

82 B OREEX RS S L AT R TN E P I KR U R kAT
H,, 1R 23 a4 S BRI 7 o AENKI e iR ), AR B80T s i & 28
WA BEAS, BRI, SRR 7Bk AT N E S . R 2 RE X 2% 1 ) R S
BRI, R FS BSOS i AN SEAT B AL o AT S B B I 1R 1) 4
SRS Z Lyapunov s BGHEAT 04T, (A3 EAL I I R StE B 4 Rt e e
HRA H PEREEAR . SR I P BE V0 R 25 AN 72 1R I AR M T 15 215K A%
fillas 28 LMI 2 R g 7 — DN EUE T B Se Bl R 1 pristit iR sha&
o H e P47 ) s RO AT 21

5% 3 T R RGESHONIE 45 S HIY A BN LA 2 1 kU3 2 Ge st
AT R AL 25 PRI T o O 1 9miR Bk AT 9 I 1, BErE RO 23RS
FE K D) el (0] A ARSI AR, BRI &5 o 228 2 T Eat b, A1t
T T 2 AR A ALK 2 B AR B 2 R AR, R R H A S A R A NS S A
P 2 AL B AT 2R Bl B AR 24T EAl . EME AR D, PER(E 5 AEE IR A
SR AT Z AT N M ECE SRS, R T RS TAMEARE . K5
B3 9E B I R D1k . 2 Lyapunov R BL K S I RRIEAT T, S RLAT
2 R AR LR (1) PR ik )4 2 G0 SE I35 77 A BT ORI BB AR b, @
BRI KR E A E IR, U™ LML JERG T n 5%F. magst 7
NSRBI TSR AR UE TR T A 5 TR A U N s PR 1 4 O R

594w MRIES 3 FELTIRAOW I G LR I HI I T, I 1 I 20
A SRR ERAT LI BRI AME . PRI, S I A S
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s ZAIR T — AT A0S T OLI 55 ) R SRS, ) P L0 45 00 A ) ST PR AR
AREATAME . KA 5 B I (8] U)K . % Lyapunov R 3L K S I REREAT
B AEAS HAT R B ARZR R (0 PSR bk e D) 48 28 Ge S IS 7 T3 SR gt A e
HAH PERESR bR . fJm e 7 — N EUE 05 S Se B R B A8 AIE I e v (1 5 TR 2% 0
M2 A S AT R oAb, FERRZRPE S, SRS R AME SR 34T X Bl
o, SR T ASEE TS M AME DT AP .

S EE S SR B AR SO T ikt U1 46 28 S iR s 4 il 1 #,
AT X 19X 28 A ]I D ik b D10 80 28 Gt ) SR T Ui e 22

1.5 Fu&FIH

N TAETFHESET LML PR3 IR AWM s, AW 7 —ug| 3
FNFF5 U8 B o
1.5.1 5|1

AR G TR 27 1] 5 AR 28 20 AL v o T A 2 51 3. AR
LU

S S
51 1.3, (Schur #1): 4 ia&@$S=L; S“},EFP&J%rxr%%L‘F
12 2
[ =AY
(1 S<0;

(2) S; <0, S,,-SLSS,, <0;

(3) S, <0, S,;,—S,S;.8], <0
SIEL 1457 &0 =T, Q FQ, #-4 MM HEAE U4 . X T vF

WRFTF < | HRE, Mol A
Q+QFQ,+QIF'Q <0,

H HACHAAE MR e > 01115
Q+e7Q0 +e0QQ, <0,

SIEE 1508 nREEREF, N, M, HAROL RIS
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[f N+HTMT}
<0,

*  _M-MT
D)8 B T B AN S X — g S
F+H'NT+ NH <0,

518 1.60°(S I FE): X T4AE AL R 6 e R" A KR S, (0) i 2.«
S 0)=0'S6, S,=SI, s=1,2,.., m.
R LI &AL, WIATE S, (0) < 0XT THR & &, > 0 )T
(1) 5(0)=0, S,(0)>0, 5,(0)=0....., S,(6)=0,

(2) Sp+¢S,+8,S, +&S;++-+4 S <0,

1.5.2 fF51%FA

TE K 7] 45 0 2 478 1] 28 458 1) VR 2% ) 25 475 1) s MV 21k UL 00 85 () P8 B8 70 B 1
T RO A PR s AME e B I, FTDUE A T — 255 5 3T Wi 4k

AZERRSCH, R FoR g EERICEN . | - | ZRBOL AR, *
RXPAL BN E TR R NEERIRNRT, MR KU ER IR .
STESWK): [0 ©)eR", L, jusuE AW, =sup.o [wk)|, LT #7ET
L, BT M 45 5464 . 755 P> 080K PR IEEX M, 755 HeD} KR
Y+ o S v RAEMBRARS PRV RIR, DURBENIA R v IS
E{v} ¥R, #55 diag] - YR B MAERE. IR, AR SO IO E
B EAT FREA YRS
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£ 2T EWNTHERRYIRALZH H, B ARZSH W RI5R
FEEHI 5

2.1 5|5

fik b Ul 2 G A B Kt AU AT NI B 15 R G SRR AR 3 1T 2 1
R o B RK AT AN AT D P SR RS A /e S B AR g A e E 1 B 25U A,
DR L ik b U7 80 2 8 ) R g P Il RS — AR B AT T 1A« RIS SR 58 1 2%
PR RGP AL R, XHE RIS TSRS, oM 1T B AR bk
Dl R GRS E HE -

FESEBR, VP2 3218 RGURAMESCHURIOI A FPIRES AR . L, shaSht
WG INER S T V253, BB TS MRS RS0, B R 45100,
T IR AT R BRER R GO R U R 40102 005 o ply T kAT 9 AN T S (1 5 i [R] B
FAE, AR TRk DI R GE — R 5 A A 2 2% H R A Bt . (EAREER
&, RV R T RGURERAL, TR 18 T 1M 8RS 1 B . B
LEAR SO I e D) 45 28 G471 1) 45 2 Jik v R A 1 1) RS 5 2% 8, BRIV AC VR R GUIRES
53 SOIRASTERK U e 20 A2 SR AR o SR FH SCHRICN I RBAR, K ik U 45 g 22
R A RS R A By — R s et A SE TR, AME P24, HoRHbkaf )46
RGBS B ] 1n) URAT R R IO E TR 3G, 9l T kAT O O

BEAE, R R G A7 AL RE B AT S ISR S) , MIARME SIS R 8 RG Bt 4
AT SRR PR, H, P B B IRk R, H B e A R A
IR G THRE R 5 C 5, O RG RS IEAMPEREIR Bt T — M RAF 77
%o B, ARG N FEESAE T, RLRA 2 Bk RSB AS i bk v D) 46 2
giif AL H, 335 BRI RE S L — Gt — IIHESL e 3L ?

SHTANRIZARMLE, A E A1 L2 TARRILUY:

(1) B T HEARGURSRIB BRSNSt S A i 4% B0 RES e kb V)
il 1) 0 A7 AE R AL

(2) Fe T 7RSI S T AT R L 2 ik KA e H, 3h A
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HH S A ] ) LR 52 5
(3) HET T TR AR A 2 10— AR, IR LMIE AR

2.2 [G)RafEIA

AR E SE R ST AN R 1 Bk b D) e 28 G sl 2 M H S A ) e N T
NEEARRIMESS, Wi 2-1 Fros . anlEl, SRS NG S RS S 2 AN E Tk D
ARG ATHEN . 5 T AR SR E HEAT PR B @A U] AR AS
BE Bk U R g8 TS EALAS DLRGR R 30 i th S %l 4

o(t) |  ARE KR RS y(t)
w®|
AR
A
u(t)

A

A R 2R

v

Xk(t)v “Xk(t*—)
> RS BAR 3
Kl 2-1 BA 2 kit kAR o) s A E Bk D)4 & Gos 5 B

2.2.1 THHEMAYIIRES

AEE 2 8 DA (R SE I TR AN € ik v e 2R ¢
X(t) = (Am+A% Mah(&m+A )U@+CMWWMJ¢E
2(t) = (D, ) +Ap  )X(O) +(E ) +Ag, IU() +C, WD),
Y(t) = G, X() + Cy, W(L), (2-1)
AX(t) = Txa(t)x(t)l t= tl
u(t) =aq, (),
Hox(t) e R™ & RGHORA B, y(1) e RY 2 MBS, 2(t) e R™ 22420,
u(t)eR™ Z2&EMHIHAN, wt)e R™ 2B T L, MANTTH. TS 52 Hn
WAES B S o(t): [0, +0] > S={L 2, N}, Hp N Ron 7RG 1A
B RTAHEKT I ARGE(Q2-1), FAEVHRFI0=t, <t <--- <t <, <,
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T ARG o) fEtelt, t,) NN, fEVIHBEE, RIUIRESHIRAZ T LA N
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B, HARHERET,, o HRER T RGOS Bk B AL
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A A F
Ast Bt Lo(t)
[A N ()] = {F t }Af (t)[Nl,a(t) NZ,U(t):| ) (2-2)

Dy ) AE(,(U 2,0(t)
Ht Fon, Foowr Nuow Ml Fooq /2 CRIBEBOERE, AHHEHERE A, (1) 375

RA@TA @I,

Y 2.1 RTAIE RGN EHEE R IR RPUME T AR AT E PR
MARIRE 7o HTIREE I R IR AN R G AN HER L, V2 SEBRINBIES RGUEAE

SEI A A TR R b . DR, SM T4 w(t) A8 LR

WS, FTEMMASHEIE C, FIC, MR SCHRET—RE, WA R a1
B 2.2 A AT SO R R B, BRI AT A,

Ao o Ag MAL WRGHERLH, FHiEEA, Ay, o Ay FIA

HIPCBI AR [F]— I AR HERE A ¢ (t) (32 4k, DRI B AN 5E VAN A EL AL

o(t) )

2.2.2 RZFoEHME R IRIETIES

NT 5 RGQR-1)F K AR R, XT3 s il 2 i BDIRAS B AR, I
P R IR Ny — T A ik rp U 3 s 200 A R 1) SRS SERT RN o (R E, VR RIS
HIT] PLR IR N
X () = A oty Xk (t) + Bv.ot) y(),t =t

ut) =C, , X () + Dy oy YD), (2-3)
AX, (1) = Ly X, (D), T =1,

;H\:EP X (t) e R™ %/%%%U%%ﬁﬁ?& Akyg(t) ’ Bkyg(t) ’ Ckyg(t) *H Dkyg(t) %*%H%ﬁﬁiﬁ’ %
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TN AR S ) S I A . — BB IO AR, ] SRR A AR AT DA EE
i M) =X ) -%E) . %R A S R (€)= limx G +h) &
&WP&@Fﬂgmﬁmo%@ﬁﬁﬁ&ﬁ%ﬂ%ﬁ%ﬁﬂﬁ%@%%&%ﬁ
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e, REFE—PEIT.

Ui 2.3 fER(2-3)F, wkn, = n,, MR RG220, W
Rn <n,, WL A HIS NEN. Frali, 2n, = O, Witz
AR N FRS T2
2.2.3 =145

2 SR 2 5B & 2 [l S F A A 2 IR, Bl A ut) e R
LT ER SRR Q, () i B L AT . AT A5 R SO — P ER 25 B H.
A RS . Kk, BEARFE GG S Ul) 26 LT 2105

HJ :{ihui’hui = puihUO’i :O' il’ iz’}L){ihuo}kj{o}’ (2'4)

Horh0< p, <1FORRILERE, Hh,y>0.

LA IR BUE LN
i ! << 1
1+ ¢, 1-¢,
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~Q,(-6). 6<0
X & RommILIL T, & 0N
_1-p,
gu - 1+,0u ° (2_6)
DT AR #5749 308 5 R AL A8 P AR R 7R
dy (t) = Qu (U (t)) = [Qu (ul (t)) e Qu (unu (t))]T ° (2'7)

T X T A Y R AN, A TR SCHRUO) rhof e X2 ok A B R A R
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g, () —u(®) =4, (u(t) . (2-8)
Horp
A, (1) = diag{a, (©),--AF O} A O e[ &1 (2-9)
Rk, HEAR(QR-8), AR A%
g, () —u(®) =4, (Ou(t) . (2-10)
|, () [ 2 T A SR
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B0, (K) A1 8, (K) K73 2 s MA s 1047 fil 45 A0 M7 i 45 B PAT 2 ) 845 15 18
R BE AL 2B X HLBENLAR 5 6, (K) A1 6, (k) IR S5 A 20 A, BUE D 0 5% 1o
YBEAAR R E N LI, FOREBERLRINT: ER 0 B, RoREARIEMAR M. T
P, BENLAZ ST AR
PH{s,(k)=B=0, , PH{5,(k)=0}=1-0, ,
_ _ (3-12)
Pr{5,(k)=1}=6, , Pr{5,(k)=0}=1-
Hebrs, Mo, ROKFER, ATHRMEN0<S, <1, 0<5, <1,

UL 3.3: ASE TR A A0SR BE AL R R A X 2 A S AR ) BT AR,
Fefs b = AL RE R BE AL AR 520 5 B WX 25 3 1] R G o, R FH BEATL 2R G870 B A
W EHES B E MR 5 M6 R gfa e MU — SR FRbr 2 R C R .
A ZOSX R EA RPN, GBI 28R, U RO, |
Gt E TS, RIE RIS RS, DR 2l 25 A i Ak 3R R B
AN E R G T IE BT AME SR . BT, 0 RRIE T R AW R AT,
— PR TAMESS, HEBREZRNGE S, MR RERAMERE, HRELm
RINIESRABERIES . SO, SCREA 3], B
WG G SEIL, PUNEIMBUARR R 8, 5 T, JF HAFR G ORI
A RAL I & ) JeHiE -

3.2.4 HHEBKARSH TR VN5
X B-D) kit U 248, AR (K0 25 40 R

X, (K +1) = (A + p,(K)A, (K)%, (K) + By, (k) + L (§(k) - ¥, (K))
+Cy, (%, (K)), k#k

yo (k) = EI Xo (k)’

% (k+D) = (H,, + x,(K) k=k

(3-13)

Hoohx (k) e R™ R M s ks, Y, (k) eRY #ommm gttt L eR™™ An
Hy, € R™™ 23 515 3% WL 5% 14 25 FUOULI 25 6 Fik b D7) e 9% (6] (RDIRAS RS, AR
SCHE— BB R AR

Pl 3.4: 508 8AhR B BB TR R], TR R DI R G ik
AT, (3-13)IB U T T ZE Bkt e 2O SRR A I BRER . PR, AR T
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RN E5% A f TRy “TRaR 7 126,
3.2.5 BEHLAS HAHAE MRS

AT B A A E PR R 2 A h

u(k) = (K, + o, (k)A, (k))x, (k), (3-14)
Hrp K, e RM™ Forfafildsthan, —ArBit s RIBIARIIER: . BEHLAE p,(K) i

MAAESFI 34T, HAE N 0 B5E 1. BN Pr{p, (k) =1} = p, F1 Pr{p, (k) =0} =1—p, »
Hob B % p, TTHUEN0< p, <1.
BEAh, RVEFAERIAETEA, (K) RA LR

Ak, (k)= FZ,IAu (k)N2,| , (3-15)
Horp, Ry FIN,, 2 O EHOERE, HRFIAERE A, (K) R A, (KA, (K) <1 .
3.2.6 MMRE

A28 1 22 5 SUN e(k) = x(K) =%, (K) » 45 & ARB-1)M(3-13), AlE5F
VISt
e(k+D) =x(k+1)—x (k+1) 4k =k/t
=(A +p()A, (K))e(k)+ B, (G(k) —u, (k)= Ly (§(k) - ¥, (K))
+C, (w1 (x(K) =, (%, (K)))
= (&, ~DBK, +(1-5,)LE + (s - p,)BA, () x(K)— Ly (5, +;(K) ) V(K)

+((3, DB, ) U(K) + 5, (K)B UK) +C, (w1, (x(K)) v, (x, (K))) (3-16)
(8 (0BIK, =5, (KLE — p, (K)B A, (K)+ s (K)BA, (K)) x(K)
+(A+pA, ()+0-35,)BK, +(p, - p)BA, (K) - LE, )e(k)
2004, () =5, ()BK, + ;B A, (K) - py(K)BA, (K))e(k).
e(k+1) =x(k+1)—x (k+1)  Hk=kH (3.17)

= (T + DX(K) = (Hy, + D)%, (K) = (T, = Hy )X (K) + (H,, +1)e(k),
Hod 5,00« k) BT 5,(k) 48 310 5,()=5,(k)-5, « oK)= p(K)—p, H

5,(K)=05,(K)=3, « FB—DHMBENLAL & py(k) =68, (K)p,(K) » FHHEZE 5 A
Pr{p,(k) =1} = p,» P{p,(k)=0t=1—p, , #H p, THIEHNO0< p,<1. HITHEHL
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A& 5, (K) il p, (K) AR E ST, FTLL py(K) FIRERAE N p, =0, p, » HENLEREK p, (K)
H py(K) = py(K) = s -

IR, BCEr R (@3-7)s (3-9). (3-16)M(3-17), fP1ERLAL %% K EE ZALHO(5 5
(k) 1K) T LLigi et 5
9() = 8, (K)V(K) +8, ()Y (K) = (3, +8; (k) ) D (k) + (8, + & (k) ) E x(k),
(k) = &, (K)U(K) + 8, (K)u(K)

= (8, + 8,000 )UK) + (5K, + s, ) (x(K) —e(K))

B 00K, + 2, (A, () (x() —e(k))-

(3-18)

3.2.7 AIFIELR BRI AR R

WHEFE (k) =[x" (k) e" ()], 4ER(E-1). (3-16)F1(3-17) 7] LIS E 40K (R
AT AR B ) i R G
1k +2) = (Ay + 00 Ay + 0, (0)A; + 5 (0 Ay + 35 (K)Ay +8 (k) Ag ()
+(Bus + 8, (K)Beyy ) U(K) +( Dey +6; (0D ) V(K)

+Ca (k) k =k,

z(k) = D,n(k),
nk+1)=T,n(k), k=k

Hrp

(3-19)

AH{A+EAAM+EE&+E$AMM —Ea&—ﬁﬁAam}
L _aSI_ . a4I
a, =(6,-1)BK, +(p; _Pz)BlAk, (k)+@-9,)LE;

a, =A+pA, (K)+0-3,)BK, +(p,— p;)BA, (K)—LE;

[a )0 ~ 0 0 | 6B
Aar = 0 Ay (k)}’ & _|:_BIAk, (k) BA, (k)} Ba _{(1—57)8,}’

:B.Ak,(k) -BA (K) ] BK, -BK, 0 0
__BIAk,(k) _BlAk,(k)_’ASIZ{B|K| _BlKl}AG|:|:_L|E| 0}

B—B'D—O D—OT—_TX"H 0
c2l — BI ’ cll — _L|5_y ? o2l T _L| ’ HI__Tx,I_Ho,I Ho,|+| ’

[e 0] = am_[  wxk) ]
C“_[O CJ’%OﬂM)_LGUW»—w&&W»f D, =[Br 0]:
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N T RRAE AR A BAT s S Bl . 22 ikt X AR 2 1 ik ot D7) 45
RGUHE TR 25 ) ORIk BE 2 1 1), AR S B i 7 — Mo AR el Bt

0= Y[ ¥ (k) Ox(k)+0" (K)Q,(K) . (3-20)

Hrp, HFEQ QB4 M HUEE . (EAFEENZE, EXA GC R+, WH
Hodh B E R AR Z R U(K) SR NBUR 7 IESERN, EH R T N R
A 22 AR AL 2 R I B2

Ui 3.5: ARFTAFE, IRERGIEGTREEEZ X T RASGHIELE,
SO RS A . SR, FEH R GPIRES AN TE A RT AN, DR T 2
(Y8 R BT R L B, R RS S BB RGUIRS W TR & A5t
SR BTt T RO SRR K ) 4 R G B Bk PR A B AR, AN T4 e Bk AT
Pk 1, TR UL S 7E Rk b D) 4 i Z 4 2 R RS AR

NTSEIA F B R, FENHUL T E 5 # .

X 3403 S FAEBWILA %A, 0 RS0 (3-19)i 2 T FIAF,

lim E{”n(k)”z} -0, (3-21)

M F45(3-18) & 723 7 = X b AW A2 1

51EE 318 X FeAE AR R By, (), AR X(3-2)W 2 Lipschitz 414,
A ©@]=0, M EHLLF A%

v (k) (k) <" (K)F Fin(k) (3-22)

Horp4ERE F = diag{s, E}HEHEAEIUERE, B8y, ((k)) (k) g LAER(3-19)
o

3.3 FELFR

3.3.1 RGiRE M AR RE A

SEHE 3.1: X ARLR MRk DI R 50(3-19), AEHEQ >0, 9, >0 filkrE
O<a<l, u21, ¥(ok)=1l olk-)=j)elxLl, | # |, tnHELEE—2 Lyapunov

FH V(o) =0 ot)=p)eSxS. a=P, Wiil:
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E{V, (n(k))} < AB{V;(n(k )} k=k (3-23)
A
{V (n(k +1)) -V, (n(k)) +aV, (77(k))+J(k)} <0, Vkelk,ki.,) (3-24)
o I (k) = X7 (K)Qx(K) + 07 (K)QA(K) ,  JULEL A (1 Al A A 2 Al 2 ek ik pf ) 86 2R
25(3-19)TE 15 553 A T B AN 46 AF R R AE 277 7 L R ME R e 1

. In4
T = cell{— In(l—a)} , (3-25)

by 77 78 S R RAE R, P S T Bl 8 Coillx] 4 Ak T3 T ¢
.
W) i A(3-23)R(3-24), T DIAHE] T AR

BV, (1)} < 1-0) M BV, (k) - 2 (- B{I(O))

<@-a) BN, (kO)] - S (- o) B {I(6)]

s=k;
ki -1

< (:I-_Of)k_ki 2[(1_a)ki__kiflE{Va(ki,1)(77(kif1))}_ Z (1_a)ki__l_SE {J(S)}]
-3 (- ) B {I)
- 7 - (3-26)
<) afa-a) BV kD) - D (1—a)kifHE{J(s)}]

$=Ki_»

_(- a)kkzZ(l o) E{I(s)) 2(1 ) E{1(s)}

s=ki_;

< (1_ a)k—ko ANa(k)(kovk)E{Va(ko) (n(ko))} Z ﬂ K (s, k k l_SE{J(S)}

s=ko

<(1—a)k—k0/INg(k)(ko,k)E{Va(ko)(n(ko))} vk e[k, ki.,)
o, Nogo(kp ko) FoRTELRERTIE (K Ky) YRR3R EL RN, ARG E 1T 1.2,
MA(3-26) T LLHE T H T A AN

N0+ﬂ
L-a) 0 A OB k) <A-a) o a T BV, (1K)

|
iy K kodIn@-a)+ "’1)

_ pMing ERVNGI(S)IE

(3-27)
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ARSRE 2 T BT, AR 2 T AR bk D)4 2R SR 275 T L RS E 1Y)
PV SLE

n(-a)+ "% <0

(3-28)
Z-adt
e, ATLUEEA K - 00 BV, (7(K)} - 05416 -
Ak, RIEAZEN(3-24), LSRR HIAZER
E{J(K)} <E{-V, (n(k +2) +V, (n(K))} = 2BV, (n(K))} - (3-29)
X} 20(3-29) P I R A1 AT 15
Q= E{J(K)}< 2 B{-V,(n(k +D1) +V, (n(k))} - D BV, ((k))}
k=0 k=0 k=0 (3-30)

<E{V (@)} =n"(0Rn(0)=2"
PRItk N5 A M o I R G 250 R X IR LB Rk iEW
e

SE 3.2: AEMREQ >0, Q>0fbiE0<p <1, 0<p, <1, 0<6, <1,

=g

Ju

0<5,<1, O<a<l, u2l, M;>0, V(a(k)=l olk-D=j)elxL, 1#],

£,>0 (9=, U). HUEHIEEEIERER >0fEEEA>0, 6,21, 6,21y

.
AR el 0 Kok (3-31)
* R
_ ., _
S S AJ RD. + 5y -AeTl RD.x AJ RC,
* By BcTu R Dy BcTu RC, <0, k=k (3-32)
* * Eaal Dc,Tll RC,
L * * * C; PICcI _ﬂl N

i

\
Vi

_ ~2 ~2 ~2 >
11 :-’41T|P|~’41| + 0 A2T|P|~’42| + 0, “A;PIASI + 05 ALHAM +6; ASTIPIAEI
~2 ~2 ~2
+5y ‘AGTIPI'AGI +U;1IQ2U01I ~(1-a)P +4, UoT2|Q2U02| + 03 Ugalgzuoal

+Q +BFF +05EITEI +
~2
= A1T|P|Bc1| +5a AsTl

T PB

cll’ 1 =il

—

L}
=121

PB., +U

1 =c2l

~2 5
+5ﬂ BCZIPIBCZI

By =B

o’u. U

u~ull

T
oll =<2

+5_UZQ2 +5~‘02Q2 _M_zul’

0% p, UT, U
ut TO4 P YalYop

T
021=<2’

2

5,+5,

u
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2

~2 M
LR, 3, DLRD 1 Uy =[4,00 -8, (0] =Uis:

Ega = Dy Dy c2l
y

Uy =| 8,K + oA () =6,K = oA, (K) |- Uy =[K, -K/],
Uy =[ K+ 0,8, (K) =K =pA (K] oy = (o, 0= p,)"
o= (o= p )" p, = (=) &, =(5,1-5,)"
& =(6,L-48,))"*, E =[E, 0],%1{% g}
WIE (R R VI 5 95 A2 (3-25) UL, PRIERAR L M ik ) e 32 95(3-19) 28 430 5 75
S EWHERAE, I E T LETE R A BB LR Q7 = n(k,) P(k,)

WERT: 230, s AL B 1y (9=U,Y) AT LU B E -

99
Bs =11 | 3(K) [, (3-33)

4
Hf o TAE [9(K) L | <My, 3RO, >1. 4 3=y}, 254K 3-7). (3-8). (3-
33), HIA[733) R A AR,

- ;¢ . 06; © | are
N% (k)y(k)SWy (k)Y(k)=W77 (K)E En(k) . (3-34)
y y
(3-34) AT LA R IR Oy -
£ (I, >0, (335)
o
'E'E, 0 0 0]
* 0 0 0
L N i R CRLIORZH ORI O RACO)E
0%,
* * * O

FIFEH, 2 9=umy, AR LIS K.

U (OUK) < QI\“A—E;UT (K)u(k)

" . (3-36)
u gu T - T -

= (k) (U + 25 00U 1 ) (U + 2, 00U 1 ) K):
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SR, () 90, () = py(K) - p, - BIFERE{ 0, (0} = 0,A-p) =, » 7
265((3-36) iT LA R IA N :

& (KT, (k) 20, (3-37)
Hr
UJ“Uull —I—;;Z/ZUJZlUUZl 0 O O
—M?
* u
IT, = Huzguz 00 o
* * O 0
* * * O

513 3.1 g AZER(3-22) rT U RIFE IR S N

& (KI-¢(k) 20, (3-38)
Hrp
FTFE 00 0]
* 00 0
H*:
d * %0 0
* * x _|

XPTAEL MK U3 R4 (3-18)1I|+ R %e, EH N T % Lyapunov pR#L:
V, (7)) = (k)" R (k) . (3-39)
fek# ki B R EB{ (K) = 5= p) =0 L B{p (07} = - p) =5,

B{5, (7| =6,0-8,)=6, . B{5,(K)?|=5,0-5)=5, , rbLEF Fs%st:

BAV; ((k + D) =V, (7(K) + @V, ((K) + 3 (K)f = &" ()T £(K)

P q:‘
[ _ T T2 o7 T )
Ay By ARDy, +5y AgRD, ARGy
m = Ay Bchl RDgy Bchl RC,
o= . ’
* * Dchl RD.y + 5;7 2 DcTzl RD. Dchl RC,
L * C4RC,y |

~2 —2 ~2
A22| = BcT1| PI Bcll +5a BcTz| Pchzl +5u Qz +5a Qz’
44



LA TR RSB 28 3

Ay = ATRA, + 5 ALRA, + 9 AGRA + Py AGRA +5, ALRA, +
8y AIRAy ~(1=@)R +Qy +U5 QU +8, UL QU+, U QU g -
RNTRA S W, BESE) = (KMuEK) . S(&)=¢ (KI,SK) .
S,(&) =& (M,E(k), S,(5)=¢" (IM-E(K) . HHE(3-35). (3-37)71(3-38), Ui
Bhikx,=0">0, x,=607>0, x,=/>077E Hif 2
[Ty, + &, Iy + a0 IT )+, TT < 0 (3-40)
AT BUAZE LRI A] BARRAL :
ET(K)IM,E(k) <0 (3-41)
PRItk an RANGEI(3-41) T LARRAL, I ZUHIE B L -
BV, (7(k +2)) -V, (7(K)) + &V, (k) + X' (K)Qx(K)+ 0" (K)Q0(k)} <0 (3-42)
fEk =k if, MRIEEF /Kb, neo@d R(3-31)78 ) F H A

TaPTw <AP,. (3-43)
AR, L (3-43) A LA E R S AR
n(K) Ty RTun(k) < An(k)" P(k), (3-44)
S T AR
Vi (k) <V (k")) (3-45)

PRI, PR AEZE Bk b )46 R G2(3-19)7E X 5 B X il Aa e iy . PERE s E(3-
20) (¥ b A (3-30)iF B N Q < Q" =n(k,) Pr(K,) » R, PAFRAEZRME K]
e R4 (3-19)7E 5 7 e X b dna ke H A GC ke, EHISE K.
3.3.2 ETRZNNSEAIZHIZZ LT

B RAN AR e EA T BA 2 A EWAEEE O AR kb U1k &
TR 2 R DR M R A R 2 15 IR 2 A

SER 3.3: AEMREQ >0, O >0fbiE0<p <1, 0<p, <1, 0<6, <1,
0<5,<1, O<a<l, u2l, My>0, V(o(k)=l ok-N)=j)elxL, I#],

g, >0 (3=, U), WHRGAERHER, Pyy Py Ry, Rys Ry, Ry, G, W,
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S MR 2 T S VAT

(9|1 -A/l|y l}|y H*H*ﬂf\‘%ﬁ>oy 0y21, HUZJ-’

__;“31] _/“321 TXTIP1I+TXTIP2I+PlI TxT,|P1|+TxT,|P2|+Pl|
* _ﬂ“PBj I:)2| P3|
* * _P1| _P2|
* * * _p3|
* * * *
_jlll :lZI 0 :14I :l5l :16I :HI
* 3y 00 0 Iy 3Ty,
* % 3,0 0 0 I,
* * * j44I O j46I 0
R o+ S
* * * * * :BGI O
* * * * * * :77|
Hrp
Q-Q-a)R+BEE Q- 0
* (1_a)P3| +ﬁ5|Tg| 0
N . My
2
gu
:[m:
* * *
0 0 0 9E 00 0 0 &N/
0O 0 0O 0 00 00 O
_|s1 -5 0 0 00 oo o
s O 0 0 0 00 Jn 00 O
0O 0 0 0 00O 00 O
0 0 0 0 00 00 O
ATRII ATRZI 0
_ /\TEe,l _ NEH 0
:1 — 5u BlT Rll +(5u _1)B|T R3| 5u BlT R2| +(5u _:l-)B|T R4| 0
2 0 0 0
C'R, C/'R, 0
CITR3I CITR4I 0

T = iag{-0, -1 -G -G, -G -}
T =diag{-¢, L=y 1L =& =gy 12, 1L 6,1}

46

6,>0, & >0Hipe:

_HIT
7_{11'
PZI
P3|
Ky
<0,
0 0
0 0
0 0
M2
SRR
8y
* _,BI
0 0
GiNg, 0
0 0
0 0
0 0
0 0
0_
0
0
0 ’
0
0_

<0, (3-46)

(3-47)




LA TR RSB 28 3

:l4l =

:127| =

:lﬁl =

:ZZI =

:ZGI =

:3,7I =

0 0

0 0
6,B/Ry +6,B/Ry 6,B/Ry +0,B/R,

0 0

0 0

0 0

AR, ARGF, 00

_;1R2T|F1,| ;1RLF1,| 00

M @-G)ENT ETW |
-MT o -EW 0

0 0 0

0 _5_wa VV|T

0 0 0

0 0 0 |

R1 R1| R, R?TI +P,
* _R4| - RL + P3|
* *
* *

5_uR1T|B|+(5_u_1)R?T|B| R3T| 0

5_uR2T|B|+(5_u_1)RI|B| Ry 0
0 00

I 0 0 0]
0000 -pRIBF,

0000 -pRIBF,

0000 p(R)+R])BF, 0
0000 p,(R}, +Ry)BF,,

’:57|:

O O O o o o
O O O o o o

ERlTlFlJ ER;FU 00 ERJB|F2,|+(E_E)R;B|F2J 0
P1R2T|F1,| p1RI|F1,| 00 p3R2T|B|F2,|+(P3_p2)RI|B|F2,| 0

’:56I =

O O O o o o

0 0
0 0]
0000 pF, O]
0000 0 O
0000 pF, O
0000 0 O
0000 §pF, 0
0000 gpF, 0
0 0 |
0 0
_:33I 44I’
_Ru_RlT|+Pl| _RZI_R?TI+P2I
* _R4|_RI|+P3|_
:diag{—Qz_l’_Qz_ly_Qz_ly—Iy—ly—I}’

» e

0
0

0_

’ :4e| =

5RIB+5,RIB, 0 0

S;R;-I BI + S;RL BI 0 O
0 0 —6,R]
0 0 -6,R] |

AN R AR LR NE Bk b D1 e 2 48 (3-19) AE Ky 5 T Bl As e AT DR YERE . [FIRT,
MWHEN(3-33), BB EMBESE u, (F=U,Y) BREEHE.
AN Z IR G AR FE R L, LI 2 IR ZAS BE AR AR R Ho DA% ) 455 1) 38 20 o
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K, #5E M-

L = C|_1W’ K, = Q_l/\/ll’ Ho, = Vl_lHl ° (3-48)
WERA: ARVEET KA T B, ANEE((3-32) AT LABEHE T -
_Y11| Yiu Y Y Yy |
* Y,, O 0 0
* * Y, O 0 <0, (3-49)
* * * Y O
* * * * :55|
Hrp s U IS ESE A -
LR+ Q+BRE 0 0 0|
) _ o
* _ Mzu 0 O AiTI pl’AQTI
& B! 0
Yy = ) 2 1Yoy = o ’
* * _ﬂ | O D(;rll 0
85 _C; 0 |
* * * _ﬂl
U_(Ill SutU(IZI IB:;UJSI eyEI quuTlI eu lfo\;UJZI ,B;A; ,/O\;AL
5. 0 0
Y, = 0,1 o, 0 0 0 0 Y,y = ,
0 0 0 0 0 0 0 0
| 0 0 0 0 0 0 0 0
6 A Oy
5BL, 0 -R* 0
Y= 2 L _— Yoo =Yg =Yy :{ *I Pl:|°
0 4,Dy I
- 0 O -
RIEAZER (R -R) R (R —R) >0 ] LLiE S
—RlT P,*lRI <-R - RlT +PR. (3-50)

AT R LM TRAS, HEBRMEE R, K AERE R AIE SR R & X

P, P R, R
P= 1 2Ii|’ R:{ | 2|i|°
| |:* I:):%I | R3I R4I
Wi o=diag{l, I, I, I, R, R, R R, R, R 15 1,

(3-51)

Ly 1, 1, 1Y,

FEFE(3-49) e e v, fiFeHiffy 5, MRPEU(3-50)H1(3-51), A LAFR] FHIA

Fa\:
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Hrp

Ay =

Ay =

P (K)BR,

_EAL(k)BlTRm _IngL(k)BlTRzu b11| b12|

Py (K)BIR, by by,

0 0 0 0
0 0 0 o0/
0 0 0 0
0 0 0 0

by = P, ()BT Ry + oL ()BT Ry by, = oA (K)BI R, + sy (K)BI Ry
b21| :_lgsAll (k)BIT Ry —,LZAII (k)B|T Ry b22| :_HE,AL (k)B|T R, _IB;AL (k)B|T Ry
sa = (A + oA, ()+ KB + pAT (KB )Ry +(J, ~DK/BI Ry +

(05— p2)A (K)BI Ry +(1-6,)E L[ Ry,

= (A + P, () +5,KTB + pAL (K)B] )R, + (6, ~DK/BIR, +

(p;— p,)A;, (K)B'R, +(1-5,)E LR,
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. CR CIR, 0 0
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Za = A1T R4| "';1ATA1 (k)R4| _5_uK|T BIT R2| +(1_5_u) KlT BlT R4| _ZAE, (k)BlT R2I +
(P2 = P3)AG (B Ry —E/ LI Ry

S KoL (K) SKT pAL(K) OE T OK 6,01 (K) 6,040 (K) ]
5K —pAL(K) K —pAL(K) O 4K 4,07 (k) 6, p,AT (K)

sy = 5,1 5, 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

RNTEFRK,, L, Ry, Ry, Ry MR, Wik AX(3-48)f15 2 2, A% (3-
52)n] LUK AtE S A

_:ul @y g Ty B g |
< 3,0 0 0 3
8 <0, (3-53)
* * * Ju 0 Jol
oox oo x4y Oy
* * * * * :56|
Hr,
@, @, P, (R, p, (KR,
@ @y ;;AL (K)R,, ;1AI\ (K)R,
@y = 5_UB|T Ry "‘(5_u_:|-)B|T Ry 5_uB|T Ry +(5_u_1)B|T Ry 0 0 ,
0 0 0 0
ClT R, C,T R, 0 0
C'R, C'R, 0 0 |

@, = ARy + oA} (K)R, + 0, (K)B R, + (0, — £,)AL (K)B] Ry
@y = ARy + oA} (K)Ry + AL (K)B Ry + (0, — p,)AL (K)B] R,
@, = ARy + pAL (KR, — p,AL (K)BI R, +(p, — ;)AL (K)B] Ry
@y = ARy +pA} (R, — 2L (K)B Ry + (0, — p)AL (K)B] R,

0 0 00
0 0 00
@ = 6uB|T(R1|+R3|) 5aB|T(R2|+R4|) 00
il 0 0 00/
0 0 00
I 0 0 0 0]
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[ pAL(K) 0 pAL(K) OE GpAL(K)  G,pAL(K) |
PALK) O —pAL(K) O —G,pAl (K) -6, AL (K)

g =| 61 4l 0 0 0 0 :
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

[t , 34.(3-53) s[4 47 22 AR AL 2 A (00 R B s A, (K) A0 A (K) 75 S5 5
AR TE)MAIT 12, HT AL K), FEREE)A S -

Cy +He{X, (A (K)1)X,}<0, (3-54)
H AT RN
_jlll Wy My Ty T g |
* :ZZI 0 0 0 :ZGI
Cll _ * * JJSI 0 0 :36I ,
* * * j44| 0 j46|
o e e
_* * * * :BBI ]
. ARy +cy AR, +cy 0 0
AT Rsl —Cyy AT R4| —Cpy 00
. = 5u BIT R1| +(5u _1)B|T R3| 5u BIT R2| +(5u _1)B|T R4| 00
121 ’
0 0 0 0
CIT Ry C|T R, 00
L CIT RSI C|T R4| 0 0_

Cuy = P52y (K)BT Ry + (o5 — p,) A (K)B/ Ry
Cior = P32y, (K)BI Ry + (05— p,) A (K)BI R,

. 1000000 5,F'R, pFIR, mFIR, AFIR, 00000000000000000 '
" |000000pFR, AFR, AFR, AFR, 00000000000000000
% N, 0 0000000000000000000000000
710 N,0000000000000000000000000]°

WMREEFRE S, >0, WS H 1.4 I (3-54) 1T LLE R F AL R

[Cl, [Xl. CHXE.]] <0. (3-55)
* —Cul
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P TR 1 D7 VR ARG 3R 25 B AN i 1k A (K) o S SRAFAERR R 0,> 0, JF FLI 2 -

Ca [Yu BIY2TI:| <0, (3-56)
* -?2,1
KAHFEN
_Ell :12| :l3| 0 315| jlﬁl \Elﬂ ] _0 0 gll Nll O
:ZZ| O 0 O :Zﬁl d27| '
000 GuNy,
* * sy 0 s O ’
« « % N 0 0O 0
Cy = T e P )
- « * * 0 0O 0
* * * * ESSI iGI 8 O O 0 0
* * * * * * " ~ 0 0 0 0
L J71 | - -
[ pT T 7
ARy F1,| ARy I:1,| 0 0
~ lele I:1,| leL I:1,| 0 0 _
Yori =| ~ 7 ~ 7 v d :{_é’lll’_glll’_glll'_glll}’
ARy I:1,| ARy I:1,| 0 0
_,01R2T| F, pRyR, 0 0

Y,, :[Nz,| =N, 00000000000000000000000000000]’

Y, :[0 00000 p_stT,l B, R, +(;3_p_z)FzT,| B/ Ry EFzT,l B/ R, +(p_3—p_2)F2TJ B/ R,
00 _:B;FzT,|B|TR3| _/p\;FZTIBITRM /B;FZT,lBlT(Ru +R3|) IE;FZTIBIT(RM +R4|) 00
00 pF, 0 pF, 0 6,F), 6,5F, 0000000].

2, REHAZEA(3-56)ET(3-47), X(B-47)FiE

BeAk, AR A (-5 MEF /R A E B, A x0(3-31) AT LA AHHE
__/“31] _/“321 TxT,| I:)1| + P1| "'TxT,| I:)2| - H(-Jr,IPZI TxT,| P1| + Pll "'TxT,l le - H;JPsl_
i Fa £ <0 (3-57)
* * _P1| _le
_* * * _P3| |
1E B, RENFERER, o Py MIH  ZAAFTERE G, FIASIEE 1.5 DL A 3(3-48)
A LR A(3-57)HEF

{C fi+b Y }<0, (3-58)

R
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AP RE
__/“311' _/1P21 TxT,l Pll + Pll +TxT,| I:)2| TxT,l Pll + Pll +TxT,| I:)2| |
c= * _/1P3j P P,
* * _Pll _le
* * * —P3|
0
0 B
fi=lp | W=Y'[-H # 0 0]
2l
P3I

1T A2 K (3-58) 254 13 (3-46), UM SE .

LW 3.6: RBKPILGAEIL S A AL, AT TN AR LR R kb Ul e R ¢
P RREIG T SEPRRLF , QA B RS HLAS N R, AR 4% . 15

FTRE ARG, ATWIEE) RGEIE.

Y 3.7: EH 33 MENSE (0 o M, &, 9=y, U)EHELYELRE L.
Hrp, o MYFKIRZ Lyapunov pRELIEIRIR S, &S T BEUE T RGERIUEL
A pu 2 IRR Y 5 R KRR AR M, R BE R, 6, RRiRZE T
PRIk, 5t n] DMR 25 5 A9 B IX Fh 3 AL B M AR ZE M, FIERR e, o FITEL,
A LIRS EIR S SEUM LS SO0 kAT 8, DUA BG4 B iR ZE SR
25 ERTR, X LS H0n] DULE S PR i s 7R G B RE FE  IR[RIE, 3B mT DA Ty 5
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i : ip L
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FEAR/N, SCHRB A 20 1 f 7 LB ] 3-2 R N THEBA AR F T
5L TR RPN 2% (1 GC 2 I ik il R VE A 25k, SRE T %5849
3-2 LT AL B R DT R

V(t)_—ﬁv () + S(t)u )

L0 =-Uv,0- - R 0+2v, -

BRI s(t) ZoR U S S, N E . s(t) ik TE P H (PWM) Ha i 7
e, A AR ER AR N A B 2 TR ORI HIME 5, A DI R R N
BN
s(t)={f’ T ARG8T

(3-58)

— 3-59
T RGIEL (3-59)

BUE X () =V (), x,@O=1_), ult)=V, Lk o) =st)+1. feiFREERE—
SE VI N AFAEAZAL  BISCHL SRR AN 52 1 o TR S0 7 LB R T RT AR 308

P“’}(A O, (t»[xl“)} BU()

% () % (3-60)
- X0
E PR
] 11 T
A=l RE s BEOC 81:52:{0 1},E E,=[1 0]
(. SEI
] ]

R 32, A CHUENC=02F, HFHRAIRHENR =10/3Q J
R,=05Q, RUKLPENL=02H . A& RVFIFLN. R0, shEEHM
LK . ER, ERCRAERT I T = 0.1s % R 45 (3-60)HHT B itk T R4
1 (3-60) 1] LAHE S A

x(k+1)= (A + py(K)A,, (K)x(K) +Ba(K) +Coy, (x(K)), k=K,
y(k) = Ex(k) (3-61)
X(k+1)=(T,, +1)x(k), k=k

B
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0.8607 0 0.7499  0.4452 0 0.1165 0.15
A1: ,A2: 181: 782: 7C1: ’
0 07788 —0.4452 0.8835 0.4424 0.4802 0.2
0.12 0.01 0.12 0.01 0.02
T, = ' T,= , C,= , E,=E,=[0.75 -0.20].
*71005 015 2 |0.05 0.15 0.04
NTNHEH 33, Mg 1 ER 3.3 Y BOERE AR E .
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18 1
Ql{l 15} 0,=15 g =¢,=03 M, =M =12, a=0054.

HUER(3-24), AR TR BRI 70 2 4, 1EE 33 .

B AR L i O 4 (x(K)) = 0.4sin(x(K)) , v (, (K)) = 0.4sin(x, (K)) LR Ay
Ay A, (K) = 0.5008(K ~1), A, (K) = 0.4sin(k 1) , 455005 T WU 58 4 ) 549
WKL L, Ho
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0.0240 }
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BUE RGN S AT IIRE N x(G) =B 3], X, (k) =[4 —4], i1 &
2 [ UL N 215 0 2 R 28 58 P i) B G B 3-4 TR 7 35 s
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ZESEREg bl

] /k
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R, KAL) Lyapunov pREGEEAT 73 b, T RAS VR 21 ML 4% K 42 1 45 1)
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3.5 KE/NFE

REFELEFENATE . ZEENL. ZHEEZUMZ Ik E %
fHOUR, SR T — MO AELAE K D) R G R IR I RE ORVE BRI )T R FEAE
TR, e A AR AR B S BB B B R AR . N T I A
A 2 AONH I E HE ANASE R, SION T b TR A I A PR 42 ) g 5o TR
KLU 2 A5 K D)5 2] Ok AR RS R AS, 458 1 KT NI e . e 7T
LI g9k 2% S L0 5 A0 DRk e 228 1) 48 L I T8 70 26 AR, BAORAIE PR K o 1 46k
ARG B X ERHEARE I BAT R IRTERE . Fo)m, B SeBliRiE AR
HH PRI TR A WL 45 B3 ) 7 R A R HLSE T
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£ 485 ETRAINZREXEBRIELME IR TIR R SH
H. =591 53

4.1 515

BT IR AL &5 H AR LA ik ) 4 £ 48 H, P ] LR B E R0 7008
FERLIU 25 (LAl B, AR B 1 D00 S S 5 e 2 A 3R 0 1 — R I 4% 10
wMETT I BEE I FCA RN LE, AT AT 3 BT OB N B =

(1) ETRAN AR, BT T R AR L A S B = BR 1 ) ok ot D7) 48 2%
gi H A AL, AN T BTt AU S A ik D) 2GS A R AL, AREL TR
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(2) FEIRZMIM AR HIEERY b, BRI S S5 0 ZRAT R T —FEr
PO LI 4 PO SRS, R PO 45 £ D00 5 HE DR A X AR 8 25 AR A 0 i
185 AT SERFAME
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s(K) »| bR RS y(K)
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—— P S
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ARET R KA 4-1 fror, R 7 ARE RSk I R 5. TR
AW 5 KA 8% o 2B A5 P R AT SR, T A8 AE 5 AN Al Gt 2 47
FEHHE R LA, R DI 2], W& FPIRES AR RAR, X ARk i
AT O SE N

4.2.1 HHBEBIEL MR RS

KRBT R R AR L 2 1Y B IR AR K DI R G
X(k+1) = A X(K) + B, U(K) + C o W(K) + R,y ¥ oo [o(X ()] Kk € (ki) ki +1]
y(k)= Da(k)x(k)’

2(k) = F, o x(k),

p(x(k)) = E, 4 X(k)
AX(K) =T, ;o X(k), k=k;
X(ko) =Xy

(4-1)

Hrpx(k) e R™ & R GRS, y(k) e RY ol Ewmt, z(k) e R™ FRads
frd, u(k) e R™ 4z, wk) e RV ZIRM L0, o) MM+, P, 12
LG AR AR LR B SEFE T o0 Avgo» Bogor Cogor Dago 1 Ey o A
AP EBOERE . ERERIE, T, RN B S8 T RERE
FRIBEAS o 5 SCAX(K) = X(K") — X (k) = x(k) = x(k,) » Frr x(k ) = x(k) = A _px(k ~D) +
B, Uk —1) +C o Wk =1+ R, W o s [o(x(k )], A4 x(k") AT LABE R R
AXU) = (F+T, )X (K)o

#SeN" PRGN, UIESok) NERES L={L 2, ---, S}
WM. kKRR AELRB oK) PREITA I HBEE, 8T A
0=k, <k <---<k_ <k <. fEkelk, k. )%, T&2%ok)mp. KET
b, AFRU TS ok +D)HEENP, olk) 5N .

N1 HR Y [T BRFAE, ST T AR 5E X

EX AL BE-KEHY,[p0]: R™ — RY . IR TR G

SHFF @y @, € R™ #5562 A1 4150
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)
{A‘”} G{A‘”}zo (4-2)

A‘{J A‘P
Kb A, =0,-¢, Ay =Y[p,]-YIp]l, B GER R EREE .
U 4.1: BT 2 AR LA & IR RS, BRI T Bt 52 1)

Lk B R AT HE A . 260k, &) Lipschiz 20k Wio,]- ol <
el @, — gl F& > 0fTLLE Bu(a-2) TG, 52 K [ 88 TS e G 3y

G gl 0
0 I
SR A R [ Ay —rA, | Z[A, —iA, ]SO R Z =27 oy bligs s

(4-2)ifEa, I RERBGERE G -

_ —, Lk, — K, Lk, *
Lk +x,) 27|

BeAk, wsSCRREIATR, — e A AR LR Mt AT DU B R IR A AROR R IR .
4.2.2 BT RZUNZRIT TS

AR FEHTN R G (A-1) Ra 3 PRI TR A W 25 40 T
X, (k +1) = Ax, (k) + B u(k) + L, (§(k) -y, (k) + R, [o(x, (k)] k =k

(4-3)
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H, p € R™™ 43 S LI 2540 25 AL I 5 26 kot ) 400058 10 1 IR &SRS, 7 2
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REHRE, £ R SCHAT BT
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BL B A SR A TR AL EA . DR, DR 5 y(K) i 7EAE e E A
FasE W25 19455 9(K) 1T DA By -
y(k) =8, (K)y(k) + (1= 3, (K)y, (k) (4-4)

S o M 4 T R B T BEHLAE B 9, (K) 7, IRAMETSS R 4041, B 0 2% 1
SEHLAS L9 1IN R B R, (A 0 I R SR . BRI, Bl
BLAS BT LRy

Pr{g,(k)=0=9, P{9,(k)=0}=1-9, (4-5)
Heprg, Canw s, BUHEREE0< g, <1.

LR 4.2: B THH T — Bk T 0000 55 ) A0 RN W 3T U i ot y (K)
FRIES, SIS H % S5y, (k) AT RME . ZERZPh KGR, AP
MR ARG ERNES, —RRERAMEREN, AEREERNES, W
51| e 5k 7

y(k) =49, (k)y(k) . (4-6)
R AR RME S, RS — N RIS SRAME R R (5, TR
A
y(k) =3, (k)y(k)+(1-4 (k)yk-1). (4-7)
{EAE BRI, TAMEENS — R T TS, T GRS R S 1E K 2 B ot
T, HMURIEBRAI B, R4S B Ry T — 2
4.2.4 FERIEL M BRI R S
& SUTH 2 A e(K) = x(K) - X, (K) 45 & (4-4) T3] F A1t
ek +1) = Ae(k)+C w(k)+ R {¥  [o(x()]- ¥, [o(x, ()]}
~L,(8,+6,())Dye(k):  k=k (4-8)
e(k+1) = (T, , —Hy )x(K)+(H, , + 1e(k), k=k,
Hepo, (k) ho,(k)=9,(k) -8,

BEAERE (k) = [XT(K) €™ (O » 302 Al Lk AR ke ) e 22 42 7T A5 25 20(4-1) «

(4-3). (4-4)F(4-8)HEF U T
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C(k+1)=(A, +0,() Ay ) (K)+ (k) + Ry, Y, [p(x(K))]
+ Ry, ¥, [0(%, (K))]» k=k

C(k+1) = A (k) k=k

2(k) = 7, (k).

A+BK, -BK, 0 0 0
A, = Tn | A= » Rop = ,
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(4-9)
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N T SEBARF T EELER, TR E X5 B
SE N 41 SETARMAIE &, e w(k) =0/, R RS0 L oI5, A
G AR T B N BRI RS E /Y,

imE hf-o. 10

SEX 42 WTHEFRE Yy >0M0<A<L, MPLETWIHFMT, RGEWL
FHIAER, WRGEAAMBH, f5h5,

i (1-2)'2" (K)z(k) <" 3 w' (K)w(k) (4-12)

k=Ko k=Ko

Hrh vw(k) e L[0, ).
43 FEZ

431 RGREMSHRZIMNH, RS
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B{V, (€ (k+D)-V, (& (K)+aV, (& (K)+3(K)} <0, Vke(k k]  (413)
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G (4-1)0 TAE B VI HAE 535 2«
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