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Abstract

It is known that the phenomena of time delay occur in many practical systems, such as
biological systems, neural networks, automatic systems and communication systems. Time delays

may be produced by many reasons, e.g., the ageing of component and mechanical wear leads to the
measurement and signal transmission. The existence of time delay causes instability, even poor
performance. With the advancement of technology and the development of social, the systems
become more complex, and the requirements of the system control are also increasing. The existence
of time delay makes it more difficult and complicated to analyze and integrate the systems. Hence,
much attention is received in stability analysis of the systems.

Based on the analysis of literature at home and abroad, the stability of several types of time
delay systems is investigated, and some delay-dependent stability criteria are obtained. In Chapter 1,
the introduction of the thesis is given, including the research background, the review of time-delay
systems and some common research methods. In Chapter 2, the Lyapunov stability theory, related
lemmas and related symbols are given. In Chapter 3, the stability problem of linear time-varying
delay systems is discussed. Based on the delay-dividing approach, the delay interval is partitioned
into two subintervals. By using integral inequalities, some delay-dependent stability criteria are
obtained. In Chapter 4, the stability problem of time delay systems with two additive time-varying
delay components is studied. Reciprocally convex method is used for estimating the upper bound of
the derivate of the Lyapunov functional. In Chapter 5, the stability problem of neutral delay systems
with two additive time-varying delay components is studied. By constructing a new Lyapunov
functional and combining with delay-dividing approach and inequality method, the stability
conditions are given. In chapter 6, the stability problem of neural networks is considered. In Chapter

7, the problem of H_ performance analysis is concerned. Considering the network control system

that includes the time delay and data packet dropouts, the state feedback controller is designed. The
conditions of the existence of controller and the method for solving the state feedback gain are
proposed.

Key words: additive delay components; linear matrix inequality; neutral delay system;
neural networks; stability; network control system.
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() =x"()Px(1),

V=] ¥ 6)0xds+[ ¥ x5+ [ ¥ (©0x(s)ds+[| 3 (5)0x(5)ds

+ J.; x" (8)Osx(s)ds,

—h(t)
B =h, [ oMb +-n] | s +h-h)f | [ Hmises

Hh=Ah +(1-A)h,.
SV (0) % RGBSR 515

V.(t) = 2x" (t)Px(2), (3.6)
Vo(0) <X (YO +0, +O)x(0) +x" (t=h (O, —O)x(t—h) +x" (t=h)(Q, — 0, ~O)x(t—h)
—x" (t=hy)Qx(t —h,) —(1=d)x" (t = h(1))Oyx(t — h(t)), 3.7)

Vo) =5 (OUM, +(hy = Y M, + (h=h P MO~ [ ()M, i(s)ds

([ 3M(s)ds (=) Hs)My(s)ds.

(3.8)
gl 2.1, "5
—h[ h (s)M 3(s)ds
-M, M x(t
<o XT(t_h‘)][ . IJLU(—ZJ} (3.9)
X Ve > 0, h(e) W6 58 TEAE X 8] [y, k] SR X 8] (A, By ] DRI S) BRI B HEAT 1128,
F—FEN, Hh<h(@)<hR,
~(h,~h)[ hh (s)M,i(s)ds
e senf 5[0
—(h—h) jh' H(5)M,(s)ds
=== [ xME()ds ~(h0=h) [ 3(6)M i (5)ds
~(h=h ()| :hh(l,) $(s)M 5(s)ds — (h(t) = h,) KZ:) (5)M %(s)ds. (3.11)
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2R GE R E VE o B

HoIH 2.1, W&
~(h=h()| :h”(” A(s)M,i(s)ds

-M, M, :||:x(t_h(t)):|

<[X(@-h@t) X' —h)]{ M, || x(¢—h)

—~(h(e) =) :hh(:))'c(s)M3)'c(s)ds

-M, M, —h
S[XT(t_hl) xT(Z—h(f))}|: x )\ Mx)zft—h(t;)}

b h(O)-h

Fa= iy

~(h(e)=hy) [ 5(s)M i(s)ds
=—a[" " Ch=h) 3(s)M,i(s)ds

<—af " (h=h(t) #(5)Mi(s)ds

_ [xt=h@) T-m, M, [x(t- k(@)
N oxa-m || oM xe-m) |
~(h=h(t)| :() K(5)M,i(s)ds

- (-a) ”() (h—h,) i(s)M (s)ds

<-(-a)f ’h'() C(h(t)—h) 3(s)M,i(s)ds

< x(t—h) T[-M, M, x(t—h,)

<(l-a) *(t—h(t) s M| s—h(o) |
H30(3.6)-(3.15), A5

Viy<sn™ (D[, —ag —(-a)g, 17" (1)
=77T(t)[a(\P1 -¢)+ (1 -a)(¥, _¢2)]77T(I),

Hy' (0=0x"(0) X" ¢ =h() X" (t=h) "t =h) x"(t=h)].

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

EE%: 0<a<l, a(‘P] _¢1)+ (1_ 0{)(‘1’] _¢2) 7\E'L:\Pl_¢1$nq]1_¢2E]/‘J—/|\|I—Lléﬂ/5\’ S
B, WREHHEEAERGI)HAL, Wa(¥,-¢)+(1-a)(¥,-4,)<0, MIVe<o.

BFEN, 2 h< h(t) < by BT,
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~(h=h)["" 3(s)M,(s)ds

M, M —h
<[x"(t~hy) xT(t—h)}{ L _A;M’;((tt_hﬂ,

(3.17)
~(hy=h)[ H(5)M,i(s)ds
=~y =h@) [ 5()Mx(s)ds ~(hD)=h) [ ()M, i(s)ds
—(h, - h () j ;() X(s)M ,5(s)ds — (h(t)—h) I hh(,) X(s)M,%(s)ds, .
—(h, - h(z))j::(” K(s)M,(s)ds
T T _Mz Mz x(t_h(t))
<[x" (= _h :
<[x (t—h@) x (¢ 2)]{ * _Mj{ x(t—hz)} (3.19)
(- HMyi(s)ds
o M, M, ][ x(t-h)
<brom wo-no] 50 SCO) (3.20)
o hO=h
lﬁﬂ— h2—h ’ )\IJ
~(h ()~ :hh(t) K(s)M,%(s)ds
t=h(t) X .
=—p I,_h Chy—h) 5(s)M,%(s)ds
< p L’_’hh(” Chy — h(2))%(s)M,3(s)ds
3 ﬂ[w_h(mT {—Mz M, Hxa—h(z))}
P x(e-h,) M| x(e-h) | 521)
~(h=h @) ¥()Myi(s)ds
——(1-p5) ”() Chy—h) %(s)M,i(s)ds
<—(1-p) j:h"m Ch(t)—h) (s)M i(s)ds
g 2B [ T b ]
x(t_ (Z)) i, x(t - (t)) (322)

H13%(3.9)-(3.12) & X (3.17)-(3.23), Al 15
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BER AL B S AR I F GRS A

V) <n' O, - g, — (1= B)g,In(0)
=" (O BCY,-g)+(1= B)CY -4 ().
KT GG, nTMFE], REHFMEAEXRG 4R, BAve<o.
i FIRPIRE DL, T 0<h <h()<h,, WREMHHEEAEX (3.3) (3.4) RN AL,
WAV ()<0. H Lyapunov BE EFE AT 40, RSB RHHLEEN. L.
IS R A(e) NPT RREHE d RFI, @R O, AT LA B LA
EH 32 WTAHAEMHEEOSh <h, 0<A<l, RGG.DWEFREE, WHRAFEIEEHHE
P,0,,0,,0,,0,, M, M,, M, 15 5| DY Ze A1 55 B A5 3[R I BT -
¥ -¢<0,i=12,
¥, -9 <0,j=3,4,

kit

0

* 9y 0 M, M,
M, 0

0

* * *
Pas

@, =PA+A"P+Q.+0Q, —M+A"QA,
¢122: -M, _M3T+A1TQA1>
@52':—M2—M2T+AITQAU
Prrs Przs Pass P55, 6,0 =1,2,3,4) HI7E IR E HE 3.1.
FE 1 B A=050, Wh=(h+h)/2, QI5E SR, BIGR A Sk 2 e B 3.1 —
FRERERTE L. 24 A BUBEAFIN, S 8 45 E AR —FE.
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2 EH 3 BAGIANEHBIERE, B R E SR, A ATEXN Lyapunov BRELT
FEOEAT T FUE. BT HTHEIN EE 2 B R T I SR BRI SC R, ARSI HA BN
) DR S 12

34 NHiEWRZMERG R e E

BN A E RS

{X(t) = (A+AA)x(t) + (A +AA)x(t - h(t)), t>0
x(t)=®(t),  Vie[-h,0] (3.23)
H A8 SR A4, A4 RICECE AT E RS, W

[A4 A4 = DF(/)[E E,]
M, D,E, E ZEAMMGERNEEIENE. F@) 2R, HEEF OF@)<I.
EHE33 MNTAEMHEROSh <h,,d>0,0<A<l, REG23)WLkaE, WIRAFAEIEEHM

P,0, 05,05, 0,0, M, M, , M, N 15 &, &, (645 T HIREFEASE AT

N DY )
Z’:{ . 12}<O i=1,2,

%k 21
(3.24)
/\I:i:[

o, P4 M, 0 0 A'Q

* (0122 M, M, O AlTQ

s * * ooy 0 0 0
L * * ’

Py M, 0

% * * * o 0

% % ® * ® e}

‘o, PA M, 0 0 A'Q

* (ﬂéz 0 M, M, AlTQ

$2 _ * * oy M, 0 0
[ R * * ’

Py 0 0
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gi T D'P 0 00 0 D'Q|
= , 1
P 1 eE &E 0 0 0 0

; -1 0 _
Xy = ¥ _gJ ,i=12,

9, =PA+A"P+Q+Q0,+0~M,,
p,=-(1-d)0,—-M, - M,
93=—(1-d)0;,~M,-M, ,
0 =0,-0,—-M,-M,,
Pu=0-0,-0,-M,-M,,
Pss=—0 —M,,
Q=h>M,+2*(hy—h)* M, +(1—A)*(h, — )’ M,.
WERH i [F e B 3.1 —#ER Lyapunov PREL, & H 0 BALFEA—FF,
BREN: Bh<h()<hW, HIHE21, 15

(=) ()M, i(s)ds

-M. M —h
<[x"(t-h) xT(f—hz)]{ Y M;((ft—h))}

Hol# 22, 15

“(h—h),) jh" K(s)M,i(s)ds

-M, M, 0
<G 0 2My M, (40,
k * _M3

/\I:F[
= x"t-n) xXa-h@) x'@-h]

H(3.9), (3.15)-(3.16)15:
V() <n' @Oy, +T1"QIMp(0),

gt
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[, +©, PA+O, M, 0 0

* ¢’122 M, M, 0
v, = * * ¢y 0 0 |,
* * g, M,

* * % * o

®,=PDF()E+E"F'(t)D"P,

®, = PDF(t)E, ,

[1=[A+DF@{)E A +DF@{)E 00 0],
Q=h>M,+A*(hy—h)’ M, +(1- ) (h,— )’ M,,
D1 Prys Pz Pag» Pss HIE LA Z(3.4).

I B 2.3 WAL Ry, +IT7QIT <0, N

T
{l’”l 1 Q} <0.
* 0

AER(B.28)F M T

S A UFOW + W F (1)U <0,

kit

U=[D"P 0000 D'QT,

W=[E E 000 0].
S HE 2.3 F151 3 2.4, ANEXGB27)AIERRN

Vey<n' ()='n().
RN M h<h(t) < h I,

~(h=h)["" ()M 5(s)ds

-M. M —h
<[x"(t=h) xT(t_h)]{ - }R((t’_hl))}’

19

(3.28)

(3.29)



PN e S VAT AT AR GRS AR I i 1Y) 28 G R RRUE 1 0 BT

—(hy—h) f_‘: (s)M 5(s)ds
M, M, 0

ngr(t) * _2M2 Mz é/z(t)a
%k £ S _M2

gt

&S =[x"t-h) X t-h@) x(t—h)]
HALTS R, T

Vy<n (O n(t).
ZEE FIRPRMENL, AIAIRBES <022 <0, V()<0. FHk, FREGi(3.23)MHE ,
RAZER(3.24)0H /2. IFIH e ke
35 BUESEH
3.1 EEAEAFWN REBGERMEN LM RS

A{—z 0 } AIZ[_1 o}
0 -0.9 -1 -1
HT RGN ER RV LA S A B EA S AR A BN 0.01, T A FEUAE 2
0.01,0.02, ..., 0.99. FE& A KMEIE N ER%, FIJH Matlab 7 LMI T EAF, 7] PSR 89AH M )
BCORSUVRI 5, B G dR K SO VRE i b SR 1 B KA AR R G B K SU VP s | 5
FAER 31, 4 d=05 h=08, REG.ME 1=0.59 i, 5 & KRR LR
h,=22562. 2d=05 k=18, REGITE 1-024 FEHE R G M & KoV LS
h,=23298, W% 3.1. %d=02,h=0, REG.E 1=052 I WA K VB E R
h,=3.3813, W32 3.2. 53CER[16][171MH L, A=ITERABUMRSTE. TR S PIIERE Tt
x(0)=[-0.4 1], WA 1, HmRaniE 3.1 L AR 4 ENEER, REtER 7PERE, 3
] R 484 E
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F3.1 d=05KF, XAFER) A BRSOV B A,

h 0 1
CHR[16] 2.04 2.07
SCHR[17] 2.08 2.15
ERE 3.3 2.1940 2.2792
ERE 3.1 2.2562 2.3298

#32 d=02,h =00, BRAOVFIG R A

Jiik CHR[4] SCHR[6] EFE 3.3 EF 3.1

h, 3.03 3.16 3.32936 3.3813

0.8

0.6 \ il
0.4r \ _

0.2 4

0.21 7/ i

_04 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Time/s

B 3.1 CRES I M K
Bl 3.2 FHREEAWFREFEFENIAT LM RS-

{—2 o} {—1 o} {1 o} {L6 0 } {01 ()}
A= A = , D= , E= , E = )
0 -1 -1 -1 0 1 0 0.05 0 03
RVBEA BIREEE R 0.1, 248 =0, SpAEINARER d , RG(3.23) I R VI F b

21



PN e S VAT AT AR GRS AR I i 1Y) 28 G R RRUE 1 0 BT

EWF 3.3. Hd =010, SCHR[1S]MBCR VPR N 1.1075, e 3.1, £1=05,
AR RER R B AN 11782, B3R 3.3 1, S5 SCHR[17][181MI L, AZ 7k A B/ MR
S BRGIVIRIRAS T, BN 0.6, Fmi M anp 3.2,

£33 n=0lt, XA FEK RV ER L

d 0.5 0.9
CHR[17] 0.9322 0.7590
CRR[18] 0.9561 0.8919
T 33 (1-04) 0.9967 0.9233
T 33 (21-05) 1.0043 0.9131

0.6 “

\ —mo )
0.5 ’ Xz(t) [
037\ .
g 0.2 Y\ \\ -
\\\\\
0.1 \“\ i
\\\\\
) N
\\
01F \\ :
_02 | | | | | | | | |

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Timels

3.2 CIRASW N

3.6 R

ARBEWFF T 70 A XA i 2R M R G E LM KRG R e M. R i 43 &)
%, HEGRAAER, B3 7RG MR e ERAEN]. BUESSEIRI, B s E ]
BA /NS, A5 5T T 525 Lyapunov BEGHE—0oodt,  DLEUE B /N R AR 7 k.
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BT FRHEARARRRRIZERERREE LT

41 3§

SCHRISIHR T & 2 ANAH 4K I AR I i R T AOASAY. SCHR[4115 1R H B B BUE R R 43 #T
51N FBU B A 1 25 2R AR HE Lyapunov B S 3P (R 058 WL [RIk, A% 5 STk
[BI[91[10]¢EFEA I, #4i& & 3& 1) Lyapunov BREL, KT IR0 A5 AL BEARAG T AR 7358 X
I, 1& 4 HECK Lyapunov BRECK 540 21T SodE iR € PEAEI . BOE 4750 00E 11X Fh 752
) BAT BN R DR A A

42 REGER#R

R 2 AN AR AR A e e R G
{nn:pﬁﬂAmam{A+A4hﬂ—haywxgx >0
x(1) = ©(1), Vit e[~h,0] @
H x(t) e R R WIE; BT A (), h (6) PTHE,  HIH AR -
0<h(t)<h <o, h()<d, <o,
0<h(t)<h, <o, h(t)<d,<o,
K,k d,dy REFRG I EAR R
h(t) = h()+ hy(t), h=h +h,,d =d, +d,.
A, A RGN AER T BB, @) RVIREREL. A€ SEOERE A4, A, T 2 IEHCE

Sk, BRW R EA:

[AA4 AAl]:DF(t)[E El] 4.2)

K, D,E,EZEAMMNYERERERE. F(o) ARMAEME, HWHELEF (OF@6<I.

43 FELEHR

NFFIRG A DRIREEEL, B HEA4=0,A4 =0I1HN. 2 A4=0,A4 =0, LR

5E BT
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EE 41 XNTHEREL R >0,k >0,d >0,d, >0, REL4.)HLFE, WIRAFAEIE 4
P,0, 0,,R.R,,Z,,Z,, Z, FATEHEW,S , 115 N H L PEA S5 207

_(011 P, Q5 W s A'Q

0y 0 o, 0 0
0= * om0 9y ‘41TQ <0
* * 0w 2, 0

* * * *
Pss 0

* * * * * -0

: : (4.3)
Zo W, z ST,
A e s 7 |70 (4.4)

9, =PA+A"P+Q+R +R,-Z, —Z,,

kit

Q=2 =W,

@,=PA+Z,—S,

@0p=—(1—d)R+W+W" -2, -7,

Pu=2-W,

0y =—(—-d -d)R,+S+S"-Z,-Z,

P35 =2y -8,

Pu=0,-0-2,-2,

0=—0,~Z,~Z,, Q=h’Z,+h’Z, +(h + 1) Z,.

iEB #4Ji& Lyapunov PR

V(t)= ZVm, ws)

kit

V() =" (O)Px(1),
V=], ¥ ©0ds+] | ¥ ()0x(s)ds,

Vi(t) = J,,h]mxT ()R x(s)ds + Lhmxf ()Ryx(s)ds,
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Vi(t)=h, f’h [ ’wx(s)zlx(s)dsdm@[f [ #9)Z,i()dsdo+h joh [ #)2,i(s)dsa
WERG@G@ DL, V)RS, 1530
V.(t) = 2x" () Px(t)

=2x" (t)PAx(t) + 2 x" (t)PAx(t — h(1)), (4.6)

V(0= 000+ (t—h XQ,~O)x(t—h) =X (= h)Q.x(t ), @7
Vi(0) <x" ()R, + Ry)x(t) — (1= d, )X (t = h () Rx(t =y (1))
—(1=d)x" (t = h() Ryx(t — h(2)), (4.8)
V,(t) = 5" (O)(h>Z,+ h Z, + B Z,)x(t)— h, jh i1 (s)Z5(s)ds —h, jh" &7 (5)Z,5%(s)ds
_h I, i (5)Z,%(s) ds, 4.9)

- hl_[h i (5)Z%(s)ds

W g

[ O] O

W g

X" (s)ds]

W asT Z1[ | isyds] —— [ (st 71

: h()[I ho ™ h —h(t)

M e W e
=700 )Z,5,@) e h (t)é:z ()2,5,(t)

r h = h (1) h (1)
=—ET(NZE () -—LLET () Z ZE () -
& (DZ,5,() ) &' (DZ,6(0)-&"(1Z,6,(1) I h (D)

s &0 =], ie)ds. &0 =" 5 ds

A OYAXO) (4.10)

M%ﬁﬁﬁﬁﬁ@W,@@ﬁlz}O%ZFﬂT AL

() hh)
) A0 | {z W} )
_ | h@® * h(0)

k=" h—h)

— =5
> 0. (4.11)

é()

Zl

@ 1HENF
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h—h(0) (1)

T OZEO S 0240 -
> ETOWEN)+ETOWTE ). (4.12)

H(4.10)-(4.12), w13:

—h [ 3 (9)Z,i(s)ds

<_[§1<r)Hzl W}[ém}

SO LY Z &0

-7, Z W w
an(t){: W+WT;ZI—ZIT ZI—ZW}A(I), (4.13)

Hebin O =[x F=h0) ¥ @=h)].
BEME I, MR () =08 h () =h I, WE@)=080E, () =0, RER.13)FBERL.
FUTF(4.10)-(4.13), w15

—h j} i1 (5)Z,5(s)ds

<_F3(t)ﬂ23 S}[fm}

EREAGI R A FAG!
-7, Z,—-S S

=n) 0| * S+S"-2,-27 Z,-S |n,), (4.14)
%k * _Z3

Hr S NEEFERE, Hibd
Lo S0 e = [ s, &0 =]"" i ds. 0] O =[x"@0) T(~h©) 5 (-h)]
* 7 = SN ) e > 24N T > 1 B )

5 2.1, A[15:
—h, j: 5(5)Z,5(s)ds
[ xT(t—h)]{_fz _Zzzj[i((tt:m (4.15)
1 :0(4.6)-(4.15), AJ45.
V() <n' Oen(),
Hebp" () =[x" ) x" @t —h @) x" t—h@)x" (t—h)x"(t—h)].
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AR IR, WRAERE3)EHRL, MV () <0, ERGGEG DEHERE. FI5ELE.
BB E L R G1(4.1), LAF BRI
SEB 42 X THEMHER R >0,k >0,d,>0,d,>0, RY(4.1) BT R, W0 RAFA IE 2 5 1%
P,0, 0,,R,R,,Z,,Z,, Z ATEIEEW, S, JIEE &, {43 T 51 26 1 0 AN 25 3Rk A

Z:{il 212}<0,
222

(4.16)
zZ, W Z, S
. >0, |, >0, (4.17)
Z, Z,
7N I:F[
2, =0,
sr_|D'P O 0 00 DOl _ —el 0
Pl eE 0 eE 00 o0 | 2 | * -l
@, QIE X [F(4.3).
WE HA+AA R A +A, BR AR A4, WE
V() <" Olp+UFE@V +V F' (U (),
Hrp
U=[D'P0000D'Q),V=[E0 E 000].
5 2.4 /50, wif
p+UF(V +V'FT()U" <0, (4.18)
AN S (4. 18) AL I 78 22 55 AT 2 A7 1E & > 0, A5
o+ UU +eVV <0 (4.19)

JOT.
5 P 2.3 A&, AERAE.19M FAZ%ER(4.16), Bt 26, %R (4.18) EM T (4.16).
B, AR (4.16) @17 AL, WV () <0, Bl &G4 DL faE. IEH5E5E.
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4.4  BUEEH

Bl 4.1 FIEHEA W RBOERF LN RS

2 0
A=
{ 0 -0.9

| <]

-1 0
-1 -1/

it d, =0.1,d, =0.8. 4 h B h, Hrh—ACaE, R4EER 4.1, FH Matlab [ LMI T.
HAH, RMFH—0E. 2 %En, TUCRM A, WR 41 S BER, mTRRS R, W
R 42, SCERGIN T KERE B, 1Z TR 41 MEFER SR 6 MR-
23, AT EH 4.1 HE 10 MEMEAS SR 3 MRS, 5CHRSI[10][11MHEH, &
H 4.1 BA Rkt

KAl XNARE A, RRCVFRHE S A,
h 1 1.1 1.2 1.5
SCHR(8] 0.415 0.376 0.340 0.248
SCHR[10] 0.512 0.457 0.406 0.283
SCHR[11] 0.872 0.772 0.672 0.371
SEH 4.1 0.8731 0.7731 0.6732 0.3731

# 42 WNAFEM R, BRSOV S A

h, 0.3 0.4 0.5
SCHR[8] 1.324 1.039 0.806
SCHER[10] 1.453 1.214 1.021
SCHR[1] 1.572 1.472 1.372
SEHE 4.1 1.5731 1.4731 1.3731
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*K43 MNAFG, RGEKFOVFRH

d 0.5 0.9
CHR[17] 0.9322 0.7590
SCHR[18] 0.9561 0.8919
EFE3.3(1=0.5 1.0043 0.9131
SEHE 4.2 1.0733 1.0686

Bl 4.2 R HAT W REOEFE A € L RS

-2 0 -1 0 1 0
A = ) A] = ) D = )
0 -1 -1 -1 0 1
1.6 0 01 O cost O
E= H El = H F(t) = . .
0 0.05 0 03 0 sint

ST FAELS BRI FR AR d i, R d d, BUE 2 d, +d, = d, B 2 N4k AR
A OF, IRIEE 42 R REWE KAV A B, M d=05K, WA L
d, =0.2,d, =05, K5 R KOV EFN1.0733. 4 d =091, RIGHR SRR SRV
BN 1.0686, WK 4.3, HFEAT W, SICHER[17][181A S EHE 3.3 M, Az kB BN AR

SPIE.

4.5 45

ATEWIIC 754 2 AR GRS AR 1) AN 58 2o PE R GE AR E PE AL 26T Lyapunov BRI
R ANGE X Lyapunov s 3 EET Y VBTN A€ Tk, BUDbGI N TR RIS, BE
SEBIRI, BT AR PEAE UL A S /N R s31E.
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BRE  FHMAN R PR R RE T

51 5§

H L R R G B RGN — AN W R G, RS BAISEE B A EEMER. F2 ek
bR R GUAR AT A R SL R R R R, LI NS R G, A R a8, K, S R
AGMFEVER ] 1T Z BRI Iﬁ)ﬁ[21][22]ﬂﬁﬁﬁHﬂﬂ%ﬁf@%ﬁﬁn?EPL%'JHT{?HEI’J% PE.
SCHR[231[241K TR AN RGE T 1 S A E P LR R 58, SCER[251H93E
=H M) Lyapunov &3, FFAI AR A

FURT, DR 70 SCRR AR A T 055 A B I B2 A5 R Rk o PR ey 1) v S BRI R 4
XFF 2 ANAH R AR I i R (AR R (Rt e b, A E I R IE A IE K Lyapunov BRI, R I i
Iy PR s TR L AR > AR Xj‘LyapunovEuiﬁlﬁ’]?i&l&ﬁf/‘é&fi (CEAINE S g i
. BRG] T IRIE 1 IR ITA A R

52 REEAHR

Z S 2 ARG AR ) L R G
(1) = Ax(t) + Ax(t — b (£) = hy (1)) + A5t — 7(1)) + Ef (¢, x(2))

+ Ff(t,x(t = b (£) = hy (1)) + Gf, (t, ¥(t — (1)), ¢>0 (5.1)
X()=®(), Vte[-h,0]

Hx@) eR"ZIRE M E; A, 4,4,,E,F,G & BA MM ELHLE: o@) 2R
K. W E B (2), by (2), hy (0) FTB,  HLIH 2 -

0<h()<h <o, h(t)<d <o,
0<h()<h <o, h(t)<d, <,
0<7(t)<h <o, 7(t)<d, <o,

HAr, h,h,d,d, 2%, HHHERE:
h(t) = h () +h, (1), h=max{h +hy,h}.
F@,x(@)), f(t,x(t = ()= by (1)), f(t,%(¢ — 7(0))) s AREANEILN, IF Hiwi 2

30
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|1/, x(0)|| < a|x(t)
1/ &, x(x = h(2))|| < e, ||x(e = (2)
/2,5 = (@) < e, ||t = 2 (2))|

2

’ (5.2)

53 TXELR

SEH S W FHENHE| 4, +a,| <L >0,k >0,d >0,d, >0,d, >0 RE(S. DHETL AT,
RAFAEIEERIE P, O, O, R, RN, Z,,Z,, Z,, \ERFEEW,(j=1,---,4),M,S,(i=1,---,5), {ER1E
e, e,,e, 15 F IR PEATE LA

@, +o +I1'QM <0,i=1,2,

(5.3)
Z W >0, j=1,---,4
* Zl 9] b b b (54)
[Z, M'>0
_* Zz_ ’ (5.5
Z S"_>O,k:1,---,5,
* Z, (5.6)

Hrp
@, = (PA+A"P+Q +R +R, +ca’)e +e' PAe,+e' PA,e, +e' PEe, +e PFe,+e PGe,
-(1- dl)ezTRlez + e3T[‘91a12 —-(1- d1 - dz )Rz ]63 + e4T (Qz - Q1 )e4 - esnges + esT (‘926122 -(1- d3)N)66
—cee,—gel e, — e, e,
Uy, Z, W Wy luy,
Py = | Uy YZ W uy

* *
Usy Z, ||ty
T
| U, Zy S S, || uy,
_ 4 *
7 Uy Zy Sy || Uy
1 * %
Usy Zy || Uy
L rz _ rz
7 Uys Llys —Uys LoUys,
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. _
o :_{“12:| {21 W4} ”12:|
’ Uy * 7 | Uy

M=[404 0 0 4EFG],
Q=h’Z +h>Z,+(h +h)Z,+N.

UERH  #Ji& Lyapunov BRI

V)= V), 5
i-1 5.7

gt

Vi (0) = X" (1)Px(0),

KO=], ¥ 0+ (03,
V()= J‘ih o x" ()Rx(s)ds + J.[ih(t) x" ()R, x(s)ds,
Vo=] ., & (Ni(s)ds,

Vi(t)=h, j°, [ #)z(s)dsd+h jf [ ig)'c(s)Zzic(s)dsd9+fhLi&x(s)ZBX(s)dsd@,

NITEHBIERT, id
n' (@O =[x" () x" (= h(@) x" (¢ =h(@) X" (¢ =) x" (¢ =h) " (¢ =7(0) [ (6, x0) £ ¢, 5t =h(D)) f; (¢, 3 =7 (D)))],
e YURBALAERE, W en®)=n,0)i=1,...,5, thille =[100000000].

HEREG DL, Ve RS, 53
V.(t) = 2x" () Px(t)

=2x"(1)P[404,0 0 4, E F Gly(p), (5.8)
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V(0= (O0x(0)+2 (1=, )Q, =0t~ )~ (t=1)Qx(t 1), (5.9)

V(@) <x" (@R +R)x(t) = (1= d)x" (¢ = h () Rx(t = 1y (1)) — (1= d)x” (= h(©)) Ryx(t ~ h(2)), (5.10)

V,(0) < x()Nx(t) — (1 - d,)x(t — () Nx(t — 7(1)),

(5.11)
V.(t) = 3" (O)(h>Z,+ b, Z, + hZ,)x(t) - h, jh i1 (s)Z,5(s)ds — h, jh' i1 (5)Z,5%(s)ds
Co | (5.12)
—L_hx (s)Z,x(s)ds,
H(5.2), Al
a’x" (O)x(6)— 17 (t,x(0)) f (t, x(1)) 2 0,
&3 (1 = h(O)x(t = h(0) = £ (1,30 = hO)) £ 6,3t~ h())) 2 0, (5.13)

o, %" (t—t()x(t—7(0)— 1, (¢, %(t — (1)) f, (1, x(t — 7(2))) > 0.
HIT0< ()< b, h()<h(t)<h, FTLAMSE] h(r) e[h (), h 15 h(t) €[, h], BIELS PRI
LR,
B—FEL, Hh@) e[h ), h]1F, H51HE 2.1, "JLIEE]

—h[ i ()Z,5(s)ds

—h[ F©ZEds—h[ ‘”xf(s)Zx(s)ds W “xT(s)Zx(s)ds

1
S_al(t)[jfh(t) X(s) ds] Z[I  X(s) ds]
=h () T 1=hy (1) T
-@[,hm $)dsT Z[[, | 3 (s)ds]
] g 5.14
ol F @zl i ods, (5.14
Hrf
_h@) 1@ Bk
a, (1) = h .0, (1) I ,04(1) 3 .
t—hy
~hy [ ¥(5)Z,%(5)ds

(5.15)

<[ ") asT Z[[ " 5(s) ds),
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- j i1 (5)Z,%(s)ds

l() T

:_j’h i1 (s)Z, x(s)ds—j' X' (8)Zyx(s)ds

—J‘t h(t)xT(S)Z x(s)ds— J.t:h x! (S)Z3X'(S)ds

t—hy
1

ha, (1)

1 =y (1) r 1=hy (1)
- ha, (1) [J.tfh(t) Hs)ds] 2 [J Xs) ds]

<-—

[jz ~hy (1) X )ds] [Jj—hl(z) *(s) ds]

N T AT

_h_[ [ i) dsT Z[[ " (s) ds] (5.16)

WA (5.14) F(5.15) 43 lliz A 51 B 2.5, IR, 3X(5,13) 0 = AN A5 500 71 36 BLIE 2L
&,6,,6, WARGBAT)HAL:
V(0)+ela’x" (0)x(t) = £ (t,x(0) f (1, x(1))]
+ &’ x" (1 = h(0)x(t = h(t)) = f;7 (¢, x(t = h(0))) £, (¢, x(t = h(2)))]
+&,[a,’ %" (t— () x(t —7(1)) — 1, (t,%(t — (1)) f,(1,%(t — 7(1)))]

<" (Olg, + ¢+ 11" QM7 (0), (5.17)

Hehw(i=1,2,3) fS,(i=1,2,3) RALEIERE, 2
[Zl W} {23 S,} .
>0, >0, i=1,2,3.
% Z1 % 23
BRSO, B A e[k, 0, FRBER T, WTLIE R
[ 3 (9)Z,i(s)ds

—h[ T @Zi)ds—h] ‘”xT(s)Zx(s)ds

S‘a@[L s O AT Z[[i(s) ds)

(z) 2@

1() T( )d]Z[J‘ 1() T(S)ds]
(5.18)
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2R GE R E VE o B

S AR
Hrp aAt)z%.
—h j ™ ()2, 3(s)ds
=, ¥ ($)Z,5(s)ds T (9)Z,5(s)ds
1
S_ocs(t) ['[f o T I'z [-[ X($)ds]
(t)dt i s)dsT Z[[ 5 (s)ds)
oot 1) = h(t;l B g 1y = MO hh(t)

- jl i (5)Z,3(s)ds

_.[: I (t))'CT (5)Z;x(s)ds - J._hl( )xT (s)Zyx(s)ds

—I h()x "(5)Zx(s)ds— _[ h()xT(s)Z x(s)ds
1

1 (1) r =y (1)
e [ jh i(s)ds]" Zy[ jh () ds]
1
S j, oy £()ds] Z[j i(s) ds]

1

" j %(s) ds]" Z[j '5(s) ds]
i <)

V() <n" (Og, + @, + T QMI(),
4,5), e

zZ, W, Z, M Z, S, '
>0, >0, 120, i=4,5.
* 7 * 7 I/

WRiE Lkt 4ie

y A A

Hrw,,M S, (=

35

(5.19)

(5.20)
X AN 3(5.18)-(5.20) %) %Ur“ﬁﬁ'%lfizs,ﬂﬁtit(s ) =AAEL A FLUIES ¢, ¢,, ¢

(5.21)

PRSI RANEE(5.3)-(5.6)8aL, MV (1) <0, BIRZ(S.HEE



PN e S VAT AT AR GRS AR I i 1Y) 28 G R RRUE 1 0 BT

FasE. UEBHTEHE.
ME=F=G=0,I, LT EHNKT.
SEH 5.2 XMTAEMHE|4, +a,| <Lk >0,h,>0,d,>0,d, >0, KRGS DETLFE, WHRAFLE
M PO, O, R, Ry 2,2,y Zy BAT W (j=1,,4),M,S,(i=1,--,5) , 1#75 F%{
(5.4)-(5.6) S T B AL RE BEANSE TURAL -
@+ +I1'QII <0,i=1,2,

Hrbr g, 0, T I5E SLFE(5.3) A K

@y=¢ (PA+A"P+Q, +R +R,))e +e' PAe,+e PAde,—(1—d,))e,’ Re,

—e, (1-d,—d,)Re;+e, (0, —0))e, —e,' Ose,
I,=[40 4 0 0 4,],
Q =h’Z +h’Z, +(h+h)Z,.

Hrbe(i=1,.,6) A/NYgERAL &, hille =[7100000].
54 HESEH
Bl 5.1 EEWT R4
-12 0.1 0.6 0.7 c 0 10
A= , A = , A, = LE=F=G= ,
0.1 -1 -1 -08 0 ¢ 0 1
H o 0<e<La20,¢20,a,20. %4 d,=02,d,=03,d,=0, W £ 51. %4

d =02,d,=03, d,=0.5, W3 5.2 SFLATH, Az HABNRTE
#51 a=0,0=0.1, HERKARVFEH A,

a,=0 a,=0.1 a,=02

hy 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3

CRR[25] | 1.3886 | 1.2886 | 1.1886 | 1.1437 | 1.0437 | 0.9437 | 0.8921 | 0.7921 | 0.6921

EFES5.1 | 1.3959 | 1.2962 | 1.2010 | 1.1521 | 1.053 | 0.9456 | 0.9210 | 0.8086 | 0.7062
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#52 a=01,a =01, SRR ET,

a,=0 a, = 0.1 a, =02

h 01 |02 03 | 01 | 02 | 03 |01 |02 |03
SCHR[25] | 1.1324 | 1.0324 | 0.9324 | 0.7885 | 0.6885 | 0.5885 | 0.4822 | 0.3822 | 0.2822
L 5.1 | 11536 | 1.0456 | 0.9456 | 0.85212 | 0.7328 | 0.6024 | 0.5356 | 0.4221 | 0.2856
Bl52  FHEWHARG:

09 0.2 “11 02 0.2

:{(11 —09}’AI:[—01 -—Ll}’AZ:{(l2 —01}’

Bk d =0.2,d,

FALE, AT UL,

=0.5,d, =0, WK 53. d,=02,d,=0.7,d, =0, WK 5.4. A[%1, 5 CHR[26]

#53 XNAFRM R, BRARVFRH ES g,
h, 0.1 0.2 0.3
CHR[26] 0.9704 0.8704 0.7704
EF 52 1.3200 1.2152 1.1121
54 XNAFEBIR, BRI EF
h, 0.1 0.2 0.3
CHR[26] 0.8786 0.7786 0.6786
EF 52 1.3116 1.2100 1.1006
55 4£ip

AREHLTC T EA 2 AAHLER AR IR 1 LR R g8 AR E

RERE I d () 73 B AR
ERG B ER ANETE7 RS i G

KUY, AREMFE

“EEAXT Lyapunov BR

37

P ]
BRBU S EA T AR E . BUE SE

. 3&F Lyapunov pR%L, 1#

1H
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SBNE AR AR AR A 42 P 48 B R e P A

61 5T

N T £ /% (artificial neural network, ANN), & —FfSifi =& M %&K45K, 1 H.
HA T HEATAE B M RS, BTN LI E BT 5T 5 06 A P 48 WX 25 O 0 6 il L 2%
DIRIBR R, DRIE N A2 X 28 SRR AR 2 X 2% (neural network, NN). #1258 [ 2% B K & 1 48 STl
TN TRLRE LB R B — 2 (R P P e, LA AR M OIS 3 B RS IE. PR 48 A0S 5 Ak
#, BEURA, NTERE, SAREET ZHRR . —J7H, fEtERa Mz —> =B
PERL. 55— 0710, WA P EAAAENTIR. MKt %, FIbma Mg
AaE YE I 1T IR AR 2 1) 2 IR AR

SCHR[B1IK I3 85, JER R FI s m Be, 433 7 BUNMRSTF VRIS E M2, T8I N
R ANEL,  SCHR[32145F 21 140242 0 28 1) IR AH OC B FE HiRe i R HE . SCR[33]%50& T &
PR AN RE R ) AR IS 3 R e P 2%, SR T 9 26 () 7150 Lyapunov BRI S 8034 T (87, SCHR[34]
SR B S H EAOER, 193] T BUN RS AT

A TR S AN AH AR I AR IS I e e P 2% B A e ME R R, RLFHAR ARG, 1930 TR
T e PR AT

6.2 RABEHIR
xR I R

(1) = —Cx(1) + Ag(x(t)) + Bg(x(t — d, (1) - d, (1)) +u, (6.1)
Hx() =[x,(8) x,(t) ... x, (O] WHZIREFE: g(x() =[g,(x,()) 2, (x, () g, (x, ()] N
R u=[u u,u, ] REER N R AR EREREN M, B R
C =diag(a,,a,,--,a,), H.c, >0 =1,2,---,n) , B¥5 R A (1), h,(¢) AT, HIFE:

0<h(t)<h <o, h(t)<d, <o,

0<h()<h <o, h(t)<d, <o,
b, hyhy,d,d, REEL IR EAR:

h(t)=h(t)+h(t), h=h+h,,d=d +d,.
38
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K 28 SATHIARE W ) 2 GO RS 4

B EE RS g, (Vi =1,2,--,n) HF, Hikc

(X)-g;(¥) .
OSMSG[, Vx,yeR,x#y,i=12,---,n,

X—y (6.2)
Hio,()i=1,2,,n) 5L

RIEAEREIE, REO6.1DEDLE DTN, BEREN TS ZE =[x 5 ...x 1, 1
LA 2() = x()—x"» BARG(6.1)EN:
2(t) = —Cz(t) + Af (z(1)) + Bf (z(t = d, (1) — d,(1))),

kit

z2(t)=[7(t) (1) ... 2,
fCEO)=L£/GEO) L(z0) - 1,01,
fi(z(N=g(z,()+x)- g, (x)i=1,2,--,n).
(6.2), "4

0< ff(zég)) <o, [(0)=0,i=12n,

6.3 FTEHED

EH 6.1 X T 4EH I A >0,k >0,d >0,d,>0, REL(6.)HHL A E , A0 RAFAE 1 € Ji B
P,0(i=1,2,--,6),R,R,,R,, 1t & X i % ¥ T,,T,,T,,A =diag(1,,2,,~,4,) » & & i [
W, (j=1--,4), 73 N ILMARE AL

@+, +T1I"QI1 <0,

(6.3)
R W
|:*j Rj,:|>0’.]:19"'a49
/ (6.4)
{& Wq>0
k
k, (6.5)

kit
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o= eIT (—PC - c'P+ O, +0,+0;)e + elT (PA- C'A+ 2T)e, + elTPBe9
—(1- cll)eZTQle2 + 62T2T268 -(1-d,-d, )e3TQ3eS+ e3TZT3e9+ e4T(Q6 -0,)e, — €6T Qg e
+e, (AM+A'A+Q,+0,-T,—T" e, +e," ABe, — e,/ (1-d))Q, + T, + T, )e,
—eg,T((l—d1 -d,)0,+T, +T3T)e9,

T T
0, = _{”12} |:R1 Wl:|{u12j| _ |:”45} {Rz Wz}{u“}
’ Uy, R [ uy, Usg R, || Use
T T
_L{”lz} {R3 Ws}{”m}_L{”ss} {Rs W4}[“56}
hy | Uss * Ry || uss hy | Uy R, Uy

Z:diag(o],O'z,---,O'n),
u; =e —e,

M=[-C000 0 040 B],
Q=h’R +h’R, +(h +h)R,.

WEBH #4Ji& Lyapunov PR

V(z(t) =Y Vi(z(1)),
= (6.7)

kit

V.(z(t) = 2" (t)Pz (1) + 22 A joz"”’ f.(s)ds,

Vy(z() = f, o (" ()Qz(s)ds + [T (z(s)O,f (z(s)))ds + j t_hm (2" (5)Quz(s)ds + T (2(s)O, f (2(s)))ds
+] Z 0 +[ ) Z (610

V(=(0)=h f’h [ zRxdsdo+h[ [ x9Rdsdb+| [ s)RA(s)sdb,

Hg 77 (EHER, 0
7O =[2" (@) 2" (¢~ h(0) (¢~ h©) 27 (¢~ D) 2T (= =Ry (1) 27 (= h) 7 (0) 7 (=~ 1 (©) 7 (2~ hO)]
VS R B6.DIHUE, X ()RS, 3

Fi(20) = 227 (P20)+ 2T (2(0)AZ(@), 65
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V(@) =2 (X0, +0 +0)z(0)~(1=h(0)z (1= h)Q2(t ~h () ~(1=h(t)z" (¢~ ht)Qz(t—h(0))
+x' (t=h)Q, — Ot —h)—x (t—=W)Qux(t—h)+ [ (z(ONQ, +0,) f(=(1))

—(1=h(O)f" (e~ h OO, f &t ~hO)~(—hD) " (2t—hE))Q, f (=t ~hD)) ©9)

Vy(2(0) = 2" (O(h*R, + bR, + hR):(0)~ hy [ 2" ()R 2(s)ds—h, [ " 27 () R,2(s)ds

W . (6.10)
B J.t—h z' (8)R(s)z(s)ds,

gt

IEEX AR A = diag(A,, Ay, . 4).

n

M (6.2), FEIEEMEMET,T,, T, #13 FHIAZER AL

=2f" ()T f (z0) +2f" (2(t)TZ2(1) 2 0,
=21 (2t = (O)T,f (z(t = b (0) + 2" (2(t = i ()T, Z2(t = b (1)) 2 0,

(6.11)
21" (2(t = h(O)T, f (2(t = h(1)) + 2f T (2(¢ = H(t) [,Zz(t = h(2)) > 0.

kit

sziag(alao-za"'aan)'
I H 2.1 f15| 3 2.6, 15

—hy jh " (5)R 2(s)ds

W) g

= Lth()z ()R zZ(s)ds — hJ Z'(s)RZ(s)ds

s{ 2() = z(t =1 (1) }{Rl Wl}{ 2(t) = z(t = (1)) }

Z(t—h (1)) —z(t—h) zZ(t=h(1)—z(t=h) (6.12)

~n, " M 2(5)R,2(s)ds
<[ TR ds—h[ 2 (5)R,2(s)ds

t=h—hy (1)

_|:Z(t_h1)_z(t_hl_hz(t)):| |:Rz VVZ:||:Z(t_h1)_Z(t_h1_hz(t)):|
(0= = by (1) =2 =) A== hy(@)-2=0) |
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[ Z ()R (s)2(s)ds
L T ) o
- .[—hl(t)z ($)R; (5)2(s)ds J.thlfhz(z)
=h (1) |y

_ J‘tt_—hhl_hz(z) ()R, (8)2(s)ds— I iy 2 (S)R;(s5)z(s)ds

1 zO-z=h@)  T[R W 2(6)—2(t— (1))
T | 2=h@) =z =k —h@) ] | ¥ R || 2 =h@) — 2t~ ~ Dy (1)

1 [2=h =) -2¢=0)] Ry W[ 2~k —hy(6) -zt ~h)
| 2t=h@)=z(=h@) | | * R || 2-h@)-=z-h@) |

745 10(6.8)-(6.14), A5
V) <n' (0)lg + o, + T QM (), (6.15)

MPEAERX (6.3)-(6.5)83L, My@)<0, BIRSG(6.1)ELTEE. WE5EHE.

2" (s)Ry(s)2(s)ds

(6.14)

6.4  FE Sl

Bl 6. HEEAA W N REE R ML R

C—2 Ol o)t O p_|088 ] =[0.3,0.2] = 0.4tanh = 0.8tanh
“lo 21712 BT 1,u—[.,.],fl(s)— Atanh(s), 1, (s) = 0.8 tanh(s).

Hd =07,d,=01Md =0.7,d, =021, XTAFEK A, RKEK R BHERE 6.1, XFTA
FI Ry, SRAGH) A E K 6.2, HHIEIEA 2, =[0.6,-0.51" I, RGN 6.1.

6.1 MTARE b, BRI F7R A

d =0.7,d,=0.1 d =0.7,d,=02

h 0.8 1 1.2 0.8 1 1.2
SCHR[35] | 0.8831 0.6832 | 0.4843 0.3942 | 0.2637 | 0.1617

T 6.1 | 1.5532 1.3534 1.518 0.8008 0.6050 0.4101
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#62 XTARM A, BKAOFNE LA

d, =0.7,d,=0.1 d,=0.7,d,=02

h, 0.1 0.2 0.3 0.1 0.2 0.3

WRR[35] | 2.1564 1.6464 1.4365 1.4081 1.1236 0.9391

EH 6.1 | 2.6928 2.2389 2.0639 1.8474 1.5292 1.3455

0.6

04 Z,(t) ||

-0.47 7

0.6 b

'08 1 1 1 1

Timels

6.1 R St v &

6.5 S

ASFEDT V8 1 PN K I AR I (4 e 22 X 2% ) A € PR TR, R Lyapunov 2 bR AE VA B
NEER TR, AR 2] 1R AR E EAE. D7 FSEBI G IR AR B AR Y 5 R IR I S A AL
P
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BEE MEEFRERRE ST

71 5lF

440 RS0 (networked control systems, NCSs) /& —FiffiETHREMEA . fHlHEA . M

LB AE DR R ST IR LR, AL S 28 SCHLI P S R R 58, DRI . 3R
I a% TS SR A SRR i, SIEME M2 EIIER, SCBL 7 NS E B scH. 5

eGEhIMLL, MR RG> T RGUEL TR 7 RGN ERE, LI 75 B 5K
=, fm VERERE. BT IEEMERIN N, PSR R S PN B A
PG, SPEARGER TR, LR A E MR RS 21 1 T2 A S BCHH0L

SCHR[3610 M 2% 15 1 R Ge & H, PEREREAT 1 08T, [RIRF et 1 s, STHR[3 710 HI3A K
2R I AR GUHEAT I T . SCRR[38 A 0 BURAHAIE FC 1 X 28 42 1) 3% S i L s 1%
. SCHR[3OVAIFH VI B R St 1 JE I 3E 2 AL far W 25 d ) R e, it 17 J S sh & i e 5
SE F2 il 4

ST EIRWTIT, AT A WA AN RN AR i R GRS H, PERE AT, RIS RS T
Zemp . BB R REIR. MG Lyapunov BREUIE RTINS AL FREOR, 153
TN TR 19X 28475 1l 2R Gk e A .

7.2 REEAHR

2 BTN FE A S AE K IS AR I i A% ) R

x(t) = Ax(t) + Ax(t — b (£) — hy (1)) + Ea(t),
() = Cx(t) + Cx(t — Iy (t) — h, (1)) + Fo(2),
x() = ®(), Vte[-h,0]

Hex(@t) eR" RIREHE, y@o)eR" M, o) eR ZIEBTHEANHJET L,[0,0); B
BRI A, (1), hy (1) PIT, HLiH 2

(7.1)

0<h(t)<h <o, h()<d, <o,
0<h(f)<h <o, h(t)<d, <o, (7.2)
Hrb, kb, d,,d, RERL JF AR

44



PN e S VAT AT AR GRS AR I i 1Y) 28 G R RRUE 1 0 BT

h(t)=h () +h(t), h=h +h,,d =d, +d,.
A,A,E,C,C,E, F & BA MY EHOEE, O@) RN REL

7.3 RSN

£ #H 71 XN T 4 E W B h>0h>0d>0d,>0,y>0, W R £ AEIE E
P,O>i=1,2,--,5),R, R, Ry, AERIEFEW (j=1,---,4), 13 T HILIEFEREASE R AL:

p+T1"QIT <0, (7.3)
KW,
. P =123
i (7.4)
R, W
{ *3 Rﬂ >0,
; (7.5)

W A2 26 1H(7.3)-(T.5) I R GL(T. D) RE 1, HEAEGEN 1, 8Ky,
Hrp

_¢11 Do D3 m W, /Ih, 0 PE+C'F |
0y @ R-W D5 W4T /h, 0
* ey 0 D5 _W4T / h, CF
o= * * Paa R, =W, w, 0 >
o * * Pss Pse 0
* * * * * Pes 0
ok w * * % oy |

9, =PA+A"P+Q+0,+0,+C"C—R —R,/h,
@,=R~-W +R,/h,

@, =PA+C'C,—W,/h,

@, =—(1-d)Q, + W, + W, —R —R" =R,/ h, =R,/ h,,
@y, =R,/ hy+W, | hy,

Qs =W, | b =W, | h,,
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O =R,/ b +W," | h,

p=—(1-d -d)0,+C\"C,—R,/h—R, / h,,

P =0, —Q +0s — R —R,,
¢55=—(1—d2)Q5+VV2+W2T—R2—R2T—R3/h1—R3/h2,
O =R, -W,+R,/h,,

Pos == =R, =R/ Iy,

@, =—y +F'F,

[I=[404 0 0 0E],

Q=h’R +h’R, +(h +h)R,.

UERH  #4iE& Lyapunov AL
V(e)=2V ),

(7.6)
o
V6)=x" ()Px(1),
=], ¥ ©0xds+[ ¥ ©0xds+[ | X ©Quds+[ | ¥ (9)Qu(s)ds
+ J-:_hl x" (8)Q0ux(s)ds,

=y (1)
o=, [ R0 ]| [ sR o] [ xR s)dsde
!
7' () =[x"(t) X" (1= () X" (t=h(0)) X" (t=h) x"(t = =h (1)) X' (1=h) &(2)].
WERZ(T.) WL, Xye) R, 153
Vi(0)=2x" (1)Pi(0)
=24 ())FA04000 EJ®), (7.7)
Vy(0)=x" (YO, + Qs +O)x(0)+X" (t=h YO, = O, +Q)x(t —h)—x" (t=h)Oyx(t —h)
~(1=d) (¢~ =) Qux(t~h ~ (D), (7.8)
V,(t) = &' ()(h >R, + h,>R, + hR,)x(1)— hy jh i ()R %(s)ds —h, jl” i (5)R,%(s)ds

_ jh i (s)R5(s) ds, (7.9)

[ 2.6, FTRIEELE IE RS R RV REAERE I, ﬁﬁ&[’fj mzo,ﬁ?%ﬁ(ﬂo)ﬁii:

1
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—h jh i ()R %(s)ds

—hy (1) .7

=—h o i ()R x(s)ds —h, L_hl x (s)Rx(s)ds

S_{ x(1) = x(t (1)) HR W}{ x(t) = x(t = Iy (1)) }

xX(t=h@)=x(=h) | | * R | x(t=h@)-x(t-h) (7.10)

S, AT LA 3
~h, [ ()R, (s)ds

t—h T . t=h—hy (1) | T .
<—h, i ()R,x(s)ds —h, L_h 2T ()R x(s)ds

t=hy—hy (1)

<_|:x(t_h1)_x(t_h1_hz(t)):|T|:R2 VV2:||:x(l‘—h1)—x(t—h1—h2(l‘)):|
“laen-meyxe-n | | R sah-me)-xe-n |

R, W
SO REHE W, f%@{; Rz}zo.

2

A, -
B .[tt—h i (S)RB (S)X(S)ds
- J.:_hl(t) x" ()R, (s)x(s)ds— I

t=hy=hy (1)

t—h(t)

%" ()R, (s)x(s)ds

[T )Ry ()x(s)ds— [T ()R, (5)3(s)ds

t—h(t)

< -

1 X -xt-h@) ][R W, x(t) = x(t = (1))
Iy | X6 =) —x(t—h —h@) | | * R, || x(t—h(e)) = x(t =~y (2))

_L_x(t_hl _hz(t))_x(t_h)}T {R3 W:t“:x(t_hl _hz(t))_x(t_h):| (7.12)

=

o L XE=h(@)=x@=h@®) | | * B [ x(t=~(®)—x(t~h(®))

| Ry W, R, W
H e S5 Ew, W, , WE{: Rﬂzo, {*3 R“}zo,

3 3

H(7.9)-(7.12), w73
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V() < x" () (R, + 1, R, + hR,)x(1)
xO)=x@t-h@) TR W x(t)-x(t—h(1))
_L(z—hm)—x(f—m} [ RI}L@—W))_X@—@)}
[x(t—hl)—x(t—hl —h, (t))}r {Rz Wz}{x(t—hl)—x(t—hl —h, (t))}

X(t=h—h@)-x(t—h) | | * R, || x(¢=h —h,(t))—x(t—h) (7.13)
1 { x(t) = x(t (1)) [R W}[ x(0)=x(t ~ Iy (1)) }
| x(t=h@)—x(t—h —h@) | | * R, || x(t=h(2)) = x(t = b~ hy (1))
1 [x(t—hl —hz(t))—x(t—h)}T 'R, Wﬂ[x(t—hl —hz(t))—x(t—h)}
| x(t=h@)—x@-h@) | | * R || x(t—h(@)—x(-h())
H(7.7)-(7.9), (7.13)7]73
Y Oy -y " (Do) +V () <n" ()e+IT" QIln(), (7.14)
At RE(7.3)-(7.5) %30, A
Y (O - o’ (Ha(t)+V () <0, (7.15)

FEEVIIEFET, BV 0)=0FV(0)>0, M (7.15) LA FINFRS, 71T

j: VI ()y(t)dt — j: 7o’ () o(t)dt + j: V(t)dt <0,
|
[y Oy <[ 7o’ o),
TR A |v], <r|o], 3 FrEaEER ) o) € L,[0,0) L. BTEARSE (7.1) HAG4ERT
H RBKF7 . AERE,
A VRIS ¥itF R 50306 A2 LA T 2% A
0<h(t)=h <o, h()<h, <o,
A LA s 2
FHE T2 XN THEHEEN>0,hL>0,y>0, RGT.10)H L FE, W iRGEEEEHEM
P,0(i=1,23),R,R,, Ry, fEREFFEW, (j=1,2), 15T INLNAEREALEXNRAL:

@+11,"QIT, +11,'T1, <0,

R, W, >0, Ry, W, >0,
* R, * R,
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Horp
_Q’u R, (2% W, PE |
oo, R-WW 0
p=|* * Ps3 (ZN )
* * * 9, 0
i % % % * _72_

?, =PA+ATP+Ql +0,-R —R,,
Q3 =PA+R,—W,,
0, =0,-0 —-R -R,

@ =W, + W, =2R, = 2R, + W, +W,",
Py =Ry + Ry =W, =W,

P =—0, —0;— R, —R;,

IT,=[40 4, 0E]

II,=[CO0 C, 0F],

Q=h’R +h’R, +(h+h)R,.

TE ] #Jit Lyapunov %
V)= 231: V@),
S v () AT.6), (0, Vi(0) T F
V=], X ©0x(ss+[ ¥ (5)0n(s)ds+ [ ()0x(5)ds,
Vi(t)=h, joh [ HoR(s)dsd+h jf [ HOR()dsd0+h j‘]h [ R i(s)dsdl)

W' @) =[x" @) xX"(t=h) xX"((=h—h(0) X' (1—h) &(@)], WHERG(T DT, STV () RSF. X
V,(t) R FAEG T Ab 3

—h, jh K(5)R (s)ds

-R R
o a2 A1)
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h, j;_hh‘ #(5)R,5(s)ds

< t—h,
- 1=l =hy (1)

< x(t—h,)—x(t—hl—hz(t))T R, W || x(t—h)—x(t—h—h ()
T xt—h=h@)-xt=h) | | * R, || x(t—h~h()-x(t=h) |

& ($)Ri(s)ds —hy [ (5)R, () ds

—h jh (s)Ry(s)ds

=—h[ xR~k [ H()Rs)ds

t—hy—h, (1)

_ [ xO=x@=h=h@) [ R W[ x()=x(~h = hy(1))
- x(t_hl_hz(t))_x(t_h) * R, x(t_h1_h2(t))_x(t_h).

R F e 7.1 FUE, AT LSS EH 7.2

7.4 FPERIRSG
% 1 I 4 425 ) R

{x(z) = Ax(1) + Au(t) + E(2), (7.16)

y(t)=Cx(t)+ Cu(t)+ Fo(t),
Hrpu(n ZEdlEN. K 7.1 2B REMEEIE, RRESRAI a5, B ds.
fEfilds . FHr R a2 F A T 3
BBCIRES x(r) £ T, JFH LS B GREANE, RN, KA E s,
BEUHRRN

v; = Fu u ! :,ojiuo(j),i:il,i2,---}u{uo(”}u{0},
0<p<Lu,” >0. (7.17)

Hrbu D REMKT, pREMEE. MM E SN

) 1 .
) u.(/) <p<

1
1+0'j 1—0/.

7,00 =10, v=0, (7.18)
—f;,(=v), v<0,

)
u, u”’,v>0,
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Hbo, = =/, .
b l+p
w Y
> MR >
u X
A 4
AT G
A
A 4
TR FR s A
A
\ 4
W 2 B W 2 B
d, Ty
A
S |

Kl 7.1 Mt R
TR E B R A IR 20 1, TERT 0 7, B, AR KBS 1) 2 B (R 25 1R 22 177 10 TN 245 i 3
& =t +d,  Fb o RNENE B A S, d, A2 AR 98 B W DR e A 1 4%
If3E. AR AE 5 A% B B R A A 15 17 25 WX 28 I i
BOTHA RS S A ) 2%

u(t,) = Kf (x(t, —11,)), (7.19)
Horh KRR R BUE et 50, B IR RIFEAS, ¢« NEMRIFSRIERNZ], f
u(t) = Kf (x(t, =1m,)), 1, S1<t,, (7.20)
ik
Mo ST < Tg 5

Hpp, Mg, Ks/MEMEKRIE, T 2153
by =t = (O + DA+ 17, -1, (7.21)
Heo,, M, Bt BWEERPEE, HHFHLS,, <0, 0 RARBIWEERNREREE.
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PN e S VAT

é,\
tk_nk=t_77m_t+tk+77m_77k=t_77m_77(t)’ (722)
Hhp@y=t-1,+n,-n,, EZHEE

0<n(t)<xk, (7.23)

He=n, -n,+@ +Dh

X, REi(7.16) AR
x(t) = Ax(t) + AKf (x(t -1, - (1)) + Eoo(2),
y(t) = Cx(t) + C.Kf (x(t =1, — (1)) + Faxt), (7.24)

75 H, PERESHT

Hi, BEWTRSR
2(t) = Ax(t) + AK (I + A@)x(t =, — h, () + Eoo(t),
Y(t) = Cx(t) + C.K(I + A(0)x(t — b, — b (£)) + Fa(t), (7.25)

Hrp
hz(t) < hzaA(t) = diag(Al(t)sAz(t)a"'7An(t))9Aj(t) € [_O-jao-j]aj = 1,1’1

ST 4 8 W B >0,k >0,y >0, R GE(7.25) WL A g, W0 R AFAE IE E B

EH 7.3
X,0,(=1,2,3), R, Ro, R M, » AEFEHREW, (j=1,2) (A3 T HULLEAE A
o A
L _M}O’ (7.26)
tHE
. 3 ML* >0,
2 ; (7.27)

gt
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P

*

*

=

*Nl

*

%

*

%

k

*

*

A=[00 AX 00000 0 0],
o :AX+MT+Q1+Q3_E1_E3’
513 :A1K+R3_W2a

azz :QZ_Ql _El_Ez’

S O O M

@33 =WI+WIT—E2—§2T—§3—R3T+VV2 +VVzT’

@4 :Ez +E3 _Wl _W;a
Duy :_Qz _Q3_R2_R3’

hXxA"  hxA
0 0
WK™A4" hK"A"
0 0
hE" hE"
0 0
R,—-2X
* R, -2X

*

*

AR IR SFAT AT, UPIRAS S g ad HERE K = KX

UERH: HAKI+A@) B 4, CKU+AQ@) B C, HEH 7.2, H

e

N

H

¢+T,Qr, +T.,'T, <0,

>
Il

513 2.3, (728 T

_4011

RI

53

4 = PA(KI + A1)+ R, W,
[,=[40 AK(I+AQ®) 0 E],
r,=[CO0 CK(+A()) 0 Fl,

%

sk

Di15Dr2> P335 P3s> Pua € X JA e HE 7.2.

(7.28)
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¢ I, I
* Q0 |<0.
% k _]
Horp
[,=[40 AK(I+A() 0 ET[hR, R, hR],
Q =diag(-R,,~R,,~R,).
7(7.29) " LA B
¢ I, T,
* Q0 |+55,+5,/8 <0,
% * _1
Horp

A
Il
*
*
S
W
S
s
(e

y =PAK+ R, —W,,
,=[PAK 000 0 hRAK hR,AK hR,AK C,K]T,
,=[000 A(t) 00 0 0 0],

MG 2.7, R (730)KARE XM RAFEM >0, Hi150(7.31)857

Sl

[x1 [1]

~ T
1 1—‘2

Y=|* Q 0 [+EM'E"+E,"ME, <0,
% % _I

gl H 2.3, #X(7.31) ST

{@ El}
<0,
* M

gt
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Yy I, r,f
o=[* O 0|,
* k _[

@, = PAK +R,—W,+ A* M,
XF VTR A, Y AL PIAFER LT, /B3 P=vs. Hh
J=dig(P",P", P, P[RR, R, I,P "),
it
xX=pP',0=P'0P",0,=P'0,P",0,=P"'O,P"",R=P'RP",R,=P'R,P,
R,=P'RP'\M=M"'W,=P'WP'W,=P"'W,P",K=KP"
£ 5L 6,6), (7,7), (8,8), (10,10) I AEFEALLR LT - XR,' X, - XR,' X - XR,' X,—XM ' X
AFEbRAER LMI 2, UEAREA LMI T EF KA. B+ X >0, R(i=1,2,3)>0, FtE
(R-X)R'(R-X)>0,(M-X)M'(M~-X)>0, T/&-XR'X <R -2X,-XM'X <M -2X.

Li4A(7.32), BATATLARB)EEE 7.3, iEHE.

7.6 HAESLH
Bl 7.1 FEHRA W RBGEFEK R S8-

0 1 0 1 0.3
A:{ },AI:{ }E:{ },Cz[l 0],C,=[1 0],F=025.
-1 2 -1 2 0.5
1E%:[’£ dl :O-I,dz :0-8 . ?‘Z’TI\]E/\] E*ﬂi\‘%\—iﬁ h1,h2 E‘%Dﬂﬂ" %Tﬁ%/J\E/\J]/' ?’:EZ_\A@ h1,h2 Hﬂ" )EH

Matlab [¥) LMI T HFRGM 7, R 7.1, RN, A= EGE/NOHETE.
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PN e S VAT

270 TR by, RABEIN

hy 1 1 1 1.2 1.2 1.2

h, 0.1 0.2 0.3 0.1 0.2 0.3

[42] 1.919 3.308 7.841 2.632 5.276 14.109
SEFR 7.1 1.799 2.309 3.749 2.338 4.015 7.945

Bl 7.2 AW REOERE N RS

0 0 1 0 0 0
0 0 0 1 0 0

= A= E= ,C=[0 1 0 0],C,=0,F=0.
-0.3 03 -0.04 0.04 1 0
03 -03 004 -0.04 0 0.1

BB FE A i B T =10ms, W 2% I fiif 77, =10ms, 77, =40ms, 6 =2, AL & f() A

o =p,=p;=p,=09, 1], =10ms, h, =60 ms, 2 =70 ms.
H1F A FHRFE(E A -0.04+0.7736 j, —0.04-0.7736j,0, 0, FiLl &4 AR 5. AT E M

BB MRS R ] A R R gk e, M e 7.3, 752

0.5605 0.1903 -0.0430 -0.1924
0.1903  0.5061 0.0776 -0.1350
-0.0430  0.0776  0.1848 -0.0720
-0.1924 -0.1350 -0.0720  0.1665

K =[-0.0741 -0.0570 -0.0971 0.01416].

b

R4E 2 7.3, 192
K=KX"'=[ -0.5614 -0.0155 -1.0511 -1.0308],

BRI #3452 1 B/ 7 = 0.6668. 1 225 SCRRSRAF 1) p = 0.7864. A J5 1 KA /N R R AT .
HYIERIRES R X =[ -0.6 0.4 -0.4 0.2], TiGEzhE WK 7.1.

R AT -
N cos(0.4¢), 5<¢<20
YOS 0 s

LYHARIRA N X =[0 0 0 0], HEANEWE 7.2.
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K=[-0.5614 -0.0155 -1.10511 -1.0308]

0.6 ‘ ‘
A X1(t)
xzﬂ)f
X4(t)
X, () b
_08 L L L L L L
0 5 10 15 20 25 30 35
Timels
Kl 7.1 IR, RGUIRZSE B
K=[-0.5614 -0.0155 -1.10511 -1.0308]
0.5 T T T T

5 10 15 20 25 30 35 40 45
Timels

_05 1 1 1 1 1
0

K72 AR, RGUIREWN

Bl 7.3 FEEA T RBOEREN RSt
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0 1 0 0.3
A= A= |E=| T |,c=[1 0],¢ =03 F=03.
1 -2 1 0.3

PEIF A RRAE A Ay —2-4142,0.4142 ) JF3R R 45 0 RG] 7.3.
TBORFEAR IR T =10ms, WZ5HE#F 7, =10ms,7,, = 40ms, 6 =0, FIFHFIH € 7.3, 53

[25624  -6.5282
1-6.5282 23.3468 |

K =[-43104 -1.2697].
IR, 7325/ y = 0.6529.

My =10ms,7, =40ms, 5 =2, FHEH 7.3, 535

Yo 2.6168 -6.6186
" 1-6.6186 23.3880 |

K =[-2.7073 -1.4652].

K=[ -4.1973 -1.2504],
LR B /NI 7 = 0.6678.
BPCRSHIIRE A 0.5], BN, 7.4,
(- SIEPN I

, sin0.8¢, 5<¢t<25
W =
0, Hit

REVILGE N[0 01, BRI, W 7.5 S —BEEE, faETRE, XU
ATTE A R
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)
xy(0) ]
/

. / -

7/

/

s
L 4 4
/
e
e
7
i ) ]
e
7
e
L - 4
e
e
// /
-
I - e
////// //////

Il Il

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Timels
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