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Abstract

The stability analysis of time-delay systems has always been a focus of academic research. This article
adopts the Lyapunov Krasovskii functional (LKF) method to conduct in-depth research on the stability
of time-varying time-delay systems, and proposes a mutually convex cubic matrix inequality. Firstly,
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the integral terms in the LKF derivative are effectively estimated using the auxiliary function integral
inequality and the convex cubic matrix inequality. Subsequently, based on the negative definite me-
thod of cubic functions, a stability criterion for asymptotic stability of time-varying time-delay systems
is presented in the form of linear matrix inequality (LMI) to ensure the stability of the system. Finally,
the feasibility and superiority of the proposed method are verified through numerical examples.
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I 28 G2 A M 40 AT A A58 1 MU ) — AN BRI SR 07 7] o I N R G R AR E PRI A T SR AN P A
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JIZEJR - Bhikb RS [13]. ZER A% [14] [15] A K e ek AR o A% [16] [17] [18] [19] [20]
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{i(t):Ax(t)+ Bx(t-d(t)), t>0 ()

(t)=p(t), te[-h,,0]
Hob, x(t) e R IR, o(t) e RTZVIMHE, ABeR™ &HHMFE, h,h, £HH, HAET R (1)
T 12 LLR 26 A
0<h <d(t)<h,. @
FUFT LT 51 BE A G I A2 I i 28 498 PO PR R
5188 1 [13] (=W WEE/R - BRI ASEN): SRR —DWFRIEERREW e R™, brfE a fl b i
ab>a, XTI ER S x:[ab]>R", H

W rl
(b—a).[:XT(u)WX(u)duz[rlT,rZT,r?,T}{ 3w 5\/\/}[%1 (3)
Hr,
ri=x(b)-x(a),
r2= x(b)+x(a)—éj':x u)du, 4
r3=x(b)—x(a)+& :x(u)du—ﬁj:j:x(u)duda

5138 2 [25]: SRR AXFRIERAIEW eR™ difta, f<(01) Bt f=1, MIRAELESHT
Izi Xl’ XZ’ X3, X4 c Rﬂxn , iﬁﬁinsz’Y3’Y4 c Rnxn , %

X, Y, 0 Y X, Y. 0 Y
AT bR I R I R ®
M CLN ANGE KA
1
—W 0
a 2[W+T1 T, } (©)
0 lW * W +T,
B
Hep, T,=pX,+aBX,, T,=aY,+pY,+a’Y,+p%Y,, T,=aX,+aBfX,.

51#E 3 [28]: A=WREH f(s)=a,+as+a,s’+a,s’, Hi, aeR, i=0123, se[h,h], T
Bselh,h,], FHLUFAZER, M f(s)<0
(i) f(h)<0,f(h)<0
(ii) f (h)—a,h? <0, f (h,)—a,h2 <0,
(iii)  (h)—ash? <O, f (h,)—a,hd <0,
(iv) a; (h, —h,)* + f (h,)—(h, =)’ (2a5h, +a5h, +2,) <0
SI3E 4 [29]: & IR f (s)=a, +as+a,s’, K, 8 eR,1=012, se[h,h,], ¥{E&se[h,h,],
iR LU AR, T f(s)<0

U]

@) f(h)<0
(i) f (h,) <0 8
(iii) f (h)- az(h - )2<0.
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~W 0
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t-h(t)

1 th et t-h(t)
2 .L_h(t).[g X! (S)dee —th—hz J.e X (S)dsdH

EW=[X(0) [ }(s)ds [x(s)as [, [x"(s)asdo [CF[ T (s) dme},
&(Ls)=[X(s) X(1) [ (6)do Limx 9)de}
& =[Opgan 1o Opoin ] i=12:12

SEEL L AR R by b, 6T UM R GE (L) RHTLRGERT, WRAFAEXFRIEE R P e R,
W, eR™, W eR™", 5,8, e R™ , SEXFFRAIFE X, X5, Xg, Xy, Xg, Xg € R, ARRAFE Z,,Z, e R,
Y1 Yo Ya, Y, Y, Ye € RO, A h(t) e[h, h, I, (13)A1(14) &AL,

2, =h® ()11, +h* ()T, + h(t) 1, + I, (13)
Q =h*(t)¥, +h°(t)¥, +h(t) ¥, +¥,, (14)
Pl I32 P3 P4 PS
PG I:)7 P8 P9
/\EP P = PlO Pll Plz ﬁ;??@%mﬁﬁ%
Ps Py
Pis

WERH: M~ LKF,

o,
Vi(t) =& (H)P&(1),
vz(t)=j:7h1xT( YW, x ds+j & (t,5)WE, (t,s)ds,
hlJ' © X(s)S,%(s)dsd0+(h j "X (5)S,(s)dsdo,
HHV ()R FATLL L
Vi (1) =¢T () 1 (1), + h(t)b, +(Z, +by) [ (1),
V, (8) =¢T ()] b (t) @iWL, + h(t) aR WL + [ e Wee, —e]Wee, + @ War, ~ @] Wa, + sym{a WL | |¢ (1),
Vi(t)=¢" (t)EzJ(t)—hJ:_rh X' (0)8,x(0)do-(h, —h)f::l X' (0)8,%(0)do,
FIF G 1 X AT AT, A
—hlj T(0)S%(0)do <~ (1) S (1),
~(h,=h) [ X" (6)S:%(0)d6

——(h,- hl)U X (0)s X(G)d6’+_[t:h(t))'(T(H)SZX(H)dH}
<_ , —hy h, —h T l T& +£ T&
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st a0 g ) i s s, R

hz_h1 hZ_hl
i§2 0
ol ) [ o oo e e,
0 S5 |"

2R LRI,
V()T (t)[h3 (t)cs +h? (t)(b, +C, +@aWL, ) +h(t)(b + ¢, + mLWL, )

(15)
+ (El +2,+b, +¢,+e/W,e, —e;We, + 7, Wa, —a,Wa, + sym{w31WL1} 1771)}4( ),

X TAEREAR 2,2, e R?™, LAUFEE3UR0L,
207 (t)[zl((h(t)- hy)es —e )+ 2, ((h, —h(t))e, —elz)]g(t) =0, (16)
¥ k& n B @s)+, A
v() ()[ (t)e, +h? (1) (b, +¢, + @gWL, )+ h(t)(b, +, +@WL, +sym{Z,es — Z,e,})
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+ Sym{meLi ~Z,(heg +e,)+Z, (e, —e, )} _771TS~1771>:|§('[)
=¢T(HZL (1),
X h(t)e[h,h, ], WERKAT)RL, WAV (t)<0, IEHTER.
TE 4: FAFA3)M(A4)2 0 TH5E h(t) e[h, h, | FI =R Sk JRT, IXANRE ELRAE I BLA Mt
FREA S (LM TR, B 512 3, (X4 AF L) LMI T2 L.
51 3, A4S LA N RS E PN .
SEH 2 fEbrih, b, XTI AR ARG Q) REERER, WRAATEXFRIEERRE P e RO,
W, eR™, WeR™", s.,S,eR™, WM X, X,, X5, Xy, Xs, Xg e R, AFEHFE Z,,Z, e RP™,
Y, Y Y, Y, Ye € RO, A h(t) e[hy, h, I, FIEASEXRRSL,
h*IT, + h’TT, + hIT, + 11, <0 =12,
hI1, + hIT, + 11, <0 =12,
hTT, +hIT, +T1,<0 =12,
h3IT, + 2T, + h,IT, + 11, 1T, (h, —h,)* —(h, —h, )’ (2T, +T1;h, +11, ) <0,
h*W, + ¥, +h¥, + ¥, <0 i=12,
h*W, +h¥, +¥,<0 i=12,
h*¥, +h¥, +¥,<0 i=12,
W, +h2¥, + W, + W, — ¥, (h, —h )" —(h, —h ) (2¥;h, + ¥,h +¥,) <0.

AT VEREASC G 5 A T I THER IR, HEIAEAR SO AR A AT AT, HATTAE A 512
2 % RHEAT AT, IR A 1B 4 19 30 LU AR PEHEI (2 22 3).

mfi 3 GERRE b, 0T A2 ()M RS REDLAE R, WRAFAEXFRIEE JFE P e R,
W, eR™, WeR™", 5,5, eR™, XIFHFE X, X,, X;, X, e R*™, AERHEZ,,Z, e R,
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Y. Y, Y, Y, € RV, Eh(t) e[hy,h, I, FRAERL,
h?TT, +hIT, + 11, <0 =12,
h2IT + hIT; + T, — (h, —h, )° T, <0,
¥ <0,
Y, + ¥+, <0,
Y, -, <0.

5. H{ESLH
FEARFTH, B A2 B EUE S 7 R IR TR I B =R A S U, BB RS

1), ZREWNSEUT:
{o 1.0} {0 0.1}
A= . B= ,
-10 -1.0 0.1 02

KYEEH 2, THEMETE hy X hy K E5, JRIEERSIT38 1.l SR AT LU I,
SERL 2 PR AL hy (AR BOK . RIS, ASCHRHE 2 PE 3 45 H A S AR s VEVEIL,  [RRETT S 455 hy
XTI hy (R B 5o GBI BUE SR MR LEE R, AR E T B USRS R Uit (R 52
5T B = UG FEA RIS BT AE

Table 1. Upper bound h, given by h;
FLhBETHMER,

h, 0.0 0.3 0.7 1.0
[12] 1.59 2.01 2.41 2.62
[30] 1.64 2.13 2.70 2.96
EFE 2 1.59 2.99 3.09 3.38
EM 3 1.98 242 2.90 3.09

5 BUEAGSREIAY K SRS B, Rk, s REA k. EREENE, BT
ANSCRE NS SR AP T A2 78 BEWCE IR R Fo v L5, T HOR RESS i fs oK Fe v L F IR 0 T ARORE R (B g 2
BUE AFAERERE) o SRTT, SRR L KR FEIF AN R fe v 5. BRIk, AEATT R BATAR S X S s

ffy EAAHAY o
VE 6: AR M0 E ST A MATLAB, b i B 2 a2 (LM T4
6. &it

AR SCE SIS B SRR PE LR, SRt T — A E O SRR SR, SRR T R
WARAOREPEEI . BEAb, St T 4 YRR AR R P I, DA = AR R
HOP e . SCUt AR, TR 72 B AT AT PE R R
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