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Abstract: The robust stability of neutral systems with time-varying discrete delay and norm-bounded uncertainties is
studied. Firstly, a new variable is introduced to replace the uncertainties of the systems. Then, by constructing a new
Lyapunov-Krasovskii functional, using integral inequality and introducing free weighting matrices, we derive a new asymp-
totic stability criterion in terms of the linear matrix inequality(LMI). The obtained criterion takes into account the neutral
delay, discrete delay and the derivative of the discrete delay. This result is less conservative than some existing results. Fi-
nally, numerical examples demonstrate the improvements over existing results, and show the relationship among the neutral

delay, discrete delay and the derivative of discrete delay.
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2 0] B4R (Problem formulation)
2 [N 2 ST AL AR N R G
(t) — Ci(t — 1) =
(A4 AA(t)z(t) + (A1 +AA (t))x(t—h(t)),
IL‘(t) = Cb(t), le [_/77 O]
)
Hr: o e RUOWREZ & A, Ay, CHIE 48U
B, HFEFECTIE P 12p(C) i L p(C) < 1; h(t) M
AR ISy, HL 2
0 < h(t) < h, b(t) < d. 2)
o by dRHEG o(E) VIS I BAE R AL, Hy =
max{7, h}; AA, AA; & FATIE 9 48500 A e I
Ak, HEALIN B
Hor: D, By, By 43 4500w BOR B, F(t) oAk
FIRTI AR R R, HG A2
FT(t)F(t) <L

XNT ARG, 2
q(t) = Era(t) + Exx(t — h(t)), )
MRS P R7R A
i(t) —Ci(t—71) =
Aw(t) + Ave(t — h(t)) + Dp(t),  (5)

p(t) = F(t)q(t).
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3 FE 4R (Main results)
AT 572 hiLyapunov-Krasovskii /7 7%, 45 H T
Hh 7 RN E AR IS B G RS MR, ARG AR
SEfil Bgs i T ML
[Ep
) =" 7T -7) [ aT(s)ds]
2 FE N R i) Lyapunov-KrasovskiiZ b :

Vi(z) = ;Vi(if(t),t) (6)
Horp:
Pl P2 Ql
Vilz)=C (t) | » Py Q2] C(2), (7
x % Q3
Vaw)= [, " Was)ds, ®)
3(xy) hJ; hf u) Zy&(u)duds, 9)
Vi(zy) = LTxT(s)Rl:r(s)ds, (10)
Va(z) LtT'T(s)Rﬂ( )ds, (11)
5(xy) L TL L (u) . Z3 )] duds
12)
5| B LA] %0
V) > ([ ) a:(s)ds)TRl(Lt_Tx(s)ds). (13)
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it XD~y 50, 5 T HIAE AT
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P P
7, U 1 12 Q1
7 >0, * P3 Q2 >0, (15)
*
8 ¥ x Q3+T IRy

| Lyapunov-KrasovskiiiZ B8 (6) 4 I 5E 1.
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X HL:

II)w=PA+A"PL+ W + R+ 72, — Zy +

Q1+ Q7 +S1+ 5] +AETE,

I, =A"P,— Qi+ Q) + S5 — S,

Iy =P A, + Zy + ST + \ETE,,

IIs=A"M" + 17U + ST,

H22:—R1—Q2—Q2T—52—52Ta

I3 =Py A, — 57,

I3 =(d — V)W — Zy + AEj Es,

IIys =Ry 4+ h?Zy + 725 — M — M™.

UE 3% $fLyapunov-Krasovskiiiz B4(6), V;(&)H+

RGN 0k

P P, Q (t)
Vl(:r:t)=2C(t)T * Py Q) it —7) ]
x ok Q| |x(t) —x(t—1)
(17)
Valzy) < 25 ()Wa(t) — (1 — d)z™(t —
h(t))Waz(t — h(t)), (18)
V:z(fft) =
12T (1) Zo# () — h :_ 7 (s) Zoi(s)ds <
22T (t) Zo3:(t) +
x(t) —Zy Zy x(t)
2(t—ht )] . 7, x(t—h(t))] » (19)
V;(xt) =z "(t)Rix(t) — 2" (t — T)Ryz(t — 7),
(20)
Vs(z,) = &7 (t)Roit(t) — T (t — 7) Roe(t — 7),
(2D
[0 [z v [e0]
V(a1) [a’:(t) « Zy | | @)
t|x(s) Zy U | |x(s) .
»Lf'r [x(s) * Zg x(s)] ds. (22)

H G T, AL AN IER N, A1 XAz
AN Byz(t) + Eyx(t — h(t))" x (Byz(t) +
Exx(t — h(t))) — Ap* (t)p(t) = 0. (23)

HHLeibniz-NewtonZa 3K 1] %1, % -1k >4 4 20170 0 FF

M, St

28T ()M [Az(t) + Ayz(t — h(t)) +

Dp(t) —i(t) + Cz(t — )] =0, (24)

26T (1) S[a(t) — x(t —7) — L _@(s)ds] = 0.
(25)
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Horr:
ST =[St Sy Sy S S5 S5l
§N(t) = [z7(t) a™(t —7) 2" (t — h(t))
@t (t—7) @ (t) p' ()]
Zi LA b g Hr, 1S

V(a,) = z Vi(a(t). 1) <

1 ot
—_ nT(ta S)Hn(tv S>d8'

T Jt—1
Horp

0t s) =[€7(t) a7 (s) @7 (s)]-

LA, R IT < 0, WAV (z,) < 0. RUAH &
SERVRIN A R AEE AR E R, EEE

F 1 AwEHIFHR = PC, P = —CTPC,
Q1 =0,Q2=0 Q3=0,2, =0, Z3=0, U =0, il
AT A4S 3 SCHR(1 8T AR T RIS, AT AR B8 Bl B T A
(I E s BT SCiR18] P I 4 .

E 2 B TRIAT AR, o) RESC)H A E
PEAE N — N AT I8, Rk, MR R E A
SCAR[11,13,15,16] (AR vk B Ui, R ZARH e #R 1 v
fRIDp(t), £0 3 4] B R B BT 45 3 A I (R R i Mk 45 1.

E 3 Un(t) = h # T, LB = 0, BTG
) v S R IS 2R G 5 b S R I O 4 R %
FaE A, 2n(t) = h = 7H, £ Lyapunov-KrasovskiiiZ
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4 i &P (Simulations)

[1]

N

Bl 1 25 B4R LA R S
—-02 0
r(t) — t(t—h) =
(1) [ 0.2 —0.1] #t=h)
—-0.9 0.2 —-1.1-0.2
t t—h).
[ 0.1 —09| ™ )+[—0.1—1.1] z(t=h)
&1 R 7 ik RAF 0 I KA AL
Table 1 Allowable time delay for different methods
Jiik o SCHR[S) SClR(e]  SCER(19]  SCIER[20]
h 1.3718 1.6527 1.7191 1.7191
Jriko SCHR[14] ScER(18]  scik(12] o g1
h 1.7191 1.7856 1.7858 1.7891

LAA = AA, = 0, FIHHERL, TR Z R
Gidg KN W vk = 1.7891. R14H T A
FCAh 7 35 B SR A 1) B KA, R 5 B
MR[5,6,12,14,18,201AH L, H#EIS 1R S /.

A2 RF) T AEE T RAF 6 R KB A
Table 2 The maximal time delay for different 7

T 0.1 0.2 0.3 0.4 0.5
CHR[20]  1.7728  1.7641 1.7552 1.7464 1.7378
EH 17536  1.7514 1.7486 1.7451 1.7409

T 0.6 0.7 0.8 0.9 1.0
SCHR[20] 1.7296 1.7221 1.7156 1.7110 1.7086
T 1.7360  1.7301 1.7233 1.7154 1.7097
T 1.1 1.2 13 14 10000
SCHR[20] 1.7078 17076  1.7076  1.7076  1.7076
EH 1.7089 1.7088 1.7087 1.7086 1.7083

Md = 0.010, M NTFARMT, XAA = AA, =
0, 2% T F FH SCHR[207 7 1 A e 1 4 4 Je A< S

(52 BB SR A I I 6 b . nTDUE v A
N3 5 2 BN R R L R fET > 0.5I, AL
(R85 10 PR sT PR N, I8 W] LA, B AR E T
Fl A F e SRR, S — T, 5 SCHR[20140 T, S8
IS HE AR E Ko(t) € RUE, E@#f1hfE
T 5E (AR B H0h (3102 + 9n) /2, 1T SCRR[20] 0 75 22
i 5E A AR (59n2 + 11n) /2. A, KAt 5
RSB BERA, AR SRR PRI T Sk [20] H
(12518,
Bl 2 2% L8N TH AN E T ar AR I R 4
i(t) — Ca(t — h) =

(A+ AA)x(t) + (A, + AA)z(t — h).
[ARREE
0 —0.9 —-1-1

Hrr:
c 0
0 c] ’
0<ec<l, D=1, E,=FE,=0.21I.

L3HH T e NOF0.478 A1 INF, A HE 1R 11 3T
HR[6,12,201 (¥ J7 V2 T4 1) 1) dse KIS e, P BAF H
AR ST M RS I 0 AT B /N B DR AT

A3 RF) BN P RATF OB K AT A

Table 3 The maximal time delay for different ¢

2 0

A: ,C:

c 0 0.1 02 03 04

ScEkie]l 239 175 127 091 0.63
YHER20]0 239 1.89 148 1.15 0.87
CHR(12] 239 206 176 148 1.22
AT 243 225 204 191 150

B3 REAHIE DL AR NG R G, Horb:

A -2 0 A, = -10 7
0 —-0.9 —-1-1

0.1 0 CAA = 01 0 ’

0 0.1 0 09

C =

m 0
0

Hh(t) < h, h = T, F4BH T fEe = 0.10,
A AN TR 1 7 325 e 4 280 10 e K Vi (L. 7T U H,
Fo I ¥ AL 5 B 9 3 B R LG DG Ry d > 1
SCHROI3IA 7 ¥ AN ] Tzl . 53 4k, AIHI 3C
BR[22] 70 (R Z5 18, W49 2 /N 1A S 45 2R 1 I iy L
G, SR, SCHR[22] P g e S L AU E G, B
ST EZ AR K, 5 RS EE, @ 2L E
A N ERSTE.

A"41 = ) ‘,yl| < 0]-5 ’72‘ < 0.3.
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Table 4 The maximal time delay for different d

d 0 0.1 02 03 0.4 0.5

SCER[13] 0.80 073 0.65 057 049 041
k(18] 0.87 0.85 0.82 079 0.76 0.73
AT 095 092 089 0.86 0.83 0.79

d 06 07 08 09 d>1

SCHA[13] 033 024 016 007 @ —
k(18] 0.69 0.66 062 058 055
AT 075 071 066 0.61 056

5 458 (Conclusion)

AL G T v ST R AR I R G () R T )
Lk 51N AR R A R G AN T, K
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