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Stabilization analysis for systems with
multiple interval time-varying time-delays

WANG Xin-mei', WEI Wu?, PEI Hai-long?, HE Liang-hua'

(1. Faculty of Mechanical & Electronic Information, China University of Geosciences, Wuhan Hubei 430074, China ;
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Abstract: The stabilization of multiple interval time-varying time-delay systems is considered, in which the derivatives
of the time-varying delay is unknown. By choosing appropriate Lyapunov-Krasovskii functional, the auxiliary variables
and the generalized states, we derive for these systems the sufficient conditions of delay-dependent stabilization in terms
of LMI (linear matrix inequality). The results are free from the restriction on the derivatives of the time-varying delays;
thus, can be applied to systems with fast time-varying time-delay. Compared with existing relevant results, our results are
more general and less conservative. Simulation and numerical examples validate the effectiveness and advantages of the

proposed method.
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2 T S0 IR K ) JE PRI (System descriptions

and preliminaries)
2.1 )@ 43R (System descriptions)

F T IR I R G

k
=1
z(t) = ¢(t), t € [—Tmax, 0].

e z(t) € ROREZ R, o(t) 2] 4k % 1,
7 () A DX TV I 2R PR AR A IRy Lt 2

0< Timin < T (t) < Timaxs; Tmax = maX(Timax)')

Aoy Ayli = 1, , k) J 03 500 3 RS20 . i
s

Til/2 = i(Timax + Timin), 0;

I)_I\IJTi(t) = Ti71/2 + 5imi(t), iZS’ﬁ_
{ 2Ti (t) — (Timax + Timin)

6]

1
— i(Timax - Timin)?

s Timax > Timin
Timax — Timin

07 Timax — Timin
Iy
Im; ()| < 1,7:(t) € [Tinje — 0isTine + 6. (2)
KIS HL T, 1 )2, 0 AFBNZK R R INTE
P78 53 21
2.2 #H3<5|# (The lemmas)
ST 1 X HEAE YT = W, y S
RIE R PEX
+22Ty < 2TX 1o + ¢yt Xy.
SIH 2 @l YR REY, D, B, Y
FEXTFRIFT, T
Y +DFE+ETFT™DT <0
KT WA FTE < TWH B FRor, 24 HAL 2447
E— e > 0, 15
Y +eDDT +c'ETE < 0.

313 RS
(], a(@)do)™(],  #(a)da) <

h Lt " (a)z(a)da.
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2.3  FHIKFRTEE(Some remarks)
X HL B — S bRyl
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3 FE 4 (Main results)
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k k
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T
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T T T
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wk+3=diag{—ﬁ,1/2R1 —7'2,1/2R2 _Tk,l/QRk
—0S1 — 88y - — 0.k},
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& X Lyapunov-KrasovskiiiZ i 4

k
V(a)=a"(t)Pa(t) + 2[f, ., 2" (5)Qux(s)ds +

i=1 oz

0 t
. T .
[, as [ T @)Ri(0)a0 +
—Ti,1/2+0:
I_Ti,l/z_éi
EKH: P >0, Q >0, R >0,8 >001=
1, k). KRBT I A]eR 343
. k
V(z)=2z"(t)Pi(t) + > [¢7(¢)Qsx(t) —
=1
a"(t — Tiny2)Qix(t — Tiny2) +
Tinjed " () Ryi(t) —
f: #T(0)R,2(0)d0 +
—Ti,1/2
26,47 (t)Sd:(t) —
t—Ts1/2+0:
] T (0)S,3(0)d6). @)

—71,1/2—51'

ds f; #7(0)S,i(0)d0].
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ATl(t) = Tl(t) — 7'@1/2,
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t=Tiayetoi o .
- (0)S;x(0)do <

t—Ti1/2—0i
—sgn(A7(t)) L_w)
SINTT SR
§r(t)=[z"(t) 2" (t —T11/2) -
at(t = Tia2) @ (1))
Flk + 1A B 1) &

t—Ti1/2

7 (0)S;2(0)d0.  (5)

M =[My My - M, M.,
N =[Ny Ny .-+ Ny Npyil,
: (6)
O =10y O1 -+ Oy Opy1l,
N"=[Ng Ny -+ Nj N4l

N
26T ()M T [2(t) — x(t — T1,1/2)—

fﬁm #(s)ds] = 0,
26T ()N [(t) — 2(t — To.1)2)—
Ltmﬂ #(s)ds] = 0,

: )
26O [x(t) — x(t — Th/2)—
Lth #(s)ds] = 0,

26T ()N [Agz(t) + éAﬂ(t — Tinj2)—

é A; [T 3 (s)ds — i (t)] = 0.
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15 1B e 51 PE3, ]I 4
X! 271,1/2R1_1, A

1FE LU AR

— 2T ()M ft

t—T1,1/2

—1 —1
7X :Tk,l/QRk 5
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k
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JE||Fi(t)]] < 1. oAt Az 55 v B ) 28— 350 23 1) il 0 4
. 3K BRI R S5 e ARSI RGE10) AR
S8 1)

EF 2 HA XA AR 2R A AR
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B, FAFEAIE BN IE & FREEP, Qi Ry, Si(i =
Lo k) AKX, My, NG, -, 0;(j=0,1,-- -,
k+ 1)\ 1E%ke, 615 T ILMIE 7

A R
* —el 0 ... O
* x —el... 0 | <. (12)
* k% ... —cl
A
r ./ ! A ! /7]
P11P12- - Prrrr Prr+2 #1
¥ Qhoe Phgpl Pare P2
¢ =
O ‘P;c+1,k+1 @;c+1,k+2 90;9+1
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X HL:
¢1=1000 -0E100---O]T,

¢y=1[00 - 0FE, 00 --- 0",

G =1[00 - 0 E]".

L @) R IE P E AT I A (2K + 2)4N0, J5 I
1 (k — 1), ¢k b B, T A (2k + 3)0,
JEIA (k — 2)1M0. DLHSEHE, o) Fak X B AT
11 (3k + 1)10.

PLai=M§ + N+ +0f + Mo+
k
No+--+00+ > Qi+ A X +

=1
XTAT +e ' XTE]Eg X +
e[(DoDy + - -+ + DD} +
82D,DT + --- + 62D, DY,

P = W M A N+
O + 7"171XTA0T +A X+
elr_1(DoDg + -+ +
DkD;cf) + Tlfl((;%DlD;F +---+
82Dy D), L € [2,k + 1],

80/1,k+2 =M1+ Ner + -+ O +

P—X+rpa XTAT +
5[7’1@+1(D0Dg + -+ DpDY) +
Tri1(6; D1 DY + -+ + 67D, DY),

90;,1':_WiijllT_Wiijll_Qifl'i_TiflAi—lX +
ria XA+ 5[7“?71(D0D0T 4+ 4
DyDy) + 17 (8{D\DY + -+ +
DD +e ' X"El B\ X,

i€(2,k+1],

P = =W Wi A X+
ijlXTA;El + 5[7"1'—1(D0Dg 4+
DDy )rj—y +1i1(0D1 DY + -+ +
0Dy, Dy )rj-1]-

XH:
i€ [2,k], €3 k+1],i<7,
‘P;z,k+2 =
Wi e XA = X+
e[rn_1(DoDg + - -+ + Dy Dy )i +
Pt (03D DT + -+ + 02D DY )1y,
n € [2,k+1],

/ —
Prt2,k+2 =
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Do TiaeRi+ D0 208 — i X —
i=1 i=1

rk+1XT + E[Tk+](DODOT —+ -+
DkDg)rk+1 + Tk+1((5%D1D1F 4+ 4

57 DDy )i

/o T T T

@y = [TaoMy To12Ng o0 o120
SLALX - 6 AKX,

/ . T T T
o = [M112Mpy T212Np - Te12050

[ NjTDy NDy 0
N;TDg N/'D, 0
T T

H = NI/chl Do - Nl/chl Dy 0

0 0 0
[Fy 0 0 0 0 0 0]
0 E; 0 0 0 0 0
00...E._10...0 0 0
0 0 0 Ej... 0 0 0

L: . .k ’
00 0 0...B;,... 0 0
0 0 0 0...0... 0 0
0 0 0 0...0...F,,0
|0 0 0 0...0... 0 Ey

H, LA (3k +2) x (3k + 2)HFE. #:0313)+F e
< OMFRGE(10) A2 Hrs ba e 1.
5122, A3 T e < 05T
po=1+eHH" +'LTL < 0.

B T00 () FL RIS B 45 0K AN F g e, (H2
B RS BE N, T (DeDT + - +
Dy DY)NJ_ S50, NI FA AR HE LM, 750
B IR THe. X
N(/):V, N{:mV, .

FFAE

! —1
t Nk+1:7"k+1V, X:V s

o=1v+ecHH" +'LTL

Jin 45 2 i P 22 4 43 3 o LA diag { X T XTr

¥27 %
e A X o Sprea1 A X,
¢;€+3:diag{—q-1)1/27?,1 —7'271/2732 _Tk,1/2Rk
— 0S8 — 808y - — Sk}

B 25558 AT T I 2 B0 A (2) HLAS B 1
XADW RGN0 FRE.
UE - 7E s B AL R AN e (DA
B AILMI (3):
o=v+HF{t)L+ LTFT(t)HT.  (13)

YIRS TR E L X AL

0 &N)'Dy 5:NTDy, ]
0 6N/ "D SN Dy
0 &N, "Dy kN Dy |

- IYOX B XTI (3k + 2)4, B & T

WA kA S B 4
P=XTPX, Q;=X"Q;X,
Ri=X"RiX, S;=X"'S,X,
1=1,---,k;
M; = XTM;X,
N;=XTN; X, ,0; = XT0;X,
§=0,-k+1,

HH Schurfh & B 0] DA 21 5 BE2.

FE 1 MEEEURUE BT LA H, AR SO S SR e
SR T BOBAT AT AT BRI, [5) SCRR(1,5,6] 7 1 It 25 44
g B R A3 5% R B L, 68 I 2 508 Bk, S T
SERRE L.

20 oEEL2 K I 4 BRI R W, A
PR S A, (&S
4 i 25 & #(The simulation and numeric

example)

S O T AT AR A SR S LU, A
3z Y BEVEEAT AH RIS (1 05 22, BRER X)) R &8
bS]

i(t) = Aw(t) + Ayt — (1)),

A
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2.0 0 ]7A1:[—1.0 0 ]

0 —0.9 1.0 —-1.0

AR T LB RN A SR SN, R — 4l
o 2 BH A SC 4 T A0 B (s 5 OR ).

K A RAD KR 4 R G SR AR

Table 1 Date compare in recently relevant
research results
Tk B L PR
Niculescu et al.[”] 0.3440
Sul®] 0.4045
Li and de Souza!”! 0.7218
Yue and Won!*?! —
Park(!1] —
Fridman and Shaked!'?! —
Huaicheng Yan *, Xinhan Huang[l?’] 0.9999

A BB (t) € [0,3.9996], % Lk B T
HIF 5 ok A L3V I 3 b RO T 443%, 07 B4 R
K17,

0.5 T T T T T

0.3 A

x(?)

0.1 b
0.0
=0.1 b

_0.3 1 1 1 1 1
0 5 10 15 20 25 30

t/'s
K1 REukaEihg

The state curve of system

Fig. 1
X B RGUREWIUHE 2(0) = [-0.3  0.5)T.
H 017 245 0T LU HE, A SO 25 BLBCHT IR SC )
a5 A TR RSk
B2 R RGEA
i(t) = (Ag + AAg(t))x(t) +

3
ST(A; + AA; (1) z(t — 74(t)).
=1
o
do | O] 4 [02 03]
21 0.2 0.1
0 -1 03 0.1
Ay = -
2 1—2]’ 3 [0.2 1]’

01
10|’
F = [sin(0.01¢) cos(0.01¢)].

e=01r =rpo=r3=mr4 =017,/ =
1m0 = 15,7512 = 2,61 = 6a = 63 = 0.5,
XH, A7(t) € [0.5,1.5],m(t) € [1,2],73(¢t) €
[1.5,2.5]. AHASCH R € #2847 07 s g. Bk
RYURE WA A 2(0) = [-0.3 0.5]T. Nz
P8 73 S0 i dhs LR A7 3 i e (L E12):
0.0162 0.0013] Q1[0.0085 0.0161]

P:
0.0013 0.0170 0.0161 0.0480

o, 00306 0.0135] - [0.0101 0.0181
27 10.0135 0.0342] = 10.0181 0.0553 |

Ry — 3.3160 —0.0123 B 2.4468 —0.0051
171 20,0123 3.3008 |7 27| —0.0051 2.4403 |’

o | 20342 -0.0102 [4.6653 0.0143
271200102 2.0013]" 7' | 0.0143 4.6062 |
~ [4.6637 0.0106 ~ [4.6675 0.0142
7 10.0106 4.6346 | [0.0142 4.6360 |’

—0.0144 — 0.0028
—0.0028  0.0036 |

0.6 T T T T
0.4 7

t/s
K2 RGukaihsk

Fig. 2 The state curve of system

5 4Z5i&(Conclusion)
ARSI T — A DX TA] I AR 22 R I ¥ HL
N7 5 BN A T 3R G0 1A A e ) R T ok vk
4 P () Lyapunov-Krasovskii & %5 DL Az il Bl 48 2
J7SCIRASVE, LMIR)JE 34 T I A 5 1 A2
SE T 78 43 4 . AR S0 &5 S I 1R B0 AT AT AT
BRI, R T B AT BRI AR I R 8. JF HNAR SO
ghveh ] Lh43 25 5 145 SR S IR Y s s 0 S e
PRSI, 5 CA A R A L, S50 5 R AT
R, VS ), ORI AR, B E i
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