CHAPTER 5

Stabilization and H,, control problem for nonlinear system

with time-varying delay

In this paper, the problem of asymptotical stabilization and H,, control of non-
linear system with time-varying delay is considered. By constructing a set of improved
Lyapunov-Krasovskii functional includes some integral terms in the form ftth(h —t—
s)7 2T (s)R;i(s)ds (j = 1,2) a matrix-based on quadratic convex, combined with Wirtinger
inequalities and some useful integral inequality. H., controller is designed via memoryless
state feedback control and new sufficient conditions for the existence of the H., state-
feedback for the system are given in terms of linear matrix inequalities (LMIs). Numerical

examples are given to illustrate the effectiveness of the obtained result.

5.1 Problem Formulation

Consider the following system with time-varying delays and control input:
&(t) = Az(t) + Dz(t — 7(t)) + Bu(t) + Cw(t) + f(t, z(t), z(t — 7(¢)), u(t), w(t)),
2(t) = BEx(t) + Gx(t — 7(t)) + Fu(t) + g(t, z(t), x(t — 7(t)), u(t)),
(5.1)
z(to +0) = ¢(0),0 € [~72,0], (to, ¢) € RT x C([~72, 0], R™),
where z(t) € R" is the state; u(t) € R™ is the control input and w(t) € L2([0, 00], R") is

a disturbance input; z(¢) € R® is the observation output. The delay, 7(t) is time-varying

continuous function that satisfies

0<7 <7(t) <7y i1 < 7(t) < pio.
Let 27 = z(t—7(t)), the nonlinear functions f(¢,z, 27, u,w) : RT X R* x R" X R™ x R" —
R™, g(t,x,27,u) : RT x R" x R" x R™ — R*® satisfy the following growth condition:

Jda,b,c,d > 0: ||f(t,z, 2™, u,w)|| < allz|| + b||z"|| + c||u|| + d||w||,V(z, 2T, u, w) (5.2)
Jai,bi,c1 >0 ||g(t)x7‘r7—7u)||2 < a1||‘rH2 + bl”xTH2 + C1HUH2,V(33,.IT,U).

In this section, we give a design of memoryless Ho, feedback control for the system (5.1).

First, we present a delay-dependent asymptotical stabilizability analysis conditions for
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the nonlinear system with time-varying delay (5.1). Now, we operate the matrix-based
quadratic convex approach with the integral inequalities in [53] to formulate a new stability
criterion for the system (5.1). For our goal, we choose the following Lyapunov-Krasovskii

functional
V(t, x4, ) = Vi(t) + Va(t) + V3(2) (5.3)

where x; denotes the function x(s) defined on the interval [t — 7o,t]. Setting P, = P~!,
y(t) = Pra(t) or a(t) = Py(t) 11 = — 71 and
t

Va(t) = T () Py(t) + / 77 (5)Qoi(s)ds

t—11

t
)= [ W0y @I i) ds

t—7(t)
" / W) o7 ()] Qsl" () o7 (s)] ds
Va(t) := [ri(m1 =t 4 8)g" (s)Whg(s) + (11 — t + 5)°9" () Wag(s)]ds
* / [ror(ms — t+ 8)i () Rui(s) + (ma — t + )27 () Rog(s)]ds

where Q; > 0,(j =0,1,2,3),W; > 0,Ws > 0,R; > 0, Ry > 0 and P are real matrices to

be determined. Before introducing the main theorem, for simplicity we set
e=a+b+c+ %.

Theorem 5.1.1. Given v > 0. Then system (5.1) is asymptotically stabilizable and sat-
isfies [|z(t)]l2 < vl|w(t)||2 for all nonzero w € Lg[0,00) if there exist positive definite
matrices P,Q; > 0,(j = 0,1,2,3), W1, Wa, R1, Ry, 81,21, Z3, Z3, N1, N2, N3 and Y such
that the following LM Is holds

Ry S Z; N;
[ >0,

ST Ry N R,
Z3 Nj

> 07 Zl > Z27
NI W,
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. (5-4)

\

where Ry = diag{R1,3R1};and

Eo(7(t), 7(t)) := Eg0 + [1(t) — T1]E091 + [12 — T(¢)]Z22 (5.5)

E3(7(t)) ==¢1 S162 + &3 ST 61 — @1 R ¢y
+ (12 = 7(1)*(Z1 = Za) + (12 — 7(t))Es1

+ (7(t) = 71)Bsa + 151 22 — $5 Ra §2 (5.6)

=4 ::7'12Z3 - 4,53TV~V1¢3 + 69T(7'12W1 + 7'12W2)69 + 27 N3(e; —e7) + 68T(7'2T1R1 + 7'2T1R2)68

+271(e1r — er) NS +ef (AP + PA" + (BY +Y'BT) + 2CC" +el)ey

+ el (PD)ey + el (DT P)ey + el (AP + Y BT )eg + el (PAT + YT B)e,

+ e (DP)eg + el (PDT)eq + el (Qo)es + ed (—2P + %CC’T +el + Qo)ey
+ el (Peig + elg(Pler + el (YD)ern +eli(Y)er + el (PET)ern + elo(EP)ey
+ 3 (PG )e1s + ef3(GP)ea + €3 (P)ews + ei4(P)ez + elp (571 )ero

+ €11 (goetre Den + ela(—5)ews + efz(—%)ers +ely (g ew (5.7)

with e;(i = 1,2,...,14) denoting the i-th row-block vector of the 14n x 14n identity matriz
W1 = diag{W1,3W1}; and

Ea0 :=[e] €5](Q2— Qu)le] ef]”
+rileg 01Qule] ef]” +milef ef]Qileg 0"
—(1=7(®)[e] e3)(Q2 — Qa)le] e3]"
—lef ef]Qale] ef]" +[ef ef]@ulef ef]”
B =le] €5]Q2led 0] +[eg 0]Q2le] 5"
Hao :=le] €]]Qaled 0] + [eg 0]Qale] €3]"
E31 :=2Np(e2 — e5) + 2Na(e3 — €2)
+2(e3 — e2)TNT 4+ 2(e2 — e5) T N

E39 :=2N1(e3 — eg) + 2(e3 — eg)” N{
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p1 :=col{ey — e4, €9 + €4 — 2e5}
P9 :=col{e3 — ez, €3 + €9 — 2e4}

Q3 :=col{e; — es,e1 + e3 — 2e7}
Moreover, the feedback control is given by
u(t) =Y P la(t),t >0 (5.8)
Proof. Taking the derivative of V' along the solution of system (5.1), we obtain

Vi =2y () Py(t) + 97 (1)Qoy(t) — 97 (t — T1)Qoy(t — 71) (5.9)

Vo =[y"(t) y" (@]l (t) y" @) =" () y"(t - m)IQly" (@) y"(t—T)]"

+/tt 2" (1) ¥ (s)@il(®)" 0Tds+ [y (1) vy (t —1)]Qaly" (1) y'(t—7)]"

-7

QDT o TONQel (1) o7 (=)

+—2LlfT:;yfkt> ST IQaT(E) 0 ds = [y (1) 47t — I QslT(0) o7t — )]
+ (1 =rO)W" @) v = r)]Qaly" (t) y"(t - r(t)]"
o[ el @ o

—7
t

Vo =n " (OnWai®) + T OWaitt) - [ T (smWai(s)ds

t—71

) /ti (11 — t 4 8)57 (8)Way(s)ds + (m91)57 (t — 71)Rug(t — 1)

+ (121)97 (t — 71) Ryt — 11) — / 19" (s)Rug(s)ds

t—7o

- 2/t _71(72 —t+ 5)9T (s)Roy(s)ds.

—To

From (5.2) and Cauchy inequality, we get the following inequalities:

QxTPlf(t, x, Tp,u,w) < 2||Przl|||| f(t, z, xp, u, w)||

< 2| P (allal| + bllznll + cllul + dlwl])

< a|Pia|? +al|z]|* + ]| Pz ]| + bl Pran® + ¢ Pra?

+cllull® + L) Pa|® + Fw]?

= || + bllzall? + cllull® + Flw]|? + e[| P (5.10)

Similarly,

247 PLf(t, 2,27, u,w) < alle]2 4+ Bl P + cllul]® + F[wl]® + <] Pr|,
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22(t)" PiCw < J||w|® + 2a(t)" PLCCT Pra(t),
and
2i(t)" PLCw < |lw® + 2i(t)" PLCCT Pri(1),
By using the following identity relation:
—2¢T(t)Py[i:(t) — Az(t) — Da(t — 7(t)) — Bu(t) — Cw(t) — f(:)] =0
we obtain the following,

0=—2iT(H)P[i(t) — Az(t) — Da(t — 7(t)) — Bu(t)
— Cw(t) — f()]
< —2iT(t)P[i(t) — Ax(t) — Dx(t — 7(t))
]+ 227 (1) PLCw(t) + 22T (t) PLf(+)
29" (1) APy(1)

~ BY Pia(t))] +
< — 25" (t)Py(t) +
+257 () DPy(t — 7(t)) + 25" (1) BY y(t))
+29(t) " CCTy(t) + ay(t)" P?y(t)

+ by (t— (1) PPyt — (1) + ey” ()Y TYy(t)

+ Jw(t) T w(t) + ey’ ()y(t). (5.11)
From (5.9) and (5.10)-(5.11), V; is estimated as

Vi <yT(t)[AP + PAT + (BY + YT BT)
+2CCT +aP? +eYTY +ely(t)
+ 3llw(®)?[l + 25" (O[DPly" (t — (1))
+by" (¢ = T(6)Py(t —7(t)
=257 ()Py(t) + 25" () APy(t)
+ 247 (1) DPy(t — 7(t)) + 29" (t) BY y(t))
+ 25T CCTy(t) + ay(t)T PPy(t)
+by" (t = () PPyt — 7(t) + ey ()Y Yy(t)
+ 3wt w(t) + ey (t)y()
+3" (1)Qoy(t) — §7 (t — 71)Quy(t — 1)
= M(t)ZE() (5.12)
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where

§(t) :=col{y(t), y(t — 7()), y(t — 1), y(t — 1), 11(t), v2(t), w3(), y(t — 1), 5(8)},  (5.13)

E1 i=e] (AP + PAT + (BY + Y'BT) + 20C" + 2aP? + 2¢Y"Y +el)e
+ el (PD)ey + el (DT P)ey + e (AP + Y BT ey
+ el (PAT + YT B)ey + el (DP)eg + el (PDT)e,

+eg (—2P+ 2CCT + eI + Qo)ey + €3 (2bP%)ea + e (—Qo)es. (5.14)
With the consideration of the three terms of Vs (t), we obtained the following inequality:

/tt 2[y"(t) " (9)]Quly(t)" 0]"ds

-7

SQ[/t y7 (t)ds / y7 (5)ds)Quli" (£) 0]

—T1

=2nly"(t) vsl@ily’ (1) 0],

/t—Tl 2[yT(t) yT(S)]QQ[Q(t)T O]Tds

—7(t)

<o wwas [ et of

=2(r(t) — m)ly" (1) vz]Qalg" (1) 0

and

t—7(t)
/t 20" () o ()] Qala(t) 07 ds

—T9

t—7(t) t—d(t)
<9 /t_ yT(t)ds /t_ yT(5)ds1Qs[3T(t) O]
= 2(ry — ()T (®) Qs (E) 0.

Therefore, the estimation of Va(t) is estimated as

Va(t)

IN
(1]

20 + (T(t) e— 7'1)521 + (7’2 — T(t))EQQ
(1) (7 (1), (1) (1) (5.15)

where Zj is defined in (5.5). Similarly, V3(t) is estimate as

Vs(t) = €7 () Z50€(t) + 01(t) + 62(2)
where

— T/ 2 2 T/ 2 2
230 1= €y (7’1 Wi + i W2)69 + eg (7'21R1 + 7'21R2)68,
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&G%:—/_HWQWQRQQM&—?/ﬂvm—t+ﬁ (3) Rogl(5)ds,

t—1o t—T1o

Bt) == [ niT@Waieds =2 [ (n =t )i () Wai(s)as.

By Lemma 2.3.26 and Lemma 2.3.27, we obtain the following

t—71 ~ ~
(s =) / 3T (s)Rai(s)ds < 20T Suapar — T Rt — w8 Ryon,

where Ry := diag{R1,3R; }; and

y(t —7(t)) —y(t — 72)
P11 1= )
{ y(t = (1) +y(t = 72) — 2 (1) |

oy = y(t —11) —y(t — 7(t))
y(t—m) +y(t —7(t) — 20(t). |

and

t—71
2 [ (=t 9T () Rais)ds < ~2{5(m = ()€ (O Z1€(0)

t—7o

+2(my — 7(1)ET ()M [y(t — (1)) — 1]
+ 3 [(121)*(r2 = 7(1))*)€7(2) Z2£(2)
+ 26T () Na[(m2 — 7(8))[y(t — 1) — y(t — 7(1))]

+ (7(t) =) [y(t — 1) — v}

Thus,

01(t) <241 519021 — wﬂmn
— g1 Ritpay — { (2 — 7(1))%67 () Z1€(2)
+2(ro — ()T ()N [y(t — 7(t)) = ]
+ 3l — 1) (2 — 7(1))?)67 (1) Z2£ (1)
+ 26T () No[(r2 = T()[y(t — 1) — y(t — 7(t))]
+ (7(t) = ) [yt — 1) — val]}-
=T (1) E3(7(1))€(t) (5.16)
where Z5(7(t)) is given in (5.6). From Lemma 2.3.24 and Lemma 2.3.25, we obtain

— /t t i (s)rWhg(s)ds <[y(t) — y(t — m)]TWily(t) — y(t — )] + 301" Wieh,
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and

-2 /t_ (11— t+ 8)§" ()Wig(s)ds < —77€T (£) Z3&(t) — 2m&" () N3[y(t) — vs).
From which it follows that
02(t) <[y(t) — y(t — )" Wily(t) — y(t — 1]

+ 360 Wi — 2T (ML) — 2mET (1) Ny (t) — v,
=T () 2338 (1) (5.17)
where
O =y(t) +y(t =) — 23
0 =yt —7(t)) +y(t+ 7m2) — 11
Qs =y(t — 1) +y(t — 7(t)) — v,
B33 := — @ diag{ W1, 3W1} 33

+ 7 Zg + 27’1N3(61 = 67) -+ 27’1(61 — 67)TN3T
Hence, from (5.16) and (5.17), we obtain
Vs < €7 ()[Es(7(t)) + Ealé(t) (5.18)

where 24 := E39 + E33. From (5.10),(5.15) and (5.18), we obtain V(t,:, ) along the
solution of the system (5.1) as

V(t, e, 2) < ELA(T(E),7(1))E(t) (5.19)
where
A(T(4), 7(t)) =81 + Bo(7(2), 7(t)) + Z3(7(2)) + E4
=B, (7 (), 7(t)) + B3(7(t)) + 24
Therefore, we have

V(t,xe) <ET(OA(T(), 7(£))E(t) +llw(®) ]
+yT ()[BPETEP + 441 P? + (2 + 4¢1)YTYy(t)

—yT(t)[3PETEP + 4a1P? + (2 + 4¢1) YT Y y(t)

+

( ]
( ]
yT(t — 7(t))[3PGTGP + 4by P?|y(t — 7(t))
—yT(t — 7(t))[3PGTGP + 4by Py (t — 7(t))
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=T (AT (1), #7(1)E() +A[w (B
—yT()BPETEP + 4a1P? + (2 + 4c)YTY)y(t)

—yT(t —7(t))[3PGTGP + 4b1 PHy(t — 7(t)), (5.20)

where

E14 el ((2+4¢1)YTY + 3PETEP + 4ay)ey + e (3PETEP + 4b P?)ey

(1

1

and 4 = E; + Zy is defined in (5.7). Observe that A(7(t),7(t)) may be rewritten as

A(r(t), 7(t)) = 72() Do + T(H) A1 + Ay (5.21)

where Ay = Z) — Zy and Ay, Ay are 7(t)-independent real matrices. By Lemma (2.3.29),
if Zy — Zy > 0 and the inequalities in (5.4) hold, then A(7(t),7(t)) < 0, Vr(t) €
[71,79), Vi(t) € [u1,u2]. Moreover, A(7(t),7(t)) may be rewritten as a convex combi-

nation of 7(t) as following,

~

A(7(t),7(t)) = (1 —7(¢))0p + 7(t)01 + 0o (5.22)

where g = Q2 — Q3 and 1,0y are 7(t)-independent real matrices. By utilizing the
Schur complement lemma, it follows from (5.21) and (5.22) and (6) that A(7(t),7(t)) < 0
holds. From which it follows from inequality (5.20) that

V(t,zt) <ywt)Tw(t) — yT ¢)[BPETEP + 4a1 P> + (2 + 4¢1) Y TY)y(t)
—yT(t — 7(t))[3PGTGP + 4b P?|y(t — 7(t)). (5.23)
Letting w(t) = 0 and from

—yT(t)[3PETEP + 4a1P? + (2 + 4¢1)Y'Y]y(t) <0
—yT(t — 7(t))[3PGTGP + 4by Py(t — 7(t)) < 0
there exists a scalar €3 > 0 such that

V(t, ) < —esllz@)|? <0, ¥t>0.

Therefore, the system (5.1) with w(¢) = 0 is asymptotically stable. To complete the proof

of theorem, next we consider the H., performance |z||2 < 7||w|2. By assuming that
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x(t) =0, t € [-72,10], it follows from definition of z(t) that

1212 <IE@)|? + |Gt = ()1 + [lu)|I”

+ 20T () ET Ga(t — 7(t) + 22T (1) ET g(-)

+ 227 (¢ = T())ETg(-) + 2u" () F g(-) + [lg()II?
<3| Ba(t)|” + 3| Gz(t — (D) + 2[lu(®) > + 4llg()|I*
<zT(t)[3ETE + 4a1]x(t) + 2T (t — 7(t))

[3GTG + 4by]a(t — (1) + [2 + 4e1]|Ju) |
=yT (O)[BPETEP + 40, P? + (2 + 4¢,) YT Yy (t)

+yl (t = 7(t)[3PGTGP + 4by P?|y(t — 7(t)). (5.24)
From (5.23), we obtain
V(t,z¢) <yw(t) T w(t) =yt ()[BPETEP 4 4a.P? + (24 4¢1) Y Y )y(t)
—yl(t = 7(t)[BPGTGP + 4by P?y(t — 7(1)).
From estimations of V (¢, z;) and ||z(t)||> in (5.20) and (5.24), we obtain
V(t,xy) + 27 (£)2(t) — 2w (Hw(t) < 0.
Integrating both sides of above equation from tg to t, we get

/ t [V(t,xt) + 2T () 2(t) = Y?wT (H)w(t)|dt < 0.

to

It follows that

< 0. (5.25)

Therefore, under zero initial condition z(t) = 0, t € [—72, o], by letting ¢ — +o0 in (5.25),
we get
o0 o
/ () z(t)dt < 72/ w? (t)w(t)dt
to to
which gives ||z||2 < v|Jw||2. This completes the proof.
When 71 =0, B = 0,C = 0, the nonlinear function is f(¢,x,2"), and (5.1) reduces

to

#(t) = Ax(t) + Da(t — 7(t)) + f(t, 2(t), z(t — 7(t))), (5.26)
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where 0 < 7(t) < 19, u1 < 7(t) < pg. In the following, we present a stability criterion for

the case when 71 = 0. We consider the following LFK candidate
V(t, xy, i) = xT (t)Pa(t)

+ / [7(t) 2 (s)]Qa2lz" (t) 2T (s)]"ds
t—7(t)

t—7(t)
+/t [2"(t) " ()]Qsla" (t) o (s)]"ds

—T9

+/tt {TQ(TQ ~t+5)d" (s)Ryi(s)

—To

Y (rp—t+ 8)21':T(5)R2i3(8)} ds. (5.27)

Corollary 5.1.2. For given scalars To, i1, pto,a and b (5.26) is asymptotically stable if
there exist symmetric positive definite matrices P, R1, Ro, N1, No, Z1, Zo,Q2, Q3,S1 such
that the following LMIs hold:

oY1 + (1 — ,ul)Tg + T4 <0
7oL+ (1 — p2)YTs+ Ty <0
T2 Yo+ (1 —p1)Y3+ Ty <0

Y9 + (1 —3 ug)Tg + T4 <0.

R, S

> 07 Zl > Z2>
ST

where Ry £ diag{R1,3R1}

Ty =[eT eT1Qaled 0] + [6F 01QsleT &T)”
+ ho(Z1 — Za) + 2N [éa — é4]
+ 26y — )" N + 2Na[E1 — &

+ 2[é1 — &) NT
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Ty :=[e] &3]Qaled 0] + [&f 0]Qae] )"
+ 2Na[é1 — &) + 2[&1 — &5)T N

Y5 :=[¢1 &2)(Qs — Q2)[é1 &)]"

T, =6l (ATP 4+ PA)é, + &l (a+b)1é
+ &1 (PD)éy + &5 (DT P)é

PA)és + et (AT P)é

1(

e (

& (P")ér + &7 (P)é
&3 (PD)és + & (DT P)é,
&3 (PT)és + ¢t (P)éy

6 (=2

+ &l (—=2P)ég + €L (a+ b)Iés

+ é?(;—;)m + ég(%)lég
+[e] efQaofef "
— [6] &3]Qslé] é5]" + haég (Ry + Ra)és
+efs,0,+0lsfe, —-oTr0, -6IR 0,
+ h3 2,
©1 :=col{(éz — €3), (é2 + €3 — 2¢é4)}

Oy = COI{(él —ég),(é1+é2—2é5)}
with & =[10000000,,=[07000000],...85=[0000000 I].

Proof. The proof is the same as in Theorem 5.1.1 by using LKF (5.27). The proof is
omitted. O

5.2 Numerical examples

In this section, we provide examples to show the effectiveness of the result in The-

orem 5.1.1 and Corollary 5.1.2.

Example 5.2.1. Consider the nonlinear system with interval time-varying delays (5.1)
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which was considered in [50] where

-1.3 0.3 —-0.01 0.02

A= 3 D= )
0.5 0.1 0.03 —-0.04
0.2 0 —0.02 0.01
B = M C - )
03 0 0.02 —-0.03
0.06 —0.06 0.8 0
FE = G = s F = ,
—0.08 0.08 0.6 0

() =g(y=001| V" ,
’ v

a=b=c=d= al = bl = C1 = 0.01, T = 0.3,7’2 = 0.5,,u1 = —0.1,#2 = O.l,’y = 4. By
using LMI Toolbox in Matlab, the LMI in Theorem (5.1.1) is feasible. From (5.8) the Hy,

controller feedback gain can be computed as

—3.4638 —6.8069
—4.3243 —4.1846

K=YP!=

For simulation, we choose 7(t) = 0.440.1 cos(t), ¢(t) = [—5 cos(t), 3 cos(t)], Vt € [0, 10] and
w(t) is the Gaussian noise which set of random numbers with fluctuation range between
-1 and 1. Figure 1 shows the trajectories of solutions x(¢) and x2(t) of the system (5.1)
without feedback control (u(t) = 0) and Figure 2 shows the trajectories of solutions x;(t),

and xa(t) of the system with feedback control w(t)

In Table I, we shows the value of minimum v with y; = —0.1 and 2 = 0.1 by using
Theorem (5.1.1).Table II, we shows the value of minimum ~ with p; = 0.05 and pe = 0.1
by using Theorem (5.1.1)

Example 5.2.2. Consider the following nonlinear system with interval time-varying de-

lays which was considered in [57]:
@(t) = Ax(t) + Da(t — (1) + f &, 2(t), 2(t = 7(1))),

where
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x 10"

= === x1t)
x2(t)

0 1 2 3 4 5 6 7 8 9 10

Figure 5.1: The trajectories of x1(t), and z2(¢) of 5.1 in Example 5.2.1 without feedback
control.

x 10
3
251 B
————— x1(t)
2 x2(t) 4
151 B
1 4
1
N
0.5 1 4
h
1
(BN
! ry
[ | LY
ol N eemmmm e
Kl 'II ~7-"
HE
-0.5 | 1 1 1 | 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

Figure 5.2: The trajectories of z;(t), and z2(t) of 5.1 in Example 5.2.1 with feedback
control.
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a=b=c=d=a1=b; =c¢1 =0.01

Method T1 72 Tmin
By theorem 5.1.1 0.1 0.3 0.2377
0.1 0.5 0.2474

a=b=c=d=a1 =b; =c¢;1 =0.05

Method L T2 Ymin
By theorem 5.1.1 0.1 0.3 0.8991
0.1 0.5 0.9643

Table 5.1: The value of the minimum allowable disturbance attenuation v with p; = —0.1
and ps = 0.1.

a=b=c=d=a; =b; =¢; =0.01

Method L T2 Ymin
By theorem 5.1.1 0.1 0.5 0.2487

Table 5.2: The value of the minimum allowable disturbance attenuation v with p; = 0.05
and po = 0.1.

a=0.1 b=0.1
Method 141 142 max To
By corollary 5.1.2  -0.1 0.1 2.1443
-0.3 0.3 2.1126
-0.5 0.5 2.0833
-0.8 0.8 2.0473
-1 1 2.0332

Table 5.3: The value of maximum allowable delay 7 in Example 5.2.2 with 7, = 0.

a=>b=01and 0 < 7(t) < 710, w1 < 7(t) < po. By using LMI Toolbox in Matlab, the
LMI in corollary (5.1.2) is feasible. Table 5.3 shows the maximum allowable upper bound

of 7o with different values of pu and puo.

Example 5.2.3. Consider the following nonlinear system with interval time-varying de-

lays which was considered in [43]:

&(t) = Az(t) + Dx(t — 7(t)) + f(t,x(t), z(t — 7(1))),
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a=0.1 b=0.1

1 0.5 0.9
[65] 1.009  0.714
[60] 1.284  1.209
[43] 1.287  1.279

By corollary 5.1.2 1.7706 1.7355

Table 5.4: Comparison of maximum allowable delay 7 in Example 5.2.3 with 7, = 0.

where

—-1.2 0.1 —-0.6 0.7
D
-0.1 -1 -1 -0.8

a=b=0.1and0<7(t) <7, w1 <7(t) < pe. By using LMI Toolbox in Matlab, the LMI
in corollary (5.1.2) is feasible. For comparison, we now calculate the admissible maximum
upper bounds of 75 and set po = —py = p. Table IV shows the comparison of maximum

allowable upper bound of 7 with given 71 =0 .
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