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Abstract
This study introduces a mixed H,/H_ control design for uncertain time delay systems with

guaranteed control performance. Based on Lyapunov criterion and Krasovskii stability theorem, a
sufficient condition is derived under the uncertain parameters and external disturbances. By Schur
complement, the sufficient condition can be easily transformed into the problems of linear matrix

inequality (LMI). The mixed H,/H_ performance problems in this study is characterized in terms of

two eigenvalue problems (EVPs). The EVPs can be solved very efficiently by the convex optimization

techniques. Simulation results indicate that the desired mixed H,/H_ performance for uncertain

time delay systems can be achieved via the proposed method.
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I. INTRODUCTION

Time delay is encountered in many fields of engineering and science, such as communication
networks, manufacturing systems, chemical processes, rolling mill systems, hydraulic systems,
turbojet engine, microwave oscillator, nuclear reactor, long transmission lines, life science and eco-
nomics. The systems with time delayed state, perturbation and external disturbance are problems
of theoretical and practical interest, since the existence of delay, perturbation and disturbance are
often sources of instability.

In the past decade, many researchers have paid a great deal of attention to various control
methods in time delay systems and criteria for the stability of time delay systems. Stability
criteria for time delay systems can be classified into two categories: 1) there is no information
about the size of delay, i.e., delay-independent criteria [1, 2, 3, 8]; 2) there is some information
about the size of delay, i.e., delay-dependent criteria [4, 5, 6, 9, 10].

In [7]-[10], the control design for time delay systems via Lyapunov-Krasovskii functional ap-
proach, and their conditions are expressed in terms of finite-dimensional Riccati equations [12],
finite-dimensional Lyapunov equations [11], or matrix inequalities [8, 9, 10, 13]. The derived con-
ditions guarantee the delay-independent [8, 13] or delay-dependent [9, 10, 12] asymptotic stability
of the closed-loop system.

Recently, the robust H,, control problem for time delay systems has been proposed. The
existing results for robust control of time delay systems deal with either one of two types of
stabilization: delay-dependent stabilization and delay-independent stabilization. In [8], the Hoo
memoryless control and a-stability constrained for time delay systems via Lyapunov-Krasovskii
functional and LMI approach has been proposed. In [10], the delay dependent robust H, control
for uncertain time delay systems are developed.

The primary contribution of this paper is that the mixed Hs/H, control design and the
robust performance for the time delay systems is guaranteed. A robust stabilization technique is
also proposed to override the bounded nonlinear perturbation. Furthermore, an LMI optimization
technique is developed to solve the mixed Hz/Hs control problem.

Simulation examples are provided to illustrate the design procedure and the performance of the
proposed method. The simulation results show that the robustness performance can be achieved
by the proposed method.

The paper is organized as follows. The problem formulation is presented in Section II. In
Section III, a mixed Hy/Hy, control design is introduced. In Section IV, simulation examples are
provided to demonstrate the design effectiveness and to confirm the desired performance. Finally,

concluding remarks are made in Section V.

II. PROBLEM FORMULATION

Consider the following uncertain linear system with delayed state as follows:
2(t) = (A+ AA)z(t) + (Ag + AAg)x(t — 7) + (By + ABy)u(t) + Byw(t) (1)

where z(t) = U(¢), t € [-7,0], and A, A4, B, and B, are constant matrices with appropriate
dimensions, z(t) € R™ is the state vector, u(t) € R™ is the input vector, w(t) € R™ is the external
disturbance vector and ¥(¢) is the initial condition of the state, AA, AA; and AB, are bounded
nonlinear perturbation matrices.
Suppose the following robust H., controller is employed to deal with the above time delay
system as follows
u(t) = —Kuz(t) (2)
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Substituting (2) into (1) yields the closed-loop time delay system as follows:

(t)

(A+ AA)x(t) + (Ag+ AAg)x(t — 7) + (By + ABy)u(t) + Byw(t)
(A— B, K)z(t) + Agze(t — 1) + AAx(t) + AAgz(t — 1)
—AB,Kz(t) + Byw(t) (3)

Suppose that there exist bounding matrices A,, Aqp and B, such that

and

[AAz(®)| < [[Apz(@)], (4)
[Adge(t —7)[ < [ Agp(t —7)], ()
[AB Kz (t)]| < [|BpKz @), (6)

for all trajectory x(t).

According to assumption above, we get

and

IN

(AAz(t)" (AAx(t)
(Adga(t—7)" (Adga(t — 7))

(Apz(D)" (Apa(t)),
< (Agpa(t —7))" (Agpa(t — 7)),

A

(AB Kz(t))" (AB,Kxz(t)) < (ByKz(t))" (ByKx(t)).

Assumption : We assume the initial condition as follows

U(t) = 2(0), Vt € [-7,0]. (7)

In this study, we assume that w(t) is uncertain but bounded. However, the effect of w(t)

will deteriorate the control performance of the control system and even lead to instability of the

time delay control system. Therefore, how to eliminate the effect of w(t) to guarantee control

performance is also an important design purpose of robust control systems. Since H., control is

the most important control design to efficiently eliminate the effect of w(t) on the control system, it

will be employed to deal with the robust performance control in (1). Let us consider the following

H> and H,, control performances.

B H,, Performance: An H, performance is considered as follows [14, 15]:

' #WQxndt _ ,
[37 wT (t)w(t)dt

(8)
/tf 21 (1) Qx(t)dt < p? /tf w? (t)w(t)dt (9)
0 0

where ¢y denotes the terminal time of control, p is a prescribed value which denotes the
worst case effect of w(t) on z(t), and @ is a positive-definite weighting matrix. The physical
meaning of (9) is that the effect of w(t) on x(t) must be attenuated below a desired level
p from the viewpoint of energy, no matter what w(t) is, i.e., the Ly gain from w(t) to x(t)
must be equal to or less than a prescribed value p?. In general, p is chosen as a positive

small value less than 1 for attenuation of w(t).

The inequality in (9) can be seen as bounded-disturbance and bounded-state but with a
prescribed gain p. If the initial condition is also considered, the inequality (9) can be modified

/0 " ST (H)Qa(t)dt < 2T (0)(P + )2 (0) + p? /0 " T (yw(t)dt (10)
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where P is some symmetric positive-definite weighting matrix, and S = ST > 0 is a weighting

matrix.

From the analysis above, the design purpose of the proposed control system is to specify a
linear control (2) such that both the stability of linear control system and the H,, control

performance in (10) with a prescribed attenuation level p are guaranteed.

The robustness optimization is to achieve a minimum p? in (10) to obtain maximum elimi-
nation of the effect of w(t). For time-delay system (1), this design problem is how to specify

a stabilizable linear control in (2) to minimize p? subject to the constraint (10).

B H> Performance: An LQ performance related to the tracking error and control action is con-

sidered as followings:

Jo = /tf (e (£)Q2e(t) + u” () Rou(t)] dt (11)
0

where Q2 > 0 and Ry > 0. A straightforward objective is to minimize this performance.
However, this objective is not easily tractable, since uncertainties involve in tracking error
dynamics. Therefore, in this study, a suboptimal approach is taken by minimizing the upper

bound of performance index.

III. MixEDp Hy/Hs CONTROL DESIGN

The design purpose in this study is to specify the control in (2) to achieve the mixed Ha/Hoo
control performance in (11) and (10) simultaneously. The design procedure is discussed step by
step as the following. First, robust H., control design and the Hy control design procedure is
discussed. Then, the problem of mixed Hs/H, control design is parameterized in terms of two
EVP’s.

A. Robust H,, Control Design

From the analysis above, the first step in the design process of the time delay systems is to
specify a controller such that the system is robustly stabilized and the effect of external disturbance
w(t) is efficiently attenuated, thus achieving H, control performance in (10) with a prescribed
attenuation level p.

Let us consider the following Lyapunov-Krasovskii functional candidate:

V(t,2(t)) = 27 () Pa(t) + / 2T (0)Sx(6)d (12)

t—1

where the weighting matrices P and S are the same as that in (10).

From (12), we obtain
/O ! 2T (6)Qu(t)dt
= V(0,2(0)) — V(ts,z(ts)) +/O'f [T (1) Qux(t) + V (¢, 2(t)))dt

= V(0.0(0) = Vitralt) + [ (0@l
+2T (t) P (t) + 2T (t) Pi(t) + 27 (t)Sa(t) — 27 (t — 7)Sx(t — 7)) dt

= V(0,2(0)) — Vits,alty)) + / T (0Qx(t)
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+2T(t)(A — B K)  Px(t) + 27 (t — 1) AT Pa(t) + 2T (1) AAT Pa(t)
+2T(t — 1) AAL Px(t) — 27 (t) KT ABT Px(t) + w™ (t)BE Px(t)
+2T(t)P(A — B K)x(t) + 2T (t)PAq(t — T)
+2T (t)PAAz(t) + 2 (1) PAAgz(t — 7) — 2T (t)PAB, Kx(t)
+2T () PByw(t) + 7 (£)Sx(t) — 2T (t — 7)Sa(t — 7))dt
—V(0,2(0)) — Vit x(ty) / (2TD[Q+ S+ (A— BK)TP+ P(A— BK)J(t)

+al(t — ) AY Px(t) + 2T (1) PAga(t — 7) — 2T (t — 7)Sx(t — 7)
@t ()AAT Px(t) + 2T (1) PAAz(t)) + (27 (t — T)AAL Px(t) + 2T (1) PAg(t — 7))
—(2T(t)KTABE Pa(t) + 27 (t)PAB,Kx(t))

1

2T (t)PByw(t) + w? ()BT Px(t) — p*w™ (H)w(t) — FzT( t)PB,,BL Px(t)

+p2wT (H)w(t) + p—lzzT(t)PBngPx(t)}dt

IN

V(0,z(0)) + / tf{xT(t)[Q +S+(A-B,K)'P+PA-BK)+ p—IQPBngp]x(t)
0
+2T(t — 7)AT Pa(t) + 2T (1) PAqa(t — 7) — 27 (t — 7)Sx(t — 7)
+(2" () AT Apa(t) + 2" () PPx(t) + (2 (t — 7) Af Agpa(t — ) + 27 (t) PPx(t))
1 r 1
+(@"(t)PPx(t) + 2" (t) K" B} ByKux(t)) — (pw(t) — ;ngx(t)> (pw(t) — ;ngx(t)>
+p2wT (t)w(t)}dt

(0, 2(0)) + /0 VLT[0 + 5 + (A— BuK)TP + P(A— ByK) + %PBU,BEP

IN

+3PP+ Al A, + K" B] B, K]x(t)
+aT(t — ) AT Pa(t) + 2T () PAge(t — 7) + 2T (t — T)AgpAdpx(t —7)
—2T(t — 7)Sx(t — 7) + p*w” (t)w(t)}dt (13)

Then, we get the following result.

Theorem : In the time-delay system (1), suppose there exists a positive definite matric P =

PT > 0 is the solution of following linear matriz inequalities(LMIs) are satisfied

ATP+PA—-K'B'P-PB,K+S5+Q
PAy
+5PB,BLP 4+ 3PP + AT A, + K" Bl B,K <0 (14)
AZ;P -S+ A(T;pAdp
Then the Hy, control performance of (10) is guaranteed for a prescribed p. B
For the proof of Theorem, the following lemma, is necessary.
Lemma [21]: For any matrices (or vectors) X and Y with appropriate dimensions, we have

XY +Y'X < XTEX+YTE"'Y (15)

where E is any positive-definite symmetric matriz. B
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Proof of Theorem: By (13) and (15), we obtain

ty
/ 2T () Qx(t)dt
0
ty 1
< V(0,2(0)) + / {2"(1)[Q+ S+ (A— B,K)'P+P(A—B,K) + ?PBMBLTUP
0
+3PP+ Al'A, + K" B! B, K]x(t)
2T (t — 1) AT Pa(t) + 2T (1) PAqe(t — 7) + 27 (¢t — T)AgpAdpJ:(t -7)
—2T(t —7)Sx(t — 1) + p?w’ (t)w(t)}dt
T
tr x(t)
< V(0,z(0)) + / {
0 z(t—71)
ATP+PA—KTBTP - PB,K+S+Q
PA, z(t)
+52PByBP + 3PP+ AJA, + K"B]B,K
z(t—7)
AZ;P —S + A(j;pAdp ]

j;pQwT(t)w(t)}dt

From (14), we get

/0 v T () Qux(t)dt

IN

V(0,2(0)) + p° /O T (w(t)dt

0

.TT X xT X 2 v UJT w
(0)P2(0) + / (0)S2(0)d6 + p /0 (Bw(t)dt

0—7

27 (0)Px(0) + 727 (0)Sz(0) + p? /t‘f w (H)w(t)dt
0

Therefore, the H,, control performance is achieved with a prescribed p. B

By introducing a new matrix

where W = P~! and multiplying it into (14), we get

WAT + AW —WK"B] — B,KW + B, By,

Aa

AW (S +Q+ ATA)W + 31 + WKT B! B,KW <0 (17
AT —S+ Al Aap

With Y = KW and by the Schur complements [19], the matrix inequality (17) can be re-
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arranged as the following forms:
AW +WAT - B, Y — (B, Y)T - By )
p d
+ 5 BuBy + 31
W (S+Q+ ALA)) 0 0 <0
(BpY)T 0 —I 0
A,‘g 0 0 —S+ A Adp
' ()
By the change of variable v = —p—lz, (18) is equivalent the following LMI:
AW + WAT — B,Y
w B,Y Ag
—(B.Y)' —vB,BL + 31
w —(S+Q+ATA,)™t 0 0 <0 (19)
(B,Y)T 0 —I 0
i AT 0 0 —S+ AL A |

The parameters W and Y (thus P~ = W and K = YW !
LMIP in (18) for a prescribed attenuation level p?.

) can be obtained by solving the

To obtain better robust Ho, performance in (10), we can minimize v subject to (19) as the
following EVP:

min v
{w,y}

subject to P = PT >0, v <0 and (19).

B. Hj Control Design

An LQ performance related to the state and control action is considered as

To(0,17) = /0 " 2T ()00 (t) + uT (1) Rou(t))dt (20)

where Q2 > 0 and Ry > 0. A straightforward objective is to minimize this performance. However,
this objective is not easily tractable, since uncertainties involve in state dynamics. Therefore, in
this study, a suboptimal approach is taken by minimizing the upper bound of performance index.

In this case of w(t) = 0, we obtain
J2 (Oa tf)

- wmwmeWww»+AWﬂﬁwﬂm+wﬁmw@+vmamw

= V(0,2(0)) = Vi(ts, 2(ty)) / {a" (1)Qze(t) + 2T () KT RoKa(t) + 2™ (1)(A — BuK)" Pz(t)
+2T(t)P(A — B K)x(t) + 2T (1) AAT Px(t) + 27 () PAAx(t) + 27 (t — 7) AL Px(t)
+2T (t)PAgz(t — 7) + 27 (t — T)AAL Pa(t) + 27 () PAAgx(t — 7) — 27 () KT ABL Px(t)
—2T(t)PAB, Kx(t) + 27 (t)Sx(t) — 27 (t — 7)Sx(t — 7)}dt
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IN

27 (0)Px(0) + 727(0)Sx(0) + /0 tf{xT(t)[Qz + KT'RyK + P(A - B K) + (A — B,K)T Plz(t)
+a2T () PAgx(t — 7) + 27 (t — 7)AY Pa(t) + o7 () AAT A Az (t) + 27 (t) PPa(t)

+2T(t — ) AATAAqx(t — 1) + 27 (t) PPx(t)

+2T () KTABIAB, Kx(t) + 27 (t)PPx(t) + 27 (t)Sx(t) — 2T (t — 7)Sx(t — 7)}dt

IA

27 (0)Px(0) + 727(0)Sx(0) + / tf{xT(t)[Qz + KTRyK + P(A— B,K) + (A— B,K)'P
0

+S +3PPla(t) + 2" () PAqx(t — 7) + 2 (t — 1) AT Pa(t) + 2" () AL Apa(t)
—l—xT(t — T)AdTpAdpx(t —7)+ xT(t)KTBpTBpr(t) — xT(t —7)Sz(t — 7)}dt

T
tr x(t)
= 27(0)Pz(0) + 727 (0)Sz(0) + / {
0 x(t—1)
Q2+ KTRyK + P(A— B,K) + AT A,
PAg x(t)
+K"BI'B,K + (A~ B,K)TP+ S + 3PP }dt
x(t—1)
ATP —S8+ Aj, Adap
Note that if
Q2+ KTRyK + P(A— B,K) + AT A,
PAy
+KT"BI'B,K + (A~ B,K)"P+ S+ 3PP <0, (21)
AgP -S+ AgpAdp
then we obtain
J2(0,t5) < 27(0)Px(0) + 727 (0)Sx(0) (22)

where z(0) are initial value of z(¢).

Since the latter term 727(0)Sz(0) in (22) is some constant and according to analysis above,
we can formulate the suboptimal control problem with Hs performance by minimizing the upper
bound of J5(0,s) subject to (21) as follows:

min 27(0)Px(0)
r (23)
subject to P = PT >0 and (21)

By introducing a new matrix

where W = P! and multiplying it into (21), we get

WAT + AW —WKTBT — B,KW + WKT Ry KW
Aq
+W (S + Q2+ ATA,)W + 31 + WKT BT B,KW <0 (25
Arg _S + AgpAdp
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With Y = KW and by the Schur complements [19], the matrix inequality (17) can be re-

arranged as the following forms:

WAT + AW — B,Y
w B,Y Y Ay
-YTBI +31
W —(S+Q2+ATA,)t 0 0 0
<0
(ByY)T 0 -1 0 0
Y7 0 0 —Ry* 0
AT 0 0 0 -S+ AT pAdp
' - (26)
Therefore, the suboptimal Hy problem in (23) can be reformulated as
min el (0)W—1e(0)
{wy} (27)

subject to W = W7 > 0 and (26).

Note that the minimization problem in (27) is not the standard form of the LMI problem.
However, the minimization problem in (27) can be transformed into an LMI problem as the

following procedure. By introducing a new variable o such that
eT(O)We(0) < o (28)

Note that (28) is equivalent to the following LMI:
>0 (29)

Therefore, J»(0,t) < o + 727(0)Sz(0) and the minimization problem in (27) can be trans-
formed into the following LMI problem:

min o
(w.y} (30)
subject to W =WT >0, 0 >0, (23) and (29).

C. Mixed Hs/H,, Control Design

The mixed H2/Hq, Control Design can be characterized as the following EVP:
min e (0)W=1e(0)
{wy} (31)
subject to W =WT >0, (7?) and (30)

From the analysis above, the most important task in this study is to find the W and Y by
solving the EVP in (31) for mixed Hy/H control.
The mixed Hy/H,, control design is summarized as follows.

Design Procedure:

fE#-2848 32 HH, Volume 32, Minghsin Journal 191
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Step 1: Select weighting matrices @, @2, Re and S according to the design purpose.
Step 2: Select the bounding matrices A,, Aqp and By,.

Step 3: Solve the EVP for mixed Hy/H,, controller in (31) to obtain W and Y (thus P = W—1!
and K = YW ~! can also be obtained).

Step 4: Check the assumptions of
[AAz ()] < [|4pz(D)],

HAAdCC@ - 7')” < ||Adp*77<7f - T)H ’

and
[AB, Kx(t)| < [|[BpKa(t)] .

If they are not satisfied, adjust (expand) the bounds for all elements in A,, Ag, and B, and
then repeated Steps 3-4.

Step 5: Obtain the mixed Hs/H controller in (2).

IV. SIMULATION EXAMPLE

A. Example 1

To illustrate the proposed mixed Hs/H, control approach, we consider the second-order

example as follows [8]:

z(t) = Ax(t)+ Age(t — 1)+ Byu(t) + AAx(t) + AAgx(t — 1)
+AB,u(t) + Byw(t) (32)
where
21 (t) 20 0 08 0
1'(75) = ) A= ) Ad - ’
5(t) 0.6 1 0.6 —24
0 0
B, = 5 By = )
1 0.2
AA 0.5z1 (t) sin(x1(t)) AB, — 0 |
I 0.2x1(t)x2(t) 0.3x2(t) sin(x1(t))
Ad, — —0.121(t) sin(z1 (t)) |
I 0.229(t) sin(z2(t))
and

T = 2.4731.

Now, following the Design Procedure in the above section, the mixed Hs/H,, control design

is given by the following steps.

192 PH#FrERER 32 Y, Volume 32, Minghsin Journal
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Step 1: Select weighting matrices @, @2, R2 and S as follows:

0.01 0 1 0
Q = QQ = ) R2 = )
0 0.01 0 1
and
01 O
S =
0 0.1

Step 2: The bounding matrices are chosen as

—-20 0
A, = 03x ,
06 1
0
B, = 03x ,
1
and
-08 0
Adp:0.2><
—-06 —24
The assumptions of
[AAz(@)| < [[Apz@)],
[AAgz(t —7)| < [[Agpa(t =7,

and
[AB Kz(t)|| < [|ByKz(t)]|

are satisfied (refer to Fig. 4).
Step 3: Solve the EVP using the LMI optimization toolbox in Matlab [20]. In this case,
=0.1417,

Pmin

1.7996  —0.2928

—0.2928 0.0950
and
1.1142  3.4327
3.4327 21.0969

Step 4: The control parameter is found to be

K = 39.2549 237.2479

Figs. 1 to 4 present the simulation results from initial conditions assumed to be (x1(0), 22(0))”
= (27 71)T'
Fig. 1 shows the trajectories of the states x1(¢) and x2(t). The control signal u(¢) is presented

in Fig. 2. Fig. 3 shows the external disturbance w(t). The simulation example results have
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shown that the mixed Hs/H,, control design can be easily accomplished by the proposed design
procedure and the robust performance of time delay systems can be efficiently achieved by the
proposed mixed Hy/H, control scheme.

In this example, we consider the system with uncertain parameters. With the same amount
of time delay, 7 = 2.4731, our method can guarantee the system’s robustness. Notice that the

method proposed in [8] do not allow any uncertain parameters.

B. Example 2

To illustrate the proposed mixed Hs/H, control approach, we consider the second-order

example as follows [9]:

#(t) = Ax(t)+ Agx(t — 1)+ Byu(t) + AAz(t) + AAgx(t — 1)
+AByu(t) + Byw(t) (33)
where
1 (1) 20 0 1.0 0
x(t) = 3 A = ) Ad = )
(1) 0 -25 ~1.0 -1.0
0 0
B, = y By, = )
1 1
0.5 cos(t) 0 0
AA = 5 ABu - 3
0 0.6 sin(t) 0.3x1(t) sin(t)
0.5 cos(t) 0
AAd = 9
0 0.6 sin(t)
and
T = 15sec.

Now, following the Design Procedure in the above section, the mixed Hs/H, control design
is given by the following steps.
Step 1: Select weighting matrices @), @2, R2 and S as follows:

0.01 0 1 0
Q=Q2= , Ry = ;
0 0.01 0 1
and
0.1 O
S p—
0 0.1

Step 2: The bounding matrices are chosen as

20 0
A, = 0.28x

0 —2.5

194 PHFFERER 32 1, Volume 32, Minghsin Journal
12



SHERR IR AR £ ] HoHE IR RS T S0 !

0
B, = 045x ,
1
and
—1.0 0
Adp =0.5 x
-1.0 -1.0
The assumptions of
[AAz(t)]| < [[Apz@)],
[AAgz(t —7)[ < [[Agpz(t—7),

and
[AB.Kx(t)| < [|[BpKa(t)

are satisfied (refer to Fig. 8).
Step 3: Solve the EVP using the LMI optimization toolbox in Matlab [20]. In this case,
= (0.020004,

Pmin

1.5616 —0.1128
W = ,

—0.1128 32.0734

and

0.6405 0.0023

0.0023 0.0312

Step 4: The control parameter is found to be

K =1 32465 43.3555

Figs. 5 to 8 present the simulation results from initial conditions assumed to be (x1(0), 22(0))”

= (2, -1)T.

Fig. 5 shows the trajectories of the states x1(¢) and x2(t). The control signal u(¢) is presented
in Fig. 6. Fig. 7 shows the external disturbance w(t). The simulation example results have
shown that the mixed Hs/H,, control design can be easily accomplished by the proposed design
procedure and the robust performance of time delayed systems can be efficiently achieved by the
proposed mixed Ha/H control scheme.

Applying our method to this uncertain time delay system, it is found that this system remain
robust stability even when the time delay is equal to 15sec. We note that the result is much better
than [9] for time delay between 0 < 7(¢) < 11.0136 sec.

V. CONCLUSIONS

In this paper, the mixed Hy/H., control technique has been provided to achieve robust
performance for uncertain time delay systems. Actually, the proposed robust control can be applied
to any robust control design of uncertain time delay system. By employing the H., attenuation
technique, the performance of robust control design for uncertain time delay systems can be

significantly improved. Furthermore, the robust control scheme is also developed to eliminate as

PEEEE4R 32 #Y, Volume 32, Minghsin Journal
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much as possible the effect of the external disturbance. Therefore, the proposed design algorithm
is appropriate for practical control design with bounded external disturbances. The outcome of
the mixed Hs/H, performance problems in this study is characterized in terms of two eigenvalue
problems (EVPs). The EVPs can be solved very efficiently by the convex optimization techniques.

The proposed design procedures are very simple and can be performed efficiently by the Matlab
toolbox. Simulation results indicate that the desired mixed Hy/H,, performance for uncertain time

delay systems can be achieved via the proposed method.
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