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Abstract: The present paper attempts to investigate the problem of robust He, control for a class of
uncertain singular neutral time-delay systems. First, a linear matrix inequality (LMI) is proposed to
give a generalized asymptotically stability condition and an He norm condition for singular neutral
time-delay systems. Second, the LMI is utilized to solve the robust He, problem for singular neutral
time-delay systems, and a state feedback control law verifies the solution. Finally, four theorems are
formulated in terms of a matrix equation and linear matrix inequalities.
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1. Introduction

Singular systems are more convenient than regular ones for describing many practical systems
because a singular system involves both differential equations and algebraic equations. Applications of
singular systems can be found in circuit systems, chemical systems, biological systems, robot systems,
and power systems [1]. Therefore, many scholars have paid attention to the study of singular systems,
and a number of important results have been reported (see, e.g., [2-4]).

As is known to all, a time delay frequently arises in practical systems and is often the cause of
instability and poor performance. Hence, the stability problem for a singular system with a time delay
has attracted many researchers’ attention in the past several decades (see, e.g., [5-10]).

In some real physical systems and industrial systems, disturbances that are attributable to external
signals may cause instability and degrade the system’s performance. Hence, the effect of disturbances
on the considered systems should be taken into account. Since He, control is used to keep systems less
sensitive to disturbances, problems of He, control for time-delay systems have been widely explored,
and findings related to these problems have been reported many times in the literature [11-25] as
a result of their frequent applications in power systems, large-scale systems, and circuit systems.
Recently, scholars (such as [11-15]) have started to study the He problem for singular time-delay
systems by using a linear matrix inequality (LMI) approach, which yields not only the existence
conditions valid for singular systems’ regular problems but also characterizations of He, controllers,
leading to a convex optimization problem [16-29].

The robust He control problem for uncertain singular time-delay systems was investigated
by Jietal. in [24], where the LMI condition was obtained by constructing a degenerate Lyapunov
function on the basis of [23]. However, the condition does not satisfy || gdzz ||< 1, which renders
the design procedure of the LMI law comparatively untenable. Moreover, the problem for singular
neutral time-delay systems was not investigated in [24], and some information about the condition
itself cannot be revealed even if the method can be applied to a singular neural time-delay system.
Also, because of the continuity of the function, it is more difficult to study the neural time-delay system
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than it is to study singular time-delay systems. Consequently, it is of more theoretical and practical
significance to study singular neutral time-delay systems as compared with time-delay systems.

The present paper derives a sufficient condition for the existence of the He, controller on the
basis of the LMI approach combined with a class of novel augmented Lyapunov functions, which
thus facilitate the attainment of the He controller using the Matlab LMI toolbox combined with a
matrix equation.

2. Problem Statement and Preliminaries

Consider the following uncertain singular neutral time-delay system:

Ex—(C+AC)x(t—1) = (A+AA)x(t)+ (Ac+AA)x(t—1)
+ (B+ AB)u(t) + Byw(t),
z(t) = Dx(t), 1)
x(t) = ®(t), te[-1,0],

d(t), t € [-7,0],

=.
—~

~
~—

where x(t) € R" is the state vector; u(t) € R™ is the control input vector; w(t) € R is the disturbance
input vector belonging to Ly[0,+0); z(t) € R is the control output vector; T > 0 is a constant
time delay; ®(t) is a vector-valued initial function belonging to C! ([-7,0],R"); E,C,A, A¢,B,By, D
are constant matrices with appropriate dimensions, where E may be singular and is assumed to be
rankE = r < n; and AA, AA+, AB, B, are unknown matrices representing time-varying parameter
uncertainties and can be described as

[AA,AA+,AB,AC] = GF(t)[Ng, Nr, Ny, N¢|, 2)

where G and N,, N;, N, N. are known constant matrices and F : RT — R™*" is a known matrix with
Lebesgue measurable elements and satisfies

o(E(t)) < 1. 3)

It is assumed in the present paper that ||[Tx(t)|| < ||Tx(t)| for the arbitrary positive-definite
matrix I'.

The parametric uncertainties AA, AA, AB, AC are said to be admissible if Equations (2) and (3)
both hold.

Next is a discussion of the system in Equation (1) with no force counterpart item. First, the system
is described as Equation (4),

Ex—Ci(t—71) = Ax(t)+Ax(t—71)
2(t) = Dx(b), 4)
x(t) = ®(t), te[-1,0],
x(t) = (), te[-1,0]

The following definitions and lemmas are very useful for deriving the main results of this paper.

Definition 1 ([1]). (1) : The pair (E, A) is known as regular if det(sE — A) is not identically zero. (2) : The
pair (E, A) is known as impulse free if det(sE — A) = rank(E).

Definition 2 ([24]). The singular neutral time-delay system (Equation (4)) is known as reqular and impulse
free if the pair (E, A) is regular and impulse free.
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Remark 1. The regularity and impulses of the pair (E, A) ensure the system (Equation (4)) with T # 0 to be
regular and impulse free, and they further ensure the existence of a unique solution to the system in Equation (4)
on [—T,+00).

Since (E, A) is regular and impulse free, there exist two nonsingular matrices Q and P such that
the system in Equation (4) is equivalent to

() = Ax(t) + Amxi(t — 1) + Arpxa(t — ) + Crdq (f — 7) + Crop(t — 1),
0 = xo(t) + Arx1(t — T) + Awpxa(t — T) + Cox1(t — T) + CopXo (t — T), )

with the coordinate transformation

X
[ 1 1 =P lx,x; € R, x, € R™
X2

and
QEP = diag(I,,,0), QAP = diag(A, I,)

ATU Ale
A A

Cn Ci2

AP =
QA Cun Cx

,QCP =

7

1 ™2

where 17 + np = n. Obviously, the system in Equation (5) has a unique solution on [—T, +0).

Definition 3 ([29]). If a matrix X satisfies the Penrose condition AXA = A, then there exists a solution to
the generalized inverse for AXA = A or {1} inverse of A, and thus, the matrix X is denoted by X = A1) or
X € A{1}, where A{1} denotes the set of all {1} inverse of A.

An A
Az A
appropriate dimensions, Ayy = Al,. Then, the following two conditions are equivalent.

Lemma 1 ([24]). For a given symmetry matrix A = , where Aq1,A12, Ax1, A have

Cl:A<0 C2:Ap» <0, Aj1 — ApAy Ay <O0.
Lemma 2 ([18]). Forany x,y € R",& > 0, the inequality 2xTy < exTx + %yTy holds.
Therefore, Lemma 3 can be obtained by using a method similar to that in J. Lee (1994).
Lemma 3. For given matrices Q = QT, H, E, and F of appropriate dimensions,
Q+HFE+ETFTHT + ¥1F¥, + Y1 FT¥T + & F®, + ®]FToT <,
for all F satisfies FTF < I if there exist positive numbers e1 > 0,&5 > 0,3 > 0 such that
Q+erHHT + e 'ETE + e2¥1¥] + &, ' ¥1¥2 + &30, ®] +¢; 1@, < 0.
Proof. By Lemma 2, for Vz € R" \ {0}, there exists an €1 > 0 such that

1 1 1 1
zTHFEz = = x 2z"HFEz < EslzTHPFTHTz + Es;lzTETEz < EslzTHHTz + Es;lzTETEz,

N =

1 1 1 1 1
ZTETFTHTz = 5 % 22"ETFTHTz < Es;lzTETFTFEz + EslzTHHTz < Es;lzTETEz + EslzTHHTz,
hold simultaneously. Thus,

HFE+ETFTH" < eyHH" + ¢ 'ETE,
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can be obtained. Similarly, there exist positive numbers &3, €3 such that the following inequalities
also hold
Y FY, +YIFTY] < ep¥1¥] +6, 191,

O1FDy + PIFTO] < e300, @] + ¢5 1 PL D,
O

Lemma 4 ([29]). Let A € C"™*", B € CP*1, D € C"™*1. Then, the matrix equation AXB = D is consistent
if and only if, for some A and BY), AAMDBWB = D is satisfied, in which case the general solution is
X = AWDBY + v — AWAYBBW for arbitrary Y € C ">,

Robust Hy, control problem. The present paper attempts to address the robust He control
problem by considering the linear state feedback control law as

u(t) = Kx(t)

to construct K such that u(t) in Equation (6) will

(a) stabilize the resultant closed-loop system and

(b) guarantee the He performance | = [~ (2" (£)z(t) — v*w™ (t)w(t))dt < 0 under the zero-initial
condition of x(t) and x(t) for any nonzero w(t) € L;[0,00) and for all admissible parameter
uncertainties satisfying Equations (2) and (3).

3. Results

In the following, the problem of robust He, control is considered for the singular neutral system
in Equation (1) with F(t) = 0 and u(t) = 0.

Theorem 1. Consider the system in Equation (1) with F(t) = 0 and u(t) = 0. For a given scalar v > 0,
the system in Equation (1) is reqular, impulse free, and stable, and the Hs norm from w(t) to z(t) is less than
7, if there exist symmetric positive-definite matrices P, Q, R, L and matrices S, S+, S, such that the following
linear matrix inequality holds:

Y Zpp Xz Xy LT DT ATR 7

¥ Yoo o3 Xy 0 0 AIR
* * 233 234 0 0 CTR
Y= % % x X4 0 0 BIR |<oO (6)
* * * * =1 0 0
* * * * x* =1 0
* * * * * * —R

where

Y11 = ETPA + ATPE + ATVST + SVTA +Q,

Yo = ETPA. 4+ SVT A + ATVST, x5 = ETPC 4 SVTC,

Y14 = ETPB,y + SVTB, + ATVSL, %0y = ~Q+ S: VT A, + ATVST,

Y03 = S:VTC, %oy =S¢, VIBy + ATVST, %33 = —ETRE - LTL,

Y3y = CTVSE, 24y = —y?T+ S, VB, + BLVST,

and V € R™("=") is any matrix that has full column rank and satisfies ETV = 0.

Proof. The nonlinear singular system (Equation (1)) is proved below to be regular and impulse free.
Since rank(E) = r< n, there exist two nonsingular matrices F and G € R"*" such that

_ I 0
E = GEF =
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Then, V can be parameterized as

V=¢GT l % ] , where @ € R(1—1)x(n-7) jg any nonsingular matrix. Next,

- An Ap | 5 Tl P11 Pp

A=GAF=| 21 22| 5_gTpg-1-| 1 D2
An Ax Py Pp

S=FTs = gn ,V=GTv= % can be defined. Since ¥y < 0 and Q > 0, the following
21

inequality can be formulated easily:
Q = ETPA+ ATPE+ ATVST + SVTA <.
Pre- and post-multiplying Q) < 0 by FT and F, respectively, yields

FTOF = E'PA+APE+A VS +SV'A

[ On O
= | = —T=—2T = =1 |<0 @)
My1 Ap®PSy + 510 Axn
From [17], the following matrix inequalities can be formulated easily:

2525522 +51® Ap <0, (8)

and thus, Ay is nonsingular.
Then, it can be proved that

det(sE — A) = det(G ')det(sE — A)det(F~1)
= det(GV)det(—Ax)det(sl, — (A1 — A1pAy As))det(F 1),

which implies that det(sE — A) is not identically zero and deg(det(sE — A)) = r = rank(E). Then, the
pair (E, A) is regular and impulse free, which implies that the system in Equation (1) is regular and
impulse free.

In the following, the system in Equation (1) with u(t) = 0 and F(t) = 0 is proved to be
asymptotical with the condition of w(t) = 0 and an He, performance under the zero-initial condition of
x(t) and %(t) for any nonzero w(t) € L,[0,00). Construct a Lyapunov—Krasovskii function candidate
as follows:

Vo(x) = xT (£)ETPEx(t) + ! xT(s)Qx(s)ds + t xT(s)(ETRE + LTL)%(s)ds, 9)

t—1 t—T
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where P> 0, Q> 0, R> 0, and L> 0. From this follows the derivation of Vj(¢, x;) with respect to t along
the trajectory of the system in Equation (1) with the condition of F(¢) = 0 and u(t) = 0 that

Vo(xi) = 2(Ex(t))"P(Ex(£)) + xT(£)Qux(t) — x" (¢ — T)Qx(t — 7) + (Ex(t))"R(Ex(t))
—iT(t —T)ETREx(t — 7) + 2T () LTLx(t) — 2T (t — T)LTLk(t — )
= 2xT()ETP(Ax(t) + Arx(t — T) + Bpw(t) + Cx(t — 7)) + xT (£)Qx(¢t)
—xT(t—7)Qx(t — r) + (Ex(t))TR(Ex(t)) — 2T (t — T)ETRE®(t — T)
+xT(H)LTLx(t) — 2T (t — T)LTLx(t — 1) (10)

= xT(t)(ETPA+ ATPE + Q)x(t) + 2xT (t)ETPAx(t — )

T(HETPByw(t) + 2xT (H)ETPCx(t — 7) — xT (t — T)Qx(t — 7)
(Ex(t))TR(Ex(t)) — xT(t — T)(ETRE + LTL)x(t — 7) + 2T () LT La(¢)
= xT(t)(ETPA+ ATPE + Q)x(t) + 2xT(t)ETPAx(t — 7)

T(HETPBw(t) +2xT (£)ETPCx(t — 7) — 2T (t — T)Qx(t — 7)
¢(£))TR(Ex(t)) — xT(t — T) (ETRE 4+ LTL)%(t — 7) + xT (£) LTLx(¢).

+

For the system in Equation (1), the following holds

(Ex()TR(Ex(t)) = (Ax(t) + Arx(t — T) + Bow(t) + Ci(t — 7)) TR(Ax(¢t)
+Arx(t — T) + Byw(t) + Cx(t — 1))

x(t)
_ [, _ _ T x(t—1)
= [x ) xT(t—1) 5T (t— 1) w (t)} U i) (11)
w(t)
where
ATRA ATRA, ATRC ATRB,
U— x  AIRA. AIRC AIB,
- * * CTRC CTRB,
* * *  BIRB,
For ETV = 0, it can be deduced that
0 =2(xT()S+xT(t —7)Sr + w! (£)Sw) VT Ex(t)
= 2T (1)SVT(Ax(t) + Arx(t — T) 4+ Bow(t) + Cx(t — 7))
+2xT(t = 1)S: VT (Ax(t) + Acx(t — T) + Bow(t) + Cx(t — 1)) (12)

+2wT (£)S, VT (Ax(t) + Arx(t — T) + Bow(t) + Cx(t — 1)),

where § is any matrix with appropriate dimensions.
Noting the zero-initial condition of x(t), V(x9) = 0, and V(xe) > 0, then

o= [TE 00 - et ()
< [T G W) =T (lt) + Volt, )t

/(; 2(H)TDTDx(t) — T (Hw(t) + Volt, xi)dt. (13)
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By substituting Equations (10), (11), and (12) into (13), the following can be obtained:
x(t)

x(t—1)
x(t—1)
w(t)

4

J< [ ATt =D (- D) (1) | ©

11 Op O Oy
*  On O Oy
* * Oz Oz
* * x Oy

©11 = ETPA + ATPE+ ATVST + SVTA+ Q-+ LTL+ D™D + ATRA,

©1 = ETPA. + SVT A, + ATVST + ATRA,,

©®13 = ETPC + SVTC + ATRC,

©14 = ETPB,, + SVTB,, + ATVSI 4+ ATRB,,

O = —Q+ S VTAr + ATVST + ATRA,,

Op = S VIC + ATRC,

Oy = S;VTB, + ATVSL + ATRB,,

@33 = —ETRE—LTL + CTRC,

@34 = CTVSL 4+ CTRB,,

@44 = —’YZI + Sw,

VTBy, + BLVSL + BLRB,,.

If © < 0, there exists a scalar A > 0 such that ] < —A || x(¢) ||%; thus, according to [3], the system
in Equation (1) with u(t) = 0 and F(t) = 0 is asymptotically stable. By Lemma 1, ® < 0 is equivalent
toX < 0.

It is easy to obtain from the result of Theorem 1 the following conclusion about the Heo

where ©® = , with

performance analysis. [

Theorem 2. Consider the system in Equation (1) with u(t) = 0. For a given scalar oy > 0, the system is
regular, impulse free, and stable, and the He norm from w(t) to z(t) is less than vy if there exist symmetric
positive-definite matrices P, Q, R, L and matrices S, S¢, Sy, and € > 0 such that the following linear matrix
inequality holds:

[ 211 212 213 214 LT DT ATR (ETP+SVT)G ENHT i
¥ Yo X3 Xy 0 0 AIR S VTG eNT
* o+ Y3 Xy 0 0 CTR 0 eNT
x % % XYy 0 0 BIR SO VTG 0

=1 % % % % —I 0 0 0 0 <0, (14)

* * * * x* =1 0 0 0
* * * * * * —R RTG 0
* * * * * * —el 0

| * * * * * * * * —el |

where ¥;j is as defined in Theorem 1.
Proof. It follows from Equation (14) by Lemma 1 that
L4e ' YY e D <0 (15)

where X is as defined in Theorem 1, and

Y = [GTPE+ GTvsT,GTvsI,0,GTvsE,0,0,GTR]T,® = [N,, N, N,,0,0,0,0].
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It follows from Equation (15) by Lemma 3 that

(O OQp O3 Oq LT DT Oy7 ]
¥ O Oz Oy 0 0 Oy

* * 033 034 0 0 037

* * * (g O 0 Q4 | <0, (16)
* * * *x =1 0 0

* * * * x =1 0

* * * * * —R

where

Q11 = ETP(A+AA) + (A+ AA)TPE+ (A4 AA)TVST + SVT(A+ AA) + Q,

Oz = ETP(Ar + AAz) + SVT(Ar + AAc) + (A+AA)TVS],

O3 = ETP(C + AC) + SVT(C + AC),

Oy = ETPB, + SVTB, + (A+AA)TVST,

07 = (A+AA)TR,

Qg = —Q+5:VT(Ar + AAr) + (A + AAL)TVS],

QO = S VI(C+AC),

Qo4 = S:VTBy + (A + AAL)TVS],

7 = (AT + AAT)TR/

—ETRE—-LTL,

(C+AC)TvsE,

Qs7 = (C+AC)TR,

Qu = —7*1+ S, VTB, +BLVSE,

Qq7 = BGR,

and V e R™("=71) ig any matrix that has full column rank and satisfies ETV = 0.
In the following, the robust He, synthesis problem of the system in Equation (1) is to be considered

for the system in Equation (1) with F(t) =0. O

P &
> W
I

Theorem 3. Consider the system in Equation (1) with F(t) = 0. For a given scalar -y > 0, if there exist
symmetric positive-definite the matrices P, Q, R, L and matrices S, Y1, Y, such that the matrix equation and the
linear matrix inequality in the following hold simultaneously,

(Y1, Vo] [PET 4+ VST, R]W[PET 4+ VST, R] = [Y3, Y2 (17)
[ E11 En2 213 Eig LT B, AR+ BY; 7
* x« —ETRE—LTL 0 0 0 CR
E= x * * —*I 0 0 DR <0, (18)
* * * * -1 0 0
* * * * x* =1 0
L * * * * * * —R ]

then, the control law
u(t) = (Y1, Y2)(PET + VST, R)W + Y(I — (PET + vST,R)(PET + VST, R)M)x(t)

(where Y is an arbitrary matrix of appropriate dimension, I is a unit matrix, V. € R"("=") is any matrix
with full column rank and satisfies E'V = 0, and E1; = EPAT + APET + AVST + SVTAT + Q + BY; +
YIBT, &1y = EPAT + SVTAT B3 = EPCT + SVTCT, B4 = EPDT + SVTDT) stabilizes the singular
neutral system and guarantees the Hoo norm bound within vy in the closed-loop system.
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Proof. Substituting the state feedback control law u(t) = Kx(t) into the system in Equation (1) with
F(t) = 0, the closed-loop system

Ex(t) = (A+BK)x(t)+ Arx(t— 1)+ Byw(t) +Cx(t — ), (19)
z(t) = Dx(t),

can be obtained. Since det(sE — (A + BK)) = det(sET — (A + BK)T), the pair (E, (A + BK)) is the same
as the pair (ET, (A + BK)T) in that they are both regular and impulse free. Therefore, the solutions of
det(sE — (A + BK) — Aze™5T — Cse™*7) = 0 are equivalent to the solutions of det(sET — (A + BK)T —
ATe=sT — CTse™5T) = 0. According to the definition the Ho norm, the Ho norm of the system in
Equation (20) can be given as

|Glleo = supT[D(jvE — (A + BK) — Age /T — Cjve V) ~'B,,),
veR

which is equal to

1/ lleo = sup@[BL(jVET — (A + BK)T — ATe V" — CTjye 7)1 DT]
VER
Hence, it can be shown that the regularity, impulse-free state, asymptotic stability, and He
performance of the system in Equation (19) are equivalent to the following system regularity,
impulse-free state, asymptotic stability, and He, performance; that is,

Efy(t) = (A+BK)Ty(t)+ Aly(t —7) + DTw(t) + CTx(t — 1),
z(t) = BIx(t).

Then, by replacing A by (A+BK)”,A+ by AL,D by BL,E by ET,C by CT in Equation (7) and setting
5:=0,5,=0,Y] = K(PET +VST),Y, = KR, Matrix Equation (17) and Linear Matrix Inequality (18)
can be directly obtained.

Now, the result for the problem of robust He control for the system in Equation (1) is given.
According to Theorem 3, the robust He, performance of the system (Equation (1)) will be stated
as follows. [

Theorem 4. Consider the uncertain singular neutral time-delay system (Equation (1)). For a given scalar v > 0,
if there exist symmetric positive-definite matrices P, Q, R, L and matrices S,Y1, Yo and e1 > 0,e > 0,83 > 0
such that the matrix equation and the linear matrix inequality in the following hold simultaneously,

Y1, Y2)[PET + VST, RIV[PET + VST, R] = [13, Y] (20)
[Ty Iy Ihy Iy LT Iy Ihe Iy Iy Il ]
« IIp O 0 0 0 AR 0 0 0
* x  Il33 0 0 0 CR 0 0 0
s < x —9*1 0 0 DR 0 0 0
* * * * -1 0 0 0 0 0
o= _ . . . . i 0 o o o |=o (21)
* * * * * * —R o] 0 03
* * * * * * * —e1l 0 0
* * * * * * * * —erl 0
| * * * * * * * * —e3l |
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where oy = RTNT + YZTNbT,(TQ = RTNI, 03 = RTN], then the control law
u(t) = (Y1, Y2) (PET + VST, R) W + Y(I — (PET + vST,R)(PET + VST, R)M)x(¢t),

where Y is an arbitrary matrix of appropriate dimension, I is a unit matrix, V€ R"™("=7") is any matrix with
full column rank and satisfies

ETV =0,and

ITy; = EPAT + APET + AVST + SVTAT + Q + BY; + Y[ BT +&GGT,

Ty, = EPAT + SVT AT,

ITy3 = EPCT + svT(CT,

ITy4 = EPDT +SVTDT,

ITi5 = Bw,

Il;6 = AR + BYj,

I;; = EPNI + SVINI + Y[ N[,

;s = EPNI + SVTNI,

ITy9 = EPNI + SVTNT,

I, = -Q+ 82GGT,

33 = —ETRE — LTL 4 3GGT,

stabilizes the uncertain singular neutral system and guarantees the Hoo norm bound within < in the
closed-loop system.

Proof. By replacing A by A 4+ GF(t)N,, Ar by Ar + GF(t)N¢, B by B+ GF(t)N,, and C by C +
GF(t)N. in Theorem 3, the following matrix inequality can be obtained.

E+Y F()Y2 +YIFT (YT 4+ &1 F(t) @y + OIFT (@] + A F(H) Ay + ATFT(HAT <0,
where E is as defined in Equation (18), and

¥, =[GT,0,0,0,0,0,0]T, %, = [N,PET + N,VST + N,Y1,0,0,0,0,0, N;R + N, Y>],
®; = [0,GT,0,0,0,0,0]",®, = [N.PET + N;VST7,0,0,0,0,0, N-R],
A1 =10,0,G7,0,0,0,0]T, A = [N.PET + N,.V5T7,0,0,0,0,0, N.R].

By Lemma 3, it can be proved that the inequality above is satisfied if there exist scalars & >
0,e5 > 0, and e3 > 0 such that

E+e¥1¥] +e; V2 ¥ +ea® 1] +6, ' @Dy + 3 A A] +e5 ' ATA; <0,
which is equal to Equation (21) under the condition of Equation (20). O

4. Numerical Illustration

The following numerical example is presented to illustrate the usefulness of the proposed
theoretical results.

Example 1. Consider the system in Equation (1) with the parameter matrices as follows:

1 0 05 0 —345 0.82 035 0.12
E = ’ C = 7 A 7 A = ’
[ 00 [ 0 0 ] [ 135 194 ] ° l 0.13 0.15 ]
B 0.6 ! B _lo | 04cos(2t) 0 7
B = _0.51,3(4]_[1 ,D—[l 0.4},AB_[0],AC_[ o o |84 =
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AA; =
0 03sin(3t) |" ° 0 0.3 cos(t)

w(t) = 0.3sin(t). & = 0.16, &, = 0.25,¢; = 0.47.

0.3sin(3t) 0 0.3 cos(t) 0 1

Let v = 0.45. By using Theorem 4 and the Matlab LMI Toolbox, the gain matrices P,Q, R, L can be
designed as

b 13.2741 —0.4528 0- 16.0723 —0.2634 | 94157 —0.1823
T | —04528 11.0398 |’ | —0.2634 149513 |’ | —0.1823 6.0351 |’

15.1369 —0.3027

L=\ 3007 121039

With the zero-initial condition and the parameters given above, Figure 1 gives the simulations
for the trajectory z(t) of the system in Equation (1) under the control law in Theorem 4. Figure 1
demonstrates the effectiveness of the proposed control method.

0.8 T T T T T

0.6

0.4

0.2

z(t)

'08 1 1 1 1 1
0 1 2 3 4 5 6

time t
Figure 1. The trajectory of z(t) of the system in Equation (1).

5. Conclusions

The problem of robust He control for an uncertain singular neutral system is investigated. A new
approach is introduced in order to ensure the singular system (Equation (1)) is regular and impulse
free. On that basis, the matrix equation and an LMI ensure that the system, which is asymptotic
and guarantees the He norm bound within - in the closed-loop system for all admissible parameter
uncertainties, can be obtained. The needed controller can be constructed by solving the matrix equation
and the LMI. It should be emphasized that the controller has a generalized inverse form, which is
different from the result of [17]. Also, this method can be applied to some practical systems.
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