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Abstract The problem of roust stabilization for linear time-
varying uncertain periodic descriptor systems is revisited. Based
on the concept of robust stability for linear time-varying uncer-
tain periodic descriptor systems, a necessary and sufficient con-
dition for robust stability is put forward. The robust stabiliza-
tion problem is also studied and the corresponding necessary and
sufficient condition is given using the notation of dual system.
The obtained matrix inequality conditions can be transformed
to linear matrix inequality ones with the introduction of some
free matrices, which makes the analysis and design procedure
simple and reliable.
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Consider a class of linear time-varying uncertain periodic
descriptor systems described by

Ex(t) = (A(t) + AA®))z(t) + (B(t) + AB(#))u(t) (1)

For such systems, SulY presented a necessary and suffi-
cient condition for robust stability in terms of linear ma-
trix inequality, based on which the related state feedback
controller design algorithm was also given. However, some
clerical errors were implied with the introduction of some
novel notations and results. The objective of this note is
just to point out these errors and give the corresponding
corrections. Using the notation of robust stability for lin-
ear time-varying uncertain periodic descriptor systemsm,
a necessary and sufficient condition for robust stability is
given, and then the corresponding necessary and sufficient
condition for robust stabilizability is given based on the
equivalence between the original system and its dual sys-
tem in the sense of robust stability.

Equation (6) in Theorem 1 in [1] is not a linear matrix
inequality. Theorem 1 in [1] is that the considered system
is robustly stable if and only if there exist an invertible
matrix V(t) and a scalar € > 0 satisfying the given matrix
inequality, thus € is a variable instead of constant, and then,
(6) in Theorem 1 in [1] is nonlinear with respect to €. Beside
this, (6) in Theorem 1 in [1] contains

E'vit)y=VT®)E>0 (2)

which is an equality constraint, and then it is not a strict
linear matrix inequality.

The condition of Theorem 2 in [1] is not a linear matrix
inequality form for the existence of e, €2 and V1.

The author of [1] also thought that the following equality

Received September 3, 2007; in revised form March 25, 2008

Supported by National High Technology Research and Develop-
ment Program (863 Program) (2007AA04Z179), National Natural
Science Foundation of China (60774044), and Professional Research
Foundation for Advanced Talents of Jiangsu University (07JDG037)

1. School of Electrical and Information Engineering, Jiangsu Uni-
versity, Zhenjiang 212013, P. R. China 2. National Key Labora-
tory of Industrial Control Technology, Institute of Advanced Process
Control, Zhejiang University, Hangzhou 310027, P. R. China

DOI: 10.3724/SP.J.1004.2008.01219

holds

AV ) _ (dvu))‘l

dt dt (3)

which is improper for unknown V' (¢) to be determined. To
show this, we take the numerical example in [1] for example

where
et 0
v = [0 —t

It is obvious that

is not equivalent to

(%) =L A

1 Main results

The following theorem gives a necessary and sufficient
condition for system (1) to be robustly stable.

Theorem 1. System (1) is robustly stable if and only if
there exists a matrix U(t) satisfying

E'Ut)=U"(t)E >0 (4a)
En Ut)D() M*(t)
E= |DTU®) —I 0 | <0 (4b)
M(t) 0 —I

where
1= EBU®#) + AT (U ) +UT (1) A(t)

Proof. Multiply both sides of the first sub-equation of
(6) in [1] by
eI 0 0
0 I 0
0 0 I
and multiply the second sub-equation of (6) in [1] by ¢~
Then (4) can be obtained by defining e 2V (t) = U(t). The
above transformation is a congruent one and any additional
conservativeness is not introduced. a
Remark 1. Equation (4) is not a linear matrix inequal-
ity since (4a) is an equality constraint which is well known
to be fragile and may bring some numerical problems in
the verification procedurem. To remove this equality con-
straint, one can introduce a matrix R € R™*(*~") which
is of full column rank and ETR = 0. Then, U(t) sat-
isfying ETU(t) = UT(t)E > 0 can be parameterized to
be U(t) = RS(t) + Q(t)E, where S(t) € R™™™>" is any
matrix to be determined and Q(t) € R™ " is any sym-
metrical positive-definite matrix. It can be shown that
ETU(t) = UT(t)E > 0 vanishes in (4) and consequently it
reduces to a strict linear matrix inequality condition. This
method brings the simplicity of verification procedure at
the cost of the introduction of additional conservativeness.
The following theorem gives a necessary and sufficient
condition for system (1) to be robustly stabilizable.
Theorem 2. System (1) is robustly stabilizable if and
only if there exist matrices U(t) and Y (¢) such that
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a matrix V(¢) and a scalar € > 0 such that
EU®#)=U"(#)ET >0 (5a) EV(#t)=VTt)ET >0 (10a)
I, I D(t) O11 V2eT'D(t) eVT(t)MT(t)
O=| 1, —-I 0 |<0 (5b) 0= |v2e'DT(t) —1I 0 <0
DT 0 I eMy(t)V 0 —I
(10b)

Furthermore, a suitable state feedback control law is given
by
where
_ Tr T T
. =E U)+AQUR)+ U (t)A () +
Bt)Y (t) + Y (t)B" (t)
Mz = (Mi()U (1) + M2 ()Y (1) "
Proof. Consider system (1) with u(t) =0,
Ei(t) = (A(t) + AA(D)e (1) (6)
and its dual system,
ETy(t) = (A(t) + AA(1) T y(t) )

Note that (6) and (7) are equivalent if the robust stability
problem is only concerned. Then Theorem 1 is equivalent
to the following condition: system (1) is robustly stable if
and only if there exists a matrix U(t) such that

EU(t)=U"t)E" >0 (8a)
X1 Ut@M*(t) D(t)
M(t)U(t) —I 0 |<o0 (8b)
DT (1) 0 I

where
Y= ETU®) + AQU @) + U () AT (t)

Substituting the state feedback control law w(t) =

K (t)x(t) into (1) results in the following closed-loop system
Ei(t) =[(A(t) + B(t)K(t))+

D@)F (t)(Mi(t) + M2(t) K (1))l (t)

—~
Ne)
~

Replacing A(t) and M(¢) in (8) by A(t) + B(t)K(¢)
and M (t) + M2(t)K(t), respectively, and setting Y (t) =
K(t)U(t) gives (5). O

Remark 2. Without loss of generality, we assume U (t)
to be invertible, otherwise, a sufficiently small € > 0 can be
chosen for U(t) = U(t) + €I to be invertible and satisfy (5).
In that case, the state feedback control law can be given by
w(t) =Y U (t)x(t).

Remark 3. Equation (5) is not a strict linear matrix
inequality. To obtain a strict linear matrix inequality, we
can introduce a matrix R € R™ ("~ of full column rank
and satisfying ER = 0. In that case, U(t) can be parame-
terized as U(t) = RS(t) + Q(t)ET, where S(t) € R("—7x"
and Q(t) € R™*™ are any matrices to be determined with
Q(t) symmetrical positive-definite. Substituting U(t) =
RS(t) + Q()ET into (5) gives a strict linear matrix in-
equality condition and a suitable state feedback control law
is given by u(t) = Y(t)(RS(t) + Q(t)ET) " a(t).

Applying the method in [1] to (1) gives the following
condition: system (1) is robustly stabilizable if there exist

where (V7!(t))’ represents the derivative of V71(t) with
respect to time ¢, and O = VI®)E(V (1) V(t) +
AV () + VT AT() = Bt)(I + My () Ma(t)) " B (t).
Compared to (10), it can be shown that the presented
method in this note is necessary and sufficient, and thus
processes less conservativeness.

2 Conclusion

The problem of robust stabilization for linear time-
varying uncertain periodic descriptor systems is reconsid-
ered using the linear matrix inequality technique. The er-
rors in [1] are pointed out and the corrections are given.
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