
 
 

 

 
Abstract—Quadratic stability for a class of switched 

singular linear systems is investigated. The convex 
combination technique of standard switched linear 
systems is extended to switched singular systems and a 
sufficient condition for quadratic stability derived. A 
stabilizing switching law is also designed. For a switched 
singular system with two subsystems this appears a 
necessary and sufficient condition for quadratic 
stability. Also, the switching law realization is discussed 
relative to avoiding zeno behavior. An illustrative 
example is given to demonstrate the validity of these new 
results. 

I. INTRODUCTION 
 YBRID dynamical systems are complex systems 
possessing combined continuous-time and 

discrete-time dynamics, and even discrete-event dynamics 
[1-4]. Switched systems, as a typical and important class of 
hybrid systems, have drawn considerable attention during 
the recent years [4 – 6]. For switched systems appeared to 
find many practical applications in technological as well as 
social and economic systems inclusive in biological systems 
too. Also, as simplified models of hybrid systems, switched 
systems [7, 8] can often provide useful analysis tools and 
efficient design methods for more general hybrid systems.  

On the other hand, it is known that singular systems 
appear in many engineering applications [9, 10]. Some 
examples are found in power systems, aerospace 
engineering, complex chemical processes, and therefore 
have been studied extensively [11]. It was not realized until 
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recently that many singular systems also involve hybrid and 
switching features [13]. Usually, such systems are modeled 
either as singular systems without switching or as switched 
systems without singularity.  

Recently considerable efforts have been made to study 
switched systems whose subsystems are either nonlinear 
[12] or unstable linear [13] or singular systems [14, 15]. 
Systems whose all subsystems are linear singular systems do 
represent a specific class of switched systems. For this class 
of systems only a few results have been available until very 
recently. Main obstacle reasons are the difficulties caused by 
the interaction between continuous dynamics, switching 
signal, and singularity. For instance, the impulse terms in 
singular subsystems and the reachable set of each subsystem 
as a sub-manifold in the sate space make the study of the 
existence and uniqueness of the solution much too 
complicated.  

On the other hand, in practical applications of dynamic 
systems it is desirable to achieve quadratic stability property 
[5, 12, 13] whenever possible. Study [5] has thoroughly 
explored the quadratic stabilizability of switched systems 
whereas [12] provided results on quadratic stability of 
nonlinear switched systems. Furthermore, studies [13-16] 
have provided the first useful results on techniques for 
stabilizing switched singular linear systems.  

In the case of switched singular systems one important 
recent contribution was made in [15]. In this study, all 
subsystems are made to have the same algebraic constraints 
via state feedback, which converts the switched singular 
system into a standard switched system. On the other hand, 
in work [14], the derivatives of outputs are adopted in the 
feedback to normalize the singular subsystems, and 
thereafter the stability of switched systems is studied by LMI 
method. Apparently in both cases these normalization 
methods are very restrictive because of the need to satisfy 
very stringent conditions. Most such singular systems, 
however, can not be normalized.  

Quite recently, works [16-19] proposed several new 
design results albeit via employing considerably more 
sophisticated control strategies. Fu and co-authors in [16-18] 
have derived their novel design results via applying H  

[16] and robust H  [17, 18] theory. On the other hand, Gao 

A Quadratic Stability Solution for Switched Singular 
Linear Systems 

Yu-Juan Yin, Jun Zhao, Georgi M. Dimirovski, and Tatyana D. Kolemisevska-Gugulovska 

H 

Proceedings of the European Control Conference 2009 • Budapest, Hungary, August 23–26, 2009 WeAPo.6 

ISBN 978-963-311-369-1
© Copyright EUCA 2009 4072



 
 

 

and Wu [19] proposed a novel LMI solution employing 
variable structure control theory.  

The investigation of the control problem of concern by the 
present authors has begun with work [20] where the 
existence and uniqueness of solutions for switched singular 
linear systems were first explored. Yin and co-authors 
derived stability results for switched singular linear systems 
without [21] and with impulsive effects [22]. Subsequently 
in [23] they too gave the solution to H  control design for 
both these cases. In the meantime reachability [24] and 
controllability [25] of switched singular systems has been 
solved, which paved the way for the synthesis of more 
effective control designs.  

This paper focuses on solving for quadratic stability [12] 
of switched singular linear systems. In contrast to the other 
methods pointed above out, we deal with the switched 
singular systems directly and without any transformation. 
Convex combination technique for standard switched 
systems is extended to singular linear switched systems in 
order to derive a sufficient condition of quadratic stability 
using a stabilizing switching law design. For a switched 
singular linear system with two subsystems, a necessary and 
sufficient condition of quadratic stability is obtained. In 
addition, some initial discussion is provided on the issue of 
realizing the switching law so as to avoid zeno behavior.  

Further this paper is organized as follows. In the next 
Section II some of the important preliminaries are given. 
Thereafter in Section III the problem of quadratic stability 
for the singular linear switched systems is solved. Section IV 
presents the elaborated procedure for designing the 
switching law for quadratic stabilization of singular linear 
switched systems. Section V presents an illustrative example 
along with the respective numerical results to demonstrate 
the achieved quadratic stability. Conclusions and references 
follow thereafter.   

II. PRELIMINARIES  
Consider the singular linear system 

)()( tAxtxE ,      0)0( xx ,                 (1) 

where nRx  is the state vector, nnRE , nnRA  are 
constant matrices, and nErank )( . If there exists a 
constant complex number scalar Cs such that  

0)det( AsE , 

then system (1) is said to be regular. The singular systems 
that are regular do possess a unique solution. It is this class 
of singular systems that make up the topic of investigation in 
this paper. Furthermore, in here all singular systems are 
assumed to be regular and satisfying the above necessary 
condition. 

When system (1) is regular and 0x  is a consistent initial 
condition, then the system has a unique and continuous 
solution denoted by )0,;( 0xtx . For the sake of simplicity, 

we denote the system (1) as pair ),( AE . 
Definition 1. The set of all consistent initial conditions of 

system (1) is called consistent initial condition set (CISS), 
denoted by D . 

Proposition 1 [16]. Let )0,;( 0xtx  be a solution of 

system (1) satisfying 0)0( xx . If Dx0 , then 

Dxtx )0,;( 0 , for any 0t . 
From Proposition 1 we know that the solution of the 

singular system (1) entirely lies in D  if the initial 
conditions belong to D . This property will be used to 
ensure the existence of the solution of a switched singular 
system by imposing some constraints on CISS. 

Sometimes, singular system (1) may have impulse 
solutions which are not solutions in the sense of differential 
equation. In order to rule out impulse terms, we will need the 
following lemma.  

Lemma 1 [10]. Singular system (1) is regular, stable and 
impulse free if and only if for any given symmetric positive 
definite matrix 0W , there exists a matrix P  satisfying 
Lyapunov equation: 

WAPPA TT ,                       (2) 

and 0TT EPPE .  
A singular linear system is said to be admissible if it is 

regular, stable and impulse free. 

III. QUADRATIC STABILITY FOR SWITCHED SINGULAR 
LINEAR SYSTEMS 

Consider the following switched linear singular system: 

)()( )( txAtxE t ,       )( 00 txx ,         (3) 

},,2,1{ mi , 

where nRtx )(  is the state of the system, nn
i RAE,  

are constant matrices, and the switching law ))(( tx : 

},,2,1{ mR n  is a piecewise constant function. 

Let the switching sequence be as follows 

)  ,(  , ), ,(  , 000 MM ititx , Mii  , ,0 , 

where )( 00 txx  is the initial condition, the time sequence 

}{ jt  satisfies Mttt 21 . The switching sequence is 

called finite if  Mt ; if otherwise it is called infinite. 

Definition 2 [16]. We call ),;( 00 txtx  a solution of 
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switched singular system (3), if )()( txAtxE
ki

 when 

1    kk ttt , and ),;(),;( 0000 txtxtxtx kk . 
It is obvious that the solution is continuous. 
Remark 1. If the initial condition 0x  belongs to a CISS 

of a subsystem, the trajectory of the system evolves within 
this CISS when this subsystem is activated. From 
Proposition 1 and Definition 2, when switching takes place, 
the state of the “switched off” subsystem must belong to the 
CISS of the “switched on” subsystem.  

This desired feature can be guaranteed [11] by either of 
the following conditions:  
(i) There exists a common decomposition, i.e., there exist 
two non-singular matrices Q and nnRP  such that 

N
I

QEP r

0
0 , 

n-r

i
i I

A
PQA

0
01 ,  m,,,i 21  

or 
(ii) ji DD m,,,j,i 21  where  

)ˆˆ(I: 00
D
iii EExxD , EAEÊ ii

1)(s ,  

and s  is any complex scalar.  
The null space (.) of a matrix is denoted by (.) ; and above 
the superscript  “D” stands for Drazin inverse [11].   

Definition 3. If there exist some constant 0 , 
switching law ))(( tx  and a piecewise continuously 

differentiable quadratic function RRV n , with 
0)0(V , 0)(xV , for 0x ,  and the derivative of 

)(xV  along solution of the system (3) satisfies  

2xxA
x
V

ki
 

then switched system (3) is said to be quadratically stable. 
Definition 4. The system 

     )()( txAtxE                          (4) 

is called a convex combination system of system (3), where 

 
m

i iAA
1 i , ]1,0[ i  and 

m

i 1 i 1   

and not all 0 i .  
We assume that each subsystem of the system (3) is 
unstable. Because it is trivial to design a switching law to 
quadratically stabilize switched singular systems if some or 
all subsystems are stable. Thus we do not consider cases 

0 i or 1 i . 
Theorem 1 Suppose that there exists an admissible 

convex combination system (4); then there exists a 
switching law ))(( tx  such that makes the singular system 

(3) quadratically stable. 
Proof: Since system (4) is admissible, from Lemma 1, 

there exists a matrix P  such that 

0TT APPA ,                             (5) 
and 

0TT EPPE ,                             (6) 

that is 

0)(
1

TTm

i iii APPA .                      (7) 

Then for any 0x , there exists some iA , i , such that  

0)( TT
ii APPA . 

Let 0,0: xxWxx i
T

i , i

m

i
DD

1

~
,  and 

iii APPAW TT , where iD  is the consistent 

initial condition set of the thi  subsystem. In order to 
guarantee the existence and uniqueness of the solution, we 
assume 

~D  (  is the empty set).  
To avoid zeno behavior on the boundaries of the regions, 

we pick new open conic regions i
~

, mi ,,2,1 , and 

we still have 0\~
1

n
i

m

i
R . Naturally, since we 

investigate the case of the class (3) with unstable 
subsystems, the state space has to be entirely covered by 
means of these regions.  

Notice that the number  

xWx i
xclx

i
i

T

1,
min  

is well defined and positive for each i , where “cl” 
denotes the closure of a given set, accordingly. By choosing 
a positive number m,,,min 21 , we obtain  

2T xxWx i , for any ix ~
, i . 

Now, for any Dx ~
0 , design the switching law as 

follows: 
If itx ~)( , then itx ))(( ; 

If 
ki

l

k
tx ~)(

1
 ),( mlik , then 

)()(minarg))(( T txWtxtx ii . 
It is easy to verify that this switching law indeed stabilizes 
system (3). In fact, let choose Lyapunov function candidate  
as PxExExV TT)( . Then when itx ))(( , the 

time-derivative of ( )V Ex  along the trajectory of the 
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system satisfies: 

xPExPxEx
dt

ExdV TTTT)(
 

xAPPAx ii )( TTT  

xWx i
T 2x . 

We have shown that the existence of an admissible 
convex combination system (4) is a sufficient condition for 
quadratic stability. Next, we will show that this condition is 
also necessary if the system (3) has two subsystems. 

Consider the following system: 

     )()( 1 txAtxE                    (8-a) 

      )()( 2 txAtxE                   (8-b) 

We need the celebrated method of S-procedure.  
Lemma 2 [26] (S-procedure) Let 10 ,TT  be nn  

symmetric matrices. If for any 0x  which satisfies 

01
T xTx , the inequality 00

T xTx  is true, and there is 

some 0x  satisfying 001
T
0 xTx , then there exists a scalar 

0  such that 010 TT . 
Now we are in the position to present the other main result 

of this study. 
Theorem 2 Switched singular system (8) is quadratically 

stable if and only if there exists 1,0  such that system 

),( AE  is admissible, where 21 )1( AAA . 
Proof: Apparently the sufficiency follows from the 

Theorem 1. Hence the necessity only is proved in the sequel.  
Assume the switching law ))(( tx  does quadratically 

stabilize the system (8). Then for any 0x , there exists 
0  and matrix P , such that either  

xxxAPPAx T
1

TT
1

T )( ,                  (9) 
or 

xxxAPPAxT T
2

TT
2 )( ,                (10) 

or, equivalently, 

if 0)( 2
TT

2
T xIAPPAx , then 

0)( 1
TT

1
T xIAPPAx , 

else if 0)( 1
TT

1
T xIAPPAx , then 

0)( 2
TT

2
T xIAPPAx . 

It is not difficult to prove that if for any 0x , 

0)( 2
TT

2
T xIAPPAx  is satisfied the system (8-a) is 

stable, and  if for any 0x , 

0)( 1
TT

1
T xIAPPAx  is satisfied the system (8-b) 

is stable. Without loss of generality, in the following 
discussion we discard the trivial cases above.  

By virtue of the S-procedure, we know that there exists 
some 0  such that  

xxxAPPAAPPAx T
2

TT
21

TT
1

T )1())((
or, equivalently, 

xxxPAAAAPx T
T
2

T
121TT )
11

( .     (11) 

Therefore, the matrix )1()( 21 AAA  is 

convex combination of 21, AA , and system ),( AE  is 

quadratically stable; in there 1,0)1(1 .  
Remark 2. From the proof of Theorem 1 and Theorem 2, 

we can see that the switching law for the singular switched 
system depends on the system matrix of the respective 
convex combination system. If the directions of vector fields 
of subsystems are different from each other, the designed 
switching law may result in sliding modes or fast switching. 
These are unacceptable phenomena in practical applications. 
It is therefore that further investigations discussion on how 
to avoid zeno phenomena is needed, which remains an open 
issue for future research. Here a modest discussion on this 
issue is given.  

In the sequel, for the sake of simplicity, only the case of 
two subsystems is investigated further.  

IV. A DESIGN OF QUADRATICALLY STABILIZING 
SWITCHING LAW 

Since system ),( AE  is admissible, from lemma 1 we 

know that there exists a matrix P  such that 

0TT APPA  and 0TT EPPE . 

It follows that 

0))(1()( 2
TT

21
TT

1 APPAAPPA .    (12) 

For any }0{\nRx , 0)( 1
TT

1 APPA  or 

0))(1( 2
TT

2 APPA  is true. Let define 

1,2i       TT
iii APPAW  

0,0: T xxWxx ii  

0,0: T0 xxWxx ii  

Apparently, neither matrix 1W  nor 2W  is not definite. In 

fact, if 1W  is positive definite, then system (8a) is stable, 
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which contradicts Assumption 1. Similarly, we know that 

2W  is not positive definite. We also know there exists 

0, xRx n , which belongs to 21 . 
Now, we define the following functions used to determine 

switching surfaces 

xWWxxS )()( 21
T

1 ,              (13) 

xWWxxS )()( 12
T

2 ,              (14) 

where 10 . )(1 xS , )(2 xS  satisfy the following 
properties: 

(1) 0)(0)( 21 xSxS , 0x  implies 

21x ; 

(2)  )(1 xS  and )(2 xS  cannot simultaneously be 

non-positive if 0x ; 

(3) 0x  on the boundary of i  implies 0)(xSi  and 

0)(xS j . 

On the grounds of the above properties of )(1 xS  and 

)(2 xS , the switching law ))(( tx  is designed as follows: 

1) for any 210 DDx , if 10x  then 1))(( 0tx , 

otherwise 2))(( 0tx ; 

2) if 1))(( tx , 21x  and 0)(1 xS , then 

2))(( tx ; 

3) if 2))(( tx , 21x  and 0)(2 xS , then 

1))(( tx . 
From the definition of switching law ))(( tx  we have 

2100 ),;( DDtxtx  for any 00x , 210 DDx  as 

shown in [12]. If ix0  for 2,1i , then the thi  

subsystem is activated and 0)(xSi .  So we have 

0)(: xSxx ii . Now we consider ~ , the 

closure of the set . It is easy to know that the boundary of 

i  is not contained in 
~

. This is because if 0x  and 
0
ix , then 0)(xSi . The function xWx i

T  achieves 

its minimum over the set 
~

 at some x  when restricted to 

1x .  

Further next, denote the minimum i , i.e. ii xWx T . 

Then for any 0)(: xSxx ii  we have 

xxxAPPAx iii
TTTT )(  hence the system (8) is 

quadratically stable by means of the designed switching law. 

V.  ILLUSTRATIVE EXAMPLE 
To illustrate the just derived results, we consider the 

switched singular system as given below. Namely, we 
consider 

 )()( ))(( txAtxE tx , 

with  
T

4321 ],,,[ xxxxx , }2,1{))(( tx , 
and  

0010
0000
0010
0101

E , 
13333.021
03333.000
06667.040
06667.102

1A , 

13333.021
0000
06667.000
03333.404

2A . 

It is obvious that both systems ),( 1AE  and ),( 2AE  are 
unstable since their finite poles are found to be  2, -4 and 0, 
-4, respectively.  

Now let consider 21 )1( AAA . When 

5.0 , there exists a matrix as given below  

5.00515.0
03333.21667.33333.5

5.01667.025.01667.0
016667.01

P , 

such that 

0
0000
016667.01
06667.025.16667.0
016667.01

TT EPPE   

and also  
0TT IAPPA . 

Thus it follows from Theorem 1 that the switched singular 
system is quadratically stable. 

VI. CONCLUSION 
The convex combination technique has been extended to 

switched singular systems to give a sufficient condition for 
quadratic stability. In addition, for systems with only two 
subsystems this condition is shown to be also the necessary 
one. A stabilizing switching law has been designed and 
some discussion on avoiding zeno phenomena was given 
too. 
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It should be noted unlike in conventional switched linear 
systems where the convex combination technique is fully 
understood, the case with switched singular systems is more 
involved. Thus we had to overcome considerable difficulties 
to make the convex combination technique applicable to 
switched singular systems.  

Furthermore, it should be also noted the above resented 
novel results, given the solely switching law employed, 
compare favorably with both the design results by Fu and 
co-authors in [16-18] and by Gao-Wu [19], respectively, 
where considerably more sophisticated control strategies are 
proposed. For the simplicity of switching law is rather 
appealing for practical applications  

Finally, as it may well be inferred from the recent article 
by Wu and Liberzon [27], the underlying essentialities the 
considered problem for singular linear switched systems are 
also related to the invertibility problem.  

Yet, it can be argued that a new and promising approach 
would be the potentially feasible generalization of multiple 
Lyapunov function method to switched singular systems. As 
far as the forms of systems are concerned, the study of a 
more general switched singular system with ji EE  may 

be much more challenging.  

VII. ACKNOWLEDGEMENT  
The authors express their profound gratitude to those 

anonymous reviewers who provided constructive remarks 
and suggestions in their respective reviews, which helped 
improve the presentation quality of this contributed paper.  

REFERENCES 
[1]  M. S. Branicky, “Stability of switched and hybrid systems,” in 

Proceedings of the 33rd Conference on Decision and Control, Lake 
Buena Vista, FL, 1994, pp. 3498-3503.  

[2] R. A. DeCarlo, M. S. Branicky, S. Petterson, and B. Lennartson, 
“Perspective and results on the stability and stabilizability of hybrid 
systems,” in Proceedings of the IEEE, vol. 88, no. 7, pp.1069-1082, 
July 2000. 

[3] P. Peleties, R. A. DeCarlo, “Asymptotic stability of m-switched 
systems using Lyapunov-like function,” in Proceedings of the  11th 
American Control Conference, 1992, pp. 1679-1684.  

[4] M. A. Wicks, P. Peleties, and R. A. DeCarlo, “Construction of 
piecewise Lyapunov function for stabilizing switched systems,” in 
Proceedings of the 33rd Conference on Decision and Control, Lake 
(M. K.Macmasten, General Chair, and H. H. McClamrosh, Program 
Chair), Buena Vista, FL, December 14-16. The IEEE, Piscatway, NJ, 
1994, pp. 3492-3497.  

[5] E. Feron, Quadratic Stabilizability of Switched Systems via State and 
Output Feedback, Technical report CICS-P-468, The MIT, 1996.  

[6] D. Liberzon and A S. Morse, “Basic problems in stability and design 
of switched systems,” IEEE Control Systems Magazine, vol. 19, no. 5, 
pp. 59-70, 1999.  

[7] D. Liberzon, Switching in Systems and Control. Boston, MA: 
Birkhauser, 2003. 

[8] Z. Sun, S. S. Ge, Switched Linear Systems - Control and Design. 
London: Springer, 2005.  

[9] L. Dai, Singular Control Systems. Berlin: Springer-Verlag, 1989, pp. 
1-101. 

[10] Q. L. Zhang, D. M. Yang, Analysis and Synthesis for Uncertain 
Descriptor Systems. Shenyang: NEU Press, 2003, Chapter 3.  

[11] S. L. Campbell, Singular Systems of Differential Equations. 
Marshfields, MA: Pitmax, 1980.   

[12] J. Zhao and G. M. Dimirovski, “Quadratic stability of nonlinear 
switched systems,” IEEE Transactions on Automatic Control, vol. 49, 
no. 4, pp. 574-578, 2004. 

[13]  M. A. Wicks, P. Peleties, and R. A. DeCarlo, “Switched controller 
synthesis for the quadratic stabilization of a pair of unstable linear 
systems,” European Journal of Control, vol. 4, pp. 140-147, 1998.  

[14] S. Ibrir, E. K. Boukas, “Stabilization of singular switching systems 
with constant gain controllers,” International Journal of Hybrid 
Systems, vol. 3, pp. 151-164, 2003.  

[15] B. Men, J. F. Zhang, “Admissible switched control of singular 
systems,” in Proceedings of the 23rd Chinese Control Conference,  
Shanghai, P.R. China, 2004, pp. 1615-1619.  

[16] Z.-M. Fu, S.-M. Fei, “Robust H  dynamic output feedback 
stabilization for a class of uncertain switched singular systems.” Acta 
Automatica Sinica, vol. 34, no. 4, pp. 482-487, 2008.  

[17] Z.-M. Fu, S.-M. Fei, “ H  control for a class of switched linear 
singular systems.” Control Theory  & Applications, vol. 25, no. 4, pp. 
693-698, 2008.  

[18] Z.-M. Fu, S.-M. Fei, Y.-M. Bo, T. Li, “Robust H  control for a class 
of switched uncertain singular systems.” Journal of Nanjing 
University of Science & Technology, vol. 32, no. 3, pp. 269-273, 2008.  

[19] L. Gao, Y. Wu, “An LMI-based variable structure control for a class of 
uncertain singular Markov switched systems.” Journal of Control 
Theory & Applications, vol. 5, no. 4, pp. 415-419, 2007.  

[20] Y. J. Yin, Y. Z. Liu, and J. Zhao, “The existence and uniqueness of 
solution for switched linear singular systems”, in Proceedings of the 
17th Chinese Control and Decision Conference, Harbin, P.R. China, 
2005, pp. 105-108.  

[21] Y.-J. Yin, Y.-Z. Liu, J. Zhao, “Stability of a class of switched linear 
singular systems.” Control & Decision, vol. 21, no. 1, pp. 24-27, 2006.  

[22] Y.-J. Yin, Y.-Z. Liu, J. Zhao, “Stability of a class of switched linear 
singular systems with impulsive effects.” Acta Automatica Sinica, vol. 
33, no. 4, pp. 446-448, 2007.  

[23] Y. Yin, J. Zhao, Y. Liu, “H-infinity control of switched and impulsive 
singular systems.” Journal of Control Theory &Applications, vol. 6, 
no.1, pp. 86-92, 2008.  

[24] B. Meng, J.F. Zhang, “Reachability conditions for switched linear 
singular systems.” IEEE Transaction on Automatic Control, vol. 51, 
no. 3, pp. 482-488, 2006  

[25] B. Meng, J.F. Zhang, “Controllability conditions for switched linear 
singular systems.” Dynamics of Continuous, Discrete & Impulsive 
Systems Series B: Applications & Algorithms, vol. 14, no. 5, pp. 
641-657, 2007.  

[26] S. Boyd, L. E. Ghaoui, E. Feron, and V. Balakrishnan, Linear Matrix 
Inequalities in Systems and Control Theory, SIAM Studies in Applied 
Mathematics, vol. 15, Philadelphia, PA, 1994, Chapter 2.  

[27] L. Vu and D. Liberzon, “Invertibility of switched linear systems.” 
Automatica, vol. 44, no. 4, pp. 949-958, 2008.  

 

Proceedings of the European Control Conference 2009 • Budapest, Hungary, August 23–26, 2009 WeAPo.6 

4077



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


