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Delay-dependent Robust Stability of Discrete-time Uncertain Delayed Descriptor 
Systems using Quantization/overflow Nonlinearities
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Abstract  -  This paper considers the problem of robust stability for uncertain discrete-time interval time-varying delayed 

descriptor systems using any combinations of quantization and overflow nonlinearities.  First, delay-dependent linear 

matrix inequality (LMI) condition for discrete-time descriptor systems with time-varying delay and quantization/overflow 

nonlinearities is presented by proper Lyapunov function. Second, it is shown that the obtained condition can be extended 

into descriptor systems with uncertainties such as norm-bounded parameter uncertainties and polytopic uncertainties by 

some useful lemmas. The proposed results can be applied to both descriptor systems and non-descriptor systems. Finally, 

numerical examples are shown to illustrate the effectiveness and less conservativeness. 
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1. Introduction 

When designing a discrete-time system using 

computers or special-purpose hardware with fixed-point 

arithmetic, the occurrence of various nonlinearities due to 

finite wordlength, namely quantization and overflow are 

generated [1-5]. These nonlinearities may lead to 

instability. Therefore, the stability analysis of discrete 

systems using various combinations of quantization and 

overflow nonlinearities has drawn attentions [6-8]. 

Kandanvli and Kar [6] addressed the problem of global 

asymptotic stability of a class of uncertain discrete-time 

state-delayed systems employing saturation nonlinearities. 

Kandanvli and Kar [6] just considered saturation 

nonlinearities. Also, Kandanvli and Kar [7] presented the 

global asymptotic stability of a class of uncertain 

discrete-time state-delayed systems using combinations of 

quantization and overflow nonlinearities by LMI based 

criterion. The result [7] considered norm-bounded 

parameter uncertainty and time-invariant delay. Therefore, 

Kandanvli and Kar [8] extended the result [7] to 

time-varying delay systems. The result [8] proposed the 

global asymptotic stability of norm-bounded uncertain 

discrete-time time-varying state delayed systems using 

combinations of quantization and overflow nonlinearities 

on the basis of LMI criterion. However, Kandanvli and 

Kar [6-8] considered non-descriptor systems. One 

possible reason is the difficulty in managing the resultant 

constraints related to the descriptor matrix.

Recently, a great deal of attention has been devoted to 

the study of descriptor systems over the past decades. 

descriptor systems  are referred to as descriptor systems, 

implicit systems, generalized state-space systems, or 

semi-state systems [9]. Therefore, the first aim is to 

extend the results of non-descriptor systems [6-8] into 

the stability analysis method of discrete uncertain delayed 

descriptor systems using quantization and overflow 

nonlinearities. Also, Kandanvli and Kar [6-8] considered 

norm-bounded parameter uncertainties. It is well-known 

that the norm-bounded uncertainty is more conservative 

than the polytopic uncertainty. Hence, the second 

objective is to consider the polytopic uncertainties in the 

discrete uncertain descriptor systems with interval 

time-varying delay and quantization/overflow 

nonlinearities. Furthermore, it is shown that the proposed 

stability analysis is a general method for both descriptor 

systems and non-descriptor systems.

In this paper, the delay-dependent robust stability 

conditions of discrete-time uncertain delayed descriptor 

systems using any combinations of quantization and 

overflow nonlinearities are presented by using LMI 

technique. Two uncertainties, norm-bounded uncertainty 
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and polytopic uncertainty, are considered.  The proposed 

stability conditions can be applied to both descriptor 

systems and non-descriptor systems. Finally, it is shown 

that the presented conditions are effective and less 

conservative by comparisons of previous results.

The notations are standard.   and   stand for the 

identity and the zero matrices with proper dimensions, 

respectively. The symmetric term in a symmetric matrix 

is denoted by ∗.  denotes  . 

2. System description

Consider the nonlinear discrete-time descriptor systems 

with interval time-varying delay

       

  

        ⋯   


        ⋯  


   …

(1)

where ∈  is the state vector, ∈ ,   is the 
initial value at time ,   is a descriptor(singular) matrix 

satisfying   ≤  , and all system matrices have 

proper dimensions. ∙  represents the quantization 

nonlinearities, ∙  denotes the overflow nonlinearities, 

and ∙  characterizes the composite nonlinear functions. 

  is a time-varying delay satisfying 

 ≤≤ ∞. Here,   and   are known positive 

integers. In the event of ∙  being either magnitude 

truncation or round off, ∙  turn out to be confined to 

the sector    , i.e.

     
 ≤   ≤ 

  … (2)

   for  
 for ∂                   (3)

 










 for  
 

 for 
 for ′ 

                  (4)

The following Finsler's lemma is needed in the proof 

of main results.

Lemma 1.[10] Let ∈ , ∈×   and ∈×  
such that . The following statements are 

equivalent:

ⅰ)  ∀ ≠

ⅱ) ⊥

⊥

ⅲ) ∃∈ 
ⅳ) ∃∈×   

Here, ⊥  is a basis for the null space of .

Lemma 2.[11] Let , , and  be real matrices of 

appropriate dimensions with  satisfying  , then

                         (5)

for all ≤ , if and only if there exists a scalar 

  such that

                               (6)

Definition 1.[7] The zero solution of the system 

described by (1)-(4) is globally asymptotically stable if 

the following holds:

ⅰ) it is stable in the sense of Lyapunov, i.e., for every 

  there exists a    such that     for 

all  … , whenever    ;
ⅱ) it is attractive, i.e., →  as →∞.

3. Main results

In this section, a new delay-dependent Bounded Real 

Lemma (BRL) satisfying Definition 1 is derived using 

LMI approach. To get a globally asymptotic stability LMI 

condition for discrete delayed descriptor systems with 

quantization and overflow nonlinearities, we make use of 

proper Lyapunov function, Finsler's lemma, and LMI 

approach.

Theorem 1. The descriptor system described by (1)-(4) 

is globally asymptotically stable if there exist positive 

definite matrices ,  ,  ,  ,  ,  , a positive definite 

diagonal matrix , matrices    …  , and   
 …  such that

       













      

 


∗   


  
 



∗∗     
 



∗∗ ∗     
 



∗∗ ∗ ∗   
 



∗∗ ∗ ∗ ∗  
 



∗∗ ∗ ∗ ∗ ∗  

∗∗ ∗ ∗ ∗ ∗ ∗  

 (7)

where

       

  
         

     


  

   
 



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  
  


  

    


 

     


 ,       

 



 ,   




  

  


 ,     

 
 ,     

      

    ,      

    ,  
   ,   .

Proof. Choose a Lyapunov functional candidate as

                       (8)

where

  
 

  
 

 

    





  

 

  

  
 

 

    
 

 

  

  


 


  



  





  





   

 

where      and positive-definite matrices 

,  ,  ,  ,  , and   are to be determined. Taking 

the forward difference  along the 

trajectories of system (1) yields

  
               (9)

≤ 




  
 

 

 
 

 

  
  

 

 



 
 

 

  
  

 

 



  
 

 

 

  


 
 

 

  

  

 

By finite sum inequality like Lemma 1 of [12], the last 

some terms of the right hand side in   can be 

changed to get the delay-dependent BRL. It is clear that




 


 


 


 

                               (10)




 


  


 

  
 

                      (11)

where            and 

         . Hence,


  

  

 









 


 


 


 



 





≥             (12)


  

  

 









 


  


 

  
 



 





≥    (13)

After some manipulations of (12) and (13), the following 

relations can be obtained

       

 
  

 

≤




  (14)

 
  

 

   

≤


 
 

           (15)

where

 











    

  
∗   

  

∗ ∗  
  

∗ ∗ ∗    
∗ ∗ ∗ ∗  
∗ ∗ ∗ ∗ ∗ 

 











  

   
∗  

   

∗ ∗     
∗ ∗ ∗   
∗ ∗ ∗ ∗  
∗ ∗ ∗ ∗ ∗ 

 

      
  


 



From the (9), (14), and (15), we have

≤  

  

  
    (16)

where,   
 ≥. 

Using Lemma 1, 

  

  

  
  in (16) is 

equivalent to

       

 

  

  
   

  (17)

      

where,

       

 











       
∗  

 
  

∗ ∗    
  

∗ ∗ ∗     
∗ ∗ ∗ ∗    

∗ ∗ ∗ ∗ ∗ 
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  
        

  
 ,  

    

   ,         

   
 

 
 

 
 

 
.

Therefore, if the condition (17) is satisfied, then    

is also satisfied. Using Schur complements, the condition 

(17) is changed to (7).                   ■

Now, we consider a descriptor system (1) with 

polytopic uncertainty. The system matrices are supposed 

to be uncertain and unknown but belonging to a known 

convex compact set of

 ∈                                    (18)

where

 
  



 
  



  ≥

where    ∈  …, which denotes the th 
vertex of the polyhedral domain . In the following 

Theorem 2, we consider the delayed discrete descriptor 

system with polytopic uncertainties and 

quantization/overflow nonlinearities using parameter- 

dependent Lyapunov function.

Theorem 2. The descriptor system described by (1)-(4) 

with polytopic uncertainty (18) is robust stable in spite of 

polytopic uncertainties, time-varying delay, and 

quantization/overflow nonlinearities if there exist positive 

definite matrices  ,  ,  ,  ,  ,  , a positive 

definite diagonal matrix , matrices  …, and 
   …such that for  …  
       

 











      

 


∗     


  
 



∗ ∗       
 



∗ ∗ ∗      
 



∗ ∗ ∗ ∗   
 



∗ ∗ ∗ ∗ ∗  
 



∗ ∗ ∗ ∗ ∗ ∗   

∗ ∗ ∗ ∗ ∗ ∗ ∗    

   (19)

where

 


       

    




  
 




 
  




   


 

    




   ,   





 



 ,   




    ,  


   ,     

    ,    

    , 
   ,   .

Proof. The result can be directly derived by the proof 

procedures of Theorem 1. When we apply the polytopic 

uncertainty (18) to the system, we can get 
 



   . 

Therefore, if    holds, 
  



   is guaranteed.    ■

Next, we will show that the proposed method can be 

extended to discrete delayed descriptor systems with 

parameter uncertainties and quantization/overflow 

nonlinearities. Consider the following discrete delayed 

uncertain descriptor systems with same dimensions of the 

descriptor system (1)

       
  

        …   
   

    …

(20)

where the uncertain parameters are defined as

                 (21)

Here, ,  , , and   are known real constant matrices 

with appropriate dimensions.   and   are unknown 

real matrices which satisfy

≤ 
 ≤                    (22)

Theorem 3. The descriptor system described by (20) 

with parameter uncertainties (21) is robust stable in spite 

of parameter uncertainties, time-varying delay, and 

quantization/overflow nonlinearities if there exist positive 

definite matrices ,  ,  ,  ,  ,  , a positive definite 

diagonal matrix , positive real constants ,  , matrices 

   …  , and    …   satisfying






     

∗   


 

∗∗    
∗∗ ∗    
∗∗ ∗ ∗  
∗∗ ∗ ∗ ∗ 
∗∗ ∗ ∗ ∗ ∗
∗∗ ∗ ∗ ∗ ∗
∗∗ ∗ ∗ ∗ ∗
∗∗ ∗ ∗ ∗ ∗
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
 

  


 
  


 

  


 
  


 

  


 
  

   

∗     

∗ ∗  
∗ ∗ ∗ 





 (23)

where   
  , and  

  .

Proof. By similar procedures of Theorem 1, the following 

condition can be obtained

       













  

 
 

 
 

  

∗    


 


 


 


  

∗ ∗      
∗ ∗ ∗     
∗ ∗ ∗ ∗    
∗ ∗ ∗ ∗ ∗   
∗ ∗ ∗ ∗ ∗ ∗  
∗ ∗ ∗ ∗ ∗ ∗  
∗ ∗ ∗ ∗ ∗ ∗ ∗

    

(24)

The condition (24) can be written as

                          (25)

where

       

     
   

  
   

   
   

  


    


  


  


  


  


  


  


          

          

.

By Lemma 2, (25) is equivalent to

  
 

 
            (26)

where,   and  . Using Schur complement, (26) can 

be expressed as (23). This completes the proof.     ■

Remark 1. The stability analysis method in [6-8] cannot 

be applied to the descriptor systems. However, the 

proposed Theorems can be applied to both descriptor 

systems and non-descriptor systems. In the case of   , 

the problems of non-descriptor systems [6-8] can be 

solved directly from the Theorem 1-3. Therefore, the 

proposed methods are more general than [6-8].

Remark 2. The proposed stability conditions in Theorem 

1-3 are linear in terms of all finding variables. Thus, the 

conditions can be easily solved by LMI Toolbox [13]. 

4. Numerical  examples

In this section, numerical examples are given to 

illustrate the effectiveness of the proposed method. The 

robust stability analysis for discrete-time descriptor 

systems with polytopic uncertainties and 

quantization/overflow nonlinearities is presented in 

Example 1. To show that the proposed Theorems are 

general including both descriptor systems and 

non-descriptor systems, comparisons between the existing 

paper and Theorems for parameter uncertainty are 

illustrated by Example 2.

Example 1. Consider the modified descriptor system 

(1)-(4) in [8] with sector    and polytopic uncertainty 

(18)

       




 

 

 
  




 


 

 
  




 


 




  ≤   ≤

(27)

The stability conditions [6-8] cannot be applied to the 

descriptor system (27) because of descriptor system 

matrix. According to Theorem 2, we can get the upper 

bound of time delay in Table 1 for different sectors when 

  . According to the selection of sectors, the upper 

bound of time-varying delay is different. In order to 

apply Theorem 2 to non-descriptor systems, we take 

   in (27). Then, the   can be calculated in Table 2 

when     and    . The existing results [6-8] cannot 

be applied to the polytopic systems.

Example 2.  To consider the norm-bounded parameter 

uncertainty in Theorem 3, we treat the following 

example.

 


 

 

 
  



 


 

 
  



 


  

   
     



 





          

where,  is a maximum uncertainty bound. To get the 

upper bound of time-varying delay bound of  according 

to the different sectors, we take     and   in 

Table 3. Also, we consider same example of [8] to 

compare the existing result. We can get the maximum 

uncertainty bound in Table 4 when   ,   , and 

  . The maximum value of  is   in [8], while we 

obtain   in the same sector. In other sectors, we obtain 

the maximum uncertainty bounds in Table 4, while the 

method [8] cannot be obtained with any . In other 

words, the condition in [8] fails as an asymptotic stability 

in other sectors and given any uncertainty bound . Also, 

delay-independent condition in [6] fails as an asymptotic 

stability in this example. It is clear that the presented 
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condition of this paper gives better results than that the 

previous result [8]. Also, the method of [8] cannot be 

applied to the descriptor system. Therefore, the proposed 

conditions can be applied to both descriptor and 

non-descriptor systems.

Table 1 The upper bound,  , for different sectors when 

  . 

          

    

Table 2 The upper bound,  , for different sectors when 

    and   .  

          

    

Table 3 The upper bound,  , for different sectors when 

    and .  

          

    

Table 4 The maximum uncertainty bound of  for different 

sectors when     and   .  

          

Theorem 1 

in [8]
 - - -

Theorem 3

(proposed method)
   

5. Conclusion

Delay-dependent robust stability conditions for 

discrete-time uncertain delayed descriptor systems using 

various combinations of quantization and overflow 

nonlinearities have been presented by LMI technique. 

Moreover, we have considered two kinds of uncertainties 

such as parameter uncertainty and polytopic uncertainty. 

The proposed robust stability conditions have been 

established without the decomposition of system matrices. 

Finally, the conditions have been illustrated by numerical 

examples to show the general tests and the effectiveness 

for both descriptor systems and non-descriptor systems.

감사의 글

이 논문은 2010년도 정부(교육과학기술부)의 재원

으로 한국연구재단의 지원을 받아 수행된 연구임. 

(No. 2010-0025670)

References

[1] L. J. Leclerc and P. H. Bauer, “New Criteria for 

asymptotic stability of one- and multi dimensional 

state-space digital filters in fixed-point arithmetic,” 

IEEE Transactions on Signal Processing, vol. 42, 

no. 1, pp. 46-53, 1994.

[2] H. Kar and V. Singh, “Stability analysis of 1-D and 

2-D fixed-point state-space digital filters using any 

combination of overflow and quantization 

nonlinearities,” IEEE Transactions on Signal 

Processing, vol. 49, no. 5, pp. 1097-1105.

[3] H. Kar and V. Singh, “Robust stability of 2-D 

discrete systems described by the 

Fornasini-Marchesini second model employing 

quantization/overflow nonlinearities,” IEEE 

Transactions on Circuits and Systems II, vol. 51, no. 

11, pp. 598-602, 2004.

[4] H. Kar, “A new sufficient condition for the global 

asymptotic stability of 2-D state-space digital filters 

with saturation arithmetic,” Signal Processing, vol. 

88, no. 1, pp. 86-98, 2008.

[5] H. Kar, “An improved version of modified 

Liu-Michel's criterion for global asymptotic stability 

of fixed-point state-space digital filters using 

saturation arithmetic,” Digital Signal Processing, vol. 

20, no. 4, pp. 977-981, 2010.

[6] V. K. R. Kandanvli and H. Kar, “Robust stability of 

discrete-time state-delayed systems with saturation 

nonlinearities: Linear matrix inequality approach,” 

Signal Processing,  vol. 89, no. 2, pp. 161-173, 2009.

[7] V. K. R. Kandanvli and H. Kar, “An LMI condition 

for robust stability of discrete-time state-delayed 

systems using quantization/overflow nonlinearities,” 

Signal Processing, vol. 89, no. 11, pp. 2092-2102, 

2009.

[8] V. K. R. Kandanvli and H. Kar, “Delay-dependent 

LMI condition for global asymptotic stability of 

discrete-time uncertain state-delayed systems using 

quantization/overflow nonlinearities,” International 

Journal of Robust and Nonlinear Control, vol. 21, 

no. 14, pp. 1611-1622, 2011.

[9] E. K. Boukas, Control of Singular Systems with 

Random Abrupt Changes, Springer-Verlag Berlin, 

Heidelberg, 2008.

[10] W. Li, E. Todorov and R. E. Skelton, “Estimation 

and control of systems with multiplicative noise via 

linear matrix inequalities,” American Control 

Conference, Portland, OR, USA, pp. 1811-1816, 2005.

[11] S. Boyd, L. E. Ghaoui, E. Feron, and V. 

Balakrishnan, Linear Matrix Inequalities in System 

and Control Theory, SIAM, Philadelphia, 1994.

[12] X. M. Zhang and Q. L. Han, “Delay-dependent 



Trans. KIEE. Vol. 62, No. 4, APR, 2013

양자화와 오버플로우 비선형성을 가지는 이산시간 불확실 지연 특이시스템의 지연종속 강인 안정성              535

robust H∞  filtering for uncertain discrete-time 

systems with time-varying delay based on a finite 

sum inequality,” IEEE Transactions on Circuits and 

Systems II, Express Briefs, vol. 53, no. 12, pp. 

1466-1470, 2006.

[13] P. Gahinet, A. Nemirovski, A. Laub, M. Chilali, LMI 

Control Toolbox, MA, The Mathworks Inc. 1995.

저   자   소   개

김 종 해 (金 鍾 海)

1993년 경북대학교 전자공학과 졸업. 

1998년 동 대학원 전자공학과 졸업(공

박). 1998년～2002년 경북대학교 센서기

술연구소 전임연구원. 2000년～2001년 일

본 오사카대학 객원연구원. 2010년～2011

년 미국 조지아텍 방문연구원. 2002년～

현재 선문대학교 전자공학과 부교수. 

Tel : 041-530-2352 

E-mail : kjhae@sunmoon.ac.kr 

오 도 창 (吳 道 昌)

1991년 경북대학교 전자공학과 졸업. 

1997년 동 대학원 전자공학과 졸업(공

박). 1997년 2월～1997년 8월 창원대학교 

공과대학 국책교수. 2007년～2008년 미국 

Univ. of Florida 방문교수. 1997년 8월～

현재 건양대학교 전자정보공학과 교수. 

Tel : 041-730-5180 

E-mail : docoh@konyang.ac.kr



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


