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Abstract— This paper investigates the stability and 
stabilization problem of fuzzy large-scale systems in which the 
system is composed of a number of Takagi-Sugeno fuzzy 
subsystems with interconnection. Instead of fuzzy parallel 
distributed compensation (PDC) design, nonlinear state feedback 
controllers are used in the stabilization of the overall large-scale 
system. Based on Lyapunov criterion, some conditions are 
derived under which the whole fuzzy large-scale system is 
stabilized asymptotically.
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I. INTRODUCTION

Stability analysis and stabilization of fuzzy large-scale 
systems for both discrete and continuous cases were discussed by 
some researches[1]-[4]. In this work, a fuzzy large-scale system 
consisting of  subsystems  with interconnection 
is considered. Each subsystem is decomposed into a set of fuzzy 
regions, were in each region there is a local dynamic behavior of 
the subsystems described by a T-S fuzzy model.  

Motivated from the work in [5] for fuzzy systems, the 
stability analysis and controller design of continuous-time fuzzy 
large-scale system using Lyapunov function is considered in this 
paper. Based on Lyapunov and relevant theory such as Lasalle’s 
theorem, a nonlinear state feedback controller for each subsystem 
is designed such that the whole closed loop large-scale system 
under some sufficient conditions is stabilized asymptotically. 
These conditions are derived in the form of matrix inequalities. 
The main advantages of the proposed approach are low 
computation, optional feedback gains and some merits which are 
discussed in the next sections. 

The article is organized as follows; the considered system and 
problem formulation are discussed in Section II. In Section III, 
nonlinear state feedback controllers are designed and the main 
results are proposed. Section IV provides an example to illustrate 
the applicability of the proposed controller design. Finally, some 
concluding remarks are given in Section V. 

II. PRELIMINARIES 
Consider a fuzzy large-scale system  which consists of 

interconnected subsystems . The th fuzzy 

subsystem   is described by the following rule-based 
equations 

where  

                     is the  th rule of .
    is the control input of at time        

 with appropriate length. 
      the State vector of the th subsystem 

                        .
          the interconnection between th and  

                        th subsystem in the th rule of .
                    the number of rules in subsystem .
                   the Number of states in subsystem .

           the system matrices of rule  in  
  subsystem  that are controllable.  

               the grade of membership of 
.

If we utilize the standard fuzzy inference method i.e., 
singleton, minimum or product fuzzy inference, and central-
average deffuzzifier, (1) can be inferred as 

where  

Proceedings of the 2009 IEEE International Conference on Systems, Man, and Cybernetics
San Antonio, TX, USA - October 2009

978-1-4244-2794-9/09/$25.00 ©2009 IEEE
5306



,

and .  is the firing strength of th 
rule of the th subsystem. It is assumed that the fuzzy sets are 
normalized, were two examples of normalized fuzzy sets are 
shown in Fig. 1. Also it is assumed that ,
where  is a constant matrix with appropriate dimension.   

III. NONLINEAR STATE FEEDBACK CONTROLLERS 

In this section, we will consider the controller design for 
fuzzy large-scale system (3). For stabilization, a nonlinear state 
feedback controller is considered as follows 

 in which 

and  is the state feedback gain with appropriate dimension. 
 is a nonlinear function  defined by  (5. a) and (5. b), and 

 is an optional number for designing  the controller  in  each  
subsystem. ((5. a) and (5. b) are shown at the end of this page 
and the next page). It should be noted that if the control law 
based on PDC was used, then the proof of stabilization by 
Lyapunov method had much difficulty in the derivation of 

. Hence, by proposing the new approach, using 
combination of (2) and (3), the closed-loop fuzzy subsystem 
becomes  

where .
 Now, our task is to design  in such a way that the whole 

fuzzy large-scale system is stabilized asymptotically and 
exponentially. The stability condition of fuzzy large-scale 
system (6), can be summarized by the following theorem. 

Theorem 3.1: The fuzzy large-scale system (2) is stabilized 
asymptotically by the nonlinear state feedback controller (3), if 
there exist symmetric positive matrices , positive scalars 

and the state gains  such that the following conditions are 
satisfied: 

where 

,

, ,
 , ,

, ,

.

Proof: Consider the Lyapunov function  for the fuzzy 
large-scale system, given by 

Now, by taking the derivative of  along the trajectories of 
th subsystem, we get  

1

Figure 1.   Two types of normalized fuzzy sets; solid line shows the 
normalized triangular fuzzy sets and dash line shows the other 

normalized fuzzy sets 
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Now since 

 (9) can be rewritten as 

So, 

Therefore, 

Since  ì  and , we can 
conclude that 

also 
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Now based on (15) and (16), it is clear that 

Therefore, 

where 

Following [6], the right-hand side of (18) is quadratic in 
terms of , which can be rewritten 
as 

Now if (15) and (18) hold, then we get . Now, if 
 , then 

As it can be seen, the above procedure is more simpler and 
it can be easily resulted that . With using the Laslle’s 
principle, since the limit set includes only the trivial trajectory 

, and since the limit set only includes the origin, the 
origin is asymptotically stable. Thus, the proof is completed.

Remark 3.1: Considering (7. b), we can use Sylvester 
criterion [7] for positive definite matrices. It is easy to show 
that these conditions are independent of 
and we can get  easily. 

 Exponential stability is another important subject in 
stability analysis, which is concerned with asymptotic stability 
and decay rate. To treat the exponential stability analysis, an 
approach is often adopted, namely exponential stability 
theorem [8].  

From the proposed method and the theorem, it is easy to 
conclude that 

I. This theorem and the proposed method are innovative, 
usable and applicable with low amount of computation. 
This method does not include some restrictive 
conditions such as norm bounded, and also this is not a 
pre-designed method, i.e. it is not necessary to check the 
stability for pre-designed system that requires trial-and-
error for controller design. 

II.  is checked only for  and . Therefore  is 
optional  and doesn’t affect the stability. The 
number of state feedback gains which must be designed 
decreases drastically. Based on the authors experience, 

affect the type of responses i.e., the amount 
of oscillation, damping, settling time, etc. Therefore, the 
designer has more flexibility in designing. 

IV. ILLUSTRATIVE EXAMPLE 

Here, an example is presented to verify the results of the 
proposed stabilization procedure of fuzzy large-scale systems. 
We consider the stability of the following fuzzy large-scale 
system composed of two subsystems described by  

• Subsystem 

in which 

, Moreover, the 
interconnection matrices among the two subsystems are given 
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Figure 2.   Membership functions of subsystem 
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Figure 3.   Membership function of subsystem 

by ,

. Also 
,

and . The normalized membership 

functions of subsystem 1 are shown in Fig.  2. 

• Subsystem 

in which ,

.  Moreover, the interconnection matrices among the two 
subsystems are given as  

also 

,  and   .

The normalized membership functions of subsystem 2 are 
shown in Fig.  3.  

First, we design a nonlinear state feedback controller for 
each subsystem so to make the fuzzy large-scale system 

becomes stable. For each subsystem, let us set . By 
using the above procedure, we can have  

,

which implies 
.

Also 

and the state feedback gain is obtained as 
. Since are optional, by 

choosing  and , the procedure is 
completed. Hence, the overall closed-loop fuzzy large-scale 
system is stabilized asymptotically. The complete simulation 
results with initial condition ,

 are shown in Figs. 4-7, respectively. Also for 
comparison, the responses without controllers (

) are shown.  

V. CONCLUSION 

In this paper, a new approach is used to stabilize the fuzzy 
large-scale systems in sense of Lyapunov Stability. Under 
some sufficient conditions, the nonlinear state feedback 
controllers are developed to stabilize the fuzzy large-scale 
system exponentially. Since in the real world, almost all 
systems are complex, the extracted results in this paper can be 
widely used in the practical applications. An example was also 
presented to demonstrate the applicability and effectiveness of 
the proposed approach.  
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Figure  4.   Response  of subsystem1 when  (dash-line) and 
with controller (solid-line)
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Figure 5.   Response  of subsystem1 when  (dash-line) and 
with controller (solid-line) 
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Figure 6.   Response  of subsystem1 when  (dash-line) and 
with controller (solid-line)

0 50 100 150
-2

-1.5

-1

-0.5

0

0.5

1

Figure 7.   Response  of subsystem1 when  (dash-line) and 
with controller (solid-line)

5311



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


