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Abstract - In this paper, we design a terminal sliding mode 
controller for chaotic nonlinear systems. Terminal sliding mode 
control (TSMC) method can drive the tracking errors to zero 
within finite time. In addition, TSMC has the advantages such 
as improved the performance, the robustness, the reliability 
and the precision by contrast with classical sliding mode 
control (CSMC). Besides, we can obtain the final time using 
general formula. Finally, we carry out simulations of some 
examples, such as Duffing and Lorenz systems, to illustrate 
the effectiveness of the proposed control.

1. Introduction

  Sliding mode control (SMC) is a well-known method which 
is used to control the linear or nonlinear systems. In addition, 
SMC systems have been applied to the control of nonlinear 
systems such as biped robot and spacecraft because of the 
robustness for the parameter perturbations and the external 
disturbances [1],[2]. In order to design SMC systems, we 
define the linear sliding surface which has been widely used 
to describe desired performances. Its one of representative 
characteristic is that the convergence of the system states to 
the equilibrium point is usually asymptotic but not in finite 
time.
  Recently, a new control method called terminal sliding mode 
control (TSMC) has been developed [3]. TSMC has a 
nonlinear sliding surface based on the concept of terminal 
attractor while classical sliding mode control (CSMC) has a 
linear sliding surface [4]. The tracking error of system with 
TSMC is driven to zero within finite time but CSMC does 
not guarantee convergence to origin within finite time. In 
addition, TSMC has some advantages in comparison with 
CSMC, such as the improved the performance, the robustness, 
the reliability and the precision [3]. 
  In this paper, we proposed the control method of nonlinear 
chaotic system based TSMC for the stability of systems.  
Computer simulations for simple nonlinear systems can verify 
the effectiveness of TSMC.

 2. Terminal Sliding Mode Control

  At terminal sliding surface, the concept of terminal attractor 
is used. That is important concept in order to overcome the 
limitations of exponential or asymptotical convergence. TSMC 
has a nonlinear sliding surface in order to obtain the finite 
time convergence of the system tracking error. Thus, we 
defined the terminal sliding surface in order to obtain the 
finite convergence time of the system as follows:

  (1)
where ,   and both denominator and numerator of 
  are odd integers.
  In TSMC, the system tracking error is determined by 
terminal sliding surface (1). In addition, the system is 
infinitely stable in TSM because the surface defines the 
exponentially stability. However, if we select proper , we can 

get a final time [5]. This fact shows that the system is 
finitely stable. The convergence time is given as follows:
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where,   is the initial value of   at   .          
  From (2), we know that the system tracking error 
converges to zero within finite time.
 

 3. Simulation Results

  3.1 Duffing system
  In this subsection, we consider the control of Duffing 
system. Duffing system is the representative continuous-time 
chaotic system. The state equation of Duffing system is 
following form:
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where          and  . Also,   is the 

control input,   is the output of interest.
  We simulate CSMC and TSMC of chaotic nonlinear system. 
The results of tracking performance for TSMC and CSMC are 
shown in Fig. 1 and 2, respectively. Dotted line is appeared 
desired state, and solid line is appeared real state.  Here, we 
can verify that TSMC has faster convergence speed. In Fig. 
3, we show the result of tracking error of TSMC and CSMC. 
Dotted line is appeared TSMC, and solid line is appeared 
CSMC. Table 1 compares simulation results of SMC and 
TSMC, where the mean squre error (MSE) of TSMC is lower 
than that of CSMC.

<Table 1> The comparison of MSE.

TSMC CSMC

MSE 0.0398 0.0608

<Fig. 1> Tracking performance with TSMC
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<Fig. 2> Tracking performance with CSMC

<Fig. 3> Tracking error

  3.2 Lorenz system
  In this subsection, we consider the Lorenz system which is 
the continuous time chaotic nonlinear system. Lorenz's system 
is based on the Lorenz equations. Those equations can be 
written as following form[6]:

                     
   

               (4)

where        and   , respectively. 
  We assume that the control input enters by the state . 
We want that the trajectory converge into the stable 
equilibrium points. 

<Fig. 4> Tracking error of state 

<Fig. 4> Tracking error of state 

<Fig. 6> Tracking error of state 

<Table 2> The comparison of MSE.

TSMC CSMC

MSE of  0.0124 0.0338

MSE of  0.0037 0.0392

MSE of  0.1564 0.2877

  The results of tracking error for TSMC and CSMC are 
shown in Fig. 4, 5 and 6, respectively. Dotted line is appeared 
TSMC and solid line is appeared CSMC. Here, we can know 
that TSMC is more efficient and has the faster convergence 
speed than CSMC. In addition, Table 2 compares simulation 
results of CSMC and TSMC, where the MSE of TSMC is 
lower than that of CSMC.

3. Conclusion

  In this paper, we have designed a terminal sliding mode 
controller for chaotic nonlinear system. This terminal sliding 
mode control technique was used to improve the performance, 
the robustness, the reliability and the precision by contrast 
with classical sliding mode control. In addition, we can obtain 
the finite convergence time using simple method. Finally, the 
proposed terminal sliding mode controller has been applied to 
a chaotic nonlinear system, such as Duffing and Lorenz 
system. In those computer simulation results, we can know 
some advantages of proposed controller, such as the faster. 
convergence speed and the better accuracy. That is, we can 
confirm that TSMC is more efficient than CSMC.

4. Acknowledge

  This work was supported by the Brain Korea 21 Project in 
2007.

[Reference]

[1] S. Tzafestas, M. Raibert and C. Tzafestas, “Robust 
Sliding-Mode Control Applied to a 5-Link Biped Robot,” 
Journal of Intelligent and Robotics Systems, vol. 15, no. 1, 
pp. 67-133, 1996.

[2] V. Utkin, J. Guldner and J. Shi, Sliding Mode Control in 
Electromechanical Systems, Taylor & Francis, 1999. 

[3] S. T. Venkataraman and S. Gulati, "Terminal Slider Control 
of Robot Systems," Journal of Intelligent and Robotics 
Systems, vol. 7, no. 1, pp. 31-55, 1993.

[4] M. Zak, "Terminal Attractors in Neural Networks," Neural 
Networks, vol. 2, no. 4, 1989.

[5] Z. Man, A. P. Paplinski and H. R. Wu, "A Robust MIMO 

terminal sliding mode control scheme for rigid robotic 

manipulators," IEEE Trans. on Automatic Control, vol. 39, no. 

12, pp. 2464-2469, 1994.

[6] S. K. Yang, C. L. Chen and H. T. Yau, "Control of chaos in 
Lorenz system," Chaos, Solitons and Fractals, vol. 13, no. 4, 
pp. 767-780, 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


