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<Fig. 1> Neural network with three layers

<Fig. 2> Schematic of a direct adaptive controller

Abstract - In this paper, we present a direct adaptive control 
method using neural networks for the control of nonlinear systems. 
The weights of neural networks are trained by an adaptive 
backpropagation algorithm based on Lyapunov stability theory. We 
develop the parameter update-laws using the neural network input  
and the error between the desired output and the output of nonlinear 
plant to update the weights of a neural network in the sense that 
Lyapunove stability theory. Beside the output tracking error is 
asymptotically converged to zero. 

1. Introduction

  Generally, the training method of neural network is the 
gradient-based backpropagation algorithms. However the 
gradient-based backpropagation method has the local minimum 
problem when the input signal has large bounded disturbance signal. 
And the gradient-based backpropagation may slowly converge.[1-4]
  In order to solve those problems, an adaptive backpropagation 
training method has been develped in. The concept of an adaptive 
backpropagation algorithm is as follows. At the first, the Lyapunov 
function   is chosen. Then the weights of a neural network 
are updated to make ∆ . We can use 
Lyapunov stability theory. It is shown that error can asymptotically 
converge to zero as time goes to infinity because the candidate of 
Lyapunov function is error dynamics, [5].
  In this paper, we propose nonlinear system controllers using direct 
adaptive method. That controller is based on a neural network 
training of the adaptive backpropagation method. In order to nonlinear 
systems are stable, the controller can use the adaptive 
backpropagation algorithm.

2. Main Results

  2.1 Neural Network Structure
  In this paper, we consider a feedforward neural network with three 
layers. Fig. 1 shows a schematic diagram of neural network with 
three layers. The output layer has a single linear node, the hidden 
layer has   nodes, an input vector is 

      ⋯  
 . The nonlinear function of hidden 

layer is




,                         (1)

where   is a positive constant.
  The output of the th node in the hidden layer is 

           
  




 .                (2)

  The output is composed by each weights and nonlinear functions 
as follows:   
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where 
  is connection weight between hidden nodes and input 

nodes. The 
  is connection weight between hidden nodes and 

output nodes. 

 
  2.2 Direct Adaptive Control of Nonlinear System
  In this section, we describe the nonlinear systems and design of 
the feedforward neural network using adaptive backpropagation.
  A direct adaptive control can be schematically represented by Fig. 
2. It is composed of four parts: a nonlinear plant, reference signal for 
compactly specifying the desired output of control system, a feedback 
control law containing neural network, and an adaptation mechanism 
for updating the weights of a neural network using adaptive 
backpropagation (BP) [6].

  We consider here the problem of controlling the plant is described 
by the difference equation
         ⋯,                      (4)
where the function is very complicated. 
  We can defined the error signal as    where   

is the desired reference signal and   is the plant output. The aim 
of control is to determine a bounded control input   such that lim
→∞
 . The input signal   can be computed as follows:

        ⋯.                       (5)

  However, since ⋯  is complex, the controller is 
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<Fig. 3> The output of plant

<Fig. 5> A control input 

<Fig. 4> An error 

estimated online as   using a neural network.

  The control input to the plant is computed using   in place of

⋯  as

          .                                      (6)

where,   is an output of a neural network.

  We can apply controller using neural network not only complex 
nonlinear function but also unknown plant.

  2.3 Training method using adaptive backpropagation 
algorithm
  The Lyapunov stability adaptive BP algorithm in this paper is 
aimed at constructing an energy surface with a single global 
minimum point through the adaptive adjustment of the weights as 
the time gose to infinity[5].
  The first step in the development of such a learning procedure is 
to choose Lyapunov function  , where   is positive 
function.
  We can update the weights to make ∆.
  Then the weights 

   and 
   are updated as follow:
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where  ≠ ≠. Beside the error   can 

asymptotically converge to zero as time goes to infinity.

3. Simulation Example

  In this section, we consider a three-layered neural adaptive contorl, 
as seen in Fig 2. 
  The plant is as follows :
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  The reference signal is as follows :

  
 

                       (10)
  The inputs of a neural network are     . 

Fig. 3 shows the output of plant and desired signal. Fig. 4 shows the 
error   between the reference signal   and the output of plan 

.
  We can show the neural network output in Fig. 5.  
  

4. Conclusion

  In this paper, we have developed the neural network controller 
using the Lyapunov stability adaptive BP algorithm. The error 
asymptotically convergences to zero as time goes to infinity. The 

new controller has been applied nonlinear system in the simulation 
section. 
 We will develop the controllers are the strong roboust input 
disturbance and the general nonlinear systems using the Lyapunov 
stability adaptive BP algorithm. Thus we will apply nonholonomic 
systems such as mobile robot. 

5. Acknowledgement

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

[Reference]

[1] H. Sira-Ramirez and E. Colina-Morles, “A sliding mode strategy 
for adaptive learning in adalines,” IEEETransaction on Circuits 
System I, Fundam. Theory Appl., Vol. 42, No. 12, pp. 1001-1012, Dec. 
1995.
[2] G. G. Parma, B. R. Menezes, and A. P. Braga, “Sliding mode 
algorithm for training multilayer artificial neural networks,” Electron. 
Lett., Vol. 34, No. 1, pp. 97-98, 1998.
[3] J. A. K. Suykens, J. Vandewalle, and B. L. R. De Moor, “NLp 
theory: checking and improving stability of recurrent neural networks 
for nonlinear modeling,” IEEE Transaction on Signal Processing, Vol. 
45, No. 11, pp. 2682-2691, Nov. 1997.
[4] O. Kaynak, K. Erbatur, and M. Ertugrul, “The fusion of 
computationally intelligent methodologies and siliding-mode control – 
a survey,” IEEE Transaction on Ind. Electron., Vol. 48, No. 1, pp. 
4-17, Feb. 2001.
[5] Z. Man, H. R. Wu and S. Liu, X. Yu, “A New Adaptive 
Backpropagation Algorithm Based on Lyapunov Stability Theory for 
Neural Networks,” IEEE Transaction on neural networks., Vol. 17, no. 
6, pp. 1580-1591, 2006
[6] J. J. E. Slotine and W. Li, Applied Nonlinear Control. Englewood 
Cliffs, NJ: Prentice-Hall, 1991



<<
  /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


