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Abstract— 1In the area of artificial neural networks, the Back
Propagation (BP) learning algorithm has proved to be efficient in
many engineering applications especially in pattern recognition,
signal processing and system control. Although the BP learning
has been a significant research area of neural network, it has also
been known as an algorithm with a poor convergence rate. Many
attempts have been made on the learning algorithm to improve
the performance on convergence speed and learning efficiency.
In this study, we propose a new modified BP learning algorithm
by adding chaotic noise into weight update process during error
propagation. The chaotic noise is generated using various chaotic
maps such as Logistic map, Skew Tent map and Bernoulli Shift
map. By computer simulations, we confirm that our proposed
algorithm can give a better convergence rate and can find a good
solution in early time compared to the conventional BP learning
algorithm. Weight update position, noise amplitude and control
parameter of chaos can give a big effect on the learning ability of
feed forward neural network.
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I. INTRODUCTION

Recently, studies on the human brain have been carried out
actively on various levels. On the system level, many
researchers investigate how the brain operates to realize

higher functions such as learning, memory, emotion and so on.

However, much is still unknown about how the brain trains
itself to process information, so theories abound. The learning
process in human brain is modelled in the form of artificial
neural networks. Just like human, neural networks learn from
experience and example. In the area of artificial neural
networks, the Back Propagation (BP) learning algorithm has
proved to be efficient in many engineering applications. BP
was introduced by Rumelhart in 1986 [1]. BP is used for
learning algorithm of multilayer Perceptron and the error
propagates backward in the network. The BP learning
operates with a feed forward neural network which consists of
an input layer, a single or more of hidden layers and an output
layer. Although the BP learning has been a significant
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research area of neural network, it also has been known as an
algorithm with a poor convergence rate. In order to avoid this
problem, some methods to improve the performance on
convergence speed are required. Many researchers
concentrated on changing the momentum and learning rate
and also the number of hidden neurons in the hidden layer but
this will lead to slight improvement only [2], [3]. Not many
studies have been made on modifying the algorithm itself.

On the other hand, chaos has gained much attention and
some applications in neural network during recent years.
There have been many reports on the good performance
Hopfield neural network when chaos is inputted to the
neurons as noise [4], [S]. By computer simulations, it has been
confirmed that the chaos noise is effective for solving
quadratic assignment problem and gains better performance to
escape out local minima than random noise. Hence, we
believe that various features of chaos can give a good effect in
neural network. Considering this, we investigate the effect of
chaos on the learning ability of BP algorithm in order to
improve its convergence rate and learning efficacy.

In this study, we propose a new modified BP learning
algorithm by adding chaos noise into weight update process
during error propagation. By computer simulations, we
confirm that our proposed algorithm can gives a better
convergence rate and find a good solution in early time
compared to the conventional BP algorithm. Weight update
position, noise amplitude and chaos parameter can give a large
impact on the BP learning performance.

II. BP LEARNING ALGORITHM
In this section, we explain the conventional BP algorithm
and our new modified BP algorithm respectively.
A. Conventional BP Algorithm

In the standard BP learning algorithm, the errors of output
neurons are back propagated through the network during
training. The error signal of output neuron can be defined by



2010 6th International Colloquium on Signal Processing & lts Applications (CSPA)

taking the difference between the target output and the actual
output. BP algorithm contains one or more layers each of
which are linked to the next layer. The first layer is called the
input layer which meets the initial input and so does the last
layer, output layer which usually holds the input identifier.
The layers between input and output layers are called the
hidden layers which only propagate the previous layer’s
output to the next layer and back propagates the following
layer’s error to the previous layer. These are the main
operations of training a BP algorithm which can be
summarized as follows:

1) Apply input to the network

2) Calculate the output

3) Compare the resulting output with target output for the
given input, and then calculate the error.

4) Modify the weights for all neurons based on the error

5) Repeat the process until the error reaches an acceptable
value, which means that the network was trained
successfully.

However, in this study, we use the batch BP learning
algorithm. The batch BP learning is expressed by a formula
similar to the conventional BP but the difference lies in timing
of the weight update. The weight update of the standard BP is
performed after each single input data while for the batch BP
the weight update is performed after all input data has been
processed. The total error of the network is defined as Eq. (1),

P P 1 N
DX N YE
p=1 p=1 i=1 (1)

where P is the number of input data, N is the number of
neurons in the output layer, #, denotes the value of desired
target data for the pth input data and o,; denotes the value of
the output data for the pth input data. The goal of the learning
is to set weights between all layers of the network so that the
total £ can be minimized. In order to minimize the total error
E, the weights are updated according to the following
equations:
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where w is the weight between ith neuron of the layer -/ and
the jth neuron of the layer k, m is the learning time and 7 is
the learning rate. In this study, we add the inertia term to Eq.
(4) where { denotes the inertia rate.

978-1-4244-7120-1/10/$26.00 ©2010 IEEE
This is pre-proceedings only.
The final proceedings copy is as listed in IEEExplore.

o 3E o,
Bpwi; (m) =~ Elwl—f“‘ + 1wyl — 1)

ij 4)
B. Chaotic BP Algorithm

Slow convergence rate is the most common disadvantage of
BP learning algorithm. The convergence rate of the learning
process can be improved by changing how the error
propagates back through the network. Considering this, we
add chaos noise into weight update process during error
propagation in order to see the effect of chaos noise to the
learning ability. We name this proposed algorithm as “Chaotic
BP Algorithm”. We add chaos noise into three different
position of weight update and propose three kinds of network;

1) Proposed-network 1 (from input layer to hidden layer)
2) Proposed-network 2 (from hidden to output layer)
3) Proposed-network 3 (both of them)

The new weight update process for chaotic BP can be shown
as below equations where 3 denotes the noise amplitude.

dE
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noise;;(m) = BL]‘ (m)(x;;(m) — 0.5)
(6)

Chaos can be generated by various chaotic maps, such as
Logistic map, Skew Tent map and Bernoulli Shift map. These
maps can be shown in Fig.1, Fig. 2 and Fig.3 respectively.
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Fig. 1 Logistic map.
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Fig. 2 Skew Tent map.
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Fig. 3 Bernoulli Shift map.

III. SIMULATION RESULTS

In this section, we show the effectiveness of our proposed
algorithm by simulating it to the learning examples. Two
cases of learning example are used for this experiment.

A. Learning Example 1: x°

Here, we consider the feed forward neural network produce
output x° for input data x as one learning example. The
sampling range of the input data is [-1.0, 1.0]. We carried out
the chaotic BP learning algorithm by using the following
parameters. The learning rate and the inertia rate are fixed as
n=0.02 and { = 0.002 respectively. The initial values of the
weights are given between -1.0 and 1.0 at random. The
learning iteration is set to 10000 and 6 neurons are prepared in
the hidden layer. The network structure and learning example
are shown in Fig.4 and Fig. 5. For this learning example, we
use logistic map to generate chaotic sequence.

Input layer Output layer

Hidden layer

Fig. 4 Network structure.
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Fig. 5 Learning example 1: y = ¥
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First, we investigate the learning efficacy by adding chaotic
noise into different position of weight update. We compare the
learning performance with the conventional method where
there is no noise adding at all. Figure 6 shows the error curve
of the learning performance for all proposed network. The
horizontal axis is iteration time and the vertical axis shows the
error value.
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Fig. 6 Learning performance of proposed and conventional network.

From this figure, we can confirm that our proposed
networks gain better performance than the conventional BP
algorithm when the chaos parameter is set to 4.0 and noise
amplitude is fixed as 0.01. We also confirm that the chaos
noise applied to both sides of weight update (proposed
network-3) requires less iteration time compared to others.
Figure 7 shows the output results of all proposed and
conventional networks.
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Fig. 7 Output results of learning example 1: y = x*

B. Learning Example 2: Pattern recognition

Here, we consider pattern recognition task as one example
of difficult problem. 10 patterns of numeric characters are fed
into neural network for recognition as shown in Fig. 8. In this
case, the number of input neurons is 35 and the number of
output neurons is fixed to 10. We choose 16 neurons in the
hidden layer. For recognition, a set of 10 patterns shifted 1 bit
from each original pattern was prepared, leading a set of 100
patterns to be recognized. We use the same parameters as the
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previous one. For this learning example, we use Bernoulli

shift map to generate the chaotic sequence.
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Fig. 8 Pattern recognition task.

We add chaotic noise into three different position of weight
update. The learning performance of all proposed and
conventional network is shown in Fig. 9. We conduct 100
trials by using different initial condition and we obtain reliable
average of error rate. The final value of error rate at iteration
time = 20000 can be summarized in Table 1.

TABLEI
FINAL VALUE OF ERROR RATE
Conventional | Network-1 Network-2 Network-3
0.5362454 0.2259438 0.3859357 0.1982767
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Fig. 9 Learning curve of all proposed and conventional network for pattern
recognition.

During network training, the number of hidden neurons is
critical. It is difficult to set an accurate number of hidden
neurons. Therefore, we conduct further investigation on how
to optimize the hidden layer neurons. Figure 10 shows the
learning curve of proposed network-3 when the number of
hidden neurons is changed. Upon increasing the number of
hidden neurons, the learning ability also increases, showing
that the hidden neurons play an important role during learning
process. But if the number of hidden neurons is too large, it
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will lead the learning performance to oscillate. Here, the
optimum number of hidden neurons is 16.
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Fig. 10 Learning curve of proposed network-3 when the number of hidden
neurons are changed.

From these results, we notice that our proposed network
can give a better recognition rate compared with the
conventional BP algorithm.

IV. CONCLUSIONS

In this study, we have investigated the effect of chaos noise
on learning ability of Back Propagation learning algorithm in
feed forward neural network. We have proposed a new
modified BP learning algorithm by adding chaos noise into
weight update process during error propagation. By computer
simulations, we confirmed that the addition of chaos noise can
give a better learning ability and faster convergence speed
compared to the conventional BP learning algorithm. In order
to confirm the generality of this work, we have presented
many learning examples and used different function of chaos
generator from easy problem to more complicated problem.
All simulation results show that our proposed algorithm can
give improvement of system performance. We discovered that
the learning process will take a longer time if more difficult
learning examples are used compared with the easy problem.
We also discovered some factors that influence the learning
performance such as noise amplitude, chaos parameter and the
role of hidden neurons. Hence, we can conclude that various
features of chaos can give a good effect in neural network.

REFERENCES

[1]  D.E. Rumelhart, G.E. Hinton and R.J William, “ Learning Internal
Representations by Error Propagation,” Parallel Distributed Processing,
vol. 1, MIT Press, MA, pp. 318-362, 1986.

[2] A. Sperduti and A.Starita, “Speed up learning and netwotk
optimization with extended back-propagation,” Neural Networks, vol.
6, pp.365-383, 1993.

[3] R.A. Jacobs, “Increased rates of convergence through learning rate
adaption,” Neural Networks, vol.1, pp.295-308, 1988.

[4] Y.Tada, Y.Uwate and Y. Nishio, “ Performance of Chaotic Switching
Noise Injected to Hopfield NN for Quadratic Asssignment Problem,”
Proceedings of ISCAS 06, pp. 5519-5522, 2006.

[5]  Y.Uwate and Y.Nishio, “Chaotically Oscillating Sigmoid Function in
Feedforward Neural Network,” Proceedings of NOLTA 06, pp.215-216.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


