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Abstract. Recently, smaller and more effective recognition system is required
in various fields. In our previous researches, the recognition system using
neural network (NN) and DSP had been developed. In some research fields,
such as biometrics, the target of the system was to recognize patterns whose
data varied widely because of the difference of individuals and surroundings,
but its recognition ability was not enough. So the online tuning system is
proposed in this paper. The proposed system, which is consisted of DSP unit
and the NN continuous learning and recognition parts, is used to recognize the
patterns whose data varied widely. We discuss to adjust the recognition system
to data varied widely by continuous leaning. In experiment, performance of the
online tuning system is checked, and we attempt to apply the system to
electromyogram (EMGQG) pattern recognition.

1. Introduction

Recently, smaller and effective recognition system was needed in various fields.
In our previous researches, some flexible recognition systems using the neural
network (NN) were developed, and to make the system smaller, more portable
and more efficient, the digital signal processor (DSP) was applied to its
operation units. However, the system aimed at some targets whose data variation
caused by the difference of individuals and surroundings was widely. Its
recognition ability is not enough. The reason was that, initial learning data is
generated for include a target for recognition. Then, initial learning data is used
for first learning by the recognition system. So, the NN can not adjust data
varied widely because of the process. To solve this problem, we develop the
system that can input the learning data online, and learn continuously described
online tuning system. Because of continuous learning can respectively extract
the characteristics of each recognition targets, it is possible that the system
recognize the target whose data varied, widely.

In this paper, we discuss the problem that the system’s recognition ability for
some cases whose data varied widely is not satisfied, and proposed a solution of
using the online tuning system, which is realized on the DSP unit. In the
experiment, a voltage controlled oscillator (VCO) is used to simulate the EMG
data, which is a minute electricity. After that, it is used as learning data to verity
the DSP unit of the online tuning system. Finally, the real electromyogram
(EMQ) pattern is used to examine the online tuning system.



2. Online tuning system

In this section, the problems of the previous recognition system are discussed,
and to solve the problems, the online tuning system is proposed.

2-1 Previous the NN recognition system

The previous NN recognition system has been used in banknotes recognition
system and EMG patterns recognition system [1],[2],[3]. Previous research,
recognition ability was not satisfied with the case whose data varied so large.
Individual variation and differences of the environment influenced sample
data[4],[5],[6]. General learning data are sampled by the recognition system.
Then the recognition system starts learning. And the initial learning is converged
using sampled learning data. But the data varied widely is difficult to converge
in the process of the learning. Because, the learning data is increased to increase
generalization ability. In addition, sampling and editing learning data is difficult
to include all learning data. So, the imperfect learning data was used in initial
learning and the recognition ability of the NN is not enough for unknown data.
In the result, recognition ability of the proposed recognition system which is
trained by imperfect learning data is low.

Proposed recognition system is applied in various fields of the system, EMG
recognition system is one of the examples. EMG data for learning and
recognition data is influenced by differences of individuals and the environment.
So, recognition ability is low.

2-2 Online tuning system

To solve the problems, the system, which can obtain the additional learning data
and complete the continuous learning, is proposed. Fig.1. shows the process of
the online tuning system. First, initial NN weight is on generated the personal
computer (PC) .The initial NN weight has ability which is able to recognize a
wide use. Then, the weight is transported to the DSP unit. After that the
continuous learning is completed on the DSP unit. Finally, after the system
converged, the final weight is generated for special individual data. Because of
the process of continuous learning using the additional data, the recognition
learning ability of the system is improved, even if the data of recognized targets
varied, widely.

Fig.1. Process of the online tuning system



3 DSP unit for online tuning

Table 1. Comparison between previous DSP unit and online tuning DSP unit

Previous DSP | Online tuning DSP
unit unit
Input data Digital data Analog data
A/D converter None (on PC) Possess (on unit)
FFT None (on PC) Possess (on unit)
Rotating slab value for learning | None (on PC) Possess (on unit)

Then we develop new DSP unit for online tuning.
differences between the previous DSP unit and proposed online tuning DSP
unit. Moreover, the pre-processing for learning and learning are executed on

the DSP unit, respectively.

3-1 Structures of the hardware

Because of the characteristics of DSP, such as ALU, multiplier they are suitable
for the NN computation. It is simple for programmers to develop software. The
initialization data is saved in EPROM, and the program of the NN learning and
recognition are saved in flash memory. Once the DSP unit start, the program is
send to S-RAM. The alternation of learning and recognition mode is controlled
by the mode switch. The serial port is used to communicate with PC. LED and
LCD are used to display the state of the DSP unit. Fig.2. shows construction of

proposed DSP unit. Fig.3. shows the outside and inside.
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Fig.2. Construction of proposed DSP unit

(a) The outside of DSP unit

Fig.3. Feature of DSP unit

(b) The inside of DSP unit




On the proposed DSP unit for online tuning system, there are 4 analog input
and 8 analog output terminals whose resolution is 8bit. Still more, it is possible
that the DSP unit completed the learning and recognizing process,
independently.

3-2 Structures of the software

The back propagation (BP) algorithm is applied in the NN learning, and the
program is written in C language. Fig.4. illustrates the flow chart of the DSP
software. As starting of the DSP unit, the learning and recognizing program are
send from flash memory to S-RAM, as mentioned on section 3-1. Since the
acquirement of learning data should be executed by DSP unit, independently, the
function of online inputting of the analog data is expanded. After the data input
to the DSP unit, it is transformed using the FFT algorithm. After that it is
converted to input data for the NN and is applied on learning and recognition
process.

Fig.4. Flow chart of the DSP software

4. Verification of DSP unit

In this section, the online tuning function of the DSP unit is verified. The
intention of this verification is that the system can be applied on EMG pattern
recognition. First, the sin wave signal generated by voltage controlled oscillator
(VCO) is used to simulate the EMG signal because of its feebleness and then the
sine signal is used to verity the proposed system. After that, the EMG signals of
7 arm actions including idling, right click, left click, up, down, right, left are
used to verify the online tuning system.

4-1 Condition of the experiment

In the experiment, 7 kind of sine wave signal with 1KHz is generated by VCO.
They are inputted to the DSP unit for learning and recognition processes. First,
the NN weight is initialized on PC by the initial learning. Then the sine wave
signals generated by VCO are inputted to DSP unit from the analog input
terminals. After that, the signal is converted using A/D converter and FFT
algorithm to get frequency signal. Finally, the frequency signal is transformed to



the input for the NN being used to learning and recognizing processes. Fig.5.
shows the different slab values of 7 sine wave signals.Table2 shows the

condition of the NN learning. Fig.6. shows VCO.
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Fig.5. The different slab value of 7 sine wave

Fig.6. VCO




Table 2. Experimental conditions

Mean squared error 0.0001

Maximum iteration number 20000

Learning method Improved BP method (eq.1)
Construction of the NN 48%x25%7

Number of learning data for a sampling 3

Learning constant n 0.05

Inertial constant o 0.95

Vibrations constant 3 -0.1

AW, (t)= 18,0, +aAW {t - 1)+ AW, (t-2) O

4-2 Result of verification

The results of the experiment are showed in table3. Fig.7. shows process of
examination.

Table 3. Experimental result with _
VCO

Pattern | Recognition rate (%) per 20
1 100%
2 100%
3 100%
4 100%
5 100%
6 100%
7 100%

Fig.7. Process of exmination

4-3 Examination

In results of the verification, the DSP unit for online tuning was effective when
the 4ch analog signals were sampled and used in learning and recognition on the
DSP unit. Moreover, the we checked the performance of DSP unit for online
tuning is verified using EMG real data.



4-4 Experiment using EMG real data

Table 4. Results of experimentation

Testee A Testee B Testee C
5 samples 51.43% 47.14% 26.43%
10 samples 73.57% 63.57% 35.00%

In this section, the online tuning system is verified using the EMG real data, and
the effectiveness of continuous learning is shown. The EMG is easily influenced
by the differences of individuals and changes of environment. So the difference
of individuals could not be recognized correctly only after the initial leaning.

In the experiment, the 7 patterns of arm motion (Extension, Flexion, Pronation,
Supination, Open, Grasp, Idking) is used as learning samples. Each of them is
sampled 5 and 10 times respectively. The respective motion is evaluated 20
times. Table4 shows the results of experiment using he online tuning system for
3 examinees. From the table we can see that the recognition ratio is improved
while increasing the learning samples, and while the continuous learning is
executed.

5 Conclusion

In this paper, we indicated problems of the previous system using the NN and
defined. Still more, we indicated that the tuning means learning data is sampled
online and the continuous learning is done using the sampled data. We designed
the DSP unit for online tuning and verified them. This examination was
considered to be applied to the EMG pattern recognition system using the new
DSP unit. We used analog signals which were generated by VCO in examination.
Results of the examination showed the system recognized the patterns with
100%. Moreover, we checked performance of DSP unit for online tuning.
Online tuning system was expanded to EMG pattern recognition system. Seven
type of pattern (Extension, Flexion, Pronation, Supination, Opnen, Grasp,
Idling) were used to verify the EMG recognition system using the online tuning
system. Results of examination show recognition ability improved when the
learning data were increased. We consider the online tuning system was
effective on EMG pattern recognition system. In the future, we will try again to
examine EMG pattern recognition system using online tuning system in detail.

Reference

1. F.Takeda, M.Nakahara, K.Nakaura and Y.Yamamoto.:Recognition System of Arm
Behavior with Layered Neural Network, KES2001, pp.1003-1008, 2001

2.  M.Nakahara, F.Takeda, K.Nakaura and Y.Yamamoto.: Propose of an Arm Behavior
Recognition System with EMG and Neural Network:, ICMIT'01, pp.400-405, 2001

3. H.Satoh, F.Takeda.:Development of a Intelligent input Interface using EMG for
MobileTerminal:, ISAGA, chiba, pp.1078-1088 , 2003

4. F.Takeda, S.Omatu, Y.Matumoto.:Development of High Speed Neuro-Recgnition
Unit and Application for Paper Curency, The International Workshop on Signal
Processing Application and Tecnhology,pp.49-56

5. F.Takeada, M.Nakahara, Y.Ichiryu, H.Uchida.:Autonomic Neuro-Recognition Board
for Paper Currecny:,APAT2000,pp.85-90,2000

6. F.Takeda, S.Omatu.:Neural Network Systems Technique and Applications in Paper
Currency Recognition:, Neural Network Syst., Techniq. and Appli. ACADEMIC
PressS, Chapter 4, p133-160,1998




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


