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ABSTRACT 

The purpose of this study is to propose an improvement of the speech recognition under the noisy environment. 
Speech recognition systems have a weak point, they work best in a noiseless condition, but they work poor perform-
ance under the noise condition. To analyse noise problem, many people have used fourier analysis. But the fourier 
analysis reveals only the frequency information. The general noise filters reduce specific frequency noise and signal. 
It is difficult to remove the only noise. To overcome this difficulty, we apply wavelet transform to speech recognition 
under the noisy environments using cepstral analysis. We applied the method of signal decomposition and synthesis 
by wavelet transform and weighting coefficients for a specific level and cepstral analysis. This method is applied to 
the speech recognition. As a result, speech recognition rate is improved by this method. 

INTRODUCTION 

The purpose of this study is to propose an improvement of 
the speech recognition under the noisy environment. Speech 
is the most natural form of human communication. And 
speech recognition has made it possible for computers to 
understand human voice commands and human languages. 
Speech recognition is one of the very important technologies. 
Automatic speech recognition systems are most effective in 
noiseless environments.  However, these speech recognition 
systems have a weak point, they work best in a noiseless 
condition, but they work poor performance under the noise 
condition. If the data are polluted with noise, these speech rec-
ognitions are extremely difficult. For the noise reduction of 
signals, there are filters and spectral subtraction method, and so 
on. However, there is some limitation in case that the quality of 
the signal is poor. Therefore, we took notice of this point. This 
study improves a speech recognition method under the noisy 
environment by using wavelet transform and weighting coef-
ficients and cepstral analysis. To analyse noise problem, 
many people have used fourier analysis. But the fourier 
analysis reveals only the frequency information. The general 
noise filters reduce specific frequency noise and signal. It is 
difficult to remove the only noise. To overcome this diffi-
culty, we apply wavelet transform to speech recognition un-
der the noisy environments using cepstral analysis. The 
wavelet transform is widely used for wave and image analy-
sis [1- 8]. We applied the method of signal decomposition 
and synthesis by wavelet transform and weighting coeffi-
cients for a specific level and cepstral analysis. This method 
is applied to the speech recognition. The speech recognition 
experiments by Japanese noisy digits are performed two 
kinds of colored noise are added to the original clear speech 
data for making noisy data. As a result, speech recognition 
rate is improved by this method. It was shown that the wave-

let transform and weighting coefficients was one of the prom-
ising methodologies for filter. 

METHOD OF USING WAVELET TRANSFORM 
AND WEIGHTING COEFFICIENTS FOR A SPECIFIC 
LEVEL 

For the noise reduction of signals, there are a noise filters. The 
general noise filters reduce specific frequency noise and sig-
nal. It is difficult to remove the only noise. To overcome this 
difficulty, we applied the method of signal decomposition by 
wavelet analysis. To analyze noise problem, many people 
have used fourier analysis. Fourier spectrum reveals only the 
frequency information. Therefore, it is difficult to obtain the 
noise waveforms from the fourier spectrum. To overcome 
this difficulty, we employed the wavelet analysis technique. 
Wavelet analysis makes it possible to get the time as well as 
frequency domain information.  
The wavelet transformation is given by 

 
XWS ⋅=                   (1) 

 
where S is wavelet spectrum matrix, W  is wavelet matrix [1-
5] , X is signal data. 
Method of using wavelet transform and weigting coefficients 
for a specific level is given by  

 
( )
( )⎩

⎨
⎧ ≤<

=
−

otherwises
NiNsk

s
i

MM
i

i

12/2/
'                      (2) 

 
S i is element of matrix S. N is a length of signal data. M is 
the level number. k is weigting coefficient. 
Equation (3) is inverse wavelet transformation.  
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S'WX' T ⋅=                   (3) 

S’ is the modification of wavelet spectrum matrix by Equa-
tion (2). X’ is modified signal data matrix. The modified 
signal data are analyzed into cepstral coefficients using im-
proved cepstral method [9]. And speech recognition experi-
ments are used the cepstral coefficients. 

Figure 1 shows that definition of each level. Figure 2 shows 
that exsample of wavelet spectrum using weighting 
coefficient k=0 for level 1 (n1). Figure 3 shows that exsample 
of wavelet spectrum using weighting coefficient k=0.5 for 
level 2 (n2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Definition of each level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Exsample of wavelet spectrum using weighting 
coefficient k=0 for Level 1. (n1) 
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Figure 3. Exsample of wavelet spectrum using weighting 
coefficient k=0.5 for Level 2. (n2) 

 

 

Figure 4 shows that exsample of the method of using wavelet 
transform and weighting coefficients for a specific level. 
Figure 4 (a) shows that original speech data of Japanese noisy 
digits. The parameter N must be the integer and the power of 
2. This exsample data is not the power of 2. Therefore, 
speech data added data of zero shown in Figure 4 (b). We 
computed a wavelet spectrum. Figure 4(c) shows the wavelet 
spectrum. Figure 4(d) shows that exsample of modified 
wavelet spectrum using weighting coefficient k=0 for level 1 
(n1). To recover the speech data, we computed the inverse 
wavelet transform shown in Figure 4 (e). Figure 4(f) shows 
that restoration of speech data length.  

 

EXPERIMENTAL RESULTS 

This method is applied to the speech recognition. The speech 
recognition experiments by Japanese noisy digits are per-
formed. 240 Japanese digits uttered by 8 male speakers are 
used. Each speaker uttered digits for three times. Two kinds 
of colored noise are added to the original clear speech data 
for making noisy data. These are expressed as Pink noise and 
Automobile noise. 

The reference patterns are obtained from single speaker and 
the data of other speakers are recognized. In the experiments, 
reference patterns are obtained from clear speech data. The 
dynamic time warping matching is used for the pattern 
matching. The wavelet base function is the haar wavelet.  
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(a) Speech data. 
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(b) Speech data added data of zero. 
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(c) wavelet spectrum. 
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(d) Exsample of modified wavelet spectrum using weighting 
coefficient k=0 for Level 1 
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(e) Recovered speech data by inverse wavelet transpose. 
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(f) Restoration of speech data length. 

 

Figure 4. Exsample of the method of using wavelet transform 
and weighting coefficients for a specific level. (Japanese /rei/ 
with Pink 10dB) 

 

Table 1 show that the recognition results by conventional 
method. This recogniton results are standard results in this 
paper. Experimental results of the speech recognition using 
the new methods are shown in Figures 5-11.  

Figure 5 show that the recognition results of wavelet spec-
trum using weighting coefficient for level 1 (n1). Figure 6 
show that the recognition results of wavelet spectrum using 
weighting coefficient for level 2 (n2). Figure 7 show that the 
recognition result of wavelet spectrum using weighting 
coefficient for level 3 (n3). Figure 8 show that the recogni-
tion result of wavelet spectrum using weighting coefficient 
for level 4 (n4). Figure 9 show that the recognition result of 
wavelet spectrum using weighting coefficient for level 5 (n5). 
Figure 10 show that the recognition result of wavelet spec-
trum using weighting coefficient for level 6 (n6). Figure 11 
show that that recognition result of wavelet spectrum using 
weighting coefficient for level 7 (n7). 

 

Table 1. Recognition results by standard method. 

Noise type Recognition rate [%]

Clean 95.14  

Pink0dB 15.85  

Pink10dB 28.31  

Auto0dB 24.29  

Auto10dB 54.03  

 

0

10

20

30

40

50

60

70

80

90

100

Clean Pink 0dB Pink 10dB Auto 0dB Auto 10dB

R
e
c
o
gn

it
io

n
 R

at
e
[%

]

Standard

k=0

k=0.25

k=0.5

k=0.75

 

Figure 5. Recognination results (Level 1, n1) 
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Figure 6. Recognination results (Level 2, n2) 
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Figure 7. Recognination results (Level 3, n3) 
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Figure 8. Recognination results (Level 4, n4) 
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Figure 9. Recognination results (Level 5,n5) 
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Figure 10. Recognination results (Level 6,n6) 
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Figure 11. Recognination results (Level 7,n7) 

 

In the experimental results, recognition results of Pink 
S/N10dB are improved about 10 to 20%. But, recognition 
results of Automobile S/N0dB are not improved.  It is neces-
sary to improve this method under the Automobile noisy 
environment.  

Table 2 show that the best recognition results of methods by 
wavelet transform and weighting coefficients for a specific level. In 
particular, recognition results of n5 or n6 and k=0 or k=0.25 
are improved.  

Table 3 shows that the parameter k is the best recognition 
results of methods by wavelet transform and weighting coeffi-
cients for each level. 

Figure 12 and Figure 13 show that the exsample of spectral 
envelopes of /i/ parts of Japanese word /ichi/ (one). Figure 12 
shows that the spectral envelops of /i/ parts of Japanese word 
/ichi/ (one) by conventional method. Figure 13 shows that the 
modified spectral envelops of /i/ parts of Japanese word /ichi/ 
(one) by wavelet transform and weighting coefficients for level 5 
(n5). 
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Figure 13 compares advantageously with Figure 12. In Figure 
13, the spectral envelops of clearn and otherwise are some-
what analogous. 

 

Table 2. The best recognition results of methods by wavelet 
transform and weighting coefficients for a specific level. 

Noise Weighting pattern Recognition rate [%]

Clean n1(k=0.75) 97.70  

Pink0dB n6(k=0.25) 23.91  

Pink10dB n5(k=0) 53.04  

Auto0dB n6(k=0) 27.94  

Auto10dB n6(k=0.5) 62.29  

 

 

Table 3. The parameter k is the best recognition results of 
methods by wavelet transform and weighting coefficients for each 

level. 

Level Pink Automobile Average 

1 0.25 1 0.75 

2 0.75 0 0.75 

3 0.75 0.75 0.75 

4 0.5 0.75 0.75 

5 0 0.75 0.25 

6 0.25 0.5 0.5 

7 0 0 0 

 

 

 

Figure 12. Spectral envelops. (/ichi/, standard) 

 

 

 

 

Figure 13. Spectral envelops. (/ichi/, n5, k=0) 

 

 

Figure 14. Spectral envelops. (/go/, standard) 

 

 

Figure 15. Spectral envelops. (/go/, n5, k=0) 
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Figure 14 and Figure 15 show that the exsample of spectral 
envelopes of /o/ parts of Japanese word /go/ (five). Figure 14 
shows that the spectral envelops of /o/ parts of Japanese word 
/go/ (five) by conventional method. Figure 15 shows that the 
modified spectral envelops of /o/ parts of Japanese word /go/ 
(five) by wavelet transform and weighting coefficients for level 5 
(n5). 

Figure 15 compares advantageously with Figure 14. In Figure 
15, the spectral envelops of clearn and otherwise are some-
what analogous. 

Figure 16 and Figure 17 show that the exsample of spectral 
envelopes of /a/ parts of Japanese word /nana/ (seven). Figure 
16 shows that the spectral envelops of /a/ parts of Japanese 
word /nana/ (seven) by conventional method. Figure 17 
shows that the modified spectral envelops of /a/ parts of 
Japanese word /nana/ (seven) by wavelet transform and weight-
ing coefficients for level 5 (n5). 

 

 

Figure 16. Spectral envelops. (/nana/, standard) 

 

 

Figure 17. Spectral envelops. (/ichi/, n5, k=0) 

 

Figure 18. Spectral envelops. (/kyu/, standard) 
 

 

Figure 19. Spectral envelops. (/kyu/, n5, k=0) 

 

 

Figure 20. Spectral envelops. (/rei/, standard) 
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Figure 21. Spectral envelops. (/rei/, n5, k=0) 

 

Figure 17 compares advantageously with Figure 16. In Figure 
17, the spectral envelops of clearn and otherwise are some-
what analogous. 

Figure 18 and Figure 19 show that the exsample of spectral 
envelopes of /u/ parts of Japanese word /kyu/ (nine). Figure 
19 shows that the spectral envelops of /u/ parts of Japanese 
word /kyu/ (nine) by conventional method. Figure 19 shows 
that the modified spectral envelops of /u/ parts of Japanese 
word /kyu/ (nine) by wavelet transform and weighting coefficients 
for level 5 (n5). 

Figure 19 compares advantageously with Figure 18. In Figure 
19, the spectral envelops of clearn and otherwise are some-
what analogous. 

Figure 20 and Figure 21 show that the exsample of spectral 
envelopes of /e/ parts of Japanese word /rei/ (zero). Figure 20 
shows that the spectral envelops of /e/ parts of Japanese word 
/rei/ (zero) by conventional method. Figure 21 shows that the 
modified spectral envelops of /e/ parts of Japanese word /rei/ 
(zero) by wavelet transform and weighting coefficients for level 5 
(n5). 

Figure 21 compares advantageously with Figure 20. In Figure 
21, the spectral envelops of clearn and otherwise are some-
what analogous. 

 

CONCLUSIONS 

In this paper, we apply the method of signal decomposition 
and synthesis by wavelet transform and weighting coeffi-
cients for a specific level and cepstral analysis. This method 
is applied to the speech recognition. The speech recognition 
experiments by Japanese noisy digits are performed two 
kinds of colored noise are added to the original clear speech 
data for making noisy data. As a result, speech recognition 
rate is improved by this method. It was shown that the wave-
let transform and weighting coefficients was one of the prom-
ising methodologies for filter. 

 

 

REFERENCES 
1 Stephane Mallat, “a wavelet tour of signal processing”, 

Academic Press, 2nd Edit., (1998) 
2 Paul S Addison, “The illustrated wavelet transform 

handbook”, Institute of Physics Publishing Bristol and 
Philadelphoa, (2002) 

3 D.E.Newland, “Random vibrations, spectral and wavelet 
analysis”, Longman Scientific & Technical, 3rd Edit., 
(1993) 

4 William H. Press, Saul A Teukolsky, Willam T. 
Vettrling, Brian P.Flannery, “Numerical Recipes in For-
tran, The Art of Scientific Computing”, Cambrige Uni-
versity Press, 2nd Edit., (1992) 

5 Yves Nievergelt, “Wavelets Made Easy”, Birkhauser, 
2nd printing, (2001) 

6 Rafael C. Gonzalez and Richard E. Woods, “Digital 
Image Processing”, Addison-Wesley Publishing Com-
pany, (1993) 

7 Y.Midorikawa, S.Hayano and Y.Saito, “A Thin Film 
Common Mode Noise Filter and Its Evaluation by 
Wavelet Analysis”, IEEE Transaction on Magnetics, 
Vol.32, No.5, pp5001-5003, (1996) 

8 Y.Midorikawa and M.Akita, “Improvement of the signal 
pattern recognition under the noisy environment by 
combining advanced spectral envelope modification and 
wavelet transform”, Journal of Japan Society of Applied 
Electromagnetics and Mechanics Vol.12, Number 4, 
pp.310-315, (2004) (In Japanese) 

9 S.Imai and Y.Abe, “Spectral Envelope Extraction by 
Improved Cepstral Method, Trans. IECE(A) Vol.62-A 
No.4, pp.217-223, (1979) (In Japanese) 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


