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ABSTRACT

Recently, speech compression research aims to produce a compact representation of
speech sounds such that when reconstructed it is perceived to be close to the original. This thesis
presents a studying and comparison of wavelet filter for speech compression.

In the experiments, there are 80 speech signals which are used as input data. These
signals can be categorized into 4 groups that consist of male and female speech signal with the
length of 5 and 60 seconds respectively. These signals are then pass through to the three types of
Wavelet Transform: Haar wavelet, Biorthogonal wavelet and Discrete Approximation of Meyer
Wavelet, in order to search the best appropriate for this experiment. To classify wavelet, the energy
average, spectrogram and Dynamic Time Warping (DTW) are used. The best appropriate wavelet is
then used to compress speech signal in level 1-3. The result of this experiment is then compared
with the Federal Standard 1016 Code Excite Linear Prediction (FS 1016 CELP) in the term of
speech quality using Means Square Error (MSE) and Peak Signal to Noise Ratio (PSNR).

The results show that Biorthogonal Wavelet provides the best compress efficiency. Also
the synthesis speech signal with Invest Discrete Wavelet Transform (IDWT) indicated that the 5
seconds female speech signal provides the best average efficiency. Moreover, the DWT and CELP
speech compression is compared in the term of PSNR and MSE. The results show that DWT
provides better performance than CELP speech compression and also it gives the errorless when it

compares to the original speech signal.

Keywords: haar wavelet, biorthogonal wavelet, discrete approximation of meyer wavelet
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@3N N1 A1 MSE t1a PSNR ¥09msTudadayay i
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= = 9 a d' a =
FYITYVIULTUINWYINIAL S IUN

" DWT 326 3 CELP i Oder 10
IENN
MSE PSNR MSE PSNR
1 0.0028748 23.97022 0.0324608 14.886143
2 0.0022127 23.012422 0.0342991 14.646906
3 0.0025393 23.763364 0.0576671 11.491106
4 0.0030224 23.159794 0.0661155 10.227434
5 0.0030829 24303797 0.0386544 14.127749
6 0.0038266 22.966173 0.0381055 14.189861
7 0.0023237 24788017 0.0274359 15.616539
8 0.0029671 25.276481 0.0331252 14.194184
9 0.0034997 23.423705 0.0472434 12.133331
10 0.0041761 23.792002 0.0449538 13.472075
11 0.0027042 24.114896 0.0320957 14.475029
12 0.0036028 22.146111 0.0295448 15.024892
13 0.004547 22283524 0.0382226 14.176528
14 0.0045648 21.016978 0.0439744 13.320371
15 0.0041308 22511003 0.0347751 14.034367
16 0.0045517 22.683727 0.0340293 13.965413
17 0.0060976 21.695152 0.0383886 14.157708
18 0.0062703 21.06468 0.0436595 13.598947
19 0.0053645 21.784233 0.0391855 13.33512
20 0.0070086 21.543442 0.0350249 14.555965
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mefi 0.2 A1 MSE uaz PSNR ¥eem13Husa Yuanaudssdyanadesdneina s und
- 4 DWT 52fufi 3 CELP fi Oder 10
GHN
MSE PSNR MSE PSNR
1 0.0026153 17.922604 0.0080534 19.805501
2 0.0040416 19.375243 0.0080534 19.805501
3 0.00132 22.761335 0.0129103 17.908324
4 0.0040954 19.154955 0.0116077 19.352259
5 0.0059752 19.129907 0.0153652 16.85767
6 0.0034073 19.159426 0.0114129 19.425771
7 0.0014847 19.263656 0.0176416 15.640579
8 0.0020805 19.599626 0.006923 20.19701
9 0.0008925 18.05563 0.0063298 21.833968
10 0.0007272 19.947053 0.0056623 22.469798
11 0.0015456 18.513348 0.0055406 22.564202
12 0.002136 18.347009 0.0107575 19.38738
13 0.0027298 19.427813 0.0209147 16.445522
14 0.001584 22.089982 0.0085368 19.902794
15 0.0022302 18.94442 0.0095225 19.87797
16 0.0015407 18.879948 0.0095804 19.80803
17 0.0009355 18.226283 0.0102253 19.90297
18 0.0026682 22.559609 0.0173879 17.597261
19 0.00193 23.511258 0.0126787 18.968972
20 0.0013004 16.156099 0.0089788 19.880626
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" DWT 526 3 CELP # Oder 10
IFENN
MSE PSNR MSE PSNR

1 0.0028881 25.393601 0.022 15.4092

2 0.0038161 24.183502 0.0219431 16.586764
3 0.0046281 23.345686 0.0153928 18.126569
4 0.0049199 23.080162 0.0134076 17.183265
5 0.0041229 23.847702 0.0151328 18.200532
6 0.0070284 21531171 0.0178518 15.001009
7 0.0068391 21.649727 0.0178518 15.001009
8 0.0047649 23.219155 0.0109473 19.606662
9 0.0101814 19.921666 0.0168535 17.732832
10 0.0061512 22.110155 0.0118593 19.259159
11 0.0070606 21.511289 0.0164978 17.825477
12 0.007062 2151048 0.0129803 18.516091
13 0.0074172 21.297357 0.0155963 18.069525
14 0.0092776 20.325366 0.0136984 17.885817
15 0.0092927 20.318326 0.0141755 17.910452
16 0.0114822 19.399468 0.0144807 18.391836
17 0.0077297 21.118128 0.0103663 19.564434
18 0.0168477 17.734339 0.0173823 17.271298
19 0.020689 16.842334 0.0194717 17.105705
20 0.010578 19.755696 0.0128715 18.496443

91



[

@3N N4 A1 MSE 11a PSNR ¥0amsTudadaya i

[

=S = 9 A a =
FYITYVIULTSINFIINIAT 60 IUIN

o 4 DWT 326 3 CELP # Oder 10
18NN
MSE PSNR MSE PSNR

1 0.0031574 23.40308 0.008609 20.65021

2 0.0015206 26.275351 0.0046216 20.689929
3 0.0026766 23.229676 0.005219 22.410451
4 0.0017846 25.649991 0.0033351 23.212055
5 0.0010553 23.804905 0.0035585 24.026801
6 0.004088 21.087727 0.0053349 22.728471
7 0.0050452 18.847163 0.0041231 23.277849
8 0.0012771 26.096963 0.0030441 25.165094
9 0.0013611 26.687807 0.004031 23.429848
10 0.0062324 17.126783 0.0065368 21.846061
11 0.0013616 27.171917 0.0035419 23.491152
12 0.0065117 20.225269 0.0030368 25.175514
13 0.0073189 17.992727 0.0027592 25.59184
14 0.0061476 18.327816 0.0024305 26.056956
15 0.0024327 24.789368 0.0041242 23.846305
16 0.0057325 19.98606 0.003477 24.206809
17 0.0014493 27.873579 0.0033074 24.09833

18 0.0103739 17.899945 0.0043448 23.572965
19 0.0033868 22.507603 0.0021639 26.647361
20 0.0023716 22.787445 0.002804 25.521934
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" DWT 326 2 CELP # Oder 20
IENN
MSE PSNR MSE PSNR
1 0.0005529 31.107511 0.002696 25.692502
2 0.0006697 28.006242 0.0443531 13.530493
3 0.0003715 33.193913 0.0443531 13.530493
4 0.0005045 30.203972 0.0474502 12.760899
5 0.0004786 32.939783 0.0334419 14.75682
6 0.000557 32.164677 0.0436645 13.309254
7 0.0007597 28.840684 0.0293374 15.325517
8 0.0004316 32.992252 0.0311255 15.068578
9 0.0006529 30.19193 0.0381754 14.046719
10 0.0008756 30.576496 0.0462981 13.260467
11 0.0006051 30.252044 0.0202068 16.944753
12 0.0008536 28.811976 0.0270052 14.038802
13 0.0005782 31.859607 0.0325079 14.879851
14 0.00062 30.082635 0.0390177 14.08712
15 0.0006315 31.334409 0.0323082 14.020481
16 0.0006904 30.077977 0.0338112 13.77532
17 0.0006339 31.761009 0.036959 14.32253
18 0.0010047 29.944598 0.0339599 14.690076
19 0.0010545 28.02079 0.0363162 14.398732
20 0.0014549 28371512 0.0397004 14.011785
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4 DWT 326 2 CELP # Oder 20
18NN
MSE PSNR MSE PSNR
1 0.0012443 26.136326 0.0052763 22.478755
2 0.0022403 25.043865 0.0070211 21.264277
3 0.000602 26.801058 0.00945 20.245411
4 0.0015629 25.547727 0.0085618 20.674094
5 0.0028698 23.861225 0.0152227 17.794717
6 0.0021228 24.985964 0.0109601 19.601573
7 0.000633 25.13399 0.0175316 17.561531
8 0.0013927 24.886573 0.010769 19.677965
9 0.0007094 24.040034 0.0052474 21.656799
10 0.0005905 24.753329 0.0112706 19.480265
11 0.0009261 26.756598 0.0076929 20.753491
12 0.0016458 21.056031 0.0107884 19.670151
13 0.0020264 22.867249 0.0139194 18.086237
14 0.0008788 27.600783 0.0053296 2237761
15 0.0013887 24.122585 0.0075445 21.223446
16 0.0009019 25.736274 0.0096426 19.260482
17 0.0007584 24.75008 0.0058153 22.354007
18 0.0015511 24.656619 0.0131125 18.822868
19 0.001344 25.464527 0.0122464 18.652149
20 0.0011118 23.672604 0.0091932 20.365064
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4 DWT 326 2 CELP i Oder 20
18NN
MSE PSNR MSE PSNR
1 0.0005601 32.516923 0.0229674 16.195087
2 0.0006167 32.084655 0.020773 15.825155
3 0.0008253 30.833536 0.0200482 16.663988
4 0.0010036 29.984288 0.0202611 16.824006
5 0.000831 30.803636 0.0190176 17.208175
6 0.0013242 28.780155 0.020958 16.786228
7 0.0016474 27.831723 0.0197169 16.772026
8 0.0011141 29.530353 0.0132571 18.775263
9 0.0030652 25.135152 0.0168355 16.39513
10 0.0015577 28.074837 0.0178333 16.54327
11 0.0014818 28.291806 0.0141074 18.505263
12 0.0019348 27.13331 0.0083963 20.75886
13 0.0020859 26.806898 0.013311 18.757643
14 0.0029012 25373912 0.0138279 18.59218
15 0.0027016 25.683589 0.0137186 18.460164
16 0.0037101 24.305897 0.0127738 18.496391
17 0.0026307 25.799018 0.0097978 19.615065
18 0.0057385 22411784 0.0139338 18.555586
19 0.0083491 20.783353 0.0182502 17.387066
20 0.0039518 24.031828 0.012271 19.043338
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o 4 DWT 326 2 CELP # Oder 20
18NN
MSE PSNR MSE PSNR
1 0.001506 27.525524 0.007379 21.319754
2 0.0007126 30.843898 0.0043422 23.006446
3 0.0015526 27.545657 0.0042501 23.715711
4 0.001182 29.213167 0.0041147 23.856393
5 0.0007733 27.77027 0.0048069 21.81303
6 0.0030727 23.697984 0.0040561 23.918661
7 0.0038862 23.701072 0.0022648 26.449515
8 0.0008069 29.583542 0.0047785 23.206821
9 0.0011021 28.05185 0.0034298 23.363912
10 0.0040554 23.919451 0.0056786 22.457355
11 0.0010932 27.901698 0.0040694 23.904436
12 0.0042995 23.559157 0.0047803 22.996189
13 0.0049279 23.073135 0.0057734 21.888492
14 0.0045925 23.332718 0.0045019 22.96462
15 0.0014255 28.183329 0.0035031 24.455172
16 0.0041591 22.647763 0.0058631 22.086323
17 0.0008825 30.326147 0.0032044 24.676853
18 0.0068971 21.613101 0.0069897 21.447687
19 0.0024696 25.443849 0.003511 24.545432
20 0.0015964 27.385471 0.0031406 22.938156
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- 4 DWT szefuii 1 CELP il Oder 40
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MSE PSNR MSE PSNR
1 0.0002208 34.556237 0.0256867 15.902649
2 0.0003573 30.318581 0.0413773 13.531126
3 0.000212 35.099575 0.0467729 12.802588
4 0.0002032 33.945003 0.0549935 12.511112
5 0.0002152 35.540572 0.0361193 14.368634
6 0.0001983 36.430003 0.0360951 14.425248
7 0.0004384 30.922765 0.0376727 14.239472
8 0.0001541 37.039505 0.0346263 14.605676
9 0.0002409 34.2094 0.0410259 13.662874
10 0.0003792 34.16888 0.0480885 13.153839
1 0.0002181 34.778548 0.0299273 15.239058
12 0.0003604 32.701333 0.0467411 13.302746
13 0.0002269 35.4926 0.0467411 13.302746
14 0.0002391 33.90546 0.0455252 12.048539
15 0.0003278 33.809396 0.03893 13.992084
16 0.000259 33.94805 0.0419845 13.768847
17 0.0001946 36.457826 0.0493275 12.898326
18 0.0001884 37.248961 0.0383398 14.163239
19 0.0001763 35.35046 0.0369373 13.848344
20 0.0003131 35.043215 0.0585873 12.321697
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4 DWT 326t 1 CELP # Oder 40
18NN
MSE PSNR MSE PSNR
1 0.0001981 35.802786 22.632297 0.0054544
2 0.0003579 33.494248 21.559234 0.0066838
3 0.0001639 33.743386 20.128468 0.0097079
4 0.0003347 32.695044 21.123147 0.0077207
5 0.0005485 31.743878 17.645408 0.0154681
6 0.0004072 32.624549 20.334115 0.0086887
7 0.0001822 31.186348 16.681037 0.0204771
8 0.0003771 33.361893 16.681037 0.0204771
9 0.0002218 32.777354 20.692839 0.0085249
10 0.0002557 33.950615 19.154245 0.0107902
11 0.000216 33.984687 21.62254 0.0068821
12 0.0004166 29.057391 19.849428 0.0103522
13 0.0004792 30.973879 18.527205 0.0140363
14 0.0002485 34.63038 22784583 0.0044609
15 0.0002819 34.241042 20.461068 0.0080782
16 0.0001828 33.338075 18.827228 0.0130994
17 0.0002315 31.112245 22.105347 0.006158
18 0.0003898 33.512791 17.150457 0.0129962
19 0.000355 32.818387 18.818864 0.0120148
20 0.0004588 27.208848 18.974656 0.0095589
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4 DWT 326t 1 CELP # Oder 40
18NN
MSE PSNR MSE PSNR
1 0.0002549 35.893426 0.0249576 16.021077
2 0.0002365 35.977468 0.0240848 15.511309
3 0.000233 36.326672 0.0202093 16.278948
4 0.0002429 36.144633 0.0207571 16.754861
5 0.0001685 37.734764 0.0207435 16.764664
6 0.0002998 35.232075 0.0207701 16.825356
7 0.0003106 35.077413 0.0201129 16.169093
8 0.000218 36.614328 0.0144159 18.411326
9 0.000524 32.806543 0.0170393 16.270492
10 0.000253 35.968101 0.0092351 19.723136
11 0.0002795 35.535806 0.0151445 17.162423
12 0.000302 35.200187 0.0102343 19.300017
13 0.0003673 34.348944 0.0149539 18.252198
14 0.0006105 32.142987 0.0165259 17.658095
15 0.0005199 32.84065 0.0157318 18.031956
16 0.0007465 31.269162 0.0154317 18.115611
17 0.0006006 32.214162 0.0118139 19.275817
18 0.0013094 28.829069 0.0138766 18.576899
19 0.0018845 27.247679 0.0182829 17.379295
20 0.0009258 30.334643 0.0125915 18.480946
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4 DWT 526 1 CELP # Oder 40
18NN
MSE PSNR MSE PSNR
1 0.0003282 33.9183 0.0074887 21.25566
2 0.000186 36.355948 0.0049332 23.068459
3 0.0003743 33.742817 0.0041015 23.870315
4 0.000333 34.215062 0.0036891 24.330574
5 0.0002682 33.742489 0.0046732 21.646832
6 0.0008213 30.837941 0.0038572 24.058228
7 0.0011532 29.380748 0.0022703 26.438928
8 0.0002199 35.999833 0.0045334 23.435469
9 0.0003831 32.497935 0.0039907 23.820399
10 0.0011717 29.311608 0.0028542 25.444938
11 0.0003893 32.325213 0.0040673 23.760214
12 0.0012981 28.866694 0.0048528 23.139827
13 0.0015168 28.190444 0.0059837 22.042748
14 0.0014781 28.3026 0.0045145 23.361389
15 0.0003666 34.170014 0.003327 24.779239
16 0.0011551 28.992474 0.0057197 22.345873
17 0.0002568 35.539948 0.0032564 24.872391
18 0.0016038 27.914598 0.0070589 21.51238
19 0.0005771 32.386991 0.0035014 24.557332
20 0.0004892 32.625249 0.0031269 25.048555
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Abstraet

This paper presents the analysis and comparison of speech
compression wsing Haar wavelet (Haar), Biorthogonal wavelet (Bior}
and Discrete approximation of Mever wavelet (Dmey), Thers ere 80
speech signal input which are collected from 40 male and 40 famale:
The physical properties of the averape energy and the comparison of the
frequency spectrum of speech signal are also used in this research. The
results show that the compressed speach signal with Rior provides
better quality than the Haar and Dmey. This techmque also provides the

speach compression rate a1 24 kiTz which is less than the original.
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2.1 Haar Wavelet (Haar)
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2.2 Biorthogonal Wavelet (Bior)
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2.3 Discrete Approximation of Mever Wavelet (Dmey)
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Exploring Dynamic Time Warping Technique to
Wavelet Speech Compression

Supatinee Kornsing
Electronics and TelecommunicationEngineering Department
Rajamangala University of Technology Thanyaburi
Pathumthani, Thailand
supatinee_k@hotmail.com

ABSTRACT—Wavelet analysis is a significant tool that has
been used for speech and image processing. Three wavelet
families, Haar wavelet (Haar), Biorthogonal wavelet (Bior) and
Discrete approximation of Meyer wavelet (Dmey) are used in this
experiment. Eighty speech signal, which are selected from male
and female, are used as input signal. Dynamic Time Warping
(DTW) technique is applied to determine and adjust speech
feature for compression. The results shown that the Haar wavelet
provides good performance in compression condition and also
keep the gquality of speech close to the original speech.

Keywords—Speech signal ) :Haar let;
Biorthogonal wavelet; Discrete  approximationaf Meyer wavelet;
Dynamic Time Warping

I INTRODUCTION

Speech compression normally uses the bandwidth not
over 4 kHz, which this present applications of speech
compression have very numerous, in most applications involve
the real time coding of speech signal for use in mobile satellite
communications, cellular telephony and audio for video
phones or video teleconferencing systems ete. [1, 2] There are
many research technique which involves to speech
compression such as Linear Predictive Coder (LPC), Line
Spectrum Pairs (LSP) [3], Artificial Neural Network (ANNSs)
[4] and Wavelet Transform.

Wavelet transform is a fundamental mathematical tool
which can analyze signals both frequency domain and time
domain. In order to the wavelet transform is used within an
interval, resolution in time and frequency domains ,there are
quick look at a particular signal interval efficiently. Which the
results of wavelet transform is called wavelet coefficients, the
coefficients conversion of wavelet able to analyze the 2 types,
Continuous Wavelet Transform (CWT) and Discrete Wavelet
Transform (DWT) [6, 7], which there are two parameters as a
control the length and location of the signal, scale and shifting.
The scale used to look at data determines the resolution. In the
[5], are studied about recognition of isolated words in Hindi
Language speech, based on the DWT by found the LPC
coefficients of DWT coefficient in a manner very similar to
that use in finding the LPC coefficients of an actual speech
signal. The mother wavelets are selected to use 3 Bmilies,
Daubehies (db), Coiflets (coif) and Discrete Meyer Wavelet
(dmey). Found that Daubechies 10, 5-level decomposition and
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the DWT gave comparable performance, The Speech
Compression based on DWT using Dynamic Time Warping
(DTW) Technique for comparison. While the Daubechies 8, 3-
level decomposition gave the poorest performance.

Thus this paper selected the DWT to use with speech
compression and compare properties of each mother wavelet.
The detail of DTW is discussed in the 1l section, which used
the principle of R-square theory into calculate. The mother
wavelets and process of the experiment are discussed in the 111
section. The experiment results and conclusion are explained
in IV and V section respectively

II. DynamiC TIME WARPING

The simplest way to recognize an isolated word sample is
to compare it against a number of stored word templates and
determine is the best match. This goal is complicated by a
number of factors, First, different samples of a given word will
have somewhat different durations. This problem can be
eliminated by simply normalizing the templates and the
unknown speech so that they all have an equal duration.
However, another problem is that the rate of speech may not
be constant throughout the word; in other words, the optimal
alignment between a template and the speech sample may be
nonlinear. The DTW is an efficient method for finding this
optimal nonlinear alignment. The DTW is an instance of the
general class of algorithms known as dynamic programming.
Its time and space complexity is merely linear in the duration
of the speech sample and the vocabulary size.

IHl. DISCRETE WAVELET TRANSFORM

The DWT is the most powerful and new signal
compression technique which use multi-resolution analysis for
analyzing speech signals. Function of this DWT is a frequency
scale adjustments and values shifling position discrete, which
able to calculate coefficients as the equation (1)

a

Cle =;‘E’s(x}.%w[x_k]dr (1)

Where C,, is the coefficient, a is scale, k is shifiing by

u{[.\') is the mother wavelet function, which this research is
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used to 3 family for compression speech signal mnalysis
follows.

A.  Haar Wavele t{Haar)

Haar is wavelet function which applies the easiest, using
the least time and it has orthogonal property. Limitations of a
Haar wavelet are unable to include a value changes
immediately and conversion coefficients of Haar wavelet
functions can’t be separate the data between low frequency
and high frequency from each other effectively. Thus it isn't
suitable for the application on a compression and the noise

removal. The mother wavelet of Haar y (x) can be described

as
1 0<t<lf2
w(x)=1-1 f2<1<1 (2)
0 otherwise

B Biorthogonal wavelet (Bior)

Bior or semi-orthogonal wavelet. It is only orthogonal to
the shified base function under different scale factor, but has
no orthogonality in the same scale factor [6).by the following
equation (3)

Ca = [ $(xWp (x) ©)

C. Discrete approximation of Meyer wavelet (Dmey)

Dmey wavelet is the discrete format of meyer wavelet
function, but it can simulate meyer wavelet through
constructing reversible filter matrix, as a result, the fast
wavelet transform can approximate meyer wavelet transform
[6].

D, Process of the speech signal compression

All speech signals which is selected from 40 male and
female, is tested this echnique. The speech signal can be
categorized as following

* 20 male speech signals which each speech has 5

seconds length.

® 20 female speech signals which each speech has 5
seconds length.

s 20 male speech signals which each speech has60
seconds length.

e 20 female speech signals which each speech has 60
seconds length.
- BitRate =64 kbps
- Sample size = 8 bit
- Sample rate =8 kHz
The compression speech signal has two processes. Firstly
compression by DWT at 2™ level and finally de-sample of the
new speech signal is show in Fig.1

Compression by dwt
(Order 2)

|

De-sample
Speech signal

Figure 1. The process compressed speech singnal

Firstly, Speech signal is passing through the process of
compressing speech signals using 2"level of DWT and all
wavelet (Haar, Bior and Dmey).Then it will provide the new
speech signal with new sample rate of 2 kHz, that different
from original speech signal 4 times. After that the new speech
signal is improved the speech quality by using (1) as following
formula.

Xirii ™ gx sampling rategg,, % lsep (4)

In which, Xy, is the new speech signal, fg,, is the time

in units of seconds and £ is the ratio used to resample.
q

At this point, the new speech signal from all wavelet
techniques is compared to determine the best technique in
condition of quality

a. Find the average energy of each speech signal.
xS
1=l

n

x= (5)
In which, x is the average energy of speech signal, » is all
sampling number and §; is the sampling.

b.  Using the spectrum analyzer to analysis the speech
signal by comparing with the original speech signal.

IV, EXPERIMENTAL RESULTS
This experiment used 5 ratios of 3/2, 4/2, 5/2, 3/1 and

4/1 which are the p/g to determine the sampling rate

appropriate. The sample rate and the speech signal compressed
rate are summarized in table 1.
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TABLE |. THE SAMPLE RATE AND SPEECH SIGNAL COMPRESSION RATE OF

Eact £ Rario.
q

No. | p|a|pq|Samplerae | Compression rate
=aEnEs 3000 267

2 [4]2] 2 4000 200

3 [s5]2]2s 5000 1.60

4 [3]1] 3 6000 133

5 401 4 £000 1.00

The result shown that, this techniqueused the p/q ratio as
3/2 or sampling rate as 3000 Hz It provides the high
compression rate as 2.67. Thus the 3/2 ratio is used to be the
sampling rate for the following experiment

Using principle based on DTW for considered speech

compression quality that was used R-square theory shows as
the equation (6)

, NEX((EX)(EY) X

JvEx -Exy)(ver-(zr))

Where X is the frame of modern speech signal, ¥ is the
original speech signal A is of all number frame.

Dynamic Time Wisping (OTW)

T

458

g - &
[~ inaar]

Figure 2. The comparison DTW based on Haar wavelet

Modem Frame

bR sEESs LN

g 89 1160 % - e e

Figure 4. The comparison DTW based on Dmey wavelet

Fig 2-4 show the example of comparison speech signal
berween DTW and linear line. The R-square technique is used
to calculate the error of those signal if the result of R-square
equals to one, that means the technique provide the best
performance. From the experiments show that Haar wavelet
provide the good result as show in table 1I-V

TABLE 11 R-SQUARE VALUE OF MALE SPEECHAT 5 SECONDS.
Speech sample Hlaar Hior Dmey
3000 99273 097433 0.98839
4000 96996 966352 0.99299
5000 99468 99386 .99208
6000 99213 97846 98747 |
8000 .99380 0.99164 04263
TABLE 1. R-SQUARE VALUE OF MALE SPEECH AT 60 SECONDS.
Speech sample Haar Bior Dmey
3000 199597 0.98840 98443
N 98199 097472 195501
5000 99239 0.99095 99226
6000 99765 099473 199533
RO00 1),.99755 (.99592 99883
TABLE IV, R-SQUARE VALUE OF FEMALE SPEECH AT § SECONDS.
Speech sample Haar Bior Dmey
3000 0.9993 1 0.9995. 99902 |
4000 099957 0.9934 99876
500! 0.99970 1.9946. 99965
600 099974 (.994984 .99988
800! (1.99938 (.99833 99787
TABLE V. EXAMPLE OF THE FEMALE SPEECH S1IGNAL AT 60 SECONDS
Speech sample Haar Bior Dmey
3000 0.999386 099978 0.99986
| _d000 |}V 09997771 099898 | 0.99941 |
S000 0,99993 (.99879 0.99870
6000 0.99983 0.95978 (.99980
BOM0 0.99979 099967 (1.99986

Rl
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430 e \' -1
im _,"__; )

o id 4 .
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4301 . e
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Figure 3. The comparison [YTW hased on Bior wavelet

Table 1I-V shows the result of three wavelet. It can notice
that those wavelets provide similar performance. However,
when the system is used to all speech input, it shows the
different of compression performing. It shows in table V1.



TABLE VI, PERCENT OF SPEECH QUALITY

Speech Iaar Bior Dmey
Female 5 sec 6% 18% 36%
Male 5 sec 69% 12% 9%
Female 60 sec 5% 10% 3%
Male 60 sec 91% 1% 8%

Table VI shows the quality of wavelet compression which
used DTW and R-square to measure. It shows that the Haar
provided the best performance specially male speech signal.

V. CONCLUSION

This experiment explores DTW technique to the wavelet
speech compression. Haar, Bior and Dmey are used as
compression techniques with eighty speech signal input.

The results show that using ratio nt%, sampling rate at

3000 Hz, Provided the compression rate as 2.67 when it is
compared to the original speech signal. Also exploring DTW
technique to wavelet shows that Haar wavelet give the best
compression specially in male speech. This technique can be
applied to speech compression area and also image
compression.
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Abstract— The Diserete Wavelet Transform is the most
powerful and new signal eompression technigque which uses
multi-resolution analysis for analyzing speech signal. This
article proposes the frequency lossless comparison of the
modern wavelets based on speech compression technigue, Haar
wavelet (Haar), Biorthogonal wavelet (Bior) and Discrete
approximation of Mever wavelet (Dmey) are investipated in
this experiment with cighty speech signal from male and
female. The experiments i ated that the Bior provides the
best performance in time and frequency domain. Also it can
also gain the compression rate as 2.67 tw the original specch
signal.

Haar
of Meyer ler;

Keywords-  Speech  signal  comy
Biorthogonal waveler; Discrere appr

L INTRODUCTION

Since speech signal contains a large number of redundant
information, how to compress high quality speech
maintaining transparent quality at low bit rates is still a very
important topic. To reduce redundancy and make full use of
the human’s auditory masking effect by using a variety of
source coding techniques, not only can compress the coding
rate by many times, but also has the ability to regain high
intelligibility and acceptability of speech signals. Therefore,
a speech compression system focuses on reducing the
amount of redundant data while preserving the integrity of
signals. The different ransformation of speech signals to the
time-frequency and time-scale domains for the purpose of
compression aim at representing them with the minimum
number of coding parameters. [1, 2

Speech is non-linear random process. Wavelet ransform
devotes a lot 1o deal with time-varying, non-stationary
signal, for it has excellent resolution in both time and
frequency domain. Wavelet transform with detail of signal,
decomposes the high-frequency, and the signal was
decomposed to the time-frequency space which has a certain
correspondence with critical band of speech. The result of
wavelet transform is called wavelet coefficients, The
coefficients conversion of wavelet can classify into Two
types, Continuous Wavelet Transform (CWT) and Discrete
Wavelet Transform (DWT) [3, 4]. This article investigates
the improvement speech compression technique based on
the model wavelet transform which is focused in the
frequency lossless. There are some related researches works
which used wavelet transform for speech compression. In
[5], it explores the DWT as a tool for Hindi speech

ITR0-TH95-4655-1/12 526,00 © 2012 IEEE
DOL10.1109/183C.2012.106
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recognition. It studies the recognition of isolated words in
Hindi Language speech. The mother wavelets are selected to
use 3 families, Daubehies (db), Coiflets (coif) and Discrete
Meyer Wavelet (dmey). It is found that Daubechies 10, 5-
level decomposition and the Discrete Meyer wavelet give
comparable performance, while the Daubechies 8, 3-level
decomposition provides the poorest performance. In [6]
presents reliable measures of speech compression by
detecting the end points of the speech signals prior to
compressing them. Two different compression schemes
used are the Global threshold and the Level method is tested
with the Signal to Noise Ratios (SNR), Pcak Signal to Noise
Ratios (PSNR) and Normalized Root Mean Square Error
(NRMSE) parameter measures. In [7] applies the Wavelet
Packet Transform (WPT) to process speech signal to obtain
optimal wavelet tree to allocate the dynamic bits, and then
uses the modified Set Partitioning in Hierarchical Trees
(SPIHT) coding algorithm to compress the coefficients from
the wavelet packet transform. It indicates that it can gain
better high compression. However the quality signal
reconstruction is still not perfect according to loss of
frequency. Thus this amicle is concerned to compare the
frequency lossless of the new model wavelet for speech
compression.

This article is organized as follows. Section 11 deseribes
the Discrete Wavelet Transform while Section 111 details the
speech compression process. Section IV shows s
simulations results, Finally, Section V concludes this work.

II.  DBCRETE WAVELET TRANSFORM

The DWT is the most powerful and new signal
compression technique which uses multi-resolution analysis
for analyzing speech signals. Function of the DWT is a
frequency scale adjustments and values shifting position
discrete which able to calculate coefficients as the equation
(h

Cow = Js(x) Iw['—t_—k\dr m
ok R. ’3: r J

Where C,; is the coefficient which a is scale, k is
shifting.

y(x) is the mother wavelet function, which three
families wavelet have selected for speech compression.
These details are followed.
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A.  Haar waveler (Haar)

Haar [3] is wavelet function which applies the easiest,
using the least time and it has orthogonal property. The
mother wavelet of Haar (x) can be described as the
equation (2).

1 D<t<lf2
pix)=1-1 f2gr<1 (2)
0 otherwise

B. Biorthagonal waveler (Bior)

Bior [3] or semi-orthogonal wavelet is only orthogonal
to the shifted base function under different scale factor, but
has no orthogonality in the same scale factor. The mother
waveler of Bior can be described as equation (3).

Cak :h]:s[_\r}u?a_*[r]dt (3)

C. Discrete approximation of Mever wavelet (Dmeyv)

Dmey [3] wavelet is the discrete format of meyer
wavelet function. Mayer's wavelet as shown in equation (4),
is fundamentally a solvent method for solving the two-scale
equation. Given a basis ¢ for the approximation space,
Mayer employed Fourier techniques to derive the DTFT of
the two-scale education coefficients.

Gyle™) =2 Zow+4kn) )
2

1I. SeEECH COMPRESSION PROCESS

All speech signals are selected from 40 male and female
to be input which can be categorized as following.
® 5 seconds length of each 20 male and female speech
signals.
* 60 seconds length of each 20 male and femals
speech signals.
The sampling rate of speech in pur is & kHz and each
sampling uses 8 bits. The speech compression process is
shown in Fig 1.

Specch Signal

Compression by wavelet

Decompression and

resaanpling

Speech reconstriction
andFregquency analy sis

Figure 1. speech compression process

394

Firsily, speech signal is passed through the pre-
emphasis technique to filter the back ground noise. The
speech signal is then extracted the speech feature by using
2™ Jevel of DWT which contains of Haar, Bior and Dmey.
At this point the speech input is changed the sampling rate
as 2 kHz. It means it reduces the original sampling rate 1o 4
times. The decompression speech is then process. However
the new sampling rate is directly effect to the speech quality.
It provides the poor quality. Therefore, it needs to
re-sampling and analysis the losing frequency to improve
the quality of speech using the equation (3) as followed.

W s
Koy = ; xsampling rate,,,, %l (3)

which. x,,.,, is the reconstruct speech signal
Iogp 15 the time

L i the ratio of cach sampling rate

The result of this technique is shown in Table 1. To
analysis the quality of reconstruction speech, the average
energy is used to analyze in time-domain and frequency
spectrum is used to analyze in frequency-domain,

A. The average energy

L

L[S

i=l

n

which, x is the average energy of speech signal
n is the number of signal
S; is the sampling rate

The results of the average energy are shown in Table

X=

(6)

2-5.

B. Freguency spectrum

The frequency spectrum is used to analyze the losing
frequency of reconstruction speech. At this point, the three
wavelet technique was compared in the frequency domain, to
find the best technique for lossless frequency. The results are
shown in Fig 2.

IV. EXPERIMENT RESULT

o |
2|
—l

: v . 4
From (6), the experiment uses 5 ratios as 5
4 . : .
and 7 1o be the value of £ to determine the appropriate

q

value of sampling rate.

TABLE |, ThE SPEECH SIGNAL COMPRESSION RATE

Mo, [ i Sampling rate Compression rate
1 2 %L' 3000 267
2 4 2 2 000 2.00
3 2 25 5000 1.60
4 3 1 3 B0 133
5 4 1 4 8000 1.00
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The result shows that this technique provides the high
compression rate at 2,67 when uses the p/g ratio as
3/2 and sampling rate at 3000 Hz. Thus the following
experiment is chosen these parameters to be the primary
parameters Lo test the performance of three wavelets,

TABLE II. EXAMPLE OF THE AVERAGE ENERGY VALUE OF §
SECONDS MALE SPEECH SIGNAL
N, Haar Hior Dmey
1 0.040 0.052 0.043
2 0058 0070 0.062
3 0.056 (1.064 0.059
4 0068 0.082 0073
5 0.098 0.107 (L0828
[ 0.108 0.128 0113
7 0,091 0104 0093
5 0.073 0.083 0075
9 0.085 0.094 (086
10 0.028 0.033 0.028
TABLE IIL EXAMPLE OF THE AVERAGE ENERGY VALUE OF 60
SECONDS MALE SPEECH SIGNAL
No, Haar Bior Dmcy
1 0.08% 0098 (L.08%
2 0.050 0.057 0.052
3 0.072 (.082 074
4 0.033 0061 0.072
] 0.060 0.067 0061
(] 0.055 (L.050
7 0.089 0079
8 0.065 0054
9 0.047 0.053 .48
10 0.032 0.037 0031
TABLE IV. EXAMPLE OF THE AVERAGE ENERGY VALUE OF §
SECONDS FEMALE SPEECH SIGNAL
No. Haar Bior Dmey
1 0118 0.130 0122
2 0.163 0.176 0.166
3 0.176 0189 0164
4 0.191 0.206 0195
5 0.197 0214 0202
] 0.189 0203 0.193
T 0.196 0215 0.202
B 0.164 174 0.166
9 0.156 169 0.160
10 0.163 0.178 0.169
TABLE V. EXAMPLE OF THE AVERAGE ENERGY VALUE OF 60
SECONDS  FEMALE SPEECH SIGNAL
No. Haar Bior Dimey
1 0.158 0171 0.163
2 0.186 0.201 0191
3 0,183 L 198 O.188
4 0.181 196 0,186
S 0.204 22 0.210
[ 0.197 0.202
7 0.164 0.168
B 0.196 0203
9 0.184 001940
10 0.186 0192

It can be seen that the Bior wavelet provides the best
performance in time domain when is compared to the all
wavelet. However, it is also necessary to analyze the quality
of speech signal in frequency domain, The results of
frequency analysis are shown in Fig 2.

Fig.2 shows the comparison of the quality speech signal
based on frequency domain. The results show that the Bior
wavelet rtechnique provides the best performance in
frequency domain when was compared to the all wavelet. It
provides the lossless frequency speech signal when is
compared to the original speech signal.

V. CoNncLusion

This article presents the frequency lossless comparioson
of the modern wavelets based on speech compression
technique. The Haar wavelet (Haar). Biorthogonal wavelet
(Bior) and discrete approximation of Meyer wavelet
(Dmey), are investigated to test with eighty speech signal.
The experiments show that the Bior provides the best
performance in time and frequency domain when s
compared to the all wavelet. This technique can also gain
the compression rate as 2.67 to the original speech signal.
However Haar and Dmey do not provide the good
performance because Haar and Dmey are unable to include
a value changes immediately. Also the conversion
coefficients of Haar and Dmey wavelet functions cannot be
separate the data between low frequency and high frequency
from each other effectively. Thus it wasn’t suitable for the
application on a compression and the noise removal.
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