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ABSTRACT

The speech compression aims to compress speech signal into as small an amount of
information as possible while maintaining the speech quality in as high a level as possible,
Therefore, this thesis presents the enhancement efficiency of speech compression using Learning
Vector Quantization (LVQ) technique, which it is applied to speech compression such as Linear
Predictive Coefficient order 10 (LPC-10) and Linear Spectral Pairs order 10 (LSP-10) for increasing
compression rate of speech signal.

In the experiment, 10 speech signals which corrected from 5 male and 5 female, are used
as the input speech signal. These speech signals are record using microphone with sampling rate at 8
kHz. These speech signal are then analyzed and calculated the LPC-10 and LSP-10 respectively.
The LVQ is then used to compress both coefficients. Also the Normalized Root Mean Squared
Error (NRMSE) is used to measure the error coding. Moreover, Peak Signal to Noise Ratio (PSNR)
and Signal to Noise Ratio (SNR) are used to measure the synthesis speech quality.

The results of LPC-10 and LSP-10 coefficients compression in the term of NRMSE,
PSNR and SNR show that LVQ-LSP-10 provides the best compression. It can notice that the
minimum NRMSE is 0.0111 and the maximum PSNR is equal to 41.0208 dB. Also the maximum
SNR is 36.6372 dB

Keywords : speech processing, speech compression, learning vector quantization
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W =w —a(x-w") dingumsdauon ligndes (2.26)
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W =W a(x —w) 1T =C, (2.28)
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28 mi3suifaaves

2.8.1 Dong.E, Guizhong.L uaz Hongliang [7] vineruelustade "2.4 kbis low bit rate speech
coding based on local cosine transform "SumseFuremsidrssiasasdad 24 Kls amamides
szaudunsizd Taela LPT (Local Cosine Transform Coefficient) 1sinafinnnmesntou lnd
uenyavesamznmaessiia (Codebook) ilu 4 du Taetia PSNR 2054 dB

2.8.2 Ornanong Wiriyanuruknakorn ua Jakkree Srinonchat [10] sinarueluwde "A Finite
State Vector Quantizer for New Bit Rate Speech Compression” iluniseuneldianmesniou
Indiaan (VQ) Tunstusadayanandsanadaonisld LPC-10 uunlmi wudimstivsaly
F3msves LPC-10 nuuduuaznuulminSeuiensu swzminlahmsiiudadaeisves LPC-10
puulndaunsoaatiasnasld 5.5-37%

2.8.3 Jakkree Srinonchat [11] vinauelusiade " Address Vector Quantisation applied to
Speech Coding "iumsesinems 14 umisnmassnlou ndad (VQ) lumstusaduyaa
doana Tnsnsuiidesyaoonilumlsu udazlsuiien 30 ms. udninnasasuiudulssdng
LPC uag LSP iiol#iluminidines lunsadaa Codebook §1e KSOFM Gavimtriisuamen
uazgmuﬁwﬁ’uﬂizaméﬁ’mﬁpmg%mw‘ﬂaﬂu Codebook “lﬁ'ﬁmmﬁmﬁﬂuﬁ’aﬂqﬂ WavINNIg
naneaFsaaTTumeT LY 2 ALAEKdL 2 AU NUT AAanaIgagavesmsTusan LSP
Tuideayae 35% wazludosanandi 40% drumdanaragagavesnisbudanai LPC
@eoanare 35% uaz ludeayanaa 0% azudrimsludadymiandoanadromaiin LPC-
VQ 2214 KSOFM waym514 Address-Codebook s aan Bit Rate’la 33%

2.84 Jakkree Srinonchat [12] vinerualusiade “New Technique to Reduce Bit Rate of LPC-
10 Speech Coder” ifumsefieneduTnssadrsnstusadoyaliian bit rate drasdaonisle
LPC-10 wunlmiTasnudrdimisaimes LPC aldfia luaz 1daimsnsenlng linosd
Uszansnin Lﬁmmﬂ%:Lﬁﬂmﬁﬂwam%uiuﬂiﬁﬁsz@Tummxmmhwmﬁ’ﬂgnpmﬁmmﬂﬁ
szdua el esnnuianainveanisaton Ind 5el8uuanedins Tnonlaou
ansrimed LPC flumisaiimed LSP iitevz a3 Codevector veantsusaddudilu Vector
Quantization wtefies 1dishs iadayanandsanalmi Fons1 LPC-10 sinwanaassnudiannsa
aasudnvesdyanandesyaluiadyaadosya pl-pd 14 4 e nazdasimsddoya

anaa 2-66%
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2.85 Song Lin, Dimitrios Gunopulos, Vana Kalogeraki uaz Stefano Lonardi [13] sivauelu
wave “A Data Compression Technique for Sensor Networks with Dynamic Bandwidths
Allocation” Flumsesnensld LVQ shimsaseuladifieadrs Ifadaiioanvinauuudias
msftedisteyaves Sensor Networks uamsifzemiisudinamianaia (ENor) dudoya
Funtiu wuil Less Bandwidth # 25 %

2.8.6 Anand D Subramaniam wag Bhaskar D. Rao [14] winauelustade “Low Complexity
Recursive Coding of Spectrum Parameters™iiunasesune Gassian Mixture Model (GMM) aneld
vouwansadeu Ingmsihstanuurateiia [I] Taetimswanuuilu 2 guuuy guuuunsn fe
maouIndluveuwamadhsitauumuiTasmsadou Indnames iesulss Ansameh
147 bit rate anas ludaugtuuniinesie Hseaglvouuavesmssaldmngausunia s e
wuudesnau lumsidrIndsui Product Vector Quantizes (PVQ) vesdunlsinines veansy
dosdoriiouiunmsaaumaaonld GMM arwmuunivmuniitou lwesdusnnmes
vowlsudssuugiuaineu Indvesdanlsnmes veunlsudesansnlsnisadqs Codebook
wazanmanaaesagllfifudigduuuildvesnisarouIndg Spectium (Foayaas e
Yszansnm

2.8.7 Jakkree Srinonchat [15] winerualusiadie “New Technique to Reduce Bit Rate of LPC-
10 Speech Coder” iflumsefuiedmdunisan Bit Rate vesszunmsfivsadoanaidoalaold
Artificial Neural Networks #11ua1u3suii fdnefuaeauuuio KSOFM uaz PNNs [11] &l
msasdouilFumshsiadeeanun CELP ludau KSOFM ifunisldsanguuesnsan
voadayanandeanasadrs Codebook finmanzay waz PNNS vzqninld1dlunsvineves
Codebook TaelsiunaiugTunisindu sinwanisnaasssiily Bit Rate asasilszana 25%
milounBeufeunuuuuanvesdaaade

2.8.8 Gao Li'ai waz Yongjie Li Lihua[16] sineruelusade “A New Codebook Design
Method Based on Genetic Programming” flunisesineoadu GP-L algorithm waz LBG
algorithm [12] Tunszuauniseenuun Codebook wazdidelflszgndwmuilaeir GL-P
Algorithm vudiugruves Genetic Programming snesnuwy Codebook w¥ewnfvuifieury
LBG-Algorithm s1nwamsnaaewaaaliiiudinwlesidud identify-rate veq GP-L Algorithm
vz@na1 LBG- Algorithm
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289 Gao Li'ai uaz Yongjie Li Lihua [17] vinauelusiade “Combined Compression and
Classification with Learning Vector Quantization” iflun1se3uienmiswauias sz
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] 0 x
% * % . | ‘Q jf & ' | Stack Base |@Nova|id plots for: LPC_coef.. ¥ HOBA @] 2 X
Hﬂ LPC_coeff <2400:11 doublex
1 2 3 4 5 1] 7 g 9 10 11
1 1] -0.7959) 0.8748 -0.5201 0.5999 -0.6339) 0.5407 -0.3944 0.3380 -0.1710 01297] »
2 1 -0.5035) 0.5097 -0.4893 0.6475 -0.3808 0.4089 -0.2295) 02223 -0.0837 00751~
3 1 04137 04993 -0.3805 05379 -0.3155 04303 -0.2583 03132 -0.1843 01358
4 1 -0.2485 0.3678 -0.4770 0.2877 -0.4181 02741 -0.2160 0.2664 -0.0929) 01443
3 1 -0.4092 03181 -0.6083 0.4440 -0.2906) 04415 -0.2012 0159 -0.1142 01819
1] 1 -0.3611 0.7293 -0.4862 0.6663 -0.4994 0.5051 -0.2688 0.2662 -0.1012 0.0989
1 1 04423 0.3891 -0.3872 03912 -0.3880 03917 03337 0.2681 -0.0757 01484
g 1 -0.4813 0.6008 -0.3934 0.5291 -0.4822 03243 -0.2299 0.2831 01711 01522
9 1 -0.1575 05126 -0.3549 04844 -0.1815 0.4040 -0.2666 0.4460 -0.0643 0.2483
10 1 -0.4087 0.5667 -0.4638 0.5342 -0.3223 0.4451 -0.3232 0.2124 -0.1173 01791
11 1 -0.34%4 04941 -0.3519 0.4081 -0.4892 03201 02123 02123 -0.0933 01887
12 1 -0.4639 0.5439 -0.5632 0.5581 -0.3556 04029 -0.1548 0.2479 -0.1788) 01344
13 1 -0.6034 0.7825 -0.7409 0.7048 -0.4965 05737 -0.4001 03m -0.1843 0.4
14 1 -0.3209 0.5707 -0.4528 0.4951 -0.3577 0.3086 -0.2491 0.2881 -0.0354 01417
15 1 -0.2510 06299 -0.5541 0.3824 -0.3669 0.3584 01426 0.2054 00211 01291
16 1 -0.4944 04888 -0.2139 0.4000 -0.3083 03787 -0.1268 03178 -0.1537 0.2151
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ﬂ +H[Oa X%
% * % E | Q | ﬂ - ' | Stack: Base |@Nova|id plots for: LSP_coef.. ~ HOHA @ 2 X
Hﬂ LSP_coeff <2400x10 double>
1 2 3 4 5 6 7 g 9 10
1 0.0460 0.0817 01335 01741 0.2163 0.2531 0.2957 0.3326/ 0.3780 04122 »
2 0.0563 0.0894 0.1288 01701 0.2183 0.2654 0.3102 0.3481 03831 04159~
3 0.0580 0.0920 0.1319] 01752 0.2210 0.2638 0.3102 0.3444 03932 0.4180
4 0.0421 0.0794 0.1420 01842 0.2279 0.2693 0.3149/ 0.3497 03931 0.4200
5 0.0482 0.0745 0.1236] 01741 0.2338 0.2657 0.3154 0.3490 0.3864 0.4194
6 0.0578 0.0971 01433 01834 0.2235 0.2621 0.3081 0.3475 03811 0.4102
7 0.0471 0.0820 01385 01714 0.2229 0.2626 0.3054 0.3522 0.3955 0.4181
8 0.0506 0.0924 01432 01768 0.2130 0.2562 0.3115 0.3430 01.3876/ 0.4189
9 0.0617 0.0880 0.1457 01775 0.2340 0.2778 0.3114 03412 03988 04187
10 0.0568 0.0967 01342 01674 0.2291 0.2649 0.3094 0.3456 0.3858 0.4160
1 0.0436 0.0862 01474 01802 0.2196 0.2581 0.3136 0.3500 03911 0.4191
12 0.0548 0.0855 0.1287 01793 0.2235 0.2629 0.3141 0.3400 0.3828 0.4190
13 0.0546 0.0850 01344 01731 0.2276 0.2608 0.3013 0.3329 0.3814 04121
14 0.0529 0.0889 0.1459 01773 0.2254 0.2706 0.3089 0.3440 0.3865 0.4185
15 0.0520 0.0840 0.1457 01884 0.2375 0.2678 0.3059 0.3456 0.3802] 0.4193
16 0.0599 0.0858 01378 01749 0.2142 0.2505 0.3094 0.3453 0.3967 0.4250
17 0.0548 0.0882 01279 01615 0.2197 0.2642 0.3035 0.3401 03873 0.4136
18 0.0505 0.0820 01380 01733 0.2225 0.2596 0.3004 0.3398 00.3839/ 04111
19 0.0516 0.0773 01315 01772 0.2324 0.2735 0.3184 0.3545 0.3869/ 0.4180
20 0.0586 0.0916 01453 01795 0.2191 0.2593 0.3108 0.3512 03849 0.4174| ~
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X, =2 $w(n) (3.3)
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; 1024 512 256 128 64
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doadre 2 (M2) 0.1931 0.1954 0.1945 0.1953 0.1979
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Peak signal to noise ratio

Taatja (Codehook)

1024 512 256 128 64

26.1162 |  26.0485 25,9966 259272 25,8613

243278 | 24.3280 24,2865 24.2376 24.1985
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Twau 5 au dremsialszaninmvesnsiivdadynrandoananlomaiia PSNR Taof
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Peak signal to noise ratio

PR— TRaiin (Codebook)

; 1024 512 256 128 64
doadndad 1 (FM1) 169510 | 16.8964 | 16.8203 16.7629 | 16.7345
doadndad 2 (FM2) 27.8795 | 27.6994 | 21.7460 215003 | 21.3852
doadnda 3 (FM3) 164618 | 164297 | 164246 164239 | 16.3740
doadndja 4 (FM4) 281904 | 281891 | 28.1448 28.1385 | 28.0505
doadndjad 5 (FM5) 134585 | 133134 | 13.3051 132681 | 13.2478

Aunde (Average) 2058824 | 205056 | 2048816 | 2041874 | 20.3584
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Peak signal to noise ratio

aon (Speec) Taaiin (Codebook)
g top 04 | 52 | % 28 64
Lﬁﬂﬂﬁj:“mﬂ‘ﬁl M1 36.3107 | 36.2704 |  36.2358 36.2650 36.1713

.

M2 35.6218 | 355005 | 354856 35.5049 35.4462

mmwmam 2
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m5197 4.9 a1 PSNR veensTindamsifimes LSP-10 veadesdnda s1uau 5 au

Peak signal to noise ratio

uon (Speech) TRaiin (Codebook)

’ 1024 512 256 128 64
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m5197 4.10 si1 SNR vesmstivgamsiiiwes LPC-10 veudasdane s1uam b au

Signal to noise ratio

PR — TRaiin (Codebook)

; 1024 512 256 128 64
doaden L (ML) | 141268 | 14,1263 14.1263 14,0962 13.9502
L’?{mﬁlﬂvmﬁz M2) 1130010 | 13.0012 12.9365 12.8776 12.7829
Foardrei 3

.

128822 | 12.8324 12.8284 127021 127021

Geadaei 4 (M4

(M)
(M2)
(M3) | 132802| 132802 | 131607 | 130913 | 130253
(M4)
)

doadon 5 (M5) | 128983 | 12.8855 12.7754 12.7754 12.6218

dundo (Average) | 13.2377| 1322512 | 136546 | 1310852 | 13.01646
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a o

m519# 4.11 s SNR vesmstivsamsiiiwes LPC-10 veudoadudjs s1uam b au

Signal to noise ratio

PR — Taaijn (Codebook)

; 1024 512 256 128 64
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m5197 4.12 s SNR vesmstiugamsiiiwes LSP-10 veudeadane s1uam 5 au

Signal to noise ratio

Taatn (Codebook)

a Speech
idaawa (Speech) 1004 512 250 128 64

M1 316112 | 315917 315531 315623 314107

M2 311275 31.0062 30.9973 30.9925 30.9438

i
n2
n3
(

mmwmam 4 (M4

314592 | 314321 31.4056 31.4093 31,3926

)
)
M3) | 322004 | 322239 | 322514 | 322383 | 321536
)
)

oade 5 (M5 30.9432 | 30.17% 30.0453 30.0310 30.0541

Aundo (Average) 314863 | 3126668 | 3125054 | 31.25068 | 31.20296
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m5197 4.13 s SNR vesmstivgamsiiiwes LSP-10 veudeaduaje s1uam 5 au

Signal to noise ratio

PR — Taaijn (Codebook)
° 1024 512 256 128 64
doadudaii 1 (FM1 318040 | 318931 | 318664 | 3L7697 | 316873
@iy FM2 327204 | 326243 | 326271 | 327191 | 32.6510

P2
.| Sh.

322004 | 322814 | 322239 | 322383 | 32.1536
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o N N S I

P
=)

24145 | 324533 | 323%2 | 323632 | 32.3513

—_~
-
=
33

Dz

mmaa(Average) 3351563 | 3347775 | 334546 | 3344445 | 33.3233
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4.4 szazralumsilnaeu (Training Time)
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Abstract

Many researches have been studied to voiced and unvoiced
classification technique using frame characteristic. This research
presents four enhancement pattern analysis techniques to classify
voiced and unvoiced based on the Line Spectrum Pairs (LSP)
coefficients. Those techniques are also compared the performance with
the prosodic technique. One minutes of speech signal are collected from
each 20 male and female to be input speech. The results show that the
. technique provides the best performance of the quality of V/UV
classification at 83.05% with 1,322 voiced frame. This technique can be
apply to vector quantization technique for speech compression and
speech recognition which usually uses the LSP coefficients as the

speech feature.
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Enhancement Pattern Analysis Technique for Voiced/Unvoiced Classification

Kreangsak Pattanaburi
Electronics and Telecommunication Engineering
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kreangsak p@hotmail.com

Abstract— Requirement to deciding whether a given frame of a
speech waveform should be classified as voiced speech or
unvoiced speech arises in many speech analysis systems.
Several approaches have been described in the literature for
making this decision. In this article presents four enhancement
pattern analysis techniques to classify voiced and unvoiced
based on the linear predictive coefficients. Those techniques
are also compared the performance with the prosodic
technique. Ten minutes of speech signal are collected to be
input speech. The results show that the 4" technique provides
the best performance of the quality of V/UV classification at
89.29% with 19,356 voiced frame. This technique can apply to
vector quantization technique for speech compression and
speech recognition which usually uses the LP coefficients as the
speech feature.

Keywords- voiced/unvoice classification; pattern analysis;
linear predictive coefficients

L. INTRODUCTION

The classification of the short-time speech segments into
voiced/unvoiced (V/UV) is critical in many speech
analyses-synthesis systems such as speaker identification
and speech compression. The essence of classification is to
determine whether the speech production system involves
vibration of the vocal cords. The problem of V/UV speech
determinations is an important one and has been worked on
extensively by researchers [1]-[5] during the last three
decades. In [1,2] a statistical parametric methods was
proposed whereas in [3,4,5] non-parametric method based
on linear discrimination functions, multi-layer feedforward
and recurrent neural networks were adopted. However, the
classification process is the speech feature extraction, which
can classify into two groups. Firstly, the prosodic feature
such as energy and fundamental frequency. Secondly the
spectral-based feature such as the Linear Predictive
Coefficient (LPC). This article is focused to use the LPC to
be input pattern for V/UV classification.

This article studies the new pattern analysis to classify
V/UV speech signal based on the LPC. There are some
related research works for V/UV classification such as the
application of the notion of instanta-neous frequency
amplitude spectrum (IFAS) [6] to discriminate V/UV of
speech signal. The experimental results show that, the
IFAS-based V/UV classifier performs better to the male
speaker group than that of the female speaker groups by
error rate roughly about 5%. Also [7], it has applies a

978-0-7695-4655-1/12 $26.00 © 2012 IEEE
DOI 10.1109/1S3C.2012.105
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wavelet for V/UV classification. The experimental results
show that, this technique can classify male speech better
than female because the frequency of male speech is lower
than female.

All those V/UV classifications can be performed using a
single feature, whose behavior could be significantly
affected by the presence or absence of voicing activity. The
accuracy of such an approach would not go beyond a certain
limit, because the range of values of any single parameter
generally overlaps between different categories. However, a
failure in the detection of periodicity in some voiced regions
would results in V/UN error. This article presents and
compares the new techniques for errorless V/UV
classification based on LPC pattern.

This article is organized as follows. Section IT describes
the linear predictive coefficients while Section IIT details the
proposed V/UV classification technique. Section IV shows
its simulations results. Finally, Section V concludes this
work.

1I.  LINEAR PREDICTIVE COEFFICIENTS

The basic idea of the linear prediction parameters is that
the next sample speech signals can be predicted by a linear
combination of the past values of the sample signal at time
(n).This is shown in the following equation:

S"=en+zp:aS ()

£(nk)
=

Where S, the value of sample is signal at time (n)
a, is the predictor parameters
e, is the prediction error

From the (1), it can be defined that

jn :iaksp,,k. 2)

k=l

Taking z-transforms gives

S(z):E(z)+l:ga :":|S(z)
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+E(z).H(z) (4)

Where S(z) and E(z) are the z transform of S and
e respectively. Thus H(z) canbe defined as

He = s)

(1-Fa)

Which H(z) the transfer function of a digital filter is as
refers to all-pole system. Thus (5) can be rewrite as

1 1
= (6)

A@) (l—gal::")

However, a general transfer function of a real vocal has
both poles and zeros.

H(z)=

TII.  V/UV CLASSIFICATION TECHNIQUE

This article presents the new pattern analysis techniques
for V/UV classification based on the LPC. The details of
those techniques are followed. Then the results of those
techniques is compared with the another V/UV
classification based on based on the prosodic feature
technique.

Speech Signal

A

Linear Predictive Medkodi Featiye
Coefficients Technique
New technique of V/UV . )
Classification omparison
Error Estimation

Figure 1 the process diagram

The process diagram is shown in Fig 1. Speech signal
is pass through the speech emphasis technique to filter the
back ground noise. Then the LPC technique extracts the
speech signal to be the speech coefficients as the input
pattern for V/UV classification. This article introduces four
pattern  analysis  techniques for errorless V/UV
classification, which compares the results with the prosodic
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feature technique. The detail of V/UV classification
techniques and the prosodic feature technique is followed.
A.  The prosodic feature technique

The prosodic feature technique uses the (7) to
determine E, which is used to identify voiced and
unvoiced.

E :(Z‘;g(n)2 )/ N 0]

B. 1" average technique of V/UV classification

This technique uses the (8) and (9) to determine )_(,. and
Th which are used to identify voiced and unvoiced.
I
X, ==X¥(n) ®)
W=l
Th = max yxXratio 9)

Where is the average value of » frame

is the LPC coefficients

is the number of sampling

is the average value in each frame

is the number of sampling in one
frame

is the maximum value of the LPC

xS e X

=

max g

coefficients
Th is the threshold

C B2 average technique of V/UV classification

This technique uses the (10) and (11) to determine
X,and Th which are used to identify voiced and unvoiced.

X =L 5w (10)
w o

Th=max, xratio (11)

is the maximum value of the LPC

coefficients in each frame.

Where max,

D. Value range technique of V/UV classification

This technique uses the (12) and (13) to determine
R, and Thwhich are used to identify voiced and unvoiced.

(12)
(13)

R, = max\¥(n)—min‘¥(n)
Th = max, %ratio

Where R is the value range in each frame
(value range = maximum values - minimum values)
max, is the maximum of the LPC coefficients in
each frame
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E. S of V/UV classification

This technique uses the (14) and (15) to determine
SD, and Thwhich are used to identify voiced and unvoiced.

dard deviation techniq

$(won-Xon)’

SD, = (14)
w-1
Th = max, xratio (15)
Where SD,  is the standard deviation
maxg, is the maximum standard deviation of

LPC coefficients
SD is the standard deviation in each frame

IV. EXPERIMENT RESULTS

10 minutes of speech signal is recorded to be input
signal which is used 8000 sampling rate and 8 bits per
sampling. This input is divided into frame, which each
frame length is 200 sampling. This input is operated as

performance of voiced detection. It means it recognizes
some of unvoiced frame to be voiced frame.

B. 2" average technique results
TABLE IIL 2" AVERAGE TECHNIQUE RESULTS
Threshold (%) Voiced Quality
10 23,109 62.74
15 14,814 66.08
20 9,678 4478
30 3,950 16.28
40 1,580 592
50 395 1.54

Table 111 shows the performance of the 2™ average
technique. It can be notice that 15% of threshold provides
the maximum quality at 66.08% and also it can detect the
14,814 voiced frames from all speech signal. However at the
10% of threshold, this technique provides the over
performance of voiced detection. It means it recognizes
some of unvoiced frame to be voiced frame.

C. Value range technique results

TABLE IV. VALUE RANGE TECHNIQUE RESULTS

diagram in Fig 1. Firstly, the results of the prosodic feature Threshold (%) Voiced Quality
technique show in Table 1. 10 22,517 82.12
15 20,739 81.54

TABLE L THE PROSODIC FEATURE TECHNIQUE 20 17,776 84.73

30 11,258 57.34

[ Numberof frame | Voiced (frame) | Unvoiced (frame) | 40 5,530 2822
[ 24,000 | 19,752 | 4248 50 2370 12.46

The new pattern analysis techniques are performed as
shown in Table 2-5. Each table presents the result of each
technique. Also the threshold values are adjusted by the
error estimation value of the process. The quality means the
percentage of voiced frame number in each technique,
which is the same as the prosodic feature technique.

A. 1" average technique results

Table IV shows the performance of the value range
technique. It can be notice that 20% of threshold provides
the maximum quality at 84.73% and also it can detect the
17,776 voiced frames from all speech signal. However at the
10% and 15% of threshold, this technique provides the over
performance of voiced detection. It means it recognizes
some of unvoiced frame to be voiced frame.

D. Standard deviation technique results

TABLEIL 1" AVERAGE TECHNIQUE RESULTS TABLE V. STANDARD DEVIATION TECHNIQUE RESULTS
Threshold (%) Voiced Quality
10 22,714 71.27 Threshold (%) Voiced Quality
15 20,739 72.15 10 21,727 80.77
20 16,789 76.58 15 19,356 89.29
30 9480 47.18 20 15,406 76.43
40 4938 25.16 30 8,888 44.89
50 2370 11.93 40 3,950 20.39
50 1,777 8.72

Table 11 shows the performance of the 1" average
technique. It can be notice that 20% of threshold provides
the maximum quality at 76.58% and also it can detect the
16,789 voiced frames from all speech signal. However at the
10% and 15% of threshold, this technique provides the over

Table V shows the performance of the standard
deviation technique. It can be notice that 15% of threshold
provides the maximum quality at 89.29% and also it can
detect the 19,356 voiced frames from all speech signal.
However at the 10% of threshold, this technique provides
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the over performance of voiced detection. It means it
recognizes some of unvoiced frame to be voiced frame.

V.  CONCLUSION

This article presents the new pattern analysis technique
to classify V/UV speech signal based on LPC. Four
techniques are performed and compared with the prosodic
technique as summary in Table VI.

TABLE VL CONCLUSION TABLE
Technique Threshold Voiced Quality
1 average 20% 16,789 76.58
27 average 15% 14,814 66.08
value range 20% 17,776 84.73
Standard 15% 19,356 89.29
deviation

Table VI shows that provides the best performance of
the quality of V/UV classification according to the standard
deviation technique classifies voiced frame similar to the
prosodic feature technique. It provides 19,356 frame with
the quality at 89.92 Furthermore, this technique can apply to
vector quantization technique for speech compression and
speech recognition which usually uses the LP coefficients as
the speech feature. It can also reduce time for process by
using the pattern analysis technique of LP coefficients.
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Efficiency of Ordered Codebook Learning Vector
Quantization for Speech Compression

Kreangsak Pattanaburi and Jakkree Srinonchat

Abstract—Combined  compression and classification
problems are becoming increasingly important in many
applications with large amounts of data and large sets of
classes. This article presents the efficiency of ordered codebook
learning vector quantization (OC-LVQ) for speech
compression. The algorithm is based on competitive networks.
It is developed and analyzed a learning vector quantization
based algorithm for combined speech compression and
classification. The Peak Signal to Noise Ratio (PSNR), Signal to
Noise Ratio (SNR), and Normalized Root Mean Square Error
(NEMSE) are used to measure the quality of speech signal. It
provides the maximum quality at 28.9432 dB and 15.0333 dB
for SNR and PSNR respectively. Also the minimum error of
NEMSE is 0.1578.

Index Terms—speech compression, ordered codebook,
learning vector quantization.

I. INTRODUCTION

The requirements of a speech compression signal have
been sought in mainly speech coding research centers. As a
result many different strategies for the suitable speech
compression applications have been developed. The
exploitation of bit rate speech coders have been standardized
in many international and national communication systems
[1].

In speech signal processing. the amount of data analyzed
require a long time process. To process audio faster. speech
coding or speech compression is to reduce size of the speech
signal input [2]. [3]. It is essentially technique for
communication system which obviously uses in many
researches such as. presents [4] the Kmean-LBG algorithm
and KSOFM algorithm. which were investigated to use in
speech coding system. The experimental results show the
comparison of the performance of ordered and disordered
codebooks which employ to measure and classify the
repetition of the speech signal coefficients. Both ordered and
disordered codebooks can reduce the number of bit rate
transmission around 20% in speech coding system. Also
presents [5] a good quality speech data at a low bit rate. In
order to accomplish this. the most powerful speech analysis
and compression techniques such as Linear Predictive
Coding (LPC). Discrete Cosine Transformation (DCT) and
Discrete Wavelet Transformation (DWT) are adopted for
Tamil speech database. The adopted techniques are
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evaluated based on Compression ratio. Peak Signal to Noise
Ratio (PSNR).

Normalized Root Mean Square Error (NRMSE) and Mean
Opinion Score (MOS). The results show that the DWT
achieves greater performance than other two techniques
employed in this research.

This article presents an exploitation of Learning Vector
Quantization (LVQ). in ordered codebook for speech
compression. The adopted techniques are evaluated based on
Signal to Noise Ratio (SNR). Peak Signal to Noise Ratio
(PSNR). Normalized Root Mean Square Error (NRMSE). It
is organized as follows. Section II describes the linear
predictive coefficients while Section III details the LVQ
neural network. Section IV details experiment while V shows
its simulations results. Finally. Section VI concludes this
work.

II. LNEAR PREDICTIVE COEFFICIENTS

The basic idea of the linear prediction parameters is that
the next sample speech signals can be predicted by a linear
combination of the past values of the sample signal at time
(n).This is shown in the following equation:

2 .
Sn :"n+;ak5(n—ﬂ (1

Where S, the value of sample is signal at time (n)
a, is the predictor parameters
e, is the prediction error

From the (1). it can be defined that

S, :gakS'"_,n 2)
Taking z-transforms gives
5(:)25(3)+[i”»5-k]5(:) 3)
E(z
S(2) =%+E(:).H(:) “)
l—Sla::""
i

Where S(z) and E(z) are the z transform of S, and

e,, respectively. Thus H(z) can be defined as

H(z)= (5)

e
Q
“Il

=

-
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Which H(z) the transfer function of a digital filter is as
refers to all-pole system. Thus (5) can be rewrite as

Ho=—L -1 ©)

A=) (lff‘,a::’*)

=
However, a general transfer function of a real vocal has both
poles and zeros.

III. LVQ NEURAL NETWORK

Learning vector quantization (LVQ) was developed by
Kohonen network. LVQ network structure is different from
unsupervised training structure. LVQ algorithm is a
learning algorithm to train the Kohonen layer with teacher's
guide. The architecture of the LVQ network used in this
paper is shown in Fig. 1.when x is input network. Output
neurons are the nearest to x. It is selected as the “winning
neuron”.

Input layer

Hidden layer

Cutput layer

Groupl Group2 GroupN
Fig.1. Structure of LVQ network

The proposed learning algorithm of the LVQ networks is
as follow:

Prepare the training data. In the input layer. there are C
neurons. The continuous are input vectors are

X = (3,300 Xg) @)

Connection weights vectors between input layer and
Kohonen layer are

W= (ol whwh = (wh e ) (8)

Where i=12....D.
Connection weights vectors between Kohonen layer and
output layer are

W2 = (W2 W2 e WEIWE = (W W Wie) 9)

Where k=12,...E.

Every Kohonen neuron is assigned to an output neuron
and corresponding connection weights vector is 1 and other
connection weights vector is 0. 77 is fixed during training
process.

1rek
w2 = 10
Fr {Orek 1o

Suppose training mode as follow
{x.t ) {xt o {xp 10} (11)

Where 1j (j = 1,2.--- , Q) is object output vector. The
output of Kohonen layer is calculated as follow

V=w'x (12)
Then the output vector is
T =W (13)
W' can be determined as follow:
For every input vector, the network will give a

classification result. If the result of classification is correct,
the connection weights value can be corrected by (13).

) =1 O (D - (1) (14)

If the result of classification is false, the connection
weights value can be correct by (14)

i+ ) =™ O -n(pt+D-i™ (1) as

Where 7 e (0.1).i™ () is the connection weights value of

the i"th neurons at ¢ time.

Repeat this step until the achieved classification rate is
satisfied or the maximum number of epochs is reached as
show in Fig. 2.

| winning neuron is adjusted to
I closest to the input vector

weight of winning neuron

Fig. 2. Learning of LVQ neural network

After learning, the LVQ network can serve to recognize
the unknown gas data [6].

IV. EXPERIMENT

There are 20 speech input data which are generated from
males and females. The speech signal is sampled at 8 kHz
and the frame size is 200 sampling per second. This process
research can be classified into three steps as show in Fig. 3.

Firstly speech signal is passing through the speech
emphasis technique to filter the back ground noise. Then the
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speech signals were calculated the LPC coefficients, where
only 10 LPC coefficients represented a speech frame. LPC
coefficients were generated in order to compare the
effectiveness in the ordered codebook.

‘ Speech Emphasis ‘
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Fig. 3. Experiment processes

Secondly, the LPC coefficients are calculated to become
the new LPC coefficients, namely codebooks, using the
technique of standard deviation technique of V/UV
classification [7]. The Learning vector quantization (LVQ) is
used to classify LPC coefficients into groups for each
particular speaker which each address of the codebook
contained a set of code vectors, which represents each group.
The size of the codebook has an effect on the bit rate which
represents the speech coefficients. This experiment uses the
sizes of codebooks ranging from 1024 to 64 addressed.

Finally, the comparison on of the performance between the
different ordered codebook using PSNR, SNR and NRMSE.

A. Peak Signal to Noise Ratio (PSNR)

PSNR =10log;,

! 16)
prl

Where N is the length of the reconstructed signal.
P is the maximum absolute square value of the
signal p.
[p—7|] is the energy of the difference between
the original and reconstructed signals.

B. Signal to Noise Ratio (SNR)

o_2

2
G,

SNR =10log,, amn

Where o is the mean square of speech signal and

o2 is mean square difference between the original

and reconstructed signal [4].
C. Normalized Root Mean Square Error (NRMSE)

NRMSE — ’ (p(m)—r(n)’ (18)
(p(n)— pp(m)?
Where p(x) is the speech signal.
r(n)  isreconstructed signal

p(n) is mean of the speech signal.

V. RESULTS

The results show the comparison of different ordered
performance codebook based on the frequency domain,
PSNR. SNR and NRMSE.

Fig. 4. Comparison of order based on the loss frequency (Male)

In Fig. 4. the 1024 address ordered codebook provides the
best performer of male when is compared to all of speech
signal in term of the loss frequency domain. It can be notice
noise in high of 512,256,128 and 64 address ordered
codebook.

Fig. 5. Comparison of order based on the loss frequency (Female)

In Fig. 5. the 1024 address ordered codebook provides the
best performer of female when is compared to all of speech
signal in term of the loss frequency domain. It can be notice
noise in high of 512,256,128 and 64 address ordered
codebook.

TABLE I: COMPARISON OF ORDER BASED ON PSNR

Peak signal to noise ratio (dB)
Speech Codebook size
1024 512 256 128 64
Male 1 28.9432 28.8432 28.5604 284131 28.2671
Male 2 243278 | 243280 24.2865 24.2376 24.1985
Female 1 28.1904 28.1891 28.1448 28.1385 28.0505
Female 2 27.8795 27.6994 27.7460 27.5003 27.3852
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In the Table I. the 1024 address ordered codebook provides
the best performer at malel when is compared to all of speech
signal in term of PSNR.

TABLE II: COMPARISON OF ORDER BASED ON PSNR

Signal to noise ratio (dB)
b Codebook size
Speec 1024 512 256 128 64
Male 1 14.1268 14.1263 14.1263 14.0962 13.9502
Male 2 13.0010 13.0012 12.9365 12.8776 12.7829
Female 1 12.8215 12.8189 12.8070 12.7461 12.7093
Female 2 15.0333 148532 148734 148195 14.6889

In the Table II. the 1024 address ordered codebook
provides the best performer at female2 when is compared to
all of speech signal in term of SNR

TABLE III: COMPARISON OF ORDER BASED ON NRMSE

Normalized Root Mean Squared Error

Speech Codebook size

1024 512 256 128 64
Male 1 0.2000 0.2000 0.2001 0.2007 0.2041
Male 2 0.1931 0.1954 0.1945 0.1953 0.1979
Female 1 0.1952 0.1954 0.1956 0.1970 0.1979
Female 2 0.1578 0.1611 0.1609 0.1616 0.1626

In the Table III. the 1024 address ordered codebook
provides the best performer at female2 when is compared to
all of speech signal in term of NRMSE

VI. CONCLUSION

This article presents the efficiency of ordered codebook
learning vector quantization for speech compression. In term
of the speech quality using PSNR. the large ordered codebook
size provides best performer than the small ordered codebook
size because of large number of codebooks. It provides the
maximum quality at 28.9432 dB and the minimum quality
at 24.1985 dB as shown in Table I. In the term of the speech
quality using SNR. the large ordered codebook size also
provides better performer than the small ordered codebook
size. This article provides the maximum quality at 15.0333
dB and the minimum quality at 12.7093 dB as shown in
Table II. In the term of the speech quality using NRMSE. the
large codebook size was better than the small codebook size
because it will have a minimum error value. The article
provides the maximum error at 0.2041 and the minimum
error at 0.1578 as shown in Table III.

[}
]
£
i
=
1024 512 256 128 6
Codebook size
= Malel = Male2 w Femalel = Female2

Fig. 6.Comparision of order based on training time

The experiments of using ordered codebook LVQ for low
bit rate speech compression show that 1024 address ordered
codebook is the best performer but it requires large amount of
bit rate to storage and transmission data (10 bits). Also it
needs more time to train the winning neuron as in shows in
Fig. 6. Therefore this experiment can apply to those speech
compression and data storage.
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