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This thesis proposes Thai speech coding according to the natural speech coding of
MPEG-4 standards. The operation principle of this codec is based on the MP-CELP coding. By
the MP-CELP’s attributes and embedding enhancement layers, it can support the special
functionalities of multiple bitrates and bitrate scalabilities.

In the pitch delay analysis, high pitch delay resolution technique of 1/2, 1/3 and 1/4 pitch
fractions is proposed and adopted to improve Thai speech MP-CELP coding quality.

By simulating the proposed codec, the results show improvement of Thai speech quality,
nearly equivalent to that of English. The operating bitrates are increased by 200-400 bps for the
additional pitch fraction information from 5,600-14,600 bps to 5,800-15,000 bps corresponding
to the compression ratio of 4.27-11.03, while the coding delay of 15 ms is equal to that of the
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Scheme Bit rate Delay Complexity Quality Application
(kb/s) (ms) (MIPS) (MOS)
G.711 PCM 64 0.125 0.01 4.1 Toll
G.721 ADPCM 32 0.125 2 4.3 Toll
G.726 ADPCM 16 24 32 40 0.125 2 Toll Wideband
G.722 wideband 48 56 64 0.125 Toll Wideband
G.728 LD-CELP 16 2 30 4.2
G.729 CS-ACELP | 8 15 20 3.7 Nokia IS-
641
North
America
G.729 CS-ACELP | 8 15 11 3.7
Annex A
G.723.1 MPC- 53 6.4 67.5 16 Internet
MLO phone
RPE-LTP (GSM) 13 20 6 3.47+ European
Global
System
MPE-LPC 9.6 11 34 Sky phone
IS-54 VSELP 7.95 20 13.5 3.45+ D-AMPS
(TIA)
PDC VSELP 6.7 20 13.5 3.5 Japan (JDS)
(RCR Japan)
GSM-HR 6.5 20 (I.5wrtGSM) | 4 ETSI
Type A 8.1 7.5 (8 wrt GSM) 3.5 UMTS
(ADPCM+VQ)
Type B 7.9 20 (2 wrt GSM) 3.8 UMTS
(GSM FR)
IS-96 Q-CELP 1.2-8 20 (1 wrt GSM) 4- CDMA in
(TIA) (3.5avg) USA
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Scheme Bit rate Delay Complexity Quality Application
(kb/s) (ms) (MIPS) (MOS)

TGMS codec <8 <10 (0.5 wrt GSM) | 4.5+

(Third Generation

Mobile Systems)

PDC PSI-CELP 3.45 40 Japan (JDS)

(RCR-Japan)

FS-1015LPC 10E | 2.4 22.5 7 23 US-DoD
FS-1016 CELP 4.8 30 16 32 US-DoD
MELP 24 22.5 US-DoD
STC-1 4.8 13 3.52

STC-2 24 13 2.9

IMBE 4.1 13 34
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2.5.2 N3N NUU83 MPEG-4 CELP
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r(k)=> s'(n)s'(n-k), k=0K 10 (3-5)
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F,(z) =F,/()/(1-2") (3-12)
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for k=4to1
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fori=1to5
S =-2q, fiG-1)+2f@G-2)
forj=i—1downto 1
A0 = 170 -2, G- D76
end

end
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160 = £@)+£G-1), i=1,...,5,
£0 = fD+AG-1), i=1,...,5, (3-25)

4
U

v
gamemdulsz@niainnasudu szannumlann £ G) wag £ () deil

{O.Sfl’(i)+0.5f2’(i), i=1..5

_ . (3-26)
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3.1.2.3 Perceptual weighting
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Durbin (#240# 3.1.2.2) mduisz@nd reflection &, vxgauaswidluduilsz@ns LAR (Log

Area Ratio) o, fail
= ogl'—‘) i=12 (3-28)
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¥, = -0.6d,, +1.0, lag 04< 7,07 (3-32)
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Y
U

= A o Y ] 09.1’ Y
wyanadsangnaraimiinlumlsugosiuag 1duan

sw(n) = s(n) + iaiy{s(n —i) =Y ayysw(n—i), i=0,..,39 (3-33)
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Top = tl

R'(1,)=R11)

IfR () 2 085R'(T,)
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End
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£, = int(T) =5

ift,, <20thent =20

t =1t +9

max min

ifz, > 143 then

t. . =143

max

t. =t =9

min max

end

a o a\ 091' 1 1 1
TumsAumiiaguoanda HusgmAiiiosNga109 mean-squared weighted error
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9 9
v(n)=Y u(n—k—ia()+ D u(n—k+1+1ia(), n=0,.39 (3-39)
i=0 i=0
(i) ifusdahminigadu
3.1.2.7.2 M3nsHanimsUsz3aa1ves adaptive-codebook
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P2 =T, T1 = 20,...,143 (3-41)
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NyAdia (algebraic) MUAITIN 3.1 32 waz 3.3 oonuuuIaeld interleaved single-pulse
permutation (ISPP) [4 48 30]
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vrgniSunlasuauil
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aanhmiinudy  dyapaeath Al lumsmiiaslunsie wgnlsuldiumalasmsan

g 9

E4
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k,t (fractinal pitch delay)
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< a
UszToanadounim lne Idduadrvesni ihuwaenes 3 aunaz memae 3 au i

AU UszluanasaunsneIng dszloanasauns ing
1 After taking off from Cuba this -aU-1-U1U-820-A2-10-4 M-
morning. /khon0/thm0/baap0/?uuat1/tuualO/waa2/keng1/
2 American companies. A 5a-1-au-1n-1he-lU-nue-
/thqq0/thamO0/chan4/baa1/puuat1/paj0/mot1/
3 An operating System. “n-lu-g&-81-nn-
/kaw4/pen0/jaat2/?am0/phaa0/
4 Before the end of the year. Au-1hn-Bu-n3d-g-tan-sas-an-
/naj0/paak1/?in0/sii0/mii0/plaal/s@@ng4/tuual/
5 | Billion dollars. -3 Tas-wa-Gn-f-un-
/maa0/lii0/doon0/jaa2/tamO/thii2/khaa4/
6 Cannot confirm. AU AT 2-u-th-Auvin-
/khon0/kinO/khaaw2/txx1/paa1/kin0/naam3/
7 Financial Sector. wallygnw-an-A-thu-
/mxx2/paj0/taam0/?aa0/thii2/baan2/
8 For the next three months. -Lm-uaﬂ-dfﬁ-m-m-ag:-ﬁ-ﬁm-
/mxx2/b@@k1/waa2/taa0/maa0/juu1/thii2/baan2/
9 High oil prize. Au-Fndu-0en-nan-ni-nans-du-
/chan0/hen4/waan2/?@@k1/d@@k1/tang2/laaj4/ton2/
10 | HKEX is launching an internet IQ | -fn-in-Anan-nang-iis-au-na-17-
website. /kham0/waa2/n@@k1/maaj4/thvng4/ton2/kh@@0/wuua0/
11 | believe that. -ﬁu-a:-aaa-au-l:m-qm-l,l,aj-g-
/chan0/ca0/l@@ng0/?0m0/nggn0/kuun0/mxx2/duu0/
12 | talk to you this morning. -ﬁ-aa-au-umu-ﬁu-m-ﬁlﬁ-
/phii2/l@@0/ngom0/wxxn0/khvn2/maa0/haj2/
13 | think we have to wait one or -ﬁaa-'ﬂ:-l,m-ﬁn-é'u-ﬁ?u-
two months. /In@@ng3/cal/?aw0/waaw2/?an0/naan3/
14 Impact from the oil crisis. -m-miﬁ-uan-’h-"i‘u-ﬁ-lﬂu-’ﬁ’uﬁ-
/?aa0/caan0/b@@k 1/waa2/wan0/nii3/pen0/wan0/dii0/
15 | In credit markets. -A-Naa9-Uan-T-Lau-a2- l-n9-dne-
ltaa0/ki@ng2/b@@k1/haaj2/?iiang0/tuual/pajO/taang0/saaj3/
16 In single family. AT F LWL
/paak0/kaal/raa0/khaa0/haa2/jen0/thaw2/nan3/
17 | In the first half of the year. Wan-iu-lan-1$u-5e-6-
/phuuak2/nan3/don0/prab1/raajo/tuua0/
18 In Tokyo, the Nikei is closing up -Au-an-dse-Uno-1du-dsz-i-
for 10 percent. /fon4/tok1/pra0/praaj0/pen0/praO/cam0/
19 It is not just the asian crisis. -Lﬁa-ﬂ@-m-ﬁ-m-uu-aaﬂ-
/thqq0/pad1/raa0/thii2/kha1/nom4/?@@k1/
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&y dszluanasaunim dszlvanasaunmsing
INT
20 | It's not really new. - U2-Uz-a9-R-R1E-50-Ue-
/maa0/na2/pai/traal/thii2/naa2/rot2/jon0/
21 June and July. -&hu-g-ﬁ-mﬂ-saa-m-m-mﬂ-ehu-ﬂma-
/suuan1/phuu0/mi2/phaak2/r@@ng0/long0/maa0/caak0/suuan1/klaang0
/
22 | Radio Networking. -@“n-saa-lf—ﬁw-mad-vgu-‘i]@-ﬂ'm-
/tamO/ruuat10/chaaj3/phaa2/kr@@ng0/fun1/pid1/paak1/
23 | Start first month in -ig-nu-2u-1/an-11-Ina-1na-
August. /chuuaj2/kan0/cap1/liik1/paj0/klajo/klajo/
24 | Take over target. -Na-22-URN-A-01-NW-71-
/phom4/ca0/pliik 1/tuua0/maa0/than0/thii0/
25 The market capitalization. -L"U’]-aUﬁﬂ-ﬁﬂ-mﬂ-fﬁa-ﬁ-uﬂm-
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/kh@w4/kvvang0/chan4/duuaj2/rvvang2/lekO/In@@)j3/
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36 | Well, that stratagy looks -ﬂ-ﬁ-ﬂn-m-ﬁ-g-é’u-q@-ﬁwzl-

like it works.
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THAI SPEECH COMPRESSION USING CS-ACELP CODER BASED ON
ITU G.729 STANDARD.
S. CHOMPUN, S. JITAPUNKUL, D. TANCHAROEN AND T. SRITHANASAN
Digital Signal Processing Research Laboratory, Department of Electrical Engineering,

Faculty of Engineering, Chulalongkorn University, Bangkok 10330, THAILAND
E-Mail: b0597021@student.chula.ac.th, jsomchai@chula.ac.th

This paper presents the comparison results of speech quality that is encoded and decoded by CS-
ACELP coder according to ITU-G.729 standard. The purpose is to test the performance of CS-ACELP
coder between Thai speech and English speech. The paper used 2 coding methods; 1) CS-ACELP coder
without Voice Activity Detection and 2) CS-ACELP coder with Voice Activity Detection. The objective
test was used to measure the speech quality for each case. The results show that both methods give Thai
speech quality mostly below than English speech quality, as for methods comparison; both Thai and
English, method 2) gives speech quality better than method 1). Eventually, we modified the coder by
increasing the order of LP analysis to improve the Thai speech quality.

Key words: Thai speech, speech coding, CS-ACELP, ITU-G.729.

INTRODUCTION

Nowadays, the digital communications are widely developed. The information; audio, images, video or
data can be transmitted passthrough wire or wireless network channels. Simultaneously, the number of
users to access these networks increases rapidly. Consequently, channel capacity has to be increased, signal
compression aims to perform this. As for speech, speech coding was created almost 60 years ago, and
improved from then until now (Cox 1997).

The International Telecommunications Union-Telecommunications Sector (ITU-T) has already
standardized 64-kb/s p/A-law PCM, 32-kb/s ADPCM, and 16-kb/s low-delay code-excited linear
prediction (LD-CELP). The next step in the progression is an 8-kb/s speech coding algorithm. Since the
three existing standards all provide high-quality and short-delay coding, the main requirement for the 8-
kb/s algorithm is also initially high-quality and short-delay coding (less than 5 ms)(Kataoka, Moriya,
Hayasshi 1996; ISO/JTC 1998).

To achieve high quality and short-delay coding at 8-kb/s, the backward adaptation technique was
performed. Many coders used the linear predictive coding (LPC) predictor in a backward-adaptive manner
by performing LPC analysis on previously quantized speech. Since the reconstructed signal is available in
both the encoder and decoder, this approach does not require that the LPC coefficients be sent to the
decoder. However, although this technique is useful for 16-kb/s LD-CELP, an 8-kb/s coder was not found
to give high quality when using only backward PLC analysis without pitch prediction. In 1995, CS-ACELP
coder was developed and standardized as 8-kb/s G.729.

To verify this circumstance, this paper will study and compare the performance of CS-ACELP coder
according to ITU G.729 between Thai and English speeches. The paper will use 2 coding methods: the first
is CS-ACELP coder without Voice Activity Detection (VAD)-and the second is CS-ACELP coder with
Voice Activity Detection. The objective test as segmental signal-to-noise ratio-(segSNR) will be selected to
measure the speech quality for each case.

However, since Thai language is a tonal language. So the use of CS-ACELP coder following to ITU
G.729 to compress Thai speech will be not guarantee the same quality as English language.

Later, the paper try to modify some parameters in CS-ACELP coder in order to improve its efficient for
Thai speech compression. In the 10th linear prediction analysis and filtering, the paper will increase the
order to 12 and 14 (Deller, Jr. 1993).

1. CS-ACELP ALGORITHM

The CS-ACELP coder is based on the code-excited linear predictive (CELP) coding model. The coder
operates on speech frames of 10 ms corresponding to 80 samples at a sampling rate of 8000 samples per
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second. For every 10 ms frame, the speech signal is analyzed to extracted the parameters of the CELP
model (linear-prediction filter coefficients, adaptive and fixed-codebook indices and gains). These
parameters are encoded and transmitted. At the decoder, these parameters are used to retrieve the excitation
and synthesis filter parameters. The speech is reconstructed by filtering this excitation through the short-
term synthesis filter based on a 10th order liner prediction filter and the long-term or pitch synthesis filter
implemented using adaptive-codebook approach. After computing the reconstructed speech, it is further
enhanced by a postfilter (Schroder, Sherif 1997).

The encoding principle is shown in figure 1. The input signal is high-pass filtered and scaled in the pre-
processing block. The pre-processing signal serves as the input signal for all subsequent analysis. LP
analysis is done once per 10 ms frame to compute the LP coefficients. These coefficients are converted to
line spectrum pairs (LSP) and quantized using predictive two-stage vector quantization with 18 bits. The
excitation signal is chosen by using an analysis-by-synthesis search procedure in which the error between
original and reconstructed speech is minimized according to a perceptually weighted distortion measure.
This is done by filtering the error signal with a perceptual weighting filter, whose coefficients are derived
from the unquantized LP filter. The amount of perceptual weighting is made adaptive to improve the
performance for input signals with a flat frequency-response.

The decoder principle is shown in figure 2. First, the parameters indices are extracted from the received
bitstream. These indices are decoded to obtain the coder parameters corresponding to a 10 ms speech
frame. These parameters are the LSP coefficients, the 2 fractional pitch delays, the 2 fixed-codebook
vectors, and the 2 sets of adaptive and fixed-codebook gains. The LSP coefficients are interpolated and
converted to LP coefficients for each subframe. Then, for each 5 ms subframe, the excitation is constructed
by adding the adaptive and fixed-codebook vectors scaled by their respective gains, the speech is
reconstructed by filtering the excitation through the LP synthesis filter, finally, the reconstructed speech
signal is passed through a post-processing stage, which includes an adaptive postfilter based on the long-
term and short-term synthesis filter, followed by a high-pass filter and scaling operation.

Voice Activity Detection is in the pre-processing part to decide the input speech frame as voiced or
unvoiced speech. Consequently, the unvoiced speech mode neglects the adaptive codebook quantization
part because no periodicity is needed while the voiced speech mode still proceeds both fixed and adaptive
quantization part.

LHFUT

SPFEECH
(=]

FRE

FEOCBISE NG

LF AMALYSZIS
QUANTIZATION
| INTERPELATION

FIXED ol lri e
. 1 +
CODEB QL . b 4 ¥
. -] o T SYMTHESIS 3

—— (D)
Tl FILTER ~T

ADAETIVE . 1
[ U]
CODER OO 'S

X

LPC info

‘ PITCH ]‘ ; + .
il PERCEPTUAL
FIXED B | | weienTme
| sBARCH

.

Aol
GAIM

TRAMEMITTED
P RAMETER o
BITSTREAM

BHOGDING

FOUAMTIZATION

L il

FIGURE1l. Block diagram of G.729 Encoder.
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FIGURE2. Block diagram of G.729 Decoder.

2. METHODS OF CODING

TABLE 1. First set of tested sentences (Ounnapirak, Jitapunkul 1995; Ounnapirak 1995).

Tested sentences (Thai)

Tested sentences (English)

szutlaariulndesd

This is a top secret.

Aneg U ZlEaTIEE

My name is John K. Smith.

& \ =
SRV N EHATHNLA

Richard concluded the
lecture.

UszTaanagauns tne

Have a nice day for this trip.

ngammunmuas

Leave me alone in the dark.

Gﬁ%ﬁuﬂ’ﬁ‘iﬁﬁﬂﬂ@xﬁ’m

Wireless communications.

TABLE 2. Second set of tested sentences (Ounnapirak, Jitapunkul 1995; Ounnapirak 1995).

Tested sentences (Thai)

Tested sentences (English)

ol =7 -
81’178 Li‘EIuL‘]IQ_,IFd‘i_Iﬂﬂiﬂ\i

Give me a zebra flag please.

duslinungniiuise

Father played the xylophone.

sedlagnaenuanlsing

Bob quickly wore his slacks.

qidingastnswiin

Jam did his paper last night.

WANALINITN LU UL Excuse me, may | come in.

Good bye, see you
tomorrow.

wataniuenInE e

In the experiment, 2 coding methods were used: One was CS-ACELP coder without VAD, another was
CS-ACELP coder with-VAD. Two sets of sentences were used-by-those coding methods. Then these two
sets of sentences were compared. Each set contained 6 Thai and 6 English sentences. The first set of
sentences was in table 1, the second was in table 2. In ‘both sets, speeches of 3 ' men and 3 women were
recorded.

The sentences chosen in these sets covered all of the characters in each language. The second set was
performed as same as the first set to compare the results from each one.

3. PERFORMANCE EVALUATION

The quality of speech was evaluated in both 2 sets by using the values of segmental signal to noise ratio
defined in eqation (1)(Ounnapirak, Jitapunkul 1995; Ounnapirak 1995). Figure 3 and 4 show the original



The Fourth Symposium on Natural Language Processing 2000 119
SNLP’2000, CHIANG MAI, THAILAND

signal, the reconstructed signals of both methods of the first sentence in the first set for Thai and English
respectively, while table 3 shows segSNR for both methods.

N—1

- Zsz(iN +n)

SegSNR=—ZIogm o=t
L

=0 Z(s(iN +n) — 5N+ n))*
o
Where N is length of segment in bit, L is number of segments, s(n) is the original signal and s (n) is the
reconstructed signal.

g

iucu-;u:. TR R L T
= iw

Method 2

Monoa TG0 1000 TE00G e
i

FIGURE 3.  Original signal, reconstructed signals of both methods.(Thai in the first set).

Melhod 1

Mealvod 2
;.—.——.——-——.
i
} ; !

i |-

FIGURE4. Original signal, reconstructed signals of both methods.(English in the first set).
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TABLE 3. segSNR of Thai and English speech compression at LP order 10.

SegSNR(dB)
Method Thai English
Male Female Male Female

1) CS-ACELP 9.45 9.38 9.72 9.72
1" set  2) CS-ACELP 9.50 9.42 9.75 9.73

with VAD

1) CS-ACELP 9.47 9.40 9.75 9.71
2nd set 2) CS-ACELP 9.49 9.44 9.76 9.72

with VAD

TaBLE4. segSNR of Thai speech compression at LP order 10, 12 and 14.

SegSNR(dB) - Thai

Method Order 10 Order 12 Order 14
Male Female Male Female Male Female

1) CS-ACELP 9.45 9.38 9.53 9.45 9.54 9.48
1st set 2) CS-ACELP 9.50 9.42 9.62 9.50 9.64 9.52

with VAD

1) CS-ACELP 9.47 9.40 9.54 9.45 9.53 9.48
2nd set  2) CS-ACELP 9.49 9.44 9.60 9.49 9.62 9.51

with VAD

The results in table 3 show that both methods give Thai speech quality mostly below than English
speech quality about 0.25-0.34 dB for the first set, and about 0.27-0.31 dB for the second set. As for
methods comparison; both Thai and English, method 2 gives speech quality better than method 1 about
0.01-0.05 dB for the first set, and about 0.01-0.04 dB for the second set. Comparing 2 sets, the results of
them were corresponding.

Finally, the order of LP analysis was increased to 12 and 14 to improve the quality of reconstructed
speech in case of Thai speech. Table 4 shows the segSNR of both methods. For order 12, it shows the
improvement of speech quality about 0.07-0.12 dB for the first set, and about 0.05-0.11 dB for the second
set, in comparison to LP order 10. For order 14, it shows the improvement of speech quality about 0.09-
0.14 dB for the first set, and about 0.06-0.13 dB for the second set, in comparison to LP order 10.
Comparing 2 sets, the results of them were corresponding.

The results were shown that the quality of coding was improved. But the coding rate also increased for
allocating the higher order information.

4. CONCLUSION

The ITU G.729 speech coder was applied to Thai Language. By no other modification, the quality of
Thai coding is not equivalent to the English Language. After modifying the LP analysis by increasing the
LP order from 10:to 12 or 14, the quality of Thai speech coding are truly improved. But the coding rate also
increased for allocating the higher order information.
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Abstract

This paper proposes a modification of flexible Multi-
Pulse based Code Excited Linear Predictive (MP-CELP)
coder with bitrate scalabilities for tonal language speech
in the multimedia applications. The coder consists of a
core coder and bitrate scalable tools. The high pitch
delay resolutions are applied to the adaptive codebook of
core coder for tonal language speech quality
improvement. The bitrate scalable tool employs multi-
stage excitation coding based on an embedded-coding
approach. The multi-pulse excitation codebook at each
stage is adaptively produced depending on the selected
excitation signal at the previous stage. The experimental
results show that the speech quality of the proposed
coder is improved above the speech quality of the
conventional coder without pitch-resolution adaptation.

1. Introduction

Nowadays the digital communications are widely
developed. The audio, images, video or data information
can be transmitted passthrough wire or wireless network
channels. Simultaneously, the number of users to access
these networks increases rapidly. Consequently, channel
capacity has to be increased, signal compression aims:to
perform this [1]. Since the multimedia applications such
as videophone and videoconference on ATM and Internet
are widely used, the high quality speech coders are highly
demanded. These kinds of applications require special
considerations for packet loss. To ‘overcome this problem,
it is to realize a scalable coder where the synthesized
speech signal can bedecoded from the received packets,
which contain only a part of the whole encoded bitstream.
One of standardization activities for such areas is
undergoing at the MPEG-4 [2][8].

In 1995, Conjugate-Structure Algebraic Code Excited
Linear Predictive (CS-ACELP) coding was developed
and standardized as ITU G.729 speech coding at 8 kbps.
Later, MP-CELP coder has been proposed to be a
scalable coder around this bitrate. This flexible coder
employs the multi-pulse excitation which the number of
pulses in fixed-entry codebook is selective for bitrate

scalability and multiple bitrate functionality according to
the MPEG-4 CELP speech coder requirements, see e.g.,

[2][8].

In MP-CELP, amplitudes or signs for multi-pulse
excitation are simultaneously vector quantized. To
improve speech quality for background noise conditions,
the adaptive pulse location restriction method are applied
[3]. This coder operates at various bitrates ranging from 4
to 12 kbps utilizing the flexibility in multi-pulse
excitation coding [8].

As for tonal language, such as Thai, a syllable is
composed of consonants, vowels and tone [9]. The
smallest structure of sounds or syllables in Thai is
composed of one vowel unit or one diphthong, one, two
or three consonants, and a tone. The structure can be
represented as illustrated in figure 1. Ci is initial
consonant, Cf is final consonant, V is vowel and T is
tone.

T
Ci(Ci) v(v) Cr
Figure 1. Thai syllable structure

The significant difference between tonal and toneless
language -is-tone (T).-In tonal language, the words of
different tones yield their distinguished meaning. By
using the standard speech coder such as CS-ACELP with
tonal language, it showed the-degraded speech quality
when compared to those of toneless language. The reason
is that the tone information precision is not enough for
tonal language, e.g., [1][9].

This paper proposes a bitrate scalable tonal language
speech coder based on a multi-pulse based code excited
linear predictive coding [4][5]. The proposed coder
provides the bitrate scalabilities which is effective in
multimedia communications. Moreover, this coder is
improved for the tonal language speech by applying the
high pitch delay resolutions to retain the tone information
precision. Section 2 describes operation principle for the
bitrate scalable MP-CELP coder. The proposed tonal
language speech coder is presented in Section 3.
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Experimental results are shown in Section 4. Finally, the
conclusion of this paper is given in Section 5.

2. Bitrate scalable MP-CELP coder

The operation principle for bitrate scalable MP-CELP
coder can be separated into 2 parts, MP-CELP core coder
and bitrate scalable tool.

2.1. MP-CELP core coder

The MP-CELP core coder achieves a high coding
performance by introducing a multi-pulse vector
quantization as depicted in figure 2 [4][5]. The input
speech of 10 ms frame is processed through linear
prediction (LP) and pitch analysis. The LP coefficients
are quantized in the line spectrum pairs (LSP) domain.
The pitch delay is encoded by using an adaptive
codebook. The residual signal for LP and the pitch
analysis is encoded by the multi-pulse excitation scheme.
The multi-pulse excitation signal is composed of several
non-zero pulses. The pulse positions are restricted in the
algebraic-structure codebook and determined by an
analysis-by-synthesis approach, e.g., [6][7]. The pulse
signs and positions are encoded, while the gains for pitch
predictor and the multi-pulse excitation are normalized by
the frame energy and encoded.

Input
Speech
LPC
Analysis
Adaptive Codebook

Multiple
Location
Candidates

Location Combination
Generator Search

Weighting
Filter

Decoder

Multi-Pulse i
Location Amp. or Excitation Minimize
Restrict. Sign CB
1
Synthesizer

Figure 2. MP-CELP core coder
2.2. Bitrate scalable tool

This paper uses at-most 3 stages of the bitrate scalable
tools according to the MPEG-4 CELP requirement as
illustrated in figure 3 (at the end of paper)[8]. The bitrate
scalable tool encodes the residual signal produced at the
MP-CELP core coder utilizing the multi-pulse vector
quantization. Adaptive pulse position control is employed
to change the algebraic-structure codebook at each
excitation-coding stage depending on the encoded multi-
pulse excitation at the previous stage. The algebraic-
structure codebook is adaptively controlled to inhibit the
same pulse positions as those of the multi-pulse
excitation in the MP-CELP core coder or the previous

stage. The pulse positions are determined so that the
perceptually weighted distortion between the residual
signal and output signal from the scalable tool is
minimized. The LP synthesis and perceptually weighted
filters are commonly used for both the MP-CELP core
coder and the scalable tool.

For this conventional coder, the bit allocation is
shown in table 1. The bitrate of core coder is 5600 bps.
As for bitrate scalable tool, each stage increases the
bitrate of 800 bps. Though, the 1, 2, 3 stages of
scalability operate at the total bitrate of 6400, 7200 and
8000 bps respectively.

Table 1. Bit allocation for the conventional coder

Parameter MP-CELP Bitrate
core coder scalable tool
(1 stage)

LSP 18

Pitch delay 14

Multi-Pulse 5x2 4x2
Gain 7x2
Total 56 8

Bitrate (bps) 5600 800

3. Tonal language speech coder

In Thai language, there are 5 different tones, mid(0),
low(1), falling(2), high(3) and rising(4), whose
characteristics are depicted in figure 4 [9]. Each graph
represents the behavior of fundamental frequency (f0) in
a period of syllable time where f0 is the inverse of pitch
delay time. Though, fO indicates the periodicity of voice.
Investigating the difference between Thai male and Thai
female fO behaviors, Thai female fO change rate is almost
all more than Thai male f0’s, see e.g., [10]. This is why
the Thai female speech quality encoded by CS-ACELP
coder is lower than the Thai male speech quality [1].
Hence, detecting fO with high precision yields the
improvement of the tonal language speech quality.

fo-Hz
290

260
~ - rising (4)
230 - ST high (3)

200+

1707 —low(1)
“falling (2)

0% 50% 100% time

Figure 4. fO characteristic of 5 tones in Thai

140

Since pitch delay (or f0) significantly involves in tone
of tonal language, this paper proposes an improvement of
the bitrate scalable MP-CELP coder by applying the High
Pitch Delay Resolutions (HPDR) technique to the pitch
analysis of the core coder. The HPDR at pitch fraction of
1/2, 1/3 and 1/4 is adopted to the pitch analysis,
consequently, it causes the increments of bitrate as 200,
400 and 400 bps respectively.
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The HPDR technique is done by including the pitch
fraction analysis within the conventional pitch analysis
which finds the optimum fraction around the prior pitch
delay integer of the conventional pitch analysis. In order
to find the adaptive excitation for the proposed technique,
the FIR filter based on a Hamming windowed sin(x)/x
function truncated at £11 and padded with zeros at 12 is
adopted to weight the excitation in the pitch fraction
analysis.

4. Experimental results

The coding quality of the proposed coder was
evaluated subjectively and objectively by using 36 tested
sentences from 10 men and 10 women, some of them
were shown in table 2.

Table 2. Thai tested sentences (examples)
0, 1, 2, 3, 4 at each word represent tone of Thai

Order Tested sentences
1 191w WA Beu seuluad
khaw4 hx:1 na:k2 wi:an0 r@:p2 bo:tl
2 AW 11 U1l 89m 51 91 L
khon0 thamO ba:p1 ?u:atl tu:a0 wa:2
kengl
3 A1 47 Feu uls 90 ez g
khamO wa:2 ti:apl plx:0 wa:2 tal lum2
4 wan v Taw 150+ i
phu:ak2 nan3 do:n0 prapl ra:j0 tu:a0
5 11 s g 81 an
khaw4 pen0 ja:t2 ?7am0 pha:0
6 84 A% 181 917 61 T
n@:ng3 cal ?aw0 waw2 ?an0 nan3
7 11 287N 40 A8 LAS 7 U
khaw4 ja:k1 sakl la:jO sv:a4 thi:2 khx:n4

The effectiveness of the high pitch delay resolutions
applied to the conventional coder was evaluated using
average segmental SNRs and MOS scores..Comparison
tests of each grouped bitrate were conducted and shown
in table 3 and 4.

For the objective test (SegSNR), the results showed
that both male and female speech quality, every grouped
bitrates, the HPDR at pitch fraction of 1/4 gave the
maximum value. The. order of speech quality from the
best to the worst was 1/4's, 1/3’s, 1/2’s and
conventional’s respectively. For the subjective test (MOS
score), the results were corresponding to those of the
objective test.

From the experimental results, the more high
resolution be used the more speech quality be obtained.
This indicates that the proposed HPDR technique brings
the better pitch precision which causes an improvement
of the coding quality for tonal language.

Table 3. Objective speech quality (SegSNR)

Stages of scalability none 1 2 3

Grouped Bitrate (pbs) 5600+ 6400+ 7200+ 8000+

Conv. 7.45 7.81 8.31 9.06

Male HPDR.1/2 7.61 7.93 8.79 9.45

HPDR.1/3 7.70 8.01 8.87 9.59

HPDR.1/4 7.86 8.04 8.90 9.61

Conv. 7.26 7.66 8.18 8.69

Female HPDR.1/2 7.35 7.88 8.21 9.23

HPDR.1/3 7.61 8.01 8.82 9.38

HPDR.1/4 7.70 8.06 8.85 9.41

Table 4. Subjective speech quality (MOS Score)

Stages of scalability none 1 2 3

Grouped Bitrate (pbs) 5600+ 6400+ 7200+ 8000+

Cony. 3.12 3.18 3.28 3.35

Male HPDR.1/2 3.18 3.22 3.30 3.36

HPDR.1/3 3.21 3.30 3.32 3.38

HPDR.1/4 3.22 3.33 3.34 3.39

Conv. 3.09 3.11 3.20 3.31

Female HPDR.1/2 3.13 3.16 3.24 3.33

HPDR.1/3 3.16 3.23 3.27 3.34

HPDR.1/4 3.19 3.28 3.30 3.36

5. Summary

A modification of bitrate scalable tonal language
speech coder has been proposed. This coder consists of a
MP-CELP core coder and the bitrate scalable tools. The
high pitch delay resolutions are applied to adaptive
codebook of core coder for tonal speech quality
improvement. The results show that the coding quality of
the proposed coder is better than the conventional coder
for Thai language.

6. References

[1] S. Chompun, S. Jitapunkul, D. Tancharoen and T.
Srithanasan, “Thai "Speech Compression Using CS-
ACELP Coder Based on ITU G.729 Standard”, Proc.
SNLP, pp.263-267, Thailand, 2000.

[2] T. Nomura, M. Iwadare, M. Serizawa and K.
Ozawa, “A Bitrate and Bandwidth Scalable CELP
Coder”, Proc. ICASSP, Vol.1, pp.341-344, 1998.

[3] K.Ozawa and M.Serizawa, “High Quality Multi-
pulse Based CELP Speech Coding at 6.4 kb/s and its
Subjective Evaluation”, Proc. ICASSP, pp.529-532,
1998.

[4] S. Taumi, et al., “Low-Delay CELP with Multi-
pulse VQ and Fast Search for GSM EFR”, Proc. ICASSP,
pp.562-565, 1996.

[5] K.Ozawa, et al.,“MP-CELP Speech Coding Based
on Multi-pulse Vector Quantization and Fast Search”,




International Conference on Information Technology: Coding and Computing, IEEE Computer Society

125

ITCC 2001 April 2-4, 2001 Las Vegas, Nevada, USA

Proc. IEICE, Vol.J79-A, No.10, pp1655-1663, 1996 (In
Japanese).

[6] C. Laflamme, et al., “16 kbps Wideband Speech
Coding Technique Based on Algebraic CELP”, Proc.
ICASSP, pp.13-16, 1991.

[71 ITU - T Rec. G.729, “Coding of Speech at 8-kbit/s
Using Conjugate Structure Algebraic Code-Excited
Linear Prediction (CS-ACELP)”, COM 15-152-E, 1995.

[8] T. Nomura, et al., “Proposal of Compression
Algorithm with Rate Control for MPEG-4/Audio Core

Experiments”, ISO/IECJTC1 /SC29/WG11/ M1509,

1996.

[9] S. Luksaneeyanawin, “Linguistics Research and
Thai Speech Technology”, Proc. The 5th International
Conference on Thai Studies, School of Oriental and
African Studies, University of London, United Kingdom,
1993.

[10] U. Thathong, S. Jitapunkul and V. Ahkuputra,
“Classification of Thai Consonants Naming Using Thai
Tone”, Proc. ICSLP, Beijing China, 2000.

Input
Speech LPC
= Quantization QA Information
™ Pitch
aptive L"C Delay
Codebook Y
L o Synthesis —»(2
) Multi-Pulse A Filter
*!>f R
------------------------------- Gain Codebook VA
Perceptually
Weighted Distortion |«
Minimization
Core coder
Fixed Codebook
| Adaptive Pulse-Position b T Amhminbtel debetety » [nformation
Control ] Yd/a y QA for 1 stages
¥ %9—-’ LPC Y
- » Synthesis —»(
Excitation Filter
------------------------------- Gain Codebook v A

Perceptually

1st stage

Weighted Distortion r
Minimization

Fixed Codebook

Adaptive Pulse-Position
Control

o= - ——|» Information
« | yQA for 2 stages

LT
Excitation

Gain Codebook

D LPC Y
A » . Synthesis. —»()
Filter

YA

Perceptually

2nd stage

Weighted Distortion &
Minimization

Fixed Codebook

| Adaptive Pulse-Position |

» Information

Control |

\J
I
Excitation

------------------------------- Gain Codebook

Y A
GDJ ng ' for 3 stages
., Synthesis +——»(©

Filter

YA

Perceptually

3rd stage

Weighted Distortion &
Minimization

Figure 3. 3-stage bitrate scalable MP-CELP coder



126

Qx d
sz IAdmigvInenanus

U

N Y =

WegAMsHo yuug inadui 10 Tguiou wa. 2520 Mendadsvuys Widne lundn

Q

gasImnssumansiadia Augdmnssumeans pnasnssiunineds Tuilmsdne 2537
0o < = Aa an o a a a A 4
dusemsanymliyanaiimnssumanstiuan  madsimnssu i aagdmnssumans

L4 a [ 1 o a
YWIAINTUNNIINGIY Gl'lﬁJfﬂiﬁﬂ‘hﬂ 2540 Llﬁgl%Tﬁﬂ’m@ﬂluﬁﬁﬂq@]ﬁ’)ﬁ’)ﬂiiuﬁTﬁ@]iNﬂT-

]
% a =) A

Y a wva Aaw
UUNA %Wﬂﬂﬂgﬂ@ﬂTilﬂﬂﬂﬁiNl

[ %

an a a 4 a Y
Sdganualna mndxiranisy i ynasnsaluvinede

=

Tualmsdnwn 2541



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	รายการคำย่อ
	บทที่ 1
	วัตถุประสงค์ของวิทยานิพนธ์
	ขอบเขตของวิทยานิพนธ์
	วิธีการดำเนินงาน
	ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2
	2.1 การพัฒนาปรับปรุงการเข้ารหัสเสียงพูดของมาตรฐาน ITU
	2.2 การวัดสมรรถนะของการเข้ารหัสเสียงพูด
	2.3 การเปรียบเทียบสมรรถนะของการเข้ารหัสเสียงพูดแบบต่างๆ
	2.4 การเข้ารหัสเสียงพูดโดยวิธี CS-ACELP ตามมาตรฐาน ITU G.729
	2.5 ข้อกำหนดการเข้ารหัสเสียงพูดของมาตรฐาน MPEG-4

	บทที่ 3
	3.1 หลักการทำงานโดยรวมของตัวเข้ารหัสหลัก MP-CELP
	3.1.1 ตัวเข้ารหัสหลัก MP-CELP
	3.1.2 รายละเอียดการทำงานของตัวเข้ารหัสหลัก MP-CELP

	3.2  หลักการทำงานโดยรวมของตัวถอดรหัส MP-CELP
	3.2.1 ตัวถอดรหัส MP-CELP
	3.2.2 รายละเอียดการทำงานของตัวถอดรหัส MP-CELP

	3.3 การปรับระดับอัตราการเข้ารหัส
	3.3.1 การปรับระดับอัตราการเข้ารหัส 1 ขั้น (1 enhancement layer)
	3.3.2 การปรับระดับอัตราการเข้ารหัส 2 ขั้น (2 enhancement layers)
	3.3.3 การปรับระดับอัตราการเข้ารหัส 3 ขั้น (3 enhancement layers)
	3.3.4 การจัดสรรบิตสำหรับการปรับระดับอัตราการเข้ารหัส

	3.4 ความแตกต่างระหว่างคุณลักษณะของเสียงพูดภาษาไทยกับเสียงพูดภาษาอังกฤษ
	3.4.1 คุณลักษณะของเสียงพูดภาษาอังกฤษ
	3.4.2 คุณลักษณะของเสียงพูดภาษาไทย

	3.5 การปรับปรุงการเข้ารหัสเสียงพูดโดยวิธี MP-CELP กับเสียงพูดภาษาไทย
	3.5.1 การเข้ารหัสและการถอดรหัสค่าการประวิงเวลาของ adaptive-codebookเมื่อใช้เทคนิค HPDR ที่เศษส่วนพิตช์ 1/2
	3.5.2 การเข้ารหัสและการถอดรหัสค่าการประวิงเวลาของ adaptive-codebookเมื่อใช้เทคนิค HPDR ที่เศษส่วนพิตช์ 1/3
	3.5.3 การเข้ารหัสและการถอดรหัสค่าการประวิงเวลาของ adaptive-codebookเมื่อใช้เทคนิค HPDR ที่เศษส่วนพิตช์ 1/4


	บทที่ 4
	4.2 การเพิ่มประสิทธิภาพการเข้ารหัสเสียงพูดภาษาไทยโดยการเพิ่มความละเอียดของค่าพิตช์
	4.1 การเปรียบเทียบคุณภาพเสียงพูดที่ผ่านการเข้ารหัสโดยวิธี MP-CELP ระหว่าง      เสียงพูดภาษาไทย (tonal language) กับเสียงพูดภาษาอังกฤษ (toneless language) 

	บทที่ 5
	5.1 สรุปผลการวิจัย
	5.2 ข้อเสนอแนะสำหรับการวิจัยในอนาคต

	รายการอ้างอิง
	ภาคผนวก
	ภาคผนวก ก
	ภาคผนวก ข
	ภาคผนวก ค

	ประวัติผู้เขียน



