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Thai language is a tonal language. Thus tone characteristic should be an essential
characteristic in order to add up performance of recognition engine in Thai continuous speech
recognition. This thesis purposes a tone recognition system in continuous Thai speech using
parameters obtained from Fujisaki model as features. Its advantageous are those of reducing
declination and tonal assimilation effects and also reducing the complexity of recognition
system by decreasing the size of feature vectors. An automatic Fujisaki model parameters
extraction process is proposed and the experimental results show that the recognition rates

are 96.35% and 70.27% for manually process and automatically process, respectively.
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S(n) = E(n) *©(n)

(2.1)

e S(n) Aodasyanaivaulaainainnisreuligduaes E(n) Aewadiduides (Glottal

pulse) kaz O(n) Aafarfdudanan (Transfer function) 289 8INLANIARS (Vocal tract)
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Moise 34
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..l Vocal-tract |

Eadiation
Madel

Speech
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gﬂﬁ' 2.4 ANBUSARIEIEATLLAZANLTDIATY DALY A
= 1 T jon
C(n) = F "{log F{S(n)}} = = [logS(@)le™ dw (2.3)
- -

Tne F{} Mdununisuassiosuuulsisiaiiias (Discrete Fourier Transform — DFT) way
F{) MununisiilasyBiefunduniylise ifas (inverse Discrete Fourier Transform —

IDFT) dunaunispzinimlaninuanslanegilin 2.5
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F{S(n)} = F{E(n) *®(n)} = E(w) - O()

(2.4)

log|F{S(n) || = log|E()| + l0g|®(a)| 2.5)

F loglF{S(n)}|} = F *{log E(w)|} + F *{log®(w)|} (2.6)
C(n) =C.(n)+C,(n) (2.7)
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fugzedeainanAND N sduiireududey  Sudasuuadldaunisedy
o . A 4 9 o o a9 o gy PR X a4 Y
adenzaing o Adawnaades nsaduedunsiinaadewinlfidudaslizunantuseduag
annalaemsaiuANNRIaINIduIad WAL 317 2.9 wansdnEizaaduAn uazgln
210 wameadeazineadesiunindasundasaiuetreadudsana Thyroid cartilage
waz Cricoid cartilage Tnannniadeulaaesndnuiila Crico-Thyroid nelfiianisuduuas

13LAUIINTIA NN At lueg&uLd e

7U7 2.9 nnugpsdndeslunansnaneLed Larynx [5]

Thyroid cartilage cCricoid cartilage
31/7 2.10 Thyroid cartilage uaz Cricoid cartilage
A [5] uaamalududealauduinusiunaasuutaspannentresiduid ety

T =T, exp(bx) (2.8)
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D

Toe T Aausepcludwdes T, Aeussasluduwdenluaniozidns b ifludiaed waz x
a o Y o oo e o .
AapNeaAeundasliaaadwdes  wazpuduiusaasaudnugulunisdunes

49

WuAsauusemaLly

I:o = CO\/T/_O' (2.9)

Tael o iluprunuudusaubanunaauddas uay ¢, WuaArAsdsilsunduiuaug

PUAUIRL AINANNNTN 2.8 LAy 2.9 1918 1F9

logF, = log(c /T, exp(bx ) /o (2.10)
logFy = 10g(C 51T, /o) + (b / 2)X (2.11)

(2 1
WAl 10g(Cy\To /o) Aernsiliuetiusayans  luamziinnuenteududasasiinng
1 v 1 1 1
wlawliaunan fadunnl ¢ (T, /o wnudae F, fuiuanudsuresanudyagiu
a9 ad  d9

F, azldannisludananily
logF,(t) = logF, + (b / 2)x (t) (2.12)

dl ¥ = a nﬁl dl o [ .
madasuutlasainug1neesdudsanadesannnisinaeulviaduimsaes Thyroid
cartilage Wway Cricoid cartilage T9N1394AI1zAIATIATINTRY Larynx wamalfidiudnnng

WwaRENAaNaalsnaLsae 2 a9A18432 (Degree of Freedom) Tneinannnisirdaauin b

LUILRU (Translation) WAEN1INEUIALIAAT A Crico-thyroid AagUil 2.11

translation Rotation

31l71 2.11 N9LARAUFALEY Crico-Thyroid [5]
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Translation d2x i
.L. — II_ v = ]
W 'fuf.r-“ TR ar Kx = ftt)
fit) : Foree generated by
contraction of
CT pars obliqua

Fotation >
K, {1 "H."':' Ef i

N R.JH

&y Sy =
dt- ar K oY

1/t) ;. Torque generated by
contraction of

i R CT pars recta

crico-thvraid joint

917 2.12 ULUR1829NAAARASIaY Crico-Thyroid [5]

NFLARDUN LWINAUIAZNITNNUTIBY Thyroid ANNNIDUAAIMUIARNELLILIANASY
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9 A R @) =
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Tnenanalsgli
logF,(t) =logF, + (b /2)(x,(t) +x,(t)) (2.13)

annnadesulaaslidiuiesAlssneunudsilaeuaunattes logFy(t) @
gnunranans liiwinladniaannssniutesesAlssneunulsiasuninman 2 a9A
lsznay Wesannninaderildluuuenenaed Thyroid cartilage HA1AIANIGNANNINNGT
ANPITIVININANTBINIINNUIBY Thyroid cartilage NAn. AsllesAlsenaunulsaeumN
AR INNTAR T luiwInanAsgnlduanstinaluaandie (Global  Phenomena)

g d' d 4 . 4 4 da
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wuudnaesAsAiduiuusiasadelinineesrndyaguresdaan  Ineld

o N 4 e . D -

anFuguuarandilalusruunisedeulmedunsninansenusienisdureuduides

o zd A a v A
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- AN4A (Phrase Command) ilugaaesauwad uazesdilsznaind (Phrase

'
o A

Component) HuNanaUAUaI8IAFIARARTTLLTUAUEUALNARILLL critical-damped

- Adeduilen (Accent Command) luganasieiduduiiule waresdilszna
dudlee (Accent Component) WunanavauesadAdedileasassuLdadudusiunass
iU critical-damped CREANT

- a9AUszneuad  (Phrase Component) wazedAusznaudnidles  (Accent

o a [ dl dl a R
Component)  azgnanfuuaziialuninlasuulasresnnunyagivlianasenisinu
uazuddnsruudaduicanssruuaz by critical-damped  egnausiase  uAnsAATIZR
é’ £% Y dl 1 a l-i’ 1 F
\essiuresduninuiyag unudIannAguipauiumsnran
dSI o

LUNUTIUIR9ANNAFIWS 3 Toill uuudtaesd iunsaFruduncunyagiules

Uszlansuanalanaglin 2.13

Fhease command3

Gyt
" Phrase Fhrase component
Contral 1
+ T | Mechanism l —_—
v s X - Gloital Aot
J s, WF

Lt -( ) Oscilation |+

A, r Mechanism |

G40

N, o] A=

Mechanizm Aceent component

ArCent Comemands

U7 2.13 WULR1A2INIEUIUNITATINEUAINNDYAF U [5]

d! o dgl dl Y @
TIATHLLULUANDBIUAINITD LLZQ@QL%%F]')’WNQN@‘EW%VL@ Wy

logF, (t) = TogF; +_'2ch;p(t ~T) +ZJ:AQ. Gt -T,) =Gt -T,)} 2.14)

6, @) :{azt exp(—at), t 20 2.15)
0, t <0
G, (1) :{Omin[l—(1+ﬁt)-eXp(—ﬁt),7], tt<200 2.16)
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wuistdumauauasdNWaduasnalnAANI®  (Phrase  control

t) wuilsriduneuaussduiulpaasnalnaouauduiiey (Accent

control mechanism) kazsauLlas1g 7] HANUNIEAH
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t = —b/(2c)

(2.18)
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2.9 Tagaanalszaniiian (Artificial Neural Network)
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=
AILANIR

G, (t) = a’t-exp(-at) (3.3)
azlg

%Gp (t) = a? -exp(-at) — a’t - exp(—at) (3.4)
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d
t =1/ (3.6)
G, max = @ -€Xp(-1) (3.7)
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Ay = o eXpD/a (3.9)
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G, (t) =1- 1+ fX) - exp(-A) (3.10)

wavasALlsEnaussle g

A, G, (t-T,)-G,(t-T,,)| (3.11)
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oy = Ay (Ga (T —Ty)) =Gy (T, T, (3.12)

Foa ) = Ay @=L+ B(T,; = T,))) - exp(=B(T,; —T;))) (3.13)

THUAFN9TENINIANDI9AANEANTARN G ALRNN TN UA IR A AR AT AR AW

i At fwsun T, - T, Azl

fraj = Ay (L— L+ At-B) - exp(-At- 5)) (3.14)
A, = Tra /(L= 1+ At- B) - exp(-At - B)) (3.15)
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7
At=T, -T, (3.16)
AvualiAsssuasuaniignresAdanssagnst A,
A, = fra /(A= (L+At- B)-exp(-At - B)) (3.17)
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Abstract

This paper proposes the recognition algorithm using
Fujisaki’'s model parameters as feature for tone
recognition of predominantly tonal language without
limitation of number of syllables in the utterance. The
algorithm is composed of 4 steps. Initially, the FO
contour of speech is extracted. Fujisaki’'s model
parameters of whole utterance are extracted manually.
The utterance-base tone commands are then segmented
into syllable-base tone commands and are used as
classification feature and fed into MLP neural network
recognition system. The experimented results show that
the proposed system when Thai continuous speech was
selected to test achieves average recognition rate of
96.35%.

Keywords: Speech recognition, Tone, Neural Network.

1. INTRODUCTION

For tonal language (e.g. Chinese, Thai), tone is an
important part of speech understanding system because
the reference meaning of an utterance is dependent on the
lexical tones. In Thai, there are five different lexical
tones traditionally labeled mid (M), low (L), falling (F),
high (H) and rising (R). The following examples show
the effect of tones on the meaning of utterances: M/khaa/
(“a kind of grass”); L/khaa/(“galangale”); F/khaa/(*to
kill”); H/khaa/(“to trade”); and R/khaaa/(“a leg”). For
Thai language the classification of a tone relies on the
shape of the fundamental frequency (F0) contour which
is a characteristic. of voice portion of each syllable.
Figure 1 shows the average of FO contours of five
different Thai tones when syllables are spoken in
isolation by a speaker [1].

Thai language can be classified as a predominantly
tonal language. Thai tone recognition for monosyllable
using polynomial regression function to extract the
feature from FO contour works well on single syllable

CCECE 2004- CCGEI 2004, Niagara Falls, May/mai 2004
0-7803-8253-6/04/$17.00 ©2004 IEEE

utterance [2]. But on the continuous speech, the phrase
declination and tonal assimilation from adjacent syllable
in the utterance degrade the recognition rate of the
system.

Thai tone classification using Analysis-by-Synthesis
method analyzes the pattern of peaks and valleys
sequence of FO contours of speech, synthesizes the
contours with trained Fujisaki’s model parameters for
possible sequences, and compares the synthesized FO
contours with the exact one to find out the most matching
tone sequence [3, 4]. This method takes the advantage of
tonal assimilation and phrase declination handling of
Fujisaki’s model. But there are disadvantages on
limitation of the number of syllables in utterance which
is combined to the possible tone sequences for matching
of the fixed synthesized fundamental frequency contour
by trained parameter with the variation of raw
fundamental frequency.

L Falling

Low

Rising
0 -

0 20 40 60 80 100

Duration (%)

Figure 1: FO contours of the five Thai tone [1].

Tone ' recognition technique in [1] used half-tone
model which employed the 5 points of ERB-scale
frequency value and slope of FO contour, 2 points of
preceding syllable and 3 points of following syllable to
be 10 points feature. The model used declination
normalization in order to reduce its effect. The
normalization assumed the steady downdrift of the mean
of FO contour [1]. This assumption is not true for the long
utterances. The technique in [1] is the most effective for
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Thai continuous speech which yield the recognition rate
0f 93.82%

In this paper, the input speech is re-synthesized using
Fujisaki’s model-based synthesis and uses the tone
commands of the synthesis as the new feature for tone
recognition. The attraction of using Fujisaki’s model to
extract the feature is that the model already considers the
declination effect and tonal assimilation effect of
continuous speech. This yields that the parameter from
synthesis already handles the declination and tonal
assimilation effect.

This paper is organized as follows. The next section
describes the detail of Fujisaki’s model and relation of
Thai tones with Fujisaki’s model tone commands. The
recognition system configuration of proposed system and
baseline system are described in section 3. The results of
experiment are presented in section 4 and finally
concluded in section 5.
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Figure 2: Block diagram of Fujisaki’s model.

2. FUJISAKI"SMODEL

Fujisaki’s model was proposed by Fujisaki H. and
primarily used in natural speech synthesis which based
on dynamical synthesis of fundamental frequency
contour to yield the naturalness of speech utterances. The
model is adopted to describe the lexical tone in many
languages and also Thai [3, 4]. The model for tonal
languages consists of . phrase and tone control
mechanism. Block diagram of Fujisaki’s model is
illustrated in Figure 2. The phrase commands are
assumed to be impulse which are applied to the phrase
control mechanism and generate the phrase components.
Tone commands are step function in both positive and
negative polarities that are applied to tone control
mechanism to generate the tone components. The
mathematical expression of the model is as follow:
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Figure 3: Tone commands for each tone [4].
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j=1

G, (t) = a’t-exp(-at), for t>0 o
=0 for t<0

G; (t) = min[1-(1+ pt)-exp(-pt),y], for t=0

3)
=0 for t<0

Gp(t) represents the impulse response function of

phrase control mechanism. « is time constant parameter
in phrase generation. Ty and A, denote the i"™ phrase

command time and its amplitude respectively. G (t)

represents the step response function of tone control
mechanism. g is the time constant parameter in tone

generation. y is the limitation parameter of tone control
mechanism. T;,T,;and A;are onset time, offset time

and amplitude of the j™ tone command respectively. |
and Jare number of phrase and tone commands
respectively. And F, is the base frequency of FO

contour which is depended on speaker.
F, is the synthesized FO contour that is superposition

in logarithmic scale of base frequency, phrase
components and tone components. The synthesized FO
contour is passed to glottal oscillation mechanism to
generate the naturalness of utterances in continuous
speech synthesis system.

From [4], the onset and offset time and amplitude of
tone commands are able to describe the difference of 5
Thai tones as illustrated in Figure 3. It can be clearly
seen that the polarities of tone commands for mid, low,
falling, high and rising tone are zero, negative,
positive/negative,  positive, and negative/positive
respectively.

3. RECOGNITION SYSTEM
CONFIGURATION

Block diagram -of recognition system is shown in
Figure 4. FO contour is extracted from input speech and
then used as a reference signal for Fujisaki’s model
parameter extraction. Tone commands of the utterance
are then segmented manually to syllable-based tone
commands and used as a feature for recognition using
MLP neural network classifier.
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Figure 4: Block diagram of recognition system.

3.1 Speech cor pus

Tone recognition experiment is based on Thai Proverb
Corpus which is the same corpus as [1]. The corpus
composed of 10 sentences of Thai proverb. Each
sentence composed of 4 syllables. There are 20 male and
20 female speakers uttered each sentences in continuous
manner with reading style. The total of speech data
become 400 utterances which composed of 3600, 4800,
3600, 2000 and 2000 words of mid, low, falling, high and
rising tone respectively.

3.2 Fujisaki’s parameter extraction for Thai
tones

The Fujisaki’s model parameter extraction procedure
is described below.

3.2.1 The FO extraction uses 40 milliseconds frame size
with 10 milliseconds step. The logarithm of each
extracted FO contours are then used as reference for
perfect Fujisaki’s model parameter extraction.

3.22 The-InF, is set to the lowest frequency of the

contour and subtracted out, then the rest portion is used
to estimate the phrase command time and amplitude. The
phrase components calculated from phrase commands are
subtracted out of the contour.

3.2.3 The last portion is used as reference for tone
command feature extraction. Tone command then is set
to best fit with the reference. The tone commands of
utterance then are segmented into syllable-based tone
command token and used as feature parameters.

3.3 Tonerecognition

The time parameters of tone commands are
normalized by the duration of syllable to lie between 0



and 1. The amplitude parameters of tone commands are
normalized to lie between —1 and 1.

This paper employs MLP neural network, the NICO
toolkit, to train and test the system. This MLP neural
network is composed of 9 units in input layer, 40 units in
hidden layer, and 5 units in output layer. The network is
trained by error back-propagation with random initial
weights from —1 to 1.

4. EXPERIMENTAL RESULTS

The experiment uses 5-fold cross-validation
approach [1]. All tones are divided into five disjoint sets.
Five training sets are derived by overlapping three
disjoint sets systematically and the rest two sets of each
fold are combined to use as test sets.

The experimental results are shown in confusion
matrix in Table 1. The results show the recognition rate
of 97.75%, 97.42%, 95.19%, 94.10% and 95.60% in
mid, low, falling, high and rising tone respectively. From
the recognition result, the average recognition rate is
96.35% which is better than 93.82% of [1].

Table 1: The experimental results.

Mid Low Falling | High Rising
Mid 97.75 1.06 0 1.17 0.03
Low 1.19 97.42 0 0.15 1.25
Falling 0 0.08 95.19 4.50 0.22
High 1.10 0.10 430 94.10 0.40
Rising 0 2.65 0.05 1.70 95.60

5. CONCLUSIONS

The continuous Thai speech tone recognition using
Fujisaki’s model has been proposed in this paper. The
system uses tone commands of Fujisaki’s model that is
extracted from FO contour of input speech as feature.
The tone recognition processes use MLP-based neural
network to classify 5 different Thai tones. The
recognition results are average to 96.35% which is
2.53% improved from 93.82% of [1].
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