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Movement and alignment of human speech production organs while producing speech
sound are partially visible. Using a model of vocal tract that represent the variations of the cross
section area of the voeal traet is the tool for correcily leaming speech production utterance and
with co-articulation compensation capability,

The aims of this thesis are to present the parameters that were used to control the shape
of vocal tract and the parameters that control the phoneme properties and to present the accurate
speech production mechanism of vocal tract. Therefore this thesis will introduce the vocal tract
shape estimation method of the consonant and wowel in Thai by comparing the F1 to F3 of the
synthetic speech and real speech. This thesis atsn;ﬁﬁ*nduc:s the method to estimate the variations
of the cross-section arca of thie vocal tract using bezier interpolation then compare the deviation
of F1 and F2. The most dominant control points in the bezier curve that produce the correlation of
Fl and F2 of the synthetic speech closet to the real speech will be chosen as control points,

Vocal tract shape estimation by analyzing synthetic speech conforms 1o the vocal tract
shape of real speech. Cross section area estimation from synthetic speech that conforms to real
speech is duque for cath couple O conganant and vowel as well“as the estimation with co-

articulation compensation.
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I L?i:gﬂdﬂfrﬁﬂfé"; _‘,' Y voiced I.I.b.na]m:d palatal approximant
| ﬁfﬂfm{ﬁ?ﬂ'r';ﬂme!?’i | é 6 WVoiceless palatalized postalveolar (alveolo-palatal) fricative
* { amsinal . 5IJ|vs|l:!Iar }', & Voiced palatalized postalveolar (alveolo-palatal) fricative
L:;“::_r ual.:tral} 1% g simultanesus x and | (disputed)
I fricated (“lateral”) —ﬂ% 'Ei”é Affricates and double articulations may be joined by a tie bar
VOWELS Sl s Ton
Fromt  Mearfromt  Central L@ﬁrﬁ; ! Extra stress Level tones Comtaur-tone examples:
close 1 H k?"":?-wgrcss [foona'tfan] € 1 1op & A Rising
Neaeclose ellong .8 walf €1 ugh & \ ralling
Coemd  €W@——3a k@ Yto € short € Batashot € 1 mid & 1 mighrising
Mid ‘ W] € 4w @ A rowrising
open mid —383—A1D INTONATION - 2 1 potom € Y mighfalling
Hear apen E tM1nﬁr’{Fmt]hreak< Tawte terracing é Low falling
Open ar*E- iLﬂ o || Mijor{intunaﬁm]l;;ak ! Upstep é Peaking
Vowels at right & left of bullets are rouded® unrounded. /" Globalrise_ ™, Globalfall  * Downstep & M Dipping

Diacritics may be placed above a aynibal with adedrentler, 3 . Other s symbols may appear as diacritics to represent

DIACRITICS 4 onetic detail: = (fricative release), b (breathy vaice), ‘s (gloktal onset), *fepenthetic schwal, o (diphthongization).

SYLLABICTTY & RFLEASES FHONATION PREMARY ARTICUILATIGN Sm;'ul\' ARTICULATION
na o silfabte nd i { B pental | £ d | pabialized, I X | Morerounded
S [k |5 SR 33 Pokal | J |t] & | ratdtaboed [ Jo x | vessrounded
th ™t | (Prejaspirated na | Breathy voice I;{_i Lamiral ty dy | velarized ez Masalized
d= i Hasalrelease | N @ | Creaky voice ut | advanced td¥ Pharyngealized | ¢ 3¢ | Rhoticity
T umemirione [ [sien [1 ¢ [wowncd ¥z | posty oo [t
£ :‘cclr:;im " nd | tinguolablal d] |Centralized 1 centralized | € Q mg&idnﬂ
e | towered (f}isabilabial approximant) | € 1 | Raised (4 is a voiced alveolar non-sibilant fricative)

310 2.13 dndnwsaina [8]
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# @ [h] 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 | 0.80 1
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1 a 4 {
o [?] neie MW slasumlasnudase

H J a 4 (% ] ] [
ﬂ151\1‘ﬁ 4.5 ﬂTWT?ﬂlJWIf]iﬂ’)ﬂﬂllaﬂ‘HﬂlgGUfJ\‘lWH’JEJLaEIQGUﬂﬂﬁuﬂﬂlﬁﬂ\iw&m“ﬁu$ﬂ1ﬁ111’18

NUIUTOY | microlnt glotVol | aspVol | fricVol | fricPos | fricCF | fricBW | Velum | step
n [k] -12 0 0 0 47 | 2000 | 2000 | 0.1 | 70
VR
-12 0 10 0 47 | 2000 | 2000 | 0.1 | 70
k"]
a[n] -12 60 0 0 55 | 2500 | 500 05 | 70
9 [t¢] -12 0 10 0 5.6 2500 500 0.1 70
paafteh | -12 0 10 0 56 | 2500 | 2600 | 0.1 | 70
¥auals] | -12 0 0 0.8 58 | 5500 | 500 0.1 | 70
o [j] -12 30 0 0 56 | 2500 | 2500 | 0.1 | 70
a9 [d] -12 30 0 0 6.7 | 4500 | 2000 | 0.1 | 70
A q [t] -12 0 0 0 7.0 1500 2000 0.1 70
FNADN
N -12 0 10 0 7.0 | 4500 | 2000 | 0.1 | 70
5[t ]
U U [n] - K2 30 0 0 5.5 2500 500 0.5 70
1 [b] -12 30 0 0 7.0 | 2000 | 700 0.1 | 70
1 [p] -12 0 0 0 7.0 | 2000 | 700 0.1 | 70
wawp' | -12 0 10 0 7.0 | 2000 | 700 | 0.1 | 70
W W [f] -12 0 0 05 6.0 | 3300 | 1000 | 0.1 | 70
U [m] -12 30 0 0 5.5 2500 500 0.5 70
3'[x] -12 30 0 0 5.5 2500 500 0.1 70
a w[l] -12 30 0 0 5.5 2500 500 0.1 70
1 [w] -12 30 0 0 55 | 2500 | 500 0.1 | 70
@ [h] -12 0 10 0 55 | 2500 | 500 0.1 | 70
o [1] N8N amnimesdeulasmmihudveass
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ATRTIGIR 1 a % )
0,3) (2,6) (0.,8) (0,9) (3,7) (0,9) (1,6) (8,5) (0,9) (1,9)
01 [al]
1.96 1.80 1.98 1.93 1.96
.. (6,9) (2,9) (0,8)(0,9) (3.9) (4,8) (0,9) (0,6) (0,7) (1,7)
9 [1:]
1.67 1.33 1.95 1.65 1.59
“ (9.2) (9,0) (9,8) (5,0) (1,9) (3,9) (0,9) (0,0) (0,9) (0,5)
90 [wr]
1.33 1.87 1.98 1.30 1.84
9,0) (9,1) (0,8) (0,6) (0,7) (1,9) (3,9) (2,7) 0,9) (0,4)
? [ui]
? 1.37 1.65 1.94 1.98 1.60
(3.9).(9,2) (7,7)(9,1) (4.9) (0,9) 0,9) (1,6) (0,9) (0,6)
19 [e1]
1.74 1.57 1.88 1.78 1.33
(7,1).(9,0) (8,4)(5,5) (2,8)(7,1) (0,9)(0,6) (0,8) (1,9)
TGEEH
1.72 1.28 1.92 1.06 1.93
] (9,2) (9,0) (1,9) 4,8) (0,2) (1,9) (0,8) (0,9) (0,9) (2,3)
o [0]
1.10 1.64 1.96 1.72 1.75
(0,8) (0,9) (0,9) (1,3) 2,8)(1,9) (0,9) (1,9) (0,9) (4,9)
00 [01]
1.16 1.33 1.95 1.82 1.98
0,9) (6,1) 9,9) (9,1) 0,9) (1,5) 0,8) (3,5) (0,8) (0,9)
199 [¥1]
1.36 1.17 1.88 1.96 1.97




58

H. (XQY) PZ (Xsy)
Has A dUTLE U0 NUANETINUAT 1 1Az 2
WU o f 0 g
(3,9 (3,7) (1,1 (0,9) (2,7)(0,9) (7,4) (0,2)
91 [a:]
1.98 1.9 1.99 1.56
. (0,9) (5,1) (1,9) (2,6) (2,9) (9,0) (5,9) (3,0)
9 [i1]
0.67 1.93 1.88 1.82
“ (5,9) (2,9) (4,2) (0,8) (9,8) (9,0) (0,9) (0,1)
90 [wr]
1.99 1.24 1.36 0.68
(5.8)(0,8) (2,2) (0,2) (0,9) (9,0) (9,0) (9,0)
9 [ui]
1.97 1.975 1.91 1.45
(0,8) (5,5) 0,9) (3,5) (1,9) (8,1) (8,0) (9,7)
1 [e:]
1.87 1.275 1.93 0.95
(1,9) (4.8) (4,9) (4,9) (1,9) (7,8) (7,1) (9,2)
1o [&e:]
1.98 1.91 1.97 1.30
(1,8) (2,9) (0,9)(0,9) (9,1) (9,0) (0,8) (2,9)
To [0:]
1.99 1.48 1.12 1.62
(5,7) (1,8) 0,9) (4,9) (2.9) (0,9) 0,8) (2,2)
00 [2:]
1.99 1.95206 1.91824 1.17
(4.8) (0,9) (3,7) (0,7) (1,7) (0,9) (1,8) (6,5)
199 [¥1]
1.99 1.99 1.98 1.93
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