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AL Ao A 38 oa A FH A
%52 3 Zo) cepstrum HA4E&
& A zsed A 8 skgd oy,

) 2 EAAE 247
X,A,B,C,D,E,F,G.H,1= 9 # % cH(Tab.

Table.|. Arbitrary labeling of the test time

X AAe #AdA e
AL FA S A
B:&AA A4 A%
C: 3% 14 ¥

D: Az 24 ¥

E: A3 34 &

F:az 1% F

G: 3% 4F ¥

H: 4z 85

[:34% 125 %

b) Sampling rates
=55 2% 16 KHzZ samplingstg s 7.7
KHZ= Low Pass Filter (Kronhite Co., U.S.

A) 2 antialiasingS ¢ 3lod filtering® 3+

(Signal Technology Inc., U.S.A)% 3}
of tixel Az g -wHEstn HEH 5
IBM-PC ATell ILS/PC1(Signal Technology
Inc.,U.S.A.) Software® o]&3lod &4 I
£uk8 glgetz Waveform display® &9
Aalel qj# ofF-F golste] FAG 455

ah&

Eog g4 otz AFTE A/D HIY
o] &
Az

4 ghebellele 22

ILS zR2zg o|&35ted monitor® 7t
waveform displays 2wl =g AlzHE-
A 58 A #E 10 Frames7hA & -4 7}
2 Fsbol ol pnts Y AzAA 4

o} (Fig.1) .

o_%iz

oP

313.1.

=]
.

e) Hamming Window &4

20ms# ¢ hamming window® & 3}g ).

hamming window$] A A2 3 F4le] ¢
stod sl o).

w(n)=1(0.54—0.46cos(2n/N—1))
N-—1)

(0=n=

Fig. 1. A waveform display of the tested sound.

(red lines: consonant and starting por-
tion of vowel for analysis.)
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f) Preemphasis

a5k Aol AFul AR o dte) A
o2 43sle AL wAsted  glottd
waveform¥} lip radiation® E4&J¢] of 8kgl o)
Arel BE4E 248y 9t o pe
FAez Haq

# =Rx(1)/Rx(0), {Rxn}=autocorrelation
sequence of the data.

TEST : COEF, OF TEST PATTERN

REF ! COEF, OF REFERNCE PAT
TERN

IMAX : MAXIMUM INDEX OF TEST
PATTERN

JMAX I MAXIMUM INDEX OF REE
ERENCE PATTERN

ISEL : INDEX FOR DISTANCE MEA-
SURE

IPAR : PARAMETER NUMBER

DEIST (TEST, IMAX, REF, JMAX) :
CALCULATES EUCLIDIAN

DISTANCE

QEPSTRAL DISTANDE
8312
28.38

\o

1w.ar noq jaze .
ar Ly :
Q 7.8
S
§ SN §] §_§
) € £ a H }

A -3 a

DURATION

Fig. 2. Bar graphs of cepstral distances (sound:
{ vH{na)/).

ol i wAleE 21.29019 3% /AH/E 45,
91, /A/& 28.06, /El/& 23.4424 A
T Hoh Z WEE Wow 53 Jel/E of 2w
o WMEE By el S HFolste A
5 ¥gow /ob/7} 10.542 b AL W
£ ¥ (Fig.2-11).

D /v/

FH ok Aol 31122 74 Ba A=
2 Foll 7.6022 74y Agow A3 Fo
£ 4F %ol 23.352 b 2 e ngoy B
Aot e Roe He g vebllen A4
BE-E 15.3101 k. AAH Wi A A
of watd AR zFase FAE 2AH(Fig.
2).

2) /<t

AA TS 10.548 714 AL ke ¥

3 FH o AbelollA 20.312 s} Pao 433F
.?.

|
S
N
N
S
§§

N
SR
N N

A o D € F a H J

Fig. 3. Baf graphs of cepstral distances (sound:

/et (da)/).
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ool )4 elgeh, A A
22 A7 Al A Bade 240l
8 127014 ok Z71d e w3 (Fig.

3.).

HEkE oF 30%F

|

AA Hd HiE 11,2008 Y& #3E 8

Bl 3:(10.17) 2ok gaAF

7+ Z74(12.99, 12.20) =5t

8, 125 F o= 47k F7H(17.

A42)Eloj Al F-x ot Aelo] R} Fls

2 StE Holovt AAAez s £
:?_

o b ke,

4) /2
AA B MEhe 45912 o259 < 24
ol el WeE vetdla A 7zke] o W

3

CEPSTRAL TASTANCE

17319

W)

T

Fig. 4. Bar graphs of cepstal distances (sound:
[ et(12)/).

5 /#/

sglon 125 Fol 714 o =
4 F(9.23)0 ZHH =2 wWEHE ey
(Fig.6.) .

6) /AH/

28.069] W H3te AA HF Roie o7
Z s Hoa AH A% FEH 4F A
+ AR asdr 8FF FH ot E 3
vieblich A AAQl e Aat | el A
slo]l A9 Wzts vetA] Fskoh(Fig.7.) .

4
CEFSTRAL DISTANOE
2.3 4 < 4648 pail 41.8 haid
S
S
A B [s] o £ F =] H i
DURATION

Fig. 5. Bar graphs of cepstral distances (sound:

CEPSTRAL CISTANCE

2109

17.80

14.81
w2a B 1290
§ J § § 228 §
A =3 a o £ F

CURATION

[AF(sa)/).

6 .

CERRTRAL CISTANGE
208 sa7e
26,08 :
2467 24.24
§} 2073
3 H '
CUFMTION

Fig. 6. Bar graphs of cepstral distances (sound:
/A Ga))).

Fig. 7. Bar graphs of cepstral distances (sound:
[ #F(cha)/).
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7) JEH EACH SOUND MEAN DISTANCE
AA #H3 FA43 HE3E 2900H(23.44) . o L pemne
2ok AgloAlE 50.6308 A 24 =4
o

oA A 2 e mglev AR AHFel 12

4601

= 28.08
9308 St oiv] 269%84] AE A Fo) = 248 o0
AQH Fol 8,12% Fol. ozt Z74(30.13,
N ~
26N Hsion AAdez A3 wel 43 SY N
£ SA4SE 2cH(Fig.8.). : ' ®  fansomoosmnee |
Fig. 9. Bar graphs of mean cepstral distances
7 each duration.
*: total mean
CEPRTRAL DISTANGE
cea DiRATION MEAN
MEAN DISTANDE
3018 2787
2397 20
S| gl § S g §‘ §§‘
A B [+ o § F [ H 1
DURATION
N

. . A B o E F @ H 1 s
Fig.8. Bar graphs of cepstral distances (sound: EACH DURATION MEAN OF ALL TESTED SOLND

[ EH(ta))).

Fig. 10. Bar graphs of mean cepstral distances
each sound.
* : total mean

Talbe 2. Cepstral distances of the each tested sound in all conditions.

v o} e} AF 2} 2 E} total mean

XA *31.12  *20.31 10.17 42.63 12.81 35.08 *50.63 202.75 *28.96
X8 13.37 8.92 12.99 53.05 14.51 23.62 12.93 139.39 ° 1991
XC 8.70 9.42 12.20 50.75 13.22 20.73 23.97 138.99 19.86
XD 11.99 6.52 9.91 45.46 17.69 26.40 14.67 132.64 18.95
XE 7.60 8.51 6.85 *55.20 9.23 21.38 13.65 122.42 17.49
XF 15.25 6.93 8.65 46.97 12.99 25.57 17.27 133.63 19.09
XG 23.35 5.97 9.47 41.80 15.05 24.24 20.00 139.98 20.00
XH 11.40 13.03 *17.13 32.05 1483 *38.80 30.13 167.37 22.48
X1 15.01 15.27 13.42 4517  *21.06 36.76 27.67 174.36 22.91
total 137.79 94.88 100.79 413.18 131.39 252.58 210.92 1341.53 191.65
mean 15.31 10.54 11.20 *45.91 14.60 28.06 23.44 149.06 21.29

*: most distorted distance
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A 8 C D
—= Senes 1 —+ Beriee 2
—% Seried 5 —— Serleo 6

—¥~ Series 3
—2~ Setles 7

- Sente 4

Fig. 11. Line graphs of all tested sounds’
cepstral distances.

Table 3. Distortion proportion of the tested sound
(XA/XA). lunit: %)

T T T T =t
XB/XA 43 44 128 124 113 67 26
XC/XA 28 46 120 118 103 59 47
XD/XA 39 32 97 107 138 75 298
XE/XA 24 42 67 129 72 61 27
XF/XA 49 34 85 110 10 73 34
XG/XA 75 30 88 98 117 69 40
XH/XA. 37 64 168 75 116 111 60
XI/XA 48 75 132 106 164 105 55

5% 9 Do

e Ao,
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dAel 9% 449 TRz 3
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Ale] Aol 7k A7k 74 zhel] whE ookl W EHE McGivney'V&  wta sl A= obabd, Aol

AadsixE E5hooh. &9 proprioceptive receptor® x}tho g
Hamlet'¥2 #2 7|7ke] wgto] wpE H3 o7t 2A veldetn sl emz o] E wiA
of 4] oF 2ol Wol] ool HA w0z 3 St 285E nEsle] FA AHe 8L
s Rausigont B4 oigxtza A4 3z 29 Foll Al s,
Hedo| AL FAAE AT Fo ARG 2 Aol e AFAAFol A 7FA Al A o)
AJolel wlarelw HA4 7|7kl Fomz o] Z o7 HuE cepstrume o] &3tolch.
oz Aztat g W stg deslede $E3) cepstrum->  Fourier transform®| Fourier
than A§ZhE o), transformo & of7lo]l logarithm& 23
olg} o] A 7|Zkell uwtE A& w|n|F inverse Fourier thansformation 24 loga
Aol m ofe] RaolA dhEE 1Y oo rithm$ source® system< Fa|slo] A3
AAgor FEEE Aoz BisYdc A4 FA AAZH,
 AdTE AF Afez A Aot Aol W £ ATelM FAt e HEAE 28.9
AL FAA A2 ashe AE A4 olx /oh eh 2t/ Horcoh Az /el/olA
YA A TE 7| Fo23sle] via 45t} 7} Z 7+-& Hoda Angello®t Wictorin'©9)
Silverman®& Azt Fof wbg A& Ha Azt AR W 29w /v, ok e e F
3} 317 Yslelw wAA AdA Aol oA 2ot AeolA s Ha Azl AE A sl
2 de F4 e £ dAFoMs FAR HojA A Az AFo] T AAle] HAFE
o Hejv FAA oF 2.5mme] Ao Ebllet, /e AL AL A obzke] wsks) gl
A et FAHFE o] ol vl of Tl Reovt AR o7 F lo]lE RolxlE gholA]
Bstod & ofA =aho] glm fE10209] o Fof Hgol A Aoy zZhm B3
A T Ao F4d Helsh g el Menhert*, Tanaka”, Martone'®¢] 232}
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e A4 7)) Yot F& mEor /}/E A AAE Ao e WIET moon] i 3
A4 sk o Tl 7t AL FAE VeERA HA &
Martone'®, Tanaka”® ool &3 + A Wk AHAoz 3L kAL BHoo
N AR st dE Ao F2 HFde ¥ U /o e Ah AL 3 E AL BEEE oy
Az g aA dFE Fe Fool=g A 237} Z71EE A Bgdot Txob Ay
2 AAFE Az, AAFEANA =go] He Robe Ao 78 v
=& AAA ol WAAL Afroll whE oA o F3H o
O’Shaughnessy®®, Garret?} Healen®®-& 28 A o] ELeo AARQ AR Lo
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ME 5LA 7R Apolol o3 WIS w)A 67 reliningell 9% T35 Tz HslE wjA
st AeAdL HHste] F3sisleh. Ghist 7] 9shed A& shx] okok
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— ABSTRACT -

AN ACOUSTIC STUDY OF SOUND IMPROVEMENTS IN EDENTULOUS
PATIENT FOLLOWING IMMEDIATE COMPLETE DENTURE INSERTION
PART | : DENTOALVEOLAR AND HARD PALATAL SOUNDS

Boo Byung Choi, Yi Hyung Woo

Department of Prosthodontics, School of Dentistry, Kyung Hee University

Hwang Soo Lee
Department of Electrics & Electronics, KAIST

Ki Chul Kim
Department of Computer Science, KAIST

The purpose of this study was to assess speech changes in immediate complete denture
patient.

The subject of this study was 1 male (56 years old) who were born and resided ira Seoul
and there was no obvious regional dialectical variants was rescruited.

The patient’s upper all teeth had to extract for periodontal disease, however, his occlusion
and phonetic function was normal.

For this study, patient’s sounds of /“Hna), th(da), 2F(la), A}(sa), }(ja), X} (cha), E} (ta)/
were recorded, before extraction in the edentulous state, immediately following denture insertion,
1, 2, 3 days, 1, 4, 8, 12 weeks following the insertion of the maxillary immediate complete den-
ture, respectively.

Maxillary immediate complete denture for this study was fébricated to the conventional
method with about 2,5mm thickness resin plate.

A series of analyses were administered through a 16 bit IBM PC/AT using linear pattern
matching method (cepstral method).

The findings led the following conclusions:

1. It was confirmed that sounds were altered by with and without denture, and duration of
the insertion interval.

2. Immediately following denture insertion, / 1} (na), ©}(da), E}(ta)/ improved on the eden-
tulous state,

/| Tk (da)/ was the least distorted sound. and /A}(sa)/ was the most distorted sound, in general.
4, Cepstral distances, in general, slightly increased 8 weeks after insertion of the denture. -

5. [E}(ta)/ was most improved immediately following denture insertion.
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