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Fig. 1. An example of tested palatal plates.
left: 1mm thickness plate (B-type), center: 2.5mm thickness plate (C-type),

right: combination type (D-type)
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602 9oz o3l (Tab.1)

4 Analog 435 % Digital Az2 #aslr] 9
3tod A/D ® 3}7] (Signal Technology Inc.,U.S.A.)
£ o] £3lof 10KHz| sampling rate2 16 Bit IBM
PC/XT Computerell 9]3S 39 ond ojul Anti—
aliasing§ 98 4.7KHz 7}#2t E347) % Low
pass filter (Kronhite Co. U.S.A) & A& 3tgc).
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Digital 54 & ILS/PC1 Software(Signal Techno-
logy Inc.,U.S.A)% o] &3l SHLLE A2g

2, 3a-4 spectrum®}, waveform display2 2¢]

35 #alstgie (Fig.2,3,4)
Ed 29 A4 A3E 4317 Sl Ag, =

w9 ojPFE #Helstm, AY ol& A4 (Linear
Prediction Coefficient) 9}, Z=lE 23 93 Pr-
Ogarm% xﬂ Z‘}_ﬁ]_o% v\i_x_.]‘ -é-}_?\i ‘;}_.66.74—76,95.105)

a. WY 2% A7,

7+ Waveform display+ 100 frame2o 2 4] 5l o]
2 samplingA) 7+& (.64 0 e}, &, | frame? (.
006423 el =2 L3-o 24472 Fig 59 7

Table 1. Arbitrary classification of the test sounds.

L c} 2} A it Ef
LA1,LA1l LA2,LA12 LA3,LA13 LA4,LA14 LAS,LALS LA6,LA16
LB1,LB11 LB2,LB12 LB3,LB13 LB4,LB14 LBS,LB1S LB6,LB16
LC1,LC11 LC2,LC12 LC3,LC13 LC4,LC14 LCS,LC1S LC6,LC16
LDI1,LDI11 LD2,LD12 LD3,LD13 LD4,LD14 LD5,LD1S LD6,LD16
MAI1,MA1l MA2MA12 MA3 MA13 MA4MA14 MASMA1S MA6.MA16
MBI1,MB11 MB2,MB12 MB3,MB13 MB4,MB14 MB5,MB15 MB6,MB16
MCi1,MC11 MC2,MC12 MC3,MC13 MC4,MC14 MC5MC15 MC6 MC16
MD1,MDI11 MD2,MD12 MD3,MD13 MD4.MD14 MDS5,MD15 MD6,MD16
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A/D « | END POINT | ——= | ANALYSIS
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Fig. 2. Diagram of speech analysis procedure.
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Fig. 5. An example shows the use of the CUR command for marking off data.
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Fig. 6. LPC parameter extraction procedure.
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Ar s RMt » AP
DIST = LOG
Ar « RMt » At
INPUT: At: LPC COEFFICIENT OF TEST PATTERN
Ar: LPC COEFFICIENT OF REFERENCE PATTERN
Rt: AUTOCORELATION COEFF. OF TEST PATTERN

RMt=AUTOCORELATION MATRIX OF A
At « RMt » At: RESIDUAL ERROR OF TEST PATTERN
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(Fig.7)

COMPUTE LPC
fspescu lNPUTJ——-— PREPROCESSING | ——e COEFFICIENTS
g TS

Fin 7. Block diagram of the procedure for
determining formant frequencies and
amplitudes.

$EE IRlez PR

Formant s} LPC Spectrum-&
°l[* o] &3] ﬁ‘o}"”%

Formant &} _'44, FE =
veformg editing3lod z E

d. 44 v a(Paired comparison)

7 A A Foe AY YT wlmas] o sl
FAY kol g e 2z soj 2 8 3o,
¢ el FFoE YehE 292 AAY =
RL, o5 Az B ol sh Loliof o4t
BEROE AZeo AAsdr

. 374

q/eez ’i‘.}‘}}l, ?‘711*& %"4011 43& 7 Ml 7&«]

_76-

s D—typeel A} gotzi o, /a1, 3/ 3
HEtol Hole 94 p7be) wee 2 o] 244
ihel bl £ ulebWit}. (Tab.2), (Fig.8)

Table 2. Duration of the consonants.
(unit: msec)

L C =] X X E
LA 768 384 576 512 960 576"
672 28.8 51.2 448 960 67.2
LC  48.0 32,0 416 480 928 512
LD 672 32.0 51.2 480 928 704
MA 800 48.0 576 51.2 1056 800
MB 864 480 576 51.2 928 832
MC 512 352 384 512 832 576
MD 76.8 320 352 544 992 80.0
b. LPC 24,
AY elF T4 g, o2 o4 A 27
(A-type)oll olgl 2 T4 AREEZ without

weight, pre—weighting, post —weighting ] 3 u}
22 W A,

1L Ag5H.

TS AAA(A) o g ke T An
+(B,CD)S 4¥ o3 A4 Tab.33 7.

L2 /A/, /3¢5 Aol C,D—types) Al 717 =
A% 1051 AukH o 2 C,D—typeo] B—typey
of & A4+ 2o} Lo B—typeol C, D—type
E_r/} e 71] < ¥3°y ME& B,C, D—typezte]

.
o FAL B A AY B
§% A% LMES Tl Sl A
of £

A2t of ‘H?& 2 FAAY A
T Ao)F A2t 4% vimy Ay g o,
(Tab,5—a,b,c)
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L2 D,B~typeztol 713 & zole walm D
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Fig. 8. Changes of word duration in 4 conditions.
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% . ME AAA g Lo u]dbed W2
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M2 7 A4 spolsh Lol lahod @78 Ax
C—typeolld 718 2 A ol F A4E 2
c. Post—weighting :
without weightings} $-4}3 %% ®eo B D-—
typeol zbolz} 7AA FArt.
of4o] AaelA L 2E
typeo] 714 Zx, M2 pre—weighting—"»
2% DB At A% A
(D—type)ol sl & A+5 UrEPkM.
2. 5% F¢
Lo Ag
typeo] A 33

o
p

ol 2% D-
A &) 3}

9% 4%

A4+ B—typeel ulste] C,D—
A4A5 Vel ond ME Loy

=
=
=2
i

3te] B—typeol A & A 42 Jeplx C,D—type
# fAret ol E 2t (Tab.6,7)

a, Without weighting :
L& B,Csl, B,DZbolt 2 sel % ngiowh CD-

ypezel & Aol7t A9 gigleh Me RAdez
2 Aol wolA Gokn C—typeed 4 713 & A+
% e

Table 3. LPC Coefficients of the Consonants

hest 2R AR 24 Usot AAH 440 S

b, Pre —weighting :

without weighting®} fAF8t o] & 2 9o},

¢, Post —weighting .

LM %3 99 2 s fAg Aol & 2o
a Aol vl Hdx, L& C—typeo] 2 Al
%, M& D—typeo| C—typelc} o}t & A 4% o
po

EATSA 4 AFol A& weighting?] 39
wheloll A glo]l F3) p<0.001 FFoll4 A A
Fo4E 2. (Tab.g)

3. ZatEY] 24 A

Zzute 9 Axe Tab.93 7o

FASA Fo4 AFoIA AllLetE, A2
< TAAY A& {5 BAglel oAl 8l
A3LebEC] A M A, B AboJof 4] p<(.010l 4]
gA4E 29T A4TREAAH ML A, D7kl p<o.
01oll A el Ade] gloiet.

LMo 43 dladAe A2Z5tECA A Dsl,
A B, A3zuleoi A C A4EEA A CAlol
ol p<0.01of41 4ol 313iet. (Tab.10)

formant peak trackingAtol A& ZAF Fo 2%
-3

E
1 o)
HA 2R

o

Aot (Fig.9)

a b c a b c a b c
LAI1LBI1 8 5 17 LA2LB2 11 10 7 LA3LB3 13 10 6
LAILCI 11 11 16 LA2LC2 31 27 23 LA3LC3 15 15 11
LAILDI1 12 13 19 LA2LD2 38 28 27 LA3LD3 21 23 12
LA4LB4 13 12 13 LASLBS 21 19 18 LA6LB6 14 16 22
LA4LC4 28 22 29 LASLCS 52 40 58 LA6LC6 36 36 40
LA4LD4 27 27 36 LASLDS 51 51 67 LA6LD6 45 38 45
MAIMBI1 14 13 17 MA2MB2 9 6 16 MA3MB3 6 9 17
MA1IMC1 11 10 10 MA2MC2 14 9 22 MA3MC3 11 18 23
MAIMDI 15 14 17 MA2MD2 13 7 18 MA3MD3 7 15 24
MA4MB4 13 13 12 MASMBS 11 12 12 MAG6MB6 7 9 13
MA4MC4 14 12 15 MASMCS 13 11 19 MA6MC6 6 11 15
MA4MD4 14 14 29 MASMDS 17 11 20 MAG6MD6 13 7 22

a: without weighting, b: pre-weighting,

_78-
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Table 4. 'I-Value of the LPC coefficients of the consonants.

AB AC AD AB AC AD

WITHOUT L 7.56(#%%)  4.76(%%*) 5.31(%%)
WEIGHT 10.03(x**)  5.12(%*%)  5.49(*xx*)
M 7.60(%%%)  9.34(x%x) 9.57(%xx)

PRE- L 5.95(%*) 5.39(%*) 5.62(%%)

WEIGHT 9.85(*#%)  6.04(k*%)  5.35(x*x%)
M 9.02(%%%)  9.09(%%x%) 7.68(%%x)

POST- L 5.32(%x) 4.19(%*) 4.24(xx)

WEIGHT 10.65(%%%)  5.93(xx%)  6.37(xx#)

M 14.62(x%x%)  8.62(kx%)  12.03(x%%)

= P<0.5 *x: P <001 xxx: P <<0.001

<L o/“f'éwf
Table 5. Difference of the LPC coefficients. (consonants)

a. Without weighting:

L c a x % E TOTAL MEAN
LALC-LALB 3 20 2 15 31 22 93 15.5
LALD-LALB 4 27 8 14 30 3 1 114 19.0
LALD-LALC 1 7 6 -1 -1 9 21 35
MAMC-MAMB -3 5 5 1 2 -1 9 1.5
MAMD-MAMB 1 4 1 1 6 6 19 3.2
MAMD-MAMC 4 -1 -4 0 4 7 10 1.7
b. Pre-weighting:
(. c a x x E TOTAL MEAN
LALC-LALB 6 17 5 10 21 20 79 13.2
LALD-LALB 8 18 13 15 32 22 108 18.0
LALD-LALC 2 1 8 5 11 2 29 4.8
MAMC-MAMB 3 3 9 -1 -1 2 15 2.5
MAMD-MAMB 1 1 6 1 ~1 -2 6 1.0
MAMD-MAMC 4 -2 -3 2 0 -4 -3 -0.5
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c. Post-weighting:

L C 2 x x E TOTAL MEAN
LALC-LALB -1 16 16 40 18 34 15.7
LALD-LALB 2 20 6 23 49 23 123 20.5
LALD-LALC 3 4 7 9 5 29 4.8
MAMC-MAMB -7 6 6 3 7 2 17 © 2.8
MAMD-MAMB 0 2 7 17 8 9 43 7.2
MAMD-MAMC 7 -4 1 14 26 4.3
Table 6. LPC Coefficients of the Vowels
a b c a b c a b c
LAILBI 30 25 47 LA2LB2 28 23 35 LA3LB3 33 29 39
LAILC! 134 144 102 LA2LC2 115 133 88 LA3LC3 133 140 116
LAILD1l 123 136 85 LA2LD2 150 178 97 LA3LD3 102 114 84
LA4LB4 41 29 43 LASLBS 22 24 29 LAG6LB6 20 17 25
LA4LC4 155 168 113 LASLCS 115 133 106 LA6LC6 114 140 107
LA4LD4 134 144 102 LASLDS 150 178 97 LA6LD6 102 114 84
MAIMBI1 53 41 77 MA2MB2 675 56 90 MA3MB3 48 35 77
MA1IMC1 55 41 69 MA2MC2 57 50 81 MA3MC3 57 43 76
MAIMD1 59 39 85 MA2MD2 47 38 63 MA3MD3 48 33 65
MA4MB4 48 34 62 MASMBS5 37 28 54 MA6MB6 48 38 67
MA4MC4 45 31 62 MASMCS 49 34 61 MA6MC6 43 32 65
MA4MD4 52 42 76 ‘MASMD5 46 33 72 MA6MD6 47 36 64
a: without weighting b: pre-weighting ¢: post-weighting
Table 7. Differences of the LPC coefficients. (vowel),
a. Without weighting:
L C a2 x X E TOTAL MEAN
LALC-LALB 104 87 100 114 93 94 592 98.7
LALD-LALB 93 122 69 93 128 82 587 97.8
LALD-LALC -11 45 -31 =21 45 -12 15 2.5
MAMC-MAMB -12 9 -3 12 -5 -9 -1.5
MAMD-MAMB =22 4 9 -1 -4 -0.7
MAMD-MAMC -10 -9 7 -3 4 -37 -6.2
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b. Pre-weighting:

[ c 2 X PN E TOTAL MEAN
LALC-LALB 119 110 111 139 109 123 711 118.5
LALD-LALB 111 155 85 115 154 97 828 138.0
LALD-LALC -8 45 -26 =24 45 26 58 9.7
MAMC-MAMB 0 -6 8 -3 6 -6 -1 -0.2
MAMD-MAMB -2 -18 -2 8 5 -2 -11 -1.8
MAMD-MAMC -2 -12 -10 9 ~1 4 ~-12 -2.0
c. Post-weighting:

L C 2 x X E TOTAL MEAN
LALC-LALB 55 53 77 70 177 82 414 69.0
LALD-LALB 38 62 45 59 68 59 331 55.2
LALD-LALC -17 9 -32 -11 -9. =23 -83 -13.8
MAMC-MAMB -8 -9 -1 0 7 -2 -13 -2.2
MAMD-MAMB 8 -27 -12 6 18 -3 -10 ~-1.7
MAMD-MAMC 16 -18 -11 14 11 -1 11 1.8

Table 8. T-Value of the Vowels.

AB AC AD AB AC AD

WITHOUT L 9.30(*%%) 19.22(%*x)  14.26(**%)
WEIGHT 9.67(%xx)  7.42(xx4)  T.13(xxx)
M 11.80(xxx) 20.16(x%x)  24.63(xxx)

PRE- L 13.45(xx*) 26.96(x%%)  12.21(*%)

WEIGHT 10.67(*%%%)  5.66(x*%x)  5.28(xxx)
M 9.83(x%%) 12.66(x%x)  25.45(x*x)

POST- L 10.65(x%x%) 26.13(x*x) 27.78(x%x*)

WEIGHT 8.91(xxx) 14.50(xx%) 20.97(x%x)

M 13.62(%%%) 21.06(x%*%x)  20.15(w%*)

* P<0.5 «x: P<0.01 *xx: P <0.001
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Table 9. Formants of. the Vowels.

Fl F2 F3 F4 Fl1 F2 F3 F4
LAl 857 1227 2391 3015 MAIl 831 1423 2516 3308
LB1 871 1227 2349 3303 MBI 872 1470 2632 3630
LC1 858 1288 2470 3284 MCI1 843 1272 2481 3337
LD1 867 1266 2400 3065 MD1 843 1271 2481 3337
LA2 855 1255 2458 3065 MA2 866 1309 2509 3272
LB2 865 1233 2533 3295 MB2 848 1209 2537 3382
LC2 858 1317 2492 3306 MC2 845 1297 2517 3171
LD2 872 1268 2506 3343 MD2 841 1178 2499 3168
LA3 852 1455 2463 3080 MA3 856 1274 2333 3164
LB3 835 1273 2435 3181 MB3 850 1259 2484 3324
LC3 852 1404 2487 3209 MC3 796 1191 2331 3166
1LD3 858 1377 2485 3187 MD3 791 1175 2330 3020
LA4 844 1361 2475 3266 MA4 855 1207 2508 3279
LB4 856 1292 2367 3162 MB4 864 1206 2517 3396
LC4 841 1322 2468 3176 MC4 851 1282 2529 3367
LD4 844 1420 2480 3299 MD4 824 1231 2490 3161
LAS 818 1511 2467 3172 MAS 831 1232 2487 3248
LBS 814 1145 2360 3089 MB35 805 1181 2653 3437
1G5 837 1277 . 2614 3244 MCs5 818 1233 2502 3311
LDS 816 1269 2439 3164 MD5 815 1182 2412 3040
LA6 895 1291 2488 3068 MAS®6 858 1177 2455 3220
LBé6 856 1113 2454 3157 MB6 834 1164 2508 3351
LCé6 887 1351 2588 3182 MCé 812 1267 2522 3345
LDé6 863 1097 2402 3053 MDe6 826 1175 2476 3092
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Table 10. T-Value of the Formants.

AB AC AD AB AC AD

L. -0.47 0.53 -0.02
Fl -0.62 -1.33 -1.86
M. -0.38 -1.69 ~2.56

L. -2.43 -0.46 -1.27
F2 22.39(xx)  -0.74 -2.37(%)
M.  -1.10 ~0.53 -2.36

L. -1.48 1.74 ~0.26
F3 0.87 2.64(%) 1.10
M. 3.23(%*) 2.42 ~1.50

L. 1.34 2.32 1.66
F4 1.29 2.77(+)  -0.50
M. 1.20 1.47 ~3.52(#)

*: P<0.5 =+ P<0.01
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— Abstract —

A COMPUTER ANALYSIS ON THE KOREAN CONSONANT SOUND DISTORTION
IN RELATION TO THE PALATAL PLATE THICKNESS

— Dentoalveolar and hard palatal consonant —

Yi Hyung Woo, D.S.S., M.S.D., Dae KyunChoi, D.D.S., M.S.D.,
Boo Byung Choi, D.D.S., D.D.Sc., Nam Soo Park, D.S.S., Ph.D.

— Dentoalveolar and hard palatal consonant —
Department of Prosthodonti'cs, Division of Dentistry, Kyung Hee University

This study was carried out to investigate the sound distortion following the alternation of
the palatal plate thickness.

For this study, 2 healthy male subjects (24-year-old) were selected.

Born in Seoul, they both spoke Seoul dialect.

First, their sounds of /na( })/, /da (t})/, la (2} )/, /ija (A )/, /cha ( &)/, /ta ( E} )/, with-
out inserting plates were recorded, and then the sounds with palatal plates of different thickness
were recorded, successively. The plate was fabricated in 3 types, each palatal thickness being
1.0mm, 2.5mm, dentoalveolar portion 2.5mm, other residual portion was 1.0mm, successively.
Each type plates named B, C, D-type, in succession. Series of analysis were administered through
Computer (16 bit) to analyze the sound distortions. ‘

These experiments were analyzed by the LPC (without weighting, pre-weighting, post-
weighting) of the consonants, vowels portion, formant frequency of the vowels and word duration
of the consonants.

The findings led to the following conclusions:

1. There was no correlation of the distortion rate on the 2 informants.

2. Generally, vowels were not affected by the palatal plate thickness in the formant analysis,
however, more distortion was detected in the LPC analysis, especially C, D-type plates.
Consonants distortion was more evident in the C, D-type plate.

4. The second formant was most disturbed and reduced in the all consonants with insertion
of the palatal plate, especially C, D-type plate.

5. Word duration was shortened in the plate inserted (except /ja/, /cha/), especially C, D-type.

6. It was found that dentoalveolar, hard palatal sounds were severely distorted in plate inserted,
and they were mainly affected by the dentoalveolar portion thickness.

7. There was correlation between palatal thickness and consonants quality.
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