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Abstract

A Study on the Correlation Between Sasang Constitution and Sound
Characteristics Used Harmonics and Formant Bandwidth

Park Sung-Jin* - Kim Dal-Rae
Dept. of Sasang Contitutional Medicine, College of Oriental medicine, Sangji, Univ.

This study was prepared to investigate the correlation between Sasang constitutional groups and voice characteristics
using voice analysis system(in this study, CSL). I focused on the voice characteristics in terms of harmonics, Formant
frequency and Formant Bandwidth.

The subjects were 71 males. I classified them into three groups, that is Soeumin group, Soyangin group and
Tacumin group. The classification method of Constitution used two ways, QSCC Il (Questionnarie for the Sasang
Constitution Classification II) and Interview with a specialist in Sasang Constitution. So 71 people were categorized
into 31 Soeumin(people), 18 Soyangin(people) and 22 Taeumin(people).

Pitch is approximately similar to the fundamental frequency(FO) in voices.

Shimmer in dB gives an evaluation of the period-to-period variability of the peak-to-peak amplitude within the
analyzed voice sample.

FFT(Fast Fourier Transform) method in CSL can display sampled voices into harmonics. H1 is the first peak and
h2 is the second peak in the harmonics. The amplitude difference of hl and h2(h1-h2) can be explained as the
speaker's phonation type,

And Formant frequency and bandwidth can be explained as the speaker's vocal tract.

So I checked the harmonics and Formant frequency and Bandwidth as the voice parameters.

First I have captured /e/ voices from all subjects using microphone.

And then I analyzed /e/ voices with CSL.

Power Spectrum and Formant History is the menu in the CSL which can display harmonics and Formant frequency
and bandwidth.

The results about the correlation between Sasang Constitutional Groups and voice parameters are as follows;

1. There is no significant amplitude difference of harmonics(h1-h2) among three groups.

2. There is the significant difference between Soeumin Group and Soyangin Group in Formant Frequency 1 and

Formant Bandwidth 1(p<<0.05). Any other parameters have no significance.

I assume that Soyangin Group has clearer and brighter voice than Soeumin Group according to the Formant
Bandwidth difference. And 1 think its result has coincidence with the context of "Dongyi Suse Bowons and T
Sasangimhejinamg
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Table 1. Average rate in Sasang Constitution
95%Cl for Mean

Constitution | N Age Lower | Upper |P value
Bound | Bound
Soeumin 31 | 29.0+4.2" | 275 30.5
Soyangin 18 | 294%64 | 262 325 0878
Taeumin 22 29.7+4.3 27.8 316

SUM 71 29.3+4.8 28.2 304
a: Mean*SD

2. #E U HE
% 71
/A Aol = CSL(Computerized  Speech Lab)
Model 4300B(KAY, USA)E ©|-83I5=dl CSL
A/D converter, Digital Anti-Aliasing Filter®] Resolu-
tions  16bit(15bit plus sign)o]_—ll D/A converter®]
Resolution™=  16bit®] T} microphone< EMC-909A
(JAPANYE AHE-3ISATE 273528739 &ed 7t
o = 2238 Mediator(Briiel & Kjar, Denmark) S A
el S 25dBolA 140dB7FA] o] T
2 % W
(1) A=HA
AT A= AT S SlEl 1A= AL
A AEFHAR(QSCCIDHE 3t ANAENE
AlYatal, 22 o= APFAIA e wrTt
ogAte] AAE % E‘ré}c’dD}
(2 i&ﬂ] AHEE &

- 3 =

t} 1%13 53] IHEE= AE(EEE: vocal tract)

o WA Sy 7]

E HIA7A Bk A

W Hase 39l

EﬁE ATE 3L 2
u\ )FolA B8]\

N



A = 7+ EHE(Formant) T—L]“-rﬂ' =y
%01 Q1] o] EHE FaE Ao
Bl £3] Formant Frequency 144' Formant Frequency 2
2 sh}e EHER 7FsE AsE PAH)
3 Rolth Table 2= 1171 gl B9 A
TUE F35 3 Jehy g
\a\9] 7§+ Formant Frequency 13} Formant
Frequency 27} 730Hz9} 1100HzO| B2 dhte]
HEZ 7138 4 0101/]_ \e\,]
Frequency 13} Formant Frequency 27} S00Hz2}
1880Hz0| B2 He] "ol gloemg F 7je] X
HEZ A3lsHA ALE ¢ Aoy AlEHETH
=80 AAY sty H& shiFE oA AL
T 24ColA plem, wrolast fte] Al
20~30em F=2] A2E A FoM =5
Al F#ol U ZoAAY AXA] =S 813
oF WA e sERE \e\ehal W53 st
ATh(&2: 40-42dB)

J-9-+= Formant

Table 2. Average Formant Freguency of English vowel

ARAHIEIOISHS| K] 2004;16(1):61 =73 | 63

SAEA7] CSLE] Sampling rate 10KHzZ 8}
%™, FFT Power Spectrum3} LPC Formant History

9] B ZAFEAIA] Setting)> Table 33 7t}

21852 Pitch(F] X))} Shimmer() ™), Harmo-
nics(Bl] ), F k),
Formant Bandwidth(ZHE. o]t}

@D Pitch & Shimmer2] #4]WHH

Picch(T| A= 57491 712ForE2A 187F
Zre] A7 2 A A HSIEAE Beke 2o R
71 &Farek fAReE 734 FA|olth

Simmer(H H)= 43¢ Ml7] HskE HoFE
FAARA H53 40 FIIWelA e A7
(amplitude) H3HE GEFTh 53] LA IA=
0.35°]th

Formant Frequency(:ZTHE.

H2 Fig. 18] 4T As}HoA]

i I e € ae a 0 u 00 uh er
F1 270 390 500 530 660 730 450 390 300 640 490
F2 2290 1990 1880 1840 1720 1100 850 1050 850 1190 1350
F3 3010 2550 2520 2480 2410 2440 2410 2240 2240 2390 1690

Table 3. Analysis setting in FFT power Spectrum and LPC Formant History

FFT Power Spectrum
(Average Spectrum, Marked Region)

LPC Formant History-
(Formants Marked Region)

FFT Frame Size: 1024
Power Spectrum Pre-emphasis: Yes
Power Spectrum Pre-emphasis: 0.800
FFT Spectral Smoothing: None
Power Spectrum Display Range(dB)
Minimum: 0
Maximum: 80
Power Spectrum Display Range: Frequency
Minimum: 0
Maximum: 4000
Quiet LTA Processing: No

Formant Response Frame Length(msec): 10
Formant Response Filter Order: 12
Formant Response Pre-emphasis: Yes
Formant Response Pre-emphasis: 0.900
Formant Response Window Weighting: Yes
Formant Response Analysis Method: Autocorrelation
FMT Bandwidth cutoff(Hz): cutoff: 500
FMT Bandwidth Display: No
Formant Response Display Range: Percent(%)
Minimum: 0
Maximum: 80
Formant Response Vertical Axis; Linear
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Fig. 3. Analysis method of Formant Frequency and
Formant Bandwidth

3. HEtERIE
ZF A A 1550l 29kl Bl3-¢1)2] harmonics
18)Z h13} h2xFo)hl-h2)e] HaHw 2D 7+ A)

Z152] Formant Frequency, Formant Bandwidth®]



Haa vuE AsA SPSSver 10.0)9] one-way
ANOVAS AHE-8I3IT o532 0052 SFAL
post hoci> Scheffe= AH&-3}STh

IM. #FesER

1. Pitch(T/X[)2} Shimmer(&H) 9| £z 1}
1) Piecch(F]X))2] £414 37}
25 309, A2l 187, HlS-3l 2179 pitch
@IS HAFT Q)
2R, g9l B AATEe] Ht picch(F]A])
2 123.976, 122.905, 1224952 VFERE, 4991
o] it picch(FA)Fke] LFlolut Bl
ok w9yt fod2 Atk (p=0.956)

140.000
120,000
100.000 —1
~ BO.000
60.000
40,000 |— ! _—
20.000 - ]
0.000

TZ27 905 123976 177 485

Soeumin Soyangin Tagumin

Fig. 4. Analysis results of Pitch

2) Shimmer(3™)<] #4143}

2l 30, A% 189, HS 2139
Shimmer(4] ™) #tS HoF Qi)

Bl AR, A9l FAeke] Ht shimmen(A
)3 0.364, 0.321, 0.297= YeRY, Bl Jet
O] ¥4t shimmer(A P)7ko] AFlolut g9l J
THTE ko {42 fIATh(p=0.099)Fig. 5)

0.400 0364
0297 0.821 7
0.300
3 0.200
0.100
0.000
Soeumin Seyangin Taeumin

Fig. 5. Analysis results of Shimmer

o) A2 F e Pitch(¥] X))
A OdyoR ®AEHH

ARAIZIOISHSIXI 2004;16(1):61 =73 © 65

Fig. 6, Fig. 7, Fig. 83} 2T} x%F 2 PitchE YER
3 y5-& ShimmerS WERATE H|E 7 AR
Pitch®} Shimmeroll A 214 A= 2Ho]7F A=A
AT Pitch®t ShimmerS 7S FHA o] =37

=
BE R OE A ¥ 5 gk 2eht okt
A ool thsA ol dS AT e 8l

0.8,

oz

o6

0.5

oa

o3

oz

o { H
s0 100 110 120 130 140 150 160

oast------- e e e —

“100 110 120 130 140 150 160 170

Fig. 7. Breakup of Pitch and Shimmer in Soyangin(Y(dB))

DS S S

Y. R S ———

90 100 50

Fig. 8. Breakup of Pitch and Shimmer in Taeumin(Y(dB))

2. Harmonics(Hi&) 2l &A1& 1}
1) 259, &%, B
A}l 314, A%l 181

© 2 3} Harmonics(Fl9)= hi,

o] Al7] ZFelh1-hE EAIS)
h19] HadgkS a2, 2901 882l

X Z¥Z} 48.31, 47.71, 46.61 2 oA A2l

o] Haghe] AU, "SI TRT =4 e



66 | AIAHIZECISISIXI 2004;16(1):61 =73

u.];} 1332] 4
h2o] B 2P, L8, BlE el
A Z}7} 4692, 46.84, 4 369_ LpobA] 2okl
el Hkol 459, ﬂ%% Adroh =4 v
ERtTh AT A NATh(p=0.278)
h1-h28] g2 Lael a]ﬁoL, ko) Hok
oA ZHz} 147, 1.25, 0.792.2
o] Hatgol 2%, B AeRth =4 o
Ebwteh 1AW %«I 42 %

A (p=0.397)
S A

?2
°
6‘
O
\I
-
S

6B 46T A692 =5

147 079 125
—

hi h2 h1-h2

@ Soeunin M Soyangin O Taeumin
Fig. 9. Analysis results of Harmonics

2. Formant Frequency, Formant
Bandwidthe| =421}
&, Bl

Formant Frequency 19 8k 430l Aokl
=<l Ae] HFgk> ZH7F 476.09Hz, 513.89Hz,
479.85Hz%2  YERIA A%kl Fe]  Formant
Frequency 1°] E} FTETE A YEsTh
(p=0.029) post-hoc A=A 7: ScheffeH)oll A= 4%
A A &5 el felAd de Aolvt
178 = Ak

Formant Bandwidth 1914+ 4291, A%<l Ej
w91 ko] Hagkol ZH7b 112.05Hz, 73.92Hz,
94.74Hz 2 2291 2] Formant Bandwidth 1]
o4 IA =A JERATH(E=0.022) post-hoc (A}
FADANME 2 JEG 2dd JolA
ol d= ZFel7F A= Tk (Fig. 10)

Formant Frequency 29| Yo ahS 3%, &UR,
29l el Z7Z; 171486Hz,  1688.95H,
1715.86H2 Bl Feol A =4 Ugtont 72
e YA, Formant Bandwidth 29 HaFghke
16846Hz, 191.67Hz, 190.20HzZ L}obA] Aol Hok
A 7 E=A Uy fodS fiithEg. 1)

D a2e9, &

600.00

513.89

500.00 s

400.00

+ 300.00

200.00

12.05

100.00 - 94.74

Soeurrin Sovanain Taumin
[ErFimrsi]
*p < 0.05

a) FF = Formant Frequency
b) FB = Formant Bandwidth

Fig. 10. Analysis results of Formant Frequency 1 and
Formant Bandwidth 1

2000.00

1800.00 7raE 68555 7T5EE

1600.00

1400.00

1200.00

+ 1000.00

800.00

600.00

400.00

200.00 91.67 90.20

0.00
Soeurmin Soyangin Taeurmin

OFro mre2

a) FF = Formant Frequency
b) FB = Formant Bandwidth

Fig. 11. Analysis results of Formant Frequency 2 and
Formant Bandwidth 2

Formant Frequency 39] 3k 2l &%,

29l HolA ZZb 2425.64Hz,  2445.94Hz
2425.19Hz 2 A1 FellA =4 vgtent
o)L I, Formant Bandwidth 39 a3
155.53Hz, 132.86Hz, 136.40Hz0] W&k A2-01 3
ol 7P =A Uskoy foAde fidth

(Fig.12)

o §

1

3000.00

2500.00 425 64 244594 425 10

2000.00

+ 1500.00

1000.00

500.00

55.53 32.86 36.40

0.00

Soeumin Soyangin

O FF3 mFB3

a) FF = Formant Frequency
b) FB = Formant Bandwidth

Fig. 12. Analysis results of Formant Frequency 3 and
Formant Bandwidth 3



Formant Frequency 4] o3k &<, 4%,

=<1 HAeelA 747} 3307.75Hz,  3385.59Hy,
3286.83HzE AR FwollA =4 Ukot
o)L ¢IY, Formant Bandwidth 42 B3
168.90Hz, 153.99Hz, 162.67Hz0] Wb 4291 J
ol A 7P A vUskeu 101492 glith(Fg.
13)

4000.00

3500.00 o

— 3286.83

3000.00

2500.00

Hz

2000.00

1500.00

1000.00

500.00

68.90 53.99 62.67
0.00

Soeumin Soyangin Taeumin

O FF4 W FB4

a) FF = Formant Frequency
b) FB = Formant Bandwidth

Fig. 13. Analysis results of Formant Frequency 4 and
Formant Bandwidth 4

DS b e A7V, FEAP), A
7, Wkl AT, o] WNE FEAs
of AYS AWt AF AQo] & ERAUE
A 2 AP B ok AHgE) BoK Y
3} ofe] AT WL FAA FPAL F 9
Tl WA e A7 5T sl
Brehn ALATE B ) E 5 Qx4
FH P ok EASA B3 Y= Aol

I ZqA BIGAR F8o 278 Wio] |

W ZRE 23 Bal= 7)Aol o] & EA] A
A& Wheiths oltk

Bal= AE TR E Azt B S gl

i ? R

AU AR 71] ik
o Ad ddE 5 3l
T o shve Ha F 0131 o]
S

2e A
& ARk el A Bl A B B4

(o M
ol
ol

ARAIZLIOISHSIXI 2004;16(1):61 =73 | 67

HojA = Aol
A B AAE AvEE 5
AHABTE AAE A ge o

-1>
)
b
e

= B, 93t
= 71, S AATE gAY & e ¥
BAgsith Ascle] dER % Tl 7>
1 ol §7L H} I E AASHI AJFo] 7hvk
FA &AL AL ‘”D}(’”ﬁ ste] Bl &
=914 el Fu 7147 ET stk A
= o] Fi AFE ks Abgre] Wk &

SAE Bahel] B PR Az BH, o
A ARALE BRI QS AL,
aelol] TS Fife AEAAN FiEe A

AT IA0) 2 Zhfy), X, Z(E), ARG,
anoltt AT7ele 19 AA TAPEIE|X

uL E:f
=
fo %2 2 Jo o?.i

Al “Efj okl 18 750] AA &A—]o] =t} T3
3 FEth A el ok shekeith BlEel
Yol WolM S4e] Pt e gk woh
Wk 1A EAe ok seheith Al TI1E
o] ZobA] g4l FhYa Stk e Fok B
Zheh e gl ST, 29 89

o
or
ol
o
I

b WelAl £40] wER eneha
T Adeloh sk ek watel A4
98T A, S0 BUANY gk 03

ofrkE 279 9] Fytolst £ Helo

Ay

N

)

|

Kl
Y
q

g

=4 ouUuT | 5 %* = A
J Bty A vl FHA gelal
B yar go] Hown ofgo] gget Algte] B
3L o) e 7120] ok ARl 7hEa v
om F3lal EHizict WEstal won 2 g
2 gt Aee ehtelarl Holshe vl
F8 Holthrglar g.oksllth

TS APl whEbA] SARRA 7| R, &5
AZNBERZF), FAAZ @5, =871
25 2 zel7t 9lee Awsh=dl ol Al
E‘D}E} B4 Q= AeS 7H F S ofv)et

FEE Pitche T



()Y
(0]
>
02
i
T
19
o
o
=
[\
(=)
(=)
=
a
\,é.l/\
|
4
A8}

AFe] BAEE 23 At s W =
7Ne AR A= A7t d9AzE gkl 2 ¥
AEAEAE Eohe Aotk & Azt Sxlvt
TS sk i IR 2Rlvkshe A
< SOl e w125 A HEe o
N 1259 A, 491 o432 2008 L, ofel S
300 Ak REESHAl "ok A Al ' e
Tags 9 4Rl oA ool &2 At
= Uee Aot o#dh 121 JErE 71
F3}(Fundamental Frequency, FO)ZFaL gt} o] 7]
IS B AHE] 3Rl 2rle A
FAE picche}il =l A 227] wio] E§

a4l ARE-SEaL ATk

2 AFNA Pirchd] EAAIE AY9,
?l, Bl ko] o] 123.976Hz, 122.905Hz,
122.495Hz 2 Uo}A] kel Hehe] #iFzko] 7f
& =A Uskeu 9142 /A th(p=0.956)

Shimmer(A W)= 49 A7) Msle HoFE
FAAEAN H53 34 F7IHeAA] A7
(amplitude 85 G T 53] GSLolA JA+=
0.35°]T}.

2 Ao A Shimmere] A4 3= B39, &
e, Al Feke] HiFol 0.364, 0321, 0.297%

B

o
=]

o Fod2 ATk (p=0.099)
Formant= 3O 2 40| HEd] oS Eof

R eRlE el fle dehe B 2t
v A ok We) Aot #es 52
ol =ol 2k & 497 =2 &= WA ok
olefE A& 11 W /)el 7L Al AR
Tkl AT Abghe] FaE] AR
TE A dE7AE shel SEHeE
A7 AJ o] 2hs]al el ARl Wl
Hog AT & glvt mEk FHFIEE v

3L AL, ¥l HRIZRIME AE)e] 548 A
3l = o A= Aol AgRlaAde] Ae AddielA
J&E7HA2] ARlE e 17emE AXFS T2
Azvetal IHE FaeE AZEE 500H,
1500Hz, 2500Hz*--¢] FHF37F A7 Aot
79 3E RS OE 25 71HEC] FoA

gl L

gS W EBEZ o]AbECl S00Hz, 1500Hz,
2500Hz:++2] 3HFIR9) 2ol 7t YA Bl Aol

o714 Z2le] wt, Belthe 22 a4 54
o) Skl AN Formane?] o]0 AL
B wh, Gkl oRlE Pichdt ABAE
)
AA

2

_‘

o= I g AEe EYel o5 APt
=

o)z F %E_]E]'@). Formant— Formant Frequency 134
Formant Frequency 22| % FAIgTh

£ A79] Formant Frequency 2972 3= Formant
Frequency 19141 &9, BlS9l, &5 Jdsl
E 513.89Hz, 479.85Hz, 476.09Hz= UFEF:OH,
1A g Fol g Zfol 7t A H
AT (p=0.029)

Formant Frequency 29141 Bl ?l, 4590, 491
HEO = 1715.86Hz, 1714.86Hz, 1688.95Hz = 1E
WO o432 fIATh( p=0.721)

Formant Frequency 394+ 24991 A5-91, )
=9 JEO R 2445.94Hz, 2425.64Hz, 2425.19Hz
2 Yehgoy §9942 IR p=0.865)

Formant Frequency 404+ A9l 4821 Y
< FTE O = 3385.59Hz, 3307.75Hz, 3286.83Hz
= vehgtot folide fllthep=0.246)

Formant Bandwidthi= 7+ 5 F el A 3dB o}l
o] 7kEEe] AdolE Urhlie Zlos 7t2%9
w919l Hz = yERith 22 3 de 7 &
2lg} & A 2= Bandwidth®] 2o we} AAZ &
2= 2gE Ael7h WAl 2 E Bandwidth=
o] 7o) Fo3 842 ZgsH Hrh

B AFollA Formant Bandwidth®] #4174 3+=
Formant Bandwidth 191141 2891 El&-91 A9kl

HAA O 2 112.05Hz, 94.74Hz, 73.92HzZ UEFSE



om, gl ARl Fetol A o3 UA A
o]7} Wth(p=0.022)

Formant Bandwidth 20145 A%kl ef221 A
2 T Z 191.67Hz, 190.20Hz, 168.46H 2. L}
ERto o402 1A Tth(p=0.763)

Formant Bandwidth 39 4E& A2-91, Ef32l, A&
1 JHE O & 155.53Hz, 136.40Hz, 132.86H = L
RO 91782 I th(p=0.712)

Formant Bandwidth 49145 42291 EfS-91 A%
Ql HTEO 2 168.90Hz 162.67Hz, 153.99Hz=Z LHEL
WO frolide fllrh(p=0.813)

FHXOF Formant Frequency 13 Formant
Bandwidech 1914 f2]/d 2l 2tol7F QI = et
E3] 2895 Aokl FrtaloloA] Aokl Rtk
o] A WA EHE FI<¥Formant Frequency 1)7}
O oA UEE 299l P9 TRE =
(Formant Bandwidch 1)©] B 4 Uttt XHE
Fo] FLHE BAIYE U RS 2o

s, 29elel Baelvh 3 ok A

w3 A HEPET 2RI HaA Agele] B
2PE 9grely Holsthy & AL THE E
o] xgkel Avkel WM We A A LgH
T Atz

Ot Formant Frequency 1, 2, 3, 450141 53]
Formant Frequency 15to] 8% & 7FA A o=
BB (location)®] 37keo] BTk Foletz stz
O 84 9750 ol s 2oy
1 goleln Aatsle] RaEsi)

b ashs S o8 W YA ksine
o 9J$t 533K complex wave)©| ™, ©]
oll(Fourier) ¥ 31H thA] o272
FEME & 57F 3ok 2484711714

1))l 4] FFT(Fast Fourier Transform)S £3lA]
R QART VE] 2 571 ATk ol T
YHSHS 73 W2 R, o)A
® M Soumiar |92 U0 ol WE5HA
o) 38 B piolei i WA 28

facs rlr

fo 1
N m> F

=
[$) S}
H

b

wave,

MLE

B
T

rlr »
% o

¢
).

do ml

A

h1#}F h2e] 2-2] A7 Z}o|(differences in dB)E= Al
o] d(phonation)®] FElE AR = AUtk

AAHIEOISHS|XI 2004;16(1):61 =73 | 69

Qure) @)
PA7E ek Ak el ARl 2e
A= AlZrell wEbA Modal, Creaky, Breathy
Phonation"] SJt}. Modal Phonationt= W7l z}z+e]

=704 A 7E e v e de e A
@it o] A Adle FEoE BAAA
T Y 29 JAE F2 AEHE DTh Creaky
phonation®] 73-9-&= ZH7te] 71w A7t &
A HANL FA Gl A 7L Aok A
B 7zke] 4REIIOIA T 71 F710] B 9
t}. o= Power spectru.mii HH 7ig =23 7h2b
2HJA 71€717F # F4E Btk Breathy
phonation B2 A& ‘65}}‘ 3taL el A
Auh7F ZHzte] JEFr1ERt ehde] Eele At
7h glo] Hlw A HFt Al drk 12E

Zre] g FHElell= 712 o= A

T 1

ﬂ—‘oo
omlmH

7124 © 2 Modal, Breathy, Creaky] 4|7}A] &

B] AP AL FFER YolA] s}
W2 4 ek BAsHE B¢ e BT o
PE BYS B 5 YA, ALS PolA HE
Aol BRI, oA vhol o] I ¥ &
e A hnE TN F5E 5 drks 2
olck

1AL obvkE hi1-h27b WP e] Alelg A
el Fohd APIAIAAR] A4S vel & F
AE7} = AolA hi-h2E Ao BA | otk

2 Al A hi-h29] EAATE 22, HE
0] A9kl O Z 147dB, 1.25dB, 0,79dBE
YERA B Frgts 7o o492 /il
}(p=0.776)

2 A7E st EAdel g A4E A
o ko 2 o] AA] sfAEojoF T HE A
sl ol et Ak

ANZ 2 ATE Y 3FHA A4 Al(research
designE T3] M4 E3f A vgoll thE dEE
H_T_Z]— ?j_l- tq] E*él—"—.g ‘g_ Hl—o l_-=.0_ 7—10] OJO{/H
= wHol ATk Ao 7] AFoME FEI
Al FIA ATAAE Stofok & Ao, &



70 | AMAHIZECISISIXI 2004;16(1):61 =73

=5 B2 e AEEE SEstelor sl
ok AP AJNGH o5 EH, 71, 574,
AHEE] 5o 2dRR ARl tigh I} e

259 AR
A3 B st e Aol Arten
EAZ HeelA A
A E S2AE WA S T
1} oleld AL RANsE S WAo] | 7FsA
o] Zim, g-410] mjo|zigke] gopd 714E A
HlolAq s Bk AT w8 188 6
olA B 2 B 7] BEe Holehi 4
29 13)9) He02 1 Al A91Eel A
2% Brejehy Do) %‘—éo}t‘r by o
ORL @ FUCHAES] FHOE THES ¢
A Sl Ao w e e A ok & Aol
A7k

AR R 7120 =R jyol] et SAAENS
o o] ANEHES} APEHE Fa57}
gole] A 730Hz} 1100}120101*1 - 7}k

Holth. mehM AFEE
AFOR ANE o Fi uw 2he) M e
ERE Fo5E shie] EREE ALSIE W
o webd 2o A QN E S B
A ek, ST el Bl

o]gtA ) M-S I A FIth A& EH Jo
NME [el, fe], fle] o] Atk AT o

oA [} sl HeEtal P8 wf o1} [ohE
%LH%HH WEEhs A9 EE TR A 73
oo P=t, ol& FHFA EJrt w2

Aol M ofuki [ollie} o7t A #A4 o]
HAS Aoltk  gofolM g [el= Fol W]
[ellyet 7HAL [e7k folijell 7Pkl o (ol
9] Formant Frequency 1 500Hz, [°H}©] Formant
Frequency 1< 530Hz A ol 71th wheba] z}o)
7F B4 Aok Aojth doE o] AFolx=
15 AHEShH o] & #sfior & Aol
o]fe]l A= & Wl Harmonics(Ml5) 3ol A
Al AA, 2520, AR, BTk Fo4

= &
A= Zol7t §1919 ™, Formant Frequency(EHE

F3+) 2 Formant Bandwidth(ZEHE Z)o A=
Formant Frequency 1, Formant Bandwidth 1°0] -9
A SA Al JorE, FY WE oo 9

T2 QYNA 7 ARl wEE FIhE A}
AR Apse] Sgo] Bt w77t 9

Aol AlmHt

V.

25
%g

B AP TRl SAASAS skt AR
= = Pitch(¥] X)), Shimmer(4 Eﬂ), harmonics (W)
9] h13 h29] SAA7] 7<}° %hh1-h2)# Formane
Frequency(ZHE. 317 9 Formant Bandwidth(3E
RE 38 Auugt ol SABHS wals
L A AP AT RS v
AP Aok A 2012 s
1. Piech(3 X])2} Shimmer(4] ™)l A= °J, =

FR, Bl ALl frelgt X}°]7P 7
2. Harmonics(H2)= h13 h29] S-A1A| ]Tg_‘ %
e A ARl 29, BleelA 3 2t

°|F HolA Utk

3. Wl WA7ER ] Formant Frequency(EHE T
J}—,—)Q]- Formant Bandwidth(ZHE Z)E =43}
1

73}, Formant Frequency 13} Formant Bandwidth

m{o

= A5 JeF A JoelA foA e
atolg Ktk
4. A& 9] S22 Formant Frequency 1]l

29 vl &

Al ARl FeEG fod A HWeken,
Formant Bandwidth 19141 214 A &9t} o]
A A0kolo] SAjo] ASolHT AAAoE 1
Yol Hom Ay = ksl Hol

shths Abdolsrs Aus Pty AaE

0 o:
E
1o,
I
k>
o M

W
ot
=<
b2

L ol %, T8 APIAIARE T A 2 2
FEfAGe] vl A A2l Ek5]A]. 1990;
2(1):71-86.

2. 3|9Hs), AR e, 738
Blets] w25l #3k A Ao sts|A).



10.

11.

12.

13.

14.

15.

16.

L E43, 0)9F, o5

1992;4(1):107-148.

kS, g 245 A9 3007800 tEE AL
Apolata] A AZA A8 A, 1994:4(1):
55-66.
o|F7, o|9F TXA FH3F AAAS L
AR AAL zx} o7 3 ARl o] EAo| T
3 24, AP 8] A). 1996;8(1):349-376.
R DR B ELE

T3} APl sks]R]. 1989;1:29-40.
TXE, 0|47, olelF, 1% 239, A
9] 281, AZHE-2] APIAI A Festy &
Joll gk A APFEESIA]. 1998;10(1):
101-142.

olo)F, ol A, FAE
Ao B APFI T AT AP A
1998;10(1):143-160.

oX X ©

7, 818, 13, 59
I PRESEECEREE RS
AT AMFI TSR] 1998;10(1):171-180.

L ole)F, I3, SAW. APgele] Fess

EAo|| et A1 AMFEFB|R]. 1998;102):
181-220.
FAE, A,
o F7]e] #gh
11(1):281-294.
B2, w3 AP =] FHEsH &
A, APl 8EE]R]. 1999;11(2):195-207
I3 A 287 AN 7Y, T4
%

zJQ,]So

A7 AAfgel Ad
Q7. APFSIBEIA, 199

X
}mﬂé}g FHE] JEsty &
. AP 8] AL 1996;8(1):101-186.
A 'S AT 2eRle] TR A Al
A AMFEFEIA]. 1997;9(2):299-302.
Fr. AVt AWMEAE A TR
o] GAISFAAA Exdell gk A AP
k3] X]. 1994;6:127-130.
TN, o)A, Y. APFRIAE AehRo]
Fe skl S Ak A APk A].
1998;10(1):161-170.

48, 733, $UY. AP olZulTe)
CELE

AL APFRIEFEA] 1998:

RS
24 ok

o

=3
54

18.

19.

20.

21.

22.

23. %

24.

25.

26.

27.

28.

A, oloF, o7, 1%, W3], $Y
X

ARAIZIOISHSIXI 2004;16(1):61 =73 © 71

10(2):221-270.
. A}J\l'xﬂze]uai AL MorieHEf 2] EA] o
SE A, AR EF3]A]. 1998;10(2):271-282.
A, AT, ARE, olFE], Al ol
91 301 g9l 2k 30-40tH <k 50-60tH ]
APSA A hHEE ] B v wAF APY
©]8}3] 2], 2000;12(2):143-152.
A7R8, 3Fd, T8 HI Fe ¥
Austel] gk A AMF IR 1991
3:151-172.
284 AL
8:1 g] 20] ;q];ﬂ
Astets BARARE FHORE- AVFe]E3)
A1, 1997;9(1):147-162.
AU, A4, d5. A e dF
Hormone 573l 3t
1992;4:193-212.
71 7:1_9_ 71d—gH
o #sk AFA
139 146.

. AP A FF prostaglandin E2X]
QH A #e AF APFesHE]A]. 1997;
9(2):245-262.
EAL?T 7152) ;Cq’ildo]
o] *J%ﬂr*éoﬂ
12(2):132-142.
FAw), A, 7‘3—‘5‘—?“; AAEA, btA, 2L
3 AR RE
AEEA T % %‘éﬂl #ek A ARl st
3] 2], 2001;13(1):24-34.

Z_
o

ol Mo L\'i oE:

AP A3 QAR
ek A APl sk A, 2000,

7 Eaten o]%a] O]zo

9, AFY, BAF AV

CE(angiotensin converting enzyme)



72 | AAHIZECISISIXI 2004;16(1):61 =73

29.

30.

31.

32.

33.

34.

35.

36. 28

37.

38.

39.

40.

41. ©

2k Type(polymorphism) €] ZH-eaA]. AL
2+l 838 R, 1998;10(2):283-290.

ST, A2, AR HLA typing= ©]-8-3F
A DA} FA0 Bk A AP 8FE] A,
2001;13(1):97-103.

A8, AR, AFE, A, 25§
2 BAHo| o3t AP A L] AT AP s
3]A]. 1999;11(1):169-184.

shnde, w8, A, FAGE o8 A
AfFAEe) o) B 22 Aol F)

3)A]. 1999;11(2):185-194.

2NE=Q) 7HE 98 gAVe] 2|9} A}
AAFE 9 FFe] gido] Fe A
APl 813] A 1995:7(2):59-88.

239 Aol AY BYL ol & A Y

o] B4 meiHY F=.
1995;7(2):265-270.

AT, o] S ololF TAE 7]
3] 9] 19]. EAVEA A 2] ¥=3}
3, AEE ). AP
8(2):131-150

AEY, 193] gL} s3d 9] AAHES
s AE BARAGEEN/ASR). AP
g}3]%]. 1991;3:89-104.

B, S, ?4%5&1} 538 9] AAHE
s AEFATNES
3]A). 1991;3:105-120.
NS, T3] W AW
(QCO9] e}t A+
5:61-80.

o]z, ¥ E HUH. *Wﬂ] AEFAAL]
1993;5:

42. =

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

. 7]0:]0 7‘:]Zo

@sccle] ebgst A~ APl grslAl. 1996
8(1):247-294.
- A] i o] O]7~
AZEFAAR] egst
TEAF AIEA. A
239-256.

AT AFAGEF e Ay 2 B3R
Fol A A JAFENEE THLD).
AP BFEIA]. 1996;8(1):337-348.

HNERZ B35 AR A ] ¢

33 E"%’H]—(ﬂ' A APEISEIA] 1998;

10(1):215-234.

A, AEAE o] &5 AAEuHe] Al
F) o) A3 A7 AP 5] R]. 1994; 6:89-
9.
gk
A S5 zbo] vl 74
Z]. 2000;12(2):78-93.
71/\1-.‘5'_ o].’]:?:l 0]0 _z,— ,
AAEFHAAA(Qscc Dol &gk o1 zlek
o gl AT APFRIERSIA]L 2000; 12(2):
94-103.

7, 9. QsecT A=A Eapolaie) A
AT, A8

I, SU. A

/\O

HEE Q) o7l AMIAIAEFAAIS} HAE

AAARS] VT EAE E3 APFA A A7
Sl g A AMFEE AL 2000;12(2):
104-131.
ure-7d upd Al ARX] Falel Ao A &
gGxjo] HlwEA] AE APPSO EFE]A]. 20005
12(1):157-172.
A, A5, M2 APIAIZ LA ZX9]
A ol el AT AP EESIR]. 2000,
12(1):173-185.
%}ﬁd_% o|o]F, I HE|, HdY. APFAEE
FAARQscCIDO <3t g2 Heke]
A A APl 8RS R 2001;13(1):45-50.
upg el vk FaA . AEA ] et AP
A o] A= B4, AMF]EE] A 1999;
11(1):103-118.



54.

55.

56.

57.

58.

59.

60.

Ao 2y APFIEFS|A]. 1999;11(1): 119-136.
1999, A5, APIA A ZIe] st
s °ﬂ¥ 71E AEA A4S AR AMS
2]8}3]#]. 1999:11(2):151-183.

YAE AZFEE )83 O-ring Testol] 2

W 12 APFeleksAl.

m

(

g AEzEo
1993;5:147-150.
NAE g, AZNE
el AZel B3 A7
7(1):69-102.

v A Faj g, AWA Flo)A o)A gt o7
o) 9] 391, APHA DAY} A&, Euberrel

©]8-3F O-ring Test
APeIsEEA]. 1995,

Ao e AT APIelSEIA. 1995,
10(1):81-100.
g, s, 2715 HREAEe) o3

APSA ARG A st A1) AV 3]
A]. 1998;10(1):65-80.

AQE, Av, A9, A71E. Layngo-
graph 2} EGGE o] & A x AP A
7re] 23 AT AMERIBEEIALL 2000;12(1):
144-156.

& 295

S=d g, AR AR A ] A
of A AT APFAISEIAL 199682

61.

62.

63.

65.

60.

67.

68.

9.

ARAIZIOISHSIXI 2004;16(1):61 =73 | 73

191-201.
Ame A LS B8 S3FEA L AMY
ANA7R] ABA AT AP ES]A]. 1999,
11(1):137-158.

°FdH&. Pitch Range®} BandwidthE ©18-8F &
QEA T APFA AT 2Fad A A
S th . AAFEFS = 2001

FHA A, FAWAGFG8N. e T
BFA} 1990:459-467, 491.

LI AT YPATA B, St s,

A& ekl 1998:13.

ojAln}. FolFAlE A M FHET 19%:

137-138.

IEE, FIRL 7S, R S0

olal. M2: FAIZSIAL 1999:138.
ARG A, Fol5

EuA Hg- A, 1999:121.

=8, T AVE, P

g2 3HAE 2000:325,331.

HyunKee Ahn. Post-Release Phonatory Processes in

English and Korean. The university of Texas at

Austin. 1999:33-37

A2

He

A A

H



