ONEXNS 10
N &Y (Vocal Tract Resonance)

2¢0l: F 34 (AAdY oudFH, S4AdgATL)

Az

dotrlel g4 origtn & ¢ e vo] oy 7EE AH(LSA)E BE W 988 &
T 2(E)H 339%° FHA Je EEFS tn Jvh. =2 vlolgd 2 FAY 7|EES
AN A& THEo] W, o] 28 FHEES A Z: o ETE g BAHE Rolth A}
#ol BEAgx ol2d @Yre vk F2E AL JojA, F Y RIS dtn e AudA
A S(glottal sound)& %HES] W o] Adidol HT(BHE, vocal tract)E FTHsHEA o3
(filtration) ¥ H X9 B%o] @& EAo| w2} T (resonance) AL doAA Y&ol) 349
vt o 2 vh&E g o] 24 (speech sound)E HEAHE Aot

d

AE7Fed o"d Azt 2 A9 Ad A5 A9 2L AFFE e F7135U L& 28 4
a2 Ale vjuy & JAE2oZ AFEA =Hed ol AL FH(resonance)olt ok THEANS
olgisteir = ¢4 EER F% H(Helmholtz resonator, 1 1)& A3} B Aol £& ot}
FE THE MAZ e 9ud TRIY 59 AT RFEA A8 7Hx gL s3] reEHE
BAA Zo d o, ofg "t Fo] & I od xFHdNe YA %=(damped) R

FAA ot FEAC) AL Qe AAIAFTS 2E 29F4 289 Fo) Aol FEHF U

Ro 718 FAAZLoEZN WAHE FAolH, o] ) AEETx YD T AHE L}EWJ
29 200tk FHB YRV 9RE4E FHHE FR5d FolA FE A RHIHADE B

¥& Qft(high Quality value)& 7t 1 Qthx #oh 0|8 THE 22E bandwidth7} zqé}z
E?ﬂ%‘ +% 9ok

2
L

[e]

—

<ayg 1> <Y 2>

. f ) f: fh

Fig. 2.11. Resonance curve: the mmtmlenumndupmdnudnﬂurml frequen-

<y (/7). The sharpness of is expressed by Q (quality factor).
The f; and f, are the frequencies, lbuvegm-dﬁelgwbe respectively, where the
2 Y resonance, vely, where
210 with a small fies or damy R
mwwwmm; fork. dgpemgw:u «u{'&‘.ic"y"‘ a"n'fm:: iwrkp‘ mR::Iwn :: m 5‘"“ or & 9by 3dB. 1 curve of bigh Q. I
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A g7 & 79 AFAHE A2 JE &S (pure tone)E& TEC] Wed vt @Ay

Baygao g w49 3}’8’“1 T4+ v &(harmonics)E°l 74 wEAAH, o] 7|&
52 FHBEL EH8A FE FASde 1 SEHE 284 qdrit 12dB 4 €= A=
=3 *P%’ Biee 2N -F’r"éx}—u—t 290 Al 9% F71HA Fr1AFC] FHEAY

FANPozN AP SAHYoT A7t weE ¥EseE FUFA EEARFE AT A
th o] EFHP L YT g% 71 ﬂ%“(ﬂ 34, fundamental frequency, FO)2} 272 nj
S(harmonics)EE FA FAHY, Wi AFFE 718 2% FAFUR o)Fo4A Joyt 7749
1eE5e YdgHo2 A77F ZAHA %" ggd we g JIES /A Ao 2 olfE A
B HAEoM oute FHE G o3 WErt A7) ot

Atgel TETBE USEAY FA £FPBFH AFZTH we BExIPHLS o] Fo|A 3l
A SRR FY BEL o)lFn U3, A BEYoZ Jtedzt A9 Aok A 3E#EE dFLS
By FHELE 9 closed cavity resonance tubegli Azte W, 1 RFE ofdfe ¥ 3%
e A HPE F& Folu dAY B Aol A Q& AR UFE o). o] W FHUE ¢
Z zo Aurt gen, 93 e FEo 4@ A ¥ Aot FHHL wE MdyHE
FHERE T 9T “’J)“ e BolA WAl W Pstep wkAbshe] R st AT
(standing wave)E TE = Utk # o] =3 Yo wAMGe] AAIE N7F Hof B £

OO}:%

A= vl (node) & °]-r_l— o] Zo] d8 Yo 2FdE Hl(antinode)E ©]F A "t F9
o] % ] AU 2R dEdEe A$dE AHF ¢e FPFH4(F], first formant, A1 dH)
= C/2Ld 8AEL. G Ce F71FNAY 289 £%(340m/sec)ol L& e ZHojojrh
g FTHFASFEL 7| BFHFASFY HS F Fn=nC/2L, n=1, 2, 3, 4, -—- °|th.

<319g 3>

Fig. 95-28. Sunding wave distributi | pattern of volume velocity for each of first four resonances
of simple wbe and corresponding positions of nodes (V') and antinodes (A) i vocal tract. (Modified
from Chiba and Kajiyama. 1941.)
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g yo] dASYT A o, Fl= (2*1 1)*34000crn/sec/4*17cm 500Hz,
F2=(2+2-1)*34000cm/sec/4*17cm=1500Hz, F3=(2+3-1)%34000cm/sec/4*17cm=2500Hz & AAtE 4
9glonl, & A FHFALUNA A1SFH(F], 1st formant)= 500Hzo #1223+ 1500Hzl

A3L A E 2500Hzo] A QTS RS & + Utk AAd YoM E /o/9 L2 FAHERSE W4T
W AErt uud gdeA €8 JerR AR duAo] vuy AT AGF 5+ e,
A9 S 500, 1500, 2500Hz 2] FAH= AL ¢ 4+ Yrh

ol FozRE e AX o] LE ZA AU ZA W FHFHASF7 WA S 49

2% & Aok AAZ A=Y Polst 4 HEY % AR oK 85em)dl A FYIIHSE
1000, 3000, 5000 Hz 2Xo) 4=, 449 H=t daol wlsted o 15% FHohI (gL 564
Aol Wahed 209 7h B A< 600, 1800, 3000 Hz ¥2o) W4T

-~

2. 9-2¥ o] &(Source-Filter Theory)

25 A et 713 HHEZAQ o]&o] ‘FU-HE o] E(Source-Filter Theory)ojt}. o] ol &
& Fant(1960) 9j3le] AAHA =, o o2 WAlH o Yo duiAe AddA LdAxe 54
AU el &g gt Ao 93 HEARTE Aotk o] oJ&8& AAF o3fstr] HsiA
= Adie JEe g8 Avie 29 AU E 2dHEF BHNA Hojof 3, a3 Azl A
o dig AR A-dg o] HEL 4 *3"401] Al 7HA 847 F8 F8E st A= JHHE
- oh ol Al 7HR] 84FE ddle HE ot ‘TF 2FE ] (laryngeal spectrum)’, A2 HE 7| 5ol
olgt ‘T d(formant), 2 F7|7t de Heg WwEd W dveElvds  WAFS A (radiation
characteristic)’©] T}

1

1) 5% =¥ E3(laryngeal spectrum)

Aol g st "”35]": &Y JdA & A S(glottal sound)E FA2FEH(line
spectrum) 22 A, 7HE ¥ Fago 74F  dUAE A L7t EAsteE of& 7lEF
GFO) L 8HH, o] 7| BFug A5 wld dFHE Fadid duAst A&t EAA
€d ol&& v &(harmonics)elzt 3™, & SEtE &7 wuitt 12dBY A7|7t Eol=€ Aoz
g4 Aot

add, 24 Ald AUE 2ok ZetA 2ot HAERFZ ALS ZA 34, o
quotient(OQ) & #HA 349, vWjSEY dluxe A7 A =
A AUth(ZF 4, Fletcher, Flanagen)
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Amnp.

o8) <Y 4>

VAVAVAVAN RN

fr. (Hz)
Small OQ

NNNN L

Fig. 2.9. Open quotienmt (OQ) and frequency (f7) spectrum. The smaller the OQ, the less
the decay in intensity of harmonics as a function of frequency. The glottal sound with
smaller OQ is more efficient. i.e.. greater intensity for the same flow rate.

Large OQ i
|
]
f
1

2) &3 dl(Formant)

FHEo] dd :01“874"“ Aol &3diel dHE goA o]n zA 3 ’é"*?ﬂ"i‘iﬁﬂi Aq71M e gt

Z A $¥ge # |2do=2 ‘?_Q’ F o, FAEHY FE ALHE S¥dE BT
2ol 3-470 & AM&3ot Z} L3 Agoly EMA S 54L& 1 ‘S Y FIH(formant
frequency) ¢ 'S8l 9] ¥ Z(bandwidth of formant) 22 7| &t}

ol2|g ¥ BREFZE AHEQ ‘Aol 5 (transfer function)& EAFT & $FFZHEEH &
< dqYAE A= E’-°‘:°ﬂ o3ld MPAA ¢ ez wEHe= 29 JdUAZ uiyofFE 7]%%
ok oAl LI AEE 28 AAUAE A AFTse Aol otde BalM &2 dUAE HFHA

e <ad5>
St .
Glottal Sound  §
i
1 2 1 (cH2)
oB
TN 'g [
vocal Tract Fa
Resonance ) 4
3 A
1 2 t (kHz)
a8
PO i
Sound st the
a Tﬁr‘"
T T~ T r-r--y- 1/1
2 f (kHz)
Ptf)-S(ﬂ+T(f). In logesithmic acale
Fig. 2.14. The glottal sound S(f), the transfer function of the vocal tract T(f). and conse-
quent sound at the mouth opening P(f)
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o] 4x ¢ #o]7]%(transfer function)S &2 &std &7 B}

P() = S(f) - T
3l & (glottal sound), T(f)& transfer function, P()e Y& ¥re A23& et} o)d
Jgo% FHESH 19 59 ¥o

SiHh= 4
We 49

3) ¥WALE- 4] (Radiation characteristics)
227 4 o2 wiEE o AVlE HEHERE T F o WroeE HAE Age 7] Fol
A BE o HAA HEZ oW Ae WA
Hrie ¢ oquyixde ojux izt 2, ole
olgol+ ‘mF B (high-pass filter)'e] 4&& 3ot
A 9] xtolE & LEFE mir} 6dB A F7bEc).

3. A% o) & (Perturbation Theory)

d & o) (Perturbation Theory)o]& HFHZTEH & A
33U T WelE 7R e oot d8 £/ Bge
Aot ol Wt HEe dREo] FoAAY HolAA Hx gz
A "ok olwf 1 Bgo E4S ZAHAE AR B wad 1 ®

goh oA 2 ¥ F FHFHAFY AR 8 A e 2% (cochlea)e]
53 FoaFoed sigsHe FEEY AFE doAN Y & =
ot}

oldf mici(node)®t ®i(antinode)e] F2Ha Hojol ma} g3} Zo] LU 9Yx WIS Qo

g # Utk

1) When the tube(vocal tract) is squeezed or constricted near a node for any
resonance(formant), the resonance frequency(formant frequency) is raised.

2) When the tube is squeezed or constricted near an antinode for any resonance(formamt), the
resonance frequency(formant frequency) is lowered.

qebrbrt e B4S B NS 2AELS AN 49 ol2e TANA actHnd gei 2
o},
D a3 4T 5849 digo] BEoIAE P,
- 0g Fol| fsto] MLIE MEs| WeA Dolok FTh Taort HEES ofuix| 2LE
Y 4 9o du, UP BT HUE ZoH 253 580

2 o
1%}
4>
30
n
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relationships of fy al frequ

- MEstee BoHIFI7] Ystol MOiE 22 et ojuel 3B B sjof sict
- Mo AL dF50| 47|H, MUl FH2Y(cover)ol B2l SEE FUIHE YESHH BoF
X 2322 Yool YastA WSO X X| RotHLE HIZ0l 4IAH Ech
- Hii2So Joidd), MUEUSO| <zt WHeR HEE LML BX REE @2 Z
go| Hestct
- wa #@o| Byt ole HEF FAD ubrcationS T T2 Mo det M Wes)
ct.
<118 6 >
. [} ] le] [a) (] - {ul
T i ||
L2
ot | _ B T I‘ |
W00 - ’
2500 e e .
N % ArgAAR
2000 A R A A i = 5
A HIE v i o N AL A
hhaad i E e v ] e dmad -
1000 - 1 =] S T
. -t ayr LR Il )
o -
- auphagyp e wi wiy e -l ol - - - b =
®e T 4 s 12 18 20 24 Z8 33 8 40 44 ab 52 54 e0 e 88 7z 78
A Tuene (Secunds)
Freamency [i) [a} [o} (9} }
V™ ason I J- | _[ - L -
3000 o - ADLAAY-
W h N VAN AVl d
2500 ALy i Bal O T™
2000 TR L i
1500 F- - A
1000 -~ Y ~
o 11 B S Lo i
®a S 1.2 18 20 24 2B A 36 40 44 48 52 S6 60 04 &8 F2 Te
B Ture |Seeoras!
Prequency 1 e} [a] (o} [w) 1 e [u) B0l (v} (@) Led Lol [u] [v1
7 . .
f—— N 4- ; B o M s -
i » 9 » W W, L L
3000
o AR
N M AA P A X 0 s f
200 }3 - i 8
sy It R . ~ -
1500 I I3 1Y -] ) R 4 - -
' S
~ P SN W - B ™ Ry X, 5 S Sy
1000 —- P ~ b
S0 = a— pre
o ] y e -1 1" =
o .a & LT 18 IO 24 A 32 36 40 44 48 ST S8 20 44 88 T2
C Tirng [Secorumg |
Figure 4~-2. 5 gr-plnc displays of sung vowel seqt  sung phonation, showing spectral

. AL S
y and harmomic partiais durlng the changing vowel sequence [iea owul

B. Dewched briel sung phonations (onsets) on the vowel sequence [i ¢ 0 0 u]l. C, Repeated senies (three) of the

vowel sequence [i € a o 1] in 8 susteined phonation of approximately 7 seconds.
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2) & F3o] Hojof Aok
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Ok

By

23 3 A AF8stojo} Bhoh

mjo

- 3Hze 932 Ue Hyo| BAHL HF0| MI|X| A sHol Sct AHetol £
bandwidih7t S M 2Y quality?t EoiX[AH Ect

|0

[m]
Dojo
09
ju}
1o

Yof| L X| 7} 2500-3300 Hz 2ol 47[= ‘M7t S¥H(Singer's formant, 18
68 Me = T E F&o| st
(ZRE X Metypol wefs & o 289 ZF<t BAIflol 2500-3300Hz &0 &t ol
Hxi7b 20 A= HE singer's formant2t1d Sk,

0!
-nO.?.

2 9stof Mze| Zo|g el Hol £20] € F ct E3
39t F47F M2 JIbI ™A Moty S8’ gAo £30| Ecois
OlE ¢slole g aA Halclerl £58 2oz u2le wWHol US =+
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