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= Abstract=

Acoustic Analysis of Reinke' Edema

Sang Gyoon Kim, M.D., Hong-Shik Choi, M.D.,
Seok Cheol Kong, M.D., Won Pyo Hong, M.D.

Department of Otorhinolaryngology, The Institude of Logopedics & Phoniatrics,
Yonsei University College of Medicine, Seoul, Korea

Reinke's edema is used for describing varying degrees of chronic swelling of the vocal folds.
The acoustic analysis of Reinke's edema has not been reported so far in this country. The
purpose of this study is to clarify acoustic and acrodynamic characteristics of the Reinke's
edema. Several acoustic evaluations & aerodynamic studies were done in 20 Reinke's edema
patients and the data was compared with those of 20 normal controls.

Videolaryngoscopy also was done to classify the severity in grading. We used C-Speech,
Doctor speech science, and Phonatory function analyser. In C-Speech, we compared jitter,
shimmer, and SNR(signal to noise ratio) of normal and Reinke's edema patient. In Doctor
speech science, we compared NNE(Glottal noise energy), speech fundamental frequency, voice
quality between two groups. And in phonatory function analyser for acrodynamic function test,
we compared speech intensity, airflow rate, and expiratory pressure between two groups.

In conclusion, Reinke's edema patients showed lower voice pitches than normal, additionally
jitter, shimmer, SNR{signal to noise ratio), NNE(Glottal noise energy), airflow rate, and
expiratory pressure may be meaningful parameters for diagnosis and prognosis for treatment.

KEY WORDS : Reinke's edema - Acoustic analysis - Videolaryngoscopy.

A =

49 ABH FHEOEA 7 /N, 7 Fddd g
2 H2E 3Ee kYo ALH T AFAA o=
AT FEgE AFERA A E40] /s AT
Apdolt. AAgAol siQ1e) Sl /iS4 (vocal pa-
rameter), & & X(pitch), = (loudness), &2 (quality),

F574 (flexibility) $ol = Aol A, 43, 84, A7
5ol HEe o4 2eg®

2 A2 (Reinke’s edema)S ZFATF AAA
o2 Bolgle AL dan, 2AFH oz = o9 &
QAR F7H(Reinke's space) @] Aura <l 2ES o)
a0 Welozt BEHY AU &4 F, Ao
8wy, A 715 A s #Eo] glon FddAd
20 F2dE Y2 95 (Gastroesophageal re-
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flux)2 23 I35 94195 (Laryngopharyngeal re-
flux) b= BHE Bo] gl Aoz wusw I’
FoRe dutgos AMIETE F
go] ¥ $- & ztu AR FAM 2240
IEE Z7MEY 284 wdAdE 9% S 4
Ao} Gutgt AES YfAY A& oA A o
A 443 ARE AR o2 FHo AP’

AR A HAAZREQ AUEFEA] AT |
A FYGME o]n] 19943 Eo) BEHIUT". ol
M= Shibas(1992)3 Yonekawa(1988)7+ eli#l%:
FUAE FTFEY o3 AP A3 HEE A F
Yoz BFs S4%H 548 71ed vk U 28y
22 Yol AE o} AAREY A8 F4o]
8 o] gt}

lo

i
o
2
re
Jim
O:

24, vzgoed o 289 S4%Y 54 ¥
Uolt el AR A2 B £88 Fud
st

ME S U

.o &

199213 49 o|F FeARIANY, SHIAA
Ta R4 SN §4 AAHE Aldske A
FEFOT e 204 o) ¥ - Y 244 108 WY
o2 sigvh. B4 diz T 71994 W 28, AFA
A, Aol ASE AE, 23 T3 U3HE ¥
T A9 F2€ &, W 47 108110,

1) 2|FUMX|EAIZHMaximal phonation time)

S8 EY FHUA BEY APTPAEALL
BAE Ao QA 81 3R TEE MUEA ¢ 0
& M HAE 222 Yo/ BES A3 4A Ux
2 3 % vlg) #u}%) stop watchZ 33 wHEslo 713
7 AN EAsl] FHALAAIZH(maximal pho-
nation time) 2.2 7| 238}git}.

2) AERE AT HAKStroboscopic exam-
ination)
StroboscopyE o183t 45 A9 dlA4 (sym-

metry), AUAEY 73X (regularity), 2AANY A
Zo 44 (glottic closure), A=< AE(amplitude)
2 Ao)dete) 3% (mucosal wave)5S F2a.

T 123 A9 AFAFQ 7EFHTE 7t 9
AAE Aol A stm 38 FES NAEA & F
vfo] Ao A] 10cm BoiAA 3 Aejol A 7HF Hts &
A2 o5z e/ B&S RS At} 7HE IAHE
wAe F34E 7|85 95 (fundamental freque-
ncy : Fo)Z 7|89 n, o dido] 248 4 e
GAE Hn &3 HA L WA T F 24 HngY
I HALYes 7IEst. &4 w2+ Rhino-
Larynx Stroboscope(B & K Type 4919) ol &3}
t}.

3) HFE SHEM 1 (C-Speech version 3.1)

Z} 9 H2E el obA st 3¥¢ TFE SHHEA
g ¥ nlo]adA 10cm B A & Aeiels 7H3 |
Qg 4|2 oF 527 Va/ BEE 2¢ U= F gt
#48 IBM compatible computer(486DX, 50MHz)
2 A/D & D/A card¥#2 DT(Data Translation)
28212 o|43}% 1 Soft ware2 C-Speech(Ver. 3.1)
£ AME-31 T noised $1917] H3}t4 high pass filt-
erg o]&3t3tt. AojrEe] Frjnirte] A A
El(itter), AWAE F7)uicte] ZFxo] B4
4o (shimmer), & (noise)oll ™3+ FAFHZ total
signal energy)l AZHFSH(SNR) 5 S4¥TE
& £33 Zzh vl wstglt.

4) HFEl S4E4M 1 (Doctor speech science
version 1.01)

2%7+9) 248 (sustained vowel)oZ Va/ES-&
AH&3] Doctor speech science® &-4#4 (voice an-
alysis)ell A AdiE 53 3719 #&2 A7 37 (tur-
bulent flow)?] =g Yehls EEFSH(NNE !
Normalized noise energy)®} &2 (voice quality)S
ARtk SAEA (voice analysis)® £2<& Jehle
WE2A 4% (Hoarseness), % 3% (Breathness),
AN E(Harshness)2 EASZ Z4zt 1 Ad =
(Grade)2 Normal(1), Slight(2), Moderate(3), Ex-
treme(4) 22 JFE Fo 3L A3 v
H o] B4% 274L 33124 (speech analysis)el
A 8371855} (speech fundamental frequency
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: speech Fo)& d&dl AH&-3tt.

7Ho|e} wigol' 23
o g AEHE AuEe =4 FAEUG
drjt} o}d QHRE Yot B43] Yatx st

5) YAMI|s=2M (Phonatory function analy-

sis)

Z YAAE oA oA 3tz 38t ES S A
& ¥ mouse piece® 3717F A =% &2 £ 4
HolA 28 9 F 7P Ut B4E2 o523 /o/
‘B&E WEE 3ld 24715 847](Phonatory func-
tion analyser, Nagashima Model PS-77E)& o}&3i
Qo= 20cm HoA XolAe] &4t (sound pres-
sure level : SPL)S &3 W3 ¢ AREE 371
9] 441 37188, 283 7|4 HYA 7S &

A3ksict

6) HICIRFEFAAAL

PAARZEA ] A9 A HeshH oz o 4
& AT E TR ol ga ). AT Feist
A Ag A (Grade)® HIULEFHHAME Shiba®
(1992)7 Yonekawa(1988)7} 37}4] typeo2 B-F&
NNELR 715U,

[ 8 SAARE 3] e ¢ FHAAT
A2EG A9 AEL F-P3 fAHE F¢

I8 RQALS : FFo] Zde] 9 B &8
ol Eu7tA FAHY 45 Adel 7HPgAE] dolM 9
B HZo| ARHE A4

I 8 eJIARZF - 1Fo] 1 A= o] Fuf 71gr]
E SoiMut BaEE 48 B §714 A
8 e BAY HE AT

gIARZAA NN Fejsty A H=(Grade)t
o] & utgds] = SAWUFE PolE o2 HAFHE
AEA, 7T RN G £ AR A
< BE NREY BAY 388 F gl 7B A8E
A0z &t

7) SAHEN

SPSS(WINDOWS Release 6.0)& o|-&43l5it} ¥
T3 BEHARE AFH0l8 AR 7S ATH(D
AH e 25Hols AR 7] 718). &, | #4294
T HE(N<20) vE+dAEY  ManWhitney
sum U Wilcoxon rank sum W test& AH-3t5n 3
A3} GAARFZ 8] B ZAA=(N>20) R4HAY
¢l independent t-test®} Chi-Square testE AHE3}
oot SUAREY FT SAHWUFEFHY vladE
one way ANOVA test o] €3l x 712539} 3
37| EF S BiA] ghel A8 78l pared t-testE
o] &5lHTl BE HAMIA 95% A TE 7|Fo= 3
i P-value 0.0501818 ¢jv) 2l& A L= 3igh

2 o}

1. ZEMX|LAIZHMaximal phonation time)

azjel et AArdbs} 1572 SIATZ 82}
18.3%2 9|9l A}o]2 BHUTH(p<0.05). B A4
2ol o Aot F94L AcHp>0.05)(Table 1).

2. 2E2 P AT ZAANstroboscopic  exami-
mation)

71233}4~(Fundamental frequency)$}
(Vocal range)

71EFERe A AAdgAst 132.6Hz, IARS
A2} 93Hz 2.2, B4R} 213 4Hz, SAAFF
B2 R7} 173 4Hz 2 gEso] eRIAFFEE J1
&9, ALY 2 7jEFurr AR b g Y
BE e 28 ¢ & JAAHp<0.05)(Table 2).

e

o

3. AFES4EM [ (C-Speech Ver.3.1)

1) X (Jitter)

AARIA7} 0.02msec, SRJAATFSAIAE 0209
msec® 2, AR} 0.018msec, SRAIAFLFERAGAI}
0.076msec® BRIARZ AN oul QA 71 A

Table 1. Maximal phonation time in normal and Reinke's edema(sustained vowel /a/)

. Normal Reinke's edema Significance level
Acoustic parameters
mean SD mean SD p-value
*male MPT(sec) 18.3 . 55 13.2 5.2 0.07 (p>0.05)
*female MPT(sec) 15.7 4.8 8.3 3.3 0.001(p<0.05)

*in time watch
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Table 2. Fundamental frequency & vocal range in normal and Reinke's edema(sustained vowel /a/)

. Normal Reinke's edema significance level

Acoustic parameters
mean SD mean SD p-value

*male
FO(Hz) 132.6 18.2 93 22.7 0.002(p<0.05)
Vocal range(Hz)

Min 102 133 77.8 236 0.03 (p<0.05)

Max 3131 949 2113 38.0 0.01 (p<0.05)
*female
FO(Hz) 2134 15.2 173.4 375 0.01 (p<0.05)
Vocal range(Hz)

Min 180.2 158 136.6 38.0 0.004(p <0.05)

Max 408 81.9 2937 68.9 0.01 (p<0.05)

*in stroboscopy

o2 F2HAHPp<0.05). 53] G BF 108018 F
7kl B4 9Juizt I%Aek(p<0.001)(Table 3).

2) &i§(Shimmer)

AR 3.0%, SJAARFTEANLAL 17.1%2
2, ZAdAst 2.6%, SAARZEAAAIL 85%E
FRAAFFEATANA F | 33 dv] A Fohe A
o] ##=AcHp<0.05)(Table 3).

3) MEOHESHI(SNR : Signal to noise ratio)

ARt 22.4dB, SHAARFTEAGAL 12.8dB
o2 AN} 21.0dB, SAARZEAARI} 13,
1dB2 eRIARFE#ATAA &, Y F3] 9v] glAl @
< Ao] BAHYHp<0.05)(Table 3).

4. HFEISHEM 1 (Doctor speech science
Ver.1.01)

1) &&l7|2Fu~(Speech fundamental frequ-
ency)
g Y 25 AR EAZNA @A A

AR 2ede YAHp>0.05)(Table 4).

2) EEEE2(NNE : Normalized noise energy)

AddA7t -110dB, ERIAFFTEALAL -34
dB2&(p<0.05), B4ialrt ~12.0dB, BRJAAFES
Aoz} -4.9dBE(p<0.001) AAARFERTNA

W 3] Adgel guidA we o] FAFU
(Table 4).

3) 8&(Voice quality)

Z4dx(Hoarseness)? 745 A4L 1.6, eIARFF
gz 3.202(p<0.05), £33 (Breathness)= A4
1.9. aAREFEa 3.72(p<0.05) AIE
(Harshness)= 34 1.6, #FAALEEA} 3.22(p<0.
05) AAARZTEATANA & - | E3) o] QA &L
o] #&FATHTable 5).

5. &AM7|5E4M(Phonatory function analysis)

1) 2%(Speech intensity)
BgiA7} 0.3 dB, BAAARFAABAT} 749 dB

Table 3. )itter, shimmer, signal to noise ratio in normal and Reinke's edema(sustained vowel /a/)

. Normal Reinke's edema Significance level
Acoustic parameters
mean SD mean SD p-value

*male

Jitter(msec) 0.022 0.006 0.299 0.526 0.0002 (p<0.001)

Shimmen(%) 30 3.6 17.1 19.7 0.003 (p<0.05)

SNR(dB) 224 26 12.8 83 0.02 (p<0.05)

*female

Jitter(msec) 0.018 0.009 0.076 0.044 0.002 (p<0.05)

Shimmer(%) 2.6 1.1 8.5 6.0 0.001 (p<0.05)

SNR(dB) 21.0 4.7 13.1 4.0 0.003 (p<0.05)
*in C-Speech
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Table 4. Speech: fundamental frequency & normalized noise energy in nommal & Reinke's edemafsustained vowel /a/ in
voice analysis & 2 paragraphs of 70| 2} H| B0} in speech science)

Normal Reinke's edema significance level
Acoustic parameters
mean SD mean SD p-value
*male
Speech FO(Hz)
Max 332.1 51.3 3424 523 05  (p>0.05)
Min 99.0 11.6 89.6 10.1 0.06 (p>0.05)
mean 147.2 21.5 143.0 33.2 05 {p>0.05)
range 21.8 6.4 57.2 25.8 0.001 (p<0.05)
NNE(dB) -11.0 1.2 -34 35 0.002 (p<0.05)
*female
Speech FO(Hz)
Max 3433 442 325.5 53.3 04 (p>0.05
Min 1223 28.7 109.3 189 04 (p>0.05)
mean 2158 20.0 196.3 326 0.1  (p>0.05)
Range 25.1 4.5 24.5 17.7 0.3 (p>0.05)
NNE(dB) -12.0 29 -49 3.1 0.0004 (p <0.001)

*in Doctor speech science

Table 5. Voice quality in normal and Reinke's edema(sustained vowel /a/ in voice analysis)

. Normal Reinke's edema Significance level
Acoustic parameters
mean mean p-value
Hoarseness 1.6 3.2 0.000 (p<0.001)
Harshness 1.6 3.2 0.0002 (p<0.001)
Breathness 1.9 3.7 0.000 (p<0.001)

*in Doctor speech science

ol A4dA7} 72.3 dB, FAARLSIABAT 74.9
dBe=z FEZtel FAEH ule UATHp>0.05)
(Table 6).

2) 7|72 (Airflow rate)

A4d27E 101.Tml/sec, FAAR S5}
240.6ml/seci 2, AdEA7E 136.7ml/sec, AAF
232 @271 413.9ml/secE ERIARZER}NA 3 -
Y F3] 971 A F7F8FATH(p<0.05)(Table 6).

3) 7|2 Expiratory pressure)

A4 27} 42.3mmH20, 2 ARZAA8A7} 97.
2mmH200] 1 AAPEA7} 49.7mmH20, dAREE
dA8A17} 113.4mmH202 SARZHANA 3 -
Y 33] 9n) 3iA F715HeHp<0.001) (Table 6).

6. HIC|REFHZAANVideolaryngoscopic ex-
amination)

1) gelsts 25 (Grade) 2t 34

FAARLZSA NN Hejey BF( Grade)g} g

rE

Fote] AAE vmstyrt. 4™ (Shimmer)7t 73
n2eH L, atke A g itter), A1 ZE-E1(SNR)
o] £A%en, O HE&E SAH fodidel dud
(Table 7 & 8).
il &
g de] BREY ERIARTE FE S
AF e Ao At ¥AL & R2 Y A&7
A FF, g Ao Fo| givtn LA T A
A75AsETRe FAE =30 B0 Yoz
40t ol% FFAAM 713 EdtAl L& Roz geA A
O YRR FEAHez o Y4B S ARdlA
E3ti BEAR AE oA Eavhes XaE o

% 7le 2534 9ROl ol
Fo Bgstn gAY £55% of
71§87 ¥3% UF 83
547

o] &Jz}e] o] FolAr} &
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Table 6. Speech intensity, aiflow rate, expiratory pressure in normal and Reinke's edemal(sustained vowel /o))

. Nomal Reinke's edema Significance level
Acoustic parameters
mean SD mean SD p-value

*male
Speech intensity(dB) 723 41 749 46 0.389(p> 0.05)
Airflow rate(ml/sec) 136.7 243 4139 380.8 0.004(p <0.05)
Expiratory

pressure(mmH20) 49.7 211 134 67.9 0.015(p <0.05)
*female
Speech intensity(dB) 70.3 5.5 749 74 0.336(p> 0.05)
Air flow rate(ml/sec) 101.7 28.7 2406 87.8 0.002(p <0.05)
Expiratory .

‘pressure(mmH20) 423 16.2 97.2 46.9 0.009(p <0.05)

*in Phonatory function analyser

Table 7. Mean of jitter, shimmer, signal to noise ratio in type

1, I, Il Reinke's edemalsustained vowel /a/) (p <0.05)

Acoustic parameters Jitter(msec) Shimmer(%) SNR(dB)
type 1 0.091 8.12 1499
typel 0.122 11.49 11.85
type I 0.686 34.63 5.33

*in C-Speech

Table 8. Significance level in grade of Reinke's edema &
acoustic parameters

Significance level

p-value
Shimmer 0.011
Jitter 0.038
SNR 0.045

SEZE A A2 FUE T2 27171 HolA
713AG 7182 AX FFE T3 e FARAA
A9 JFo] FEHM FAo YeE Aol o] 3
717 S oA do] Huz #yYr)e] 888 53
37] M E F7) 954 A dasin. ANy
o= WA 4o AAFAL ARTPAEANE F
A7\ 3 BEFE718E IV AHE 2Y3in 7
EFas P99 SUUAT 22NTE ol AT

ERE S43AE o3lislr) AdiMe S4B uE
o2l AN FFHA HAL ol FoiA ok sk,
+49 AAA FAL SREATHAHAL 3195 HH
AL FFrEEY % uE 23 439 715N T
of gAAUT. &4 WE ashe AL ¢
AHoz AL =3 Bdshe A2 st AH A4
€ B¥she PHoE g £ o a2y, A4
TR 0d 71T BES ¥ B e AP Y
33, Yo A4 Bdshs W A8 Y RS F

I 3R B slez J4H o Ado] mag®,

FRIARFHAE g dFolnz A2l ¢
A4 SAEY), Fol, AZI(@7]), AHAIZH o
Aol A7l RS YeEh A" 2RRIARE &AL A
¢+ 2AgHozE X (pitch)7t B¥a W37} glo
(monotonous) x#}E A F glon AA B4 =
g7} A%k QG GAARZEAe) 49 A
s 14, AL, 281 FAFIF Lo B
E Bt g, B AR AQARESe A
¢ BEF 22 23niAE $39 JEFee
(fundamental frequency)®t 1, HA &%Q(vocal
range)< /419 vl3 &n] Al PolA] ofu] Lzl
SR 548 AT & Ulich

HADPAZHMPT)S A 24 25~35%,
A9 A$ 15~2527} A A Y.
2 Ao PAAF-FRFANA FY 1ot 9fn] gl
Al dgton o]A e BE o2 g JEHHEH 9T
Rez Aztact. #HEFo] M2 st vk sk
o} FeF AT A U Bud 95 4 9 o)
33l Zlo] U A 1 HARAIAIbo] HojA ), LA
Al 40 BolAx £k AXE AL UFd 2vfn
FA”.

AFH S84 (C-Speech Vers.1) 22 A, 4,
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AR T SA¥TE S8 AdAsd
F71vjcke] BN A (itter) = AERFE F719]
B2 W3}E vocal roughnessst TS A= &34
EQo2 dAQT. o]ALE J|EFuF HIALEE
£48 7 dx, 2F3s BN FFA B0t
o gol@ Roz dAAYTG”. FAbdAE 0.013~0.
015 o] A4deizl= 0.007~0.0089] ¥ daix L
" B d7dAE 349 AR 2F 5 239
o} eRIAFZEHANA BH3)| £ ghe B v
ged 98 T4 X8 RS ¢ F U

AR Ee) F7vitke) 2= 74349 49 (sh-
immer)E F&AQ FNE 3] FF IF Aoz
dsolAn] AE xFH o2 RE 2ol 4+
GA= 1.202~1.7870]32 AR 1.047~1.2419
P9z A . B AFeME e 4oiztol
27 A AT FRIART AN 8F8 ¥
& e 2o 9 Hmeked € 9L FA 2T A
£ ¢ 7 ATk °1E A fviE F2 vocal sta-
bilityE AMEE Aoz YUzt ¥ R4, F7158
o] Fofl, Aol B4 Ze 24 BAEHRY EXT 9
3 A7le e AT WA eelA ghel b
=o',

€A wardformolA noiseoll thg total signal en-
ergy2] dBzt¢l A3 013-2-8] (signal to noise ratio) =
Pdid G S o83 n Fu5 & G|zl 29
oM s AT & Ue YO HESE AloldA g
Fee A s EASE M9 BEHY dn
AEg 4vigts @] e Aow gHAL”. 34
A= 23.556~26.2260]1 A Z = 22.801~27.
1919 ¥z geiA 9. & dPdNE ) s

oiRguigte] 23 ¥ EAHIoY FAARFER}
oA #F3 3L kg B GA] v|udted E 9%
FA 2P A ¢ F Ak

ABH o ofd& vehae 8oz FRHHA
Pz U¥ S4A18s] By AN Ys]
o A AP A9 4989 23 GRABSHEE
A Ao AEE eh?.

2 AodMEe BEAY FHEE wjAst] $sid
23977 2] T3} 90279 ¥ 24 (pathologic voice)2]
ABE 7)22 THE Doctor speech science®¢] S4E
4(Voice analysis)& ©]€38lo &&(Voice quality)

2 B ABYL sy, dF 23 24x%,
FHE, ARZY Azt ZAEE 1~23A0) g ¥)
8 ERIARFERTE 3Hol o2 YuUYA ¥ A
L AP FAAEA Ads EEn B &3] A
£9 7 e 7FsA S ANEA

AdE 5T 3719 &2 42 dF9 AEE Ye
e #9 EF &3 (normalized noise energy)<
olg & - Lol A AAX7L & A QA gk 8 APl
NE AgAg o] -12.0dBolx, ARG Fo| -
11.0dBH 2 2RIAFSEHA] A¢ | 33 9ui o
A FE AAgkS Jehidoh AsdReuEg o o
T WS g A U F o B 3ge] ¥ ¥
AHojot.

2EZRAFHG g B 71EF T (fund-
amental frequency)9= 2= HiA XL 9
St 2% 387 204 (speech fundamental
frequency)< 4ol vl3l AT EALY A 2A
ZA=A oG SAH 9= QAT FF F o B
W& vl Bojop & Ao},

WA FF7050 B FRE dod Fr|9%s
A Axtge] Yo o) LA A= AuiRF o3
PR E £9 849 AdAFE e 9 84%
2ol B3| ot} o] HAblA AL FuE 3
wo] Wyl Az, AYAY, (52 FrH59 o842
. 2 a7 e o4, 57158, 3U19¢ 34
3 uzstict.

Qo2 RH 20cm YolA A9 U= (sound pr-
essure level)9l &% (speech intensity)2 H EA
Al 33dBSPLe]™, 24dBSPLol&HA] vAdojet . ghe}
VB AN - 34AE @l B4 SAHUT
AARFHALS A2 xpo) & ehilA] ket

W= F AHEE 319 §459 5715 (air
flow rate)& ¢#+e] 79+ 195ml/secol 3L, o=
9] Z4E 153ml/secolddmh wlgdolztn d=HA Q)
o B Ao A4 |, WEL BF FA et g
A3, HAALFEAY Z2 on] A A FEHA
o

3714 HYE £71%H(expiratory pressure)ole} 3t
o ol - Well A A= A QIR 4o B A7
diME AAEAH Fo] 49.7mmH200) 1, AR
#o] 42.3mmH20% 2 AAR-ZF8ALY F$ - Y
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33 97 A £ gg YRR

Aze BRIAFTEAE ety oz e He
E(grade)dl] Wt AlFos ¥F8F Z4dvid AW
& Has], I BT dFEe] AH, 4o, A
AESH Y ¢ 7 UG Yokt & Fo2
g3 oj4to] Y ¢ olF ¥FEC] 71 UA
HE Jolng §F A2 AW T FE5HA o]8E
F eoglghs /M3 S AN FF £ A, T
SAAAE Algsta vashs d7ES B8 EE R
ojt},

A ARHA S44E4E 98 Sound spectrogra-
phic analysis & 39 %3 ¥5E & 7| B
o HEAE, X3 FEARY F Fo2 oS
£4 At AEIF AREAD. 1 99 S
FEL 29 A7 T W IR 8% FE 0
o FFEZL dFAFEA, 4 B NG g 2
Ediole] /NI Aste] AY S48 IR AT
717t o= Q. 19619 Liberman pitch per-
tubation factor7} B34 &4 Agd xFo) Bdz 3
A®. 1% 196639 Wendahle XIS} 497} &
A9 2243 Ao Yokn R

FHZole ALEANA Hole 49 2] U# 3
2 H23517] A3 Koitke: RAP, APQ, PPQ%E A

& SAEFES 2718190 RAPY} PPQE Ab-
solute jitters] Adld oz BN et
pitch®] Al7te] W& “smooth change & ¥iAjslz &
A 9] @ (pitch pertubation)dl th3ale 7}EFsig0
4L Zo]7] s netd Aolx, 40)(Shimmer)9
AU g APQE uzbA dnz mAsE A,
RAP, APQ, PPQY T 4§ S4¥sAE 2
Adol= f8A] oAy 9 4 e 2EFH AG
S48} screening parameter® AHEE O E 5= gl
I, F7A8) ¢4 g AF] STAA¥s g F
AR E BL 548 FE W2 g9A Ao

olg|d HFHE o] 83 ST L viAEFHY I
olf}, 274E FIFH o2 YehuFe, 3% Fuj7t g
8 gon HuH AHG /174 QA AoE d& F
ke F3ol Aok

AR old tFF WYPERA YAARZTHAY &
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