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Comparative Evaluation of Electroglottography and Aerodynamic Study in
Trained Singers and Untrained Controls under Different Two Pitch
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ABSTRACT

Aerodynamic study is valuable information about the vocal efficiency in translating
airflow to acoustic signal. The purpose of this study was to investigate the differences
between trained singers and untrained controls under different two pitch by
simultaneous using the airway interruption method and electroglottography (EGG).
Under singing a Korean lied ‘Gene’, 20 (Male 10, Female 10) trained singers were
studied on two one—octave different tone. Mean flow rate (MFR), subglottic pressure
(Psub) and intensity were measured with aerodynamic test using the Phonatory
function analyzer (Nagashima Ltd. Model PS 77H, Tokyo, Japan). Closed quotients
(Qx), jitter and shimmer were also investigated by electroglottography using Lx
speech studio (Laryngograph Ltd, London, UK). These data were compared with
those of normal controls.

MFR and Psub were increased on high pitch tone in all subject groups. Statistically
significant increasing of Qx and intensity were observed in male trained singers on
high pitch tone (Qx;p = .025, intensity:p < .001). Beacasue of increasing of Qx and
intensity, vocal efficiency was also significantly increased in male singers (p <.001).

The trained singers’ phonation was more efficient than untrained singers. The
result means that the trained singers can increase the loudness with little changing of
mean flow rate, subglottic pressure but more increasing of glottic closed quotients.

Keywords: Trained Singers, Electroglottography, Aerodynamic Study, Frequency,
Intensity, Mean Flow Rate, Subglottic Pressure, Closed Quotients
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1. A &

B AL £ oz A9y, Ade Al A wHAE AE oA
&kt (subglottic pressure) 3 Al &8 4 w2 Fo] F3
S FEAoR NHSFS ANASA He o AFR IFE O
glo} &g} (refraction and compression) ¢l F5F Y2 (glottal sound)©] BB TH1]. ©
FTEdEo] AZ(vocal tract) & AYEA o8 71 FH52 2oz Wye] He ¥
ol dejutn, e} Y& TFOR HFHOR 2 go) o]Fo)A Yt AR EXE &
Aol doh2].
g el el Ak 9@ PrrE sed oA 217 ekt A 0E g4 S94A4
o o] &5 YEAE ol AL w$ FLF doltth. FAHAY VA BE&S M
2 Yebd RAE van den Bergl3l7} 1956d¢) Hgoz A3 A &8 (vocal
efficiency &2 glottal efficiency)o|th. o] Aol &gt JE JAMY &&2 A4
g 5489 7 HESH 5719 9 vE vedo AEstY IS YESHS 3R
&9 Fo2 HEHEY, Carroll[4]2 SHAES AAZ U453 22 F428 Aol
bttt Rt

oX
“a

—

Vocal efficiency (VE)

= Acoustic power, watts = 4x 3.14x R%< Sound intensity

Aerodynamic power, watts airflow ratex subglottic pressure
(RZ EA3AY BAE, 54 0.3me I

gy FHAEEE 4V JuidE LY AR, AEIY, IVIHES SAC SHE
"ot U 71 P HoldA Aol & FAWE 718 AAold. dAIRE of
YHE HAgHoln FAA B FEE FA 9 & HES
71E AdEte Be] o AdxE e
atA) @oh[5]. Wil 71 F AR (airway interruption test) 2 Z]Fu A} HHYE HE
e AFFHOR VBt AL ohx AL Y F odE B AHY ZUINS F
st Aolth H2RE U V)& VY JRATE AN HdEsd mestA |92
2 7IFAAYC g8 S3HE 710l AEIGH S8 dASA = gevh 2sY
Bonhuys 5[619 BHxe] o3& Al A% HEFH HEs7A A % KAl 8o

E 22 0F Ze P22 a7IEY AFAT Wt 9= @ M e 5]
Gow AT ALE WA AB AR 95, ATAAYE AL UL of
U wE Rl Al o AL B9E AT F YE WS PAHOE WA

me Jlgola AREHT Yo FridsH A da#l AMEHE Phonatory Function
Analyzer (Nagashima Ltd., Model PS 77H, Tokyo, Japan) ¥ 71 HAH A& | &3 7+4
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Hl HAtahg oz wrAA Y A &3¢ (subglottic pressure, mmH:0) & HF 37|58 (Mean
flow rate, MFR, ml/sec), &¢

(Sound pressure, dB) 9 7]&F34(Fundamental
frequency, H2) & Al £43E & e AH L 7L AH(ITE D).

1% 1. Phonatory Function Analyzer
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g 7 223 24 F 7He 28y duAdeld # £ v TFo)
ste Ao AFel 9 A9 AFoltt wetx wge] @3 AFE U] 9
A AFT AESY, BRS¢ & s NG ZA Yol = A
Z J AR FHAL X7 DeFoltt A Al Adig

gzl o 2= 27493489 (ultra speed cinematography)
3% (Laryngeal stroboscopy), @714 2138 7 A}(Electroglottography)
Lol F AN ESYAAE FAAE S5 HRY BAAN A3E B
& EAste Aoz2M, AdVt dEUE dals A7 A Fot Aol
A3, Aozt @88 Aol FolAle HelE ol &dte] EFT 2HTZ(PEARDE ¢
& %3 AdY FE ¢ 5SS 2 PHolw10]. A ERE L deolA
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v AAY, AdsY #HAr dHE SAHE YA He 25 4
Z Ao HEs vedna € & Y. o W dojAeE FE F 7P 9 Zio]
S BE Zojx, Bt AAHA HHE d7] YA A
3 WH3E Aldt A7le Bie] AMgEHAT (1], A
NAERY HrrellA duba oz AMEHE FAEE A& (closed quotient, CQ,
& =& (speed quotient, SQ), jitter, shimmer, HNR (Harmonic—Noise
Ratio) 5°] At} ¥ A& A}4g Lx Speech Studio (Laryngograph Ltd., London,
UK)+ 2000d 9Fo)A MEe AFLE windowBHBoA ZEdte LT EH A9 71&E
o] M ERYAAE AEE 71712 dASA Dol o]FdA B Fhg EAFHY
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Aol AFE ABAA FAES HLF 4A A2 A (a3 2).

274, 4uEH 2 34
£ ¥ #HE[12]) BAY 3
} 02 3= B ATt o7
Rkloll Al FAlol S4AALE Al@ste] 1 Aol € wlwsteis A7t
HAxd, U A, F(1998)01[14] 7IFAAGE o] &3t Heotdlxn odut A
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FAS st 44AY 59 wolsk &9 ZET FAFLE v A ““doi] H] 3
Z7beo] AAT, T/1HEF ITUYE FAHA Jdt AAA G BFHOR FAAEY
A el S71E 238 BRIPGT B3

AR 2] AFrF AgAs} dukle vl glolA, F7198EH HAg A7)
AERE AAL F UTE F2 ARRIRL A4 2UE BME BHY ES HFE H
oJUo} HA xHE FE& Akl vl ogA thEA el
e A7 PlEE dHold. 2dM & dTelME ARHQ 49 HA T HD
of ¥ A& SHAEESYS AV AIAAE o188t AEHA oAt da 3
A AHAE 24 4 DY SAHLE dotry BH9 S L A
4y g FE JAdel 4S53R Ak AVE Aa o

o3
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2. A d

2.1 a7+g4

99 T AdELE T2 ST 103 200 A01A W/l ekl 3 10
AL BT ST oSS JoTel AT FAU 4, dstgy, 2D AE Yot
VEE FHHYOH, FF 289 el %ioui FREFUAZ 4 Bol 2ol Y
A 4930 B gt AST HATh VA TS A FAL ¥A gyon
AAY 4 4N AT FAEFUAZY FPIUNE 7ML d/el 2 10 Foz gt
A F3} W AYU2 PASY

2.2 47 ¥y

2.2.1 7714 &33 A} (Electroglottography)

Lx Speech Studio (Laryngograph Ltd., London, UK)% SPEAD (Speech Pattern
Element Acquisition and Display) T2 #& ol&3lgict 71838 7L 71FAA
MEZE w927 AdY ALY AT F oF 200msE BATLLE AT F,
Voice Profile AnalysisE 3to] 7|EF 34 (Fx), A2#HH8(Qx), Jitter, Shimmer&
ARy 3).

e

1% 3. Lx Speech StudioZ ©] &3 SAAEAZAL SPEADE 4 /MY AdoA Speech
pattern element display, speech spectrogram, fundamental frequency
contours, Lx contact quotient contours? analogue waveformg AA|Zte 2

B S 3t
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2.2.2 71933 AL

Phonatory Function Analyzer (Nagashima Ltd. Model PS 77H, Tokyo, Japan) & o}
&3t s Fo] Mojurka AEF wiAaE AN ed HE (P REA, BFF
d3)9 A A “HEAl A0 FUEY AY-7|7Pe] fFEe 2EE 2E /ol

Z uhol B2 P (a¥ 4).

of F A A /A/S olRtt & SElH A R /A/A AA EEE I F I|F
Az MEE g8 712334 (fundamental frequnecy), A5 3% (subglottic pressure),
B 5 7)5 & (mean flow rate), &9 ZE(intensity) & FA A (T 5).

# o2t A X £ Al ZH (maximal phonation time, MPT)2 ZAIAS o] &3l HAd &A
EFU1e ¥ A BHoR of BEE Jted AA AEIA st olF 3

|
8 238 ¥ Mg 2 @ Adsq
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2.2.3 A

Zt HHAA A 3 3 ol wE FAste] U JIE BEHe oS 71EFT
9 BAol= AVHESY HANA 538 #g ol &I FANA HFLS SPSS
(Statistical Package for the Social Science) % independent t—test® ©]&3}o] 2z} A3
o) B, RFAAE HIIAHL 7 FFES 95%E AT

3.2 %

L

B 432wkl @&} 28.7 Al(24-31 A, 4uk o3 24.4 A(20-29 A, %
okl gzt 23.1 A(19-29 A, At 9 21 A(19-23 A Rh B ot
B 6.1 d4(1-10 Yoz Aot had 3 1, disdd ol 7 Boldln, &

B
o 2 1L o

2 Hust 4 3, velEol 4 ), Wl A7} 2 Holdh Aol AR BWF 5.9 W(1-1
Doz gstd 5§ Yt o4 5 How gL B aZsugt

3.1 371984 A

3.1.1 €% (71¥=339<, Fundamental Frequency)

phonatory function analyzerold &3 HE 5= FF2 BAIHY A&598A F 71F
ARNE APE wo] vy £8€9) P ohdR T V| Foltt whekA o
Zo] 383 A7 ERYHAA Lx Speech StudiodlM £AHE SEE 40 o] &3}t
Rovh, F HAL 7171604 A48 2% Atolele Aolrt UTHE D).

E 1371983 HA 4 AR dAblM S48 SE Ha(A/ &)

Fundamental frequency
Phonatory Function Analyzer Lx Speech studio*
Male NS 123.53% 6.12 124.71% 6.18
S 136.83+£14.93 138.17%£16.38
NS 248.563*124.83 257.10+41.68
Female
S 285.70X18.94 286.84+19.35

G Heolx, ¢S BEtEELAE YER,

* = ZAAZIANA 23 FX % ¥lm, p>.05, F FAFACE 3elrt ¢lo™ Lx Speech
Studio®} A #& UBEHROE AHSEE 28 ¢ & Uth

NS: Non Singers, S: Singers.

3.1.2 7% (Intensity, dB)
7 7b7% gul LA Axikie) wls| e
o, gx42 AL Al 2.9 dB,
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derjle 10.56 dBo 2 AU I Frtgo] BAIFLR F3lgou(p < .001), 9

A ASolE 997 ARTHE 2).
E 2. 948 U2 Fro ¥s)
Intensity
/Al /A/
Male NS 75.00+£2.78 77.90%£4.43
S 74.36+2.78 84.93+3.03*
NS 68.86+2.50 75.66%4.03
Female .
S 71.00£3.63 79.66% 3.80%**

9E dBolx, 1 &S HITHFLAE e

* A FAAM AR WellM e HlE, P<.001

A S /A S AbelY @R A e HEEY v, p<.001
*hk: /R Sl X WA vlm, P=.035

NS: Non Singers, S: Singers.

3.1.3 7 37]%& (Mean Flow Rate)

kel A9 /Al A At o] YRkl TRU HEgIUlFEol oy d SE
B A$d /A gl 2318 o e ey BAE {942 Y. A7y A9
AorQl Fo] BE gl dnkel Fell vld] BEEVIFEC Rad, /A FolXE FAF
o2 {FASAHE 3).

¥ 3 BAHI) 4E BIEVIHEY 9

MFR
/A/ /A/
Male NS 225.46£74.15 230.60*t72.51
S 195.80£65.50 242.06194.27
NS 143.63+£30.91 186.46+36.85
Female "
S 177.76:£39.89 215.16£57.51

9= ml/secol T, I @S AF+EFxE VERE,
Al Sl AR elxje) v, P=.046
MFR: Mean Flow Rate, NS: Non Singers, S: Singers

3.1.4 XA &34t (Subglottic Pressure, Psub)

AEeLGS 2d FaAF A$ Aotedo] dnkele wis /Al/ FelME Wko A/
2 2L FFo02 Foipod, AATY A AWIFG Aot Apole] & Aol A
gt e & dlold F vl Fel BAAHA AL AT (R 4).
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Psub
/Al/ [A/
Male NS 78.10+23.89 111.60£31.60
a

S 69.10+24.09 111.00%38.73

NS 75.76£28.96 104.43+30.06
Female

S 74.36+20.50 107.13£28.78

@2)= mmH,001 %, I @S BFLEFLAZ e,
Psub: Subglottic Pressure, NS: Non Singers, S: Singers

3.1.5 YA R £ A7 (Maximal Phonation Time; sec)
HUSAALAIFL Adefl FolA dukl o vld] BF SAFHoz {sA F7t
Ho| AR 5).

® 5. HoOEAAEA

MPT
NS 21.59*x2.05
Male :
S 33.27+110.41
NS 15.71%£2.57
Female -
S 25.90*6.25

9= secoli, I L HFTHEFLAZ e,
. GakT el A8 vlE, p=.003, x: oJxF Ul Q] BE p<.001
MPT: Maximal Phonation Time, NS: Non Singers, S: Singers

3.2 AN ERR A

3.2.1 &% (Fundamental Frequency)

g B S A8 I ste]Z (pitch pipe) 2 /D/S S E2AF F4H smye
Ren AZQERY AALANA U 7BFosE ‘3}%3’4 T}
Q1 Aokl Atole] o7t AUV ALY ¢ AN
3 FAHeR 9u] A F2 F& AR

n
]
2
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Fundamental frequency
/A /A/
Male NS ©124.71* 6.18 246.72+12.45
S 138.17+16.38" 285.01+t47.72"
NS 257.10+41.68 496.19+£50.18
Female
S 286.84£19.35 533.69+95.19

99 Hzolx, I g2 BT EE AR ed,

ARkl FAT R dod FATY A/ § B A wlE, P=.026
o AREQ) G Aokl FAZY /A/ & 2 A ¥, P=.025
NS: Non Singers, S: Singers

3.2.2 4 Z#H 4 & (Closed Quotient; Qx)

FAY] AS gl Fol A/ FelA /A Fo2 W3t Al ARuAEe] dutel F
Hial FARCE v QA FrHROY, a4 A w2 AelrirelA /A SellA L
slel AEdldigo] ZAIAHE 7).

E 70480 BE Y2489 A
Closed Quotient (Qx)
/Al /A/
NS 51.31+4.28 50.47 *£5.90
Male .
S 52.28+6.72 56.96 £5.91
NS 46.01+6.27 39.60 *5.55
Female -
S 42.48%£9.41 33.64 *£6.91

98E %o, 1 @S BFTEFLAR Y.
= ASEANA A FRATH A FATY W, p=.025
w1 A )Gl A Adotel oqxFT dntl AT B, p = .048

NS: Non Singers, S: Singers

3.2.3 Jitter/Shimmer

249 dFEE Yerd = jitter, shimmerd] #2 W23 ZRTH(RE 8). Jitteres A<
A TolA /Al SolM At Tol vls} FAHLE orn] A FIFHANLY, shimmers
/Al FAA Qu) A FAHAT(RE 8).
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¥ 8. @A 2o wW&Jitter ¥ shimmer

Jitter Shimmer
/Al 1A/ /Al/ /A/
11.45 6.88
NS 31412 .283%.12
. £5.27 *1.93
Male 9.37 3.23
S .852+ .49° 409*.24 ) i
09 +6.81 +251°
9.13 8.17
NS .285%.10 796 .57
+3.83 +6.47
Female 531 = 36
S 581%.40° 706x£.72 ) )
o8 0 06 +£5.40 +2.66"
@9l wol:, 1 #e WFEFXHT bl
x /A Sl 2 #3¢] HlE, p<0.05
NS: Non Singers, S: Singers
3.2.3 2AE &% (Vocal Efficiency)
SAEEEE 398 H ArbdAH U ARE o] &3t o e do AL

STk AATeANE oA Aul Aol Aolst AROW, dA F geae
SHEEE AW w3 o 10 W 74F wobRh

Vocal efficiency (VE)

= Acoustic power, watts =  4x 3.14x R? Sound intensity

Aerodynamic power, watts airflow ratex subglottic pressure
(RE FAA Y HAE, 54 0.3me} AFE)

E 9 WS BE SAHEET
Vocal efficiency
/A)/ /A/
NS 2.63%£1.17 3.96x£3.17
Male .
S 3.05%1.40 16.1+4.82
NS 1.30x1.26 6.07+1.26
Female
'S 1.53%1.10 6.41£5.64

}e P EEAE Yedd, & gtol 107 Falok &
/A gol A Aol G 4l IR vlm, p<.001
NS: Non Singers, S: Singers
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4, 31 #

2 APE 712 2R 49 FSS PERA @ SHHY S Z7bd B2 W
2 vmstnA HQ70d AAE FUs7) A= A AANER H4Z A tao]
4 A= A5AA A4 QA wAE REE Aol FLaAYTh Wb AL Aol 7]Ee]
229 wAlZ S Z2uA & Ad o 22 s JSHES U0 P AldE
ANt T2 Y7H SMS AT PR AS AT A/ L /Dasl AP
¥ 144 Hz 2%, 2% /A/ 8 ﬂﬁﬁﬂﬂ”ﬂ*’%SHz%%%;&ﬁWFﬂﬂ
Ate] A% & SEEA 458, /D5/, /D6/(576 H) S LAk st ukal 29 7
BEeRT 495 %o 22 uglon, B8 @a duce 39 AY @gol e /c/
2o APate &8 BYIAL. o= ofrkE FA WY WEOD 4zt JFAA
AE g8 tA3E ASANEY StAIE ddde Ao BHHE AE AUz X

gord e Sl WolHt Uwele F9 ER(fa) Babol 24
Aoz 4P 6).

a.>w
)
b
o
o
)
o

—o—L| —A—HI|

600
500

400 ////,
300 P— ‘////._________-u——A*-
200

100

N-S-M S-M N-S-F S-F

I¥ 6. $AZ o 25 W3k duiqle @ 3Fo] Aol aRHET thA Wort iy
23 9 YoM 24 2 RE ¢ F Utk E GAFY 380 A7y AS
7 e W9e] 9lch. N-S—M: Non singer male, S—M: Singer male, N—S~F:
Non singer female, S—F: Singer female, LI: Low tone,/Al/, HI: High tone,/#/.

ul

-

TP NS BESES WHHAE R PAT AWAY A 2F & 26EI 57
A7 288 U= (EAk 124 Hz — 246 Hz, o4&} 257 Hz — 496 Hz),
(1997) [1519) @Fold & 22 elx BELe AF 5§ 712 *2 semitone (FF
£5 dB oz A% R Tel T W AR Yoty g vmsts AL T 2l

FP)

~—
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7} e Aoz AgE

AEHLS BA G AL Adle] gutale] Hld /Al FollME Rkoy /A/
ZolA o gol Frhete L FEOE FopRod, AAFY A9 A HA4A A
olo & Aol AN

BHINREL G AS /A Sl AAA To] YR FRU BIF I FE0
Fou o SEE A5 /A SelAe 238 B TRk eu FAE 942 AU
Azt AL Al Fol ZE FoA gl Fel vls FFZIIFECl 2, /A &
e BFARSE Fs (P = .046).

A W3 vxdd, gukl G Fe /A FelA 75.00£2.78 dB, /A/ &olA
77.90+4.43 dBE H7 Z71L 2.90+3.12 dBolglod, Al dalE /A/ SolA
74.36+2.78 dB, /A/ &°1A 84.93+3.03 dBE H#FF7/1¥E 10.56£2.61 dBE FAH
o2 fFoAstA A FoM W] Ak (p < .001). 942 BLele /A SAA
4G 7o AT A T guA gy FUtRAAE FAF Aol AN
o

71&9 A7E Y MY
A Hx 3E2HE d8 4
go] Qu}{16]. Sundberg, Titze E[1718 AFAA Jd7tEL <o
Fukp7t E18 o] AESGE T ouirt =l AESEiqtel F o uivt HY, BEL 24 W
o 29 Axst <k 8-9 dB AE Ztstin B3 dgith oW AT AN E ARE
ZAME Uikl Fo] ARG o Fou FFIVHES AdFoz & vd 1
AT 2ANME A4 Lol ARG d BEIVIHEY A5Fel o A JEY A7
s} dAs gich AT R AU 29 BTV ARSAE E78n 238 HF
I71%E& 2 AEsSte] Zad AHE Y ole otk QY Ao, F2 F
g, 3 Ay 28 F8OE QA% Fo] oldrt F&5HojA,

AEAAEE 28 A AL g 2ol /A/ SolA /A F2= WAst A Uil
Zol vl& FARCE ou QA Frtgoy, Az A4 wdE AdA FAAM /A F
A 38 AEEH o] FasArt

o] Aol off TS AUA? AEHHEN FFE VA= 22 oY AT Y
v, 2 F M3 2% AL 24 AER 24 Ao AEHAE Aloldle ¥ A
FAZE Q& Ao Hol vt &, Fxo Ao wet dule AFFI)Y vl o] Ao
7 @Asted, A7 ¥ 59 " A4 vis] Al ddRer de FEot
71842 4719 vigol AR AEAHEE AAA EvH18,19]. B8 SE(F)
9 F7le AEHAEE F/AY 29 WUl vX e 9§ FT Wl v&] ax
& Ao Hol Ut & A7 AAAAE EA A9 BE &

Eddgol 718 A B 5 UtHE 2). 284, 94 g9 A9 FEHAEe) d
e Toksly 22 AARM nSE ZANA 238 AEuHHE) B2 RE B £

o 52 1o
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Stk Howard § (1995)[20,2119) Q7<) 9sha 94459 &4 A3/&Ed 7103t 4

BANE Aol 55 843 BA} dE Aoz g Utk @4 Adad 3
NRFshae] ggle] 4ot ERY Azl 37t 84E AT g0 Fbet

DA Glont, 94 A9 9ot MR R TEANE P

rir r
o
o

B3

rid

, ¥ SRAME £ AEEAE JEe Z2g2 Hol o oJ¥A FAN
$9 AAL A+ (vocal register)? A7} Y& A2 4G, AF&E GHHH
o] a2 wWigte] wel 22 J|A FtoA d £ e d5d 23 & T g

28l 9] A F(speaking register)E AT (modal register) 2 7HAd T (falsetto
register) 2 TE31, =T w9 AF(singing register) = FA 7 (chest register), F
AT (head register), 7F3F-(falsetto register) & 723} &£ FA T4 FATF Aol
Z2F (middle register) & $7|% $t}[22]. getA & HFNA o 4+E ut4d o=
A o] o] YelYA HEd o] 95 A (voice transition, F register
break points)°lgtx Fc}[23].

Aoty FHIE ARolY =Y E Folste

o do) otk Ty ¥z ok YuWlEo] g
LEUtE AE7F ZepRAY o ol 22 4R

o7 HH‘M] He )\° —1";: g gk ®vbE &

uorie

go bl mN oX o

Mojo oo

|o

!
(3(_:

2 3 FAN FA Alolol Ao & w3 glo] WnuyA nSoE g#5d F Jdon
—fi—?i‘”’q e dulIRg &2 49 ¥ & A €t £ passagio® & X A
3 Raaydx gu Adaeen Z FHE 288 WA 9. passagio® e SF2
/‘}‘DD]'E}' g2x 289 A, 289 FH we 2o, ¢4 F¢ dukder FAHT
U EAFAM FATE uAE $90)A passagioF @ttt ] AL FANA FAHL
29 passagiot= ¢ 400 Hz—500 Hz F=NA YetdA =9 o] & AAR ofd 4+
2 AL st wEtd AR gd B WsE siAA ok gEiA o] &9
7t obd & S8 JIESCE AMEEAU, AYo| FHE A4 AHdrtE ddeE F
o G Aetrte Axne FdsA BE T Al AREAEe] Frlete AAE &

F Qe Bdd.

B e AN YehlE A EQ jitter$ shimmerE RA /AH/ SolXe Aol
jitter7t o) oy /A/ SollME 238 shimmerto]l BAHCZ {F3A ZAHA
gutH o2 & FAHANMET WA =] uet B IYMLE YA 2 AR H
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