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Analysis of Voice Parameters on Different Phonatory Tasks using
Multi-Channel Phonatory Function Analyzer in Healthy Adults

Sang-Joon Lee, M.D.,* Kwang Hyun Kim, M.D., Ph.D.,* Myung-Whun Sung, M.D., Ph.D.,"
Jong-Lyel Roh, M.D.,* Tack Kyun Kwon, M.D.,* Kang Jin Lee, M.D.,"

Kwang Suk Park, M.S,** Jong Min Choi, Ph.D.**
Department of Otolaryngology-Head and Neck Surgery,” Medical Engineering,™™
Seoul National University College of Medicine, Seoul, Korea

Background and Objectives : The complex physiologic structure of the larynx can vibrate in
three or more different ways that yield acuostically and perceptually distinct vocal quality. The
purpose of this study is to examine the normal range of voice parameters in Multi-Channel Pho-
natory Function Analyzer and investigate the difference of voice parameters according to the

phonatory patterns.

Materials and Methods : Forty normal adult speakers (20 men and 20 women) with age rang-
ing from third to forth decades pronounce low, comfortable, and high tone /a/ ; comfortable tone
/=/, fil, o/, and AW/ ; fry, falsetto. Voice was analyzed by Newly developed multi-channel phonatory

function analyzer.

Results : The normal range of voice parameters in this system was similar to the existing data.
Fry shows high jitter and falsetto low SQ. Fry and falsetto show low OQ in men but no difference
in women. Jitter, OQ and SQ were different between men and women in modal register, whereas
there was no gender difference in fry and falsetto. In frequency magnitude spectrum and EGG,

modal register, fry and falsetto have distinguishing pattern.

Conclusions : Modal register, fry and falsetto are distinguishable in voice parameters and show

different vibratory patterns.

KEY WORDS : Multi-channel phonatory function analyzer - Fry - Falsetto.
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Fig. 1. Inferface of multichannel phonatory function
analyzer.
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Fig. 2. Accurate pitch detection using both average
magnitude difference function (AMDF) and Fast
Fourier Transform (FFT) .
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Fig. 3. Open quotient(OQ) and speed quotient(SQ)
from electrographic signal. OQ is ratio of the time
of open phase to the length of entire vibratory
cycle and SQ is ratio between opening time and
closing time.

Table 1. Normal range of comfortable tone /af

Male Female
FO(H2) 130 £215 216 £165
Jitter (%) 061+ 015 040+ 0.15
Shimmer (%) 061 0.22 046= 0.34
OQ(%) 348 + 9.29 21.9 = 6.09
SQ (%) 256 £970 171 £49.1
Air fiow (ml/s) 115 £60.4 720 +290

e 71E0) LA | A ol Mool £t
(Table 1).

& AT, Wk 4El, w2 48 fof/ AT Al
o] 24 W Ajo)7} =R ANOVA(A three—way
analysis of varience) 2 #3151t} WA A5 jitter
o)A p—value7} 0.44Z Al 3kl Freld Aol7} =
7207 1391} AFE A9 post hoc testollA # A
2| fol/g} T2 4g /olAtoleRt Xfol7} AL W
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Table 2. Comparison of groups with differen'r FO(low, comfortable, and high fone /a/)

Low Comfortable High p-value
Male
Jitter(%) 071+ 0.24° 061+ 0.15 0.55+ 0.19 0.04
Shimmer (%) 0.66+ 0.30 061+ 022 058+ 027 0.58
OQ (%) 335 = 9.72 348 £ 929 292 = 112 0.20
SQ(%) 260 =£783 257 =*97.0 206 + 611 0.07
Airflow (mi/s) 114 £821 115 +£604 130 £112 0.81
Female
Jitter(%) 0.58+ 0.35 040+ 0.15 049+t 036 0.18
Shimmer (%) 055+ 0.80 046+ 034 044+ 025 0.60
o (%) 222 *+ 675 219 = 6.09 182 + 6.35 0.10
SQ(%) 179  £59.7 171 £49.1 161 £ 729 0.36
Airflow (ml/s) 744 =384 72.0 +29.0 123 + 334 0.83
* : difference in Post Hoc tests
Table 3. Comparison of groups with different vowel (comfortable tone /a/. /ce/. fif. 1o/, Iul)
/al lae/ fif _Jof fuf p-value
Male
Jitter (%) 061+ 0.15 057+ 0.19 0.55+ 013 053+ 015 051+ 0.20 0.39
Shimmer (%) 061+ 0228 0.44+ 0.12 034+ 013 056+ 034 047+ 0.19 0.00
O (%) 348 + 929 343 = 951 348 = 942 336 = 978 352 * 8.85 0.99
SQ (%) 257 +97.0 263 +851 270 +756 245 +£795 257 =£756 0.92
Airflow (ml/s) 115 =604 114 +698 111 +698 132 +£6563 145 =700 Q.46
Female
Jitter (%) 040+ 0.15 036+ 0.18 045+ 020 038+ 0.16 047+ 0.32 0.44
Shimmer (%) 046+ 0.34 0.34=x 015 025+ 0N 041x 0.16 035+ 0.24 0.04
0Q (%) 219 £ 609 237 £ 778 251 £ 752 260 +164 251 £122 0.77
SQ(%) 171 +49.1 161 £729 165 =61.1 168 £595 164 £517 097
Airflow (ml/s) 720 £29.0 67.9 +47.3 64,1 +£40.9 69.5 +354 935 *£61.8 0.39

= : fi/-/a/. /I]-/o/ difference in Post Hoc tests
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Table 4. Comparison of groups with different register (comfortable tone /a/, fry, falsetto)

Comfortable

Fry Falsetto p-value
Male
Jitter (%) 061+ 0.15 185+ 1.22° 061+ 024 0.00
Shimmer (%) 061+ 022 090+ 050 078+ 033 0.05
oQ(%) 348 + 929 22.0 £ 100 211 + 9.2V 0.00
SQ(%) 257 970 274  £137 144 +102° 0.00
Airflow (ml/s) 115 =604 885 + 864 189 =137 0.01
Female
Jitter (%) 040+ 0.15 137 1.5 060+ 0.48 0.00
Shimmer (%) 046 0.34 061+ 027 048+ 0.28 0.29
OQ(%) 219 + 609 180 + 895 241 £ 115 0.14
SQ (%) 171 =491 150 =+ 699 120 =+ 678 0.04
Airflow (mi/s) 720 £29.0 411 £ 360 153  £137 0.04

= ! difference in Post Hoc test

Table 5. Comparison of voice parameters between male and female in modal register, fry and falsetto

Modai register Fry Falsetto
pvalue p-value pvalue

) M 061+ 0.15 185t 122 061+ 024
Jitter (%) 0.00 0.65 0.96

F 0.40% 0.15 137+ 1.15 0.60+ 048

M 061+ 022 090+ 050 0.78+ 0.33
Shimmer (%) om 0.05 0.00

F 046+ 034 061 027 048+ 028

M 348 = 9.29 220 + 100 211 £ 9.21
0Q(%) 0.00 0.22 0.39

F 219 = 6.09 180 = 895 241 = 115

M 257 X970 274  +£137 144 +102
SQ (%) 0.00 0.00 0.4]

F 171 %491 150 =+ 699 120 = 67.8

Magnitude spectrum in speech Magnitude spectrum in speech Magnitude spectrum in speech
o1 00 01
00 0.0
0.0
0.0 0.0
0.0 00 00-)
O'OII|II T T T T T T TTT 0'OIIIH T T T T T T1TTdl 00T I rororTTT
100.0  200.0 5000  1000.0 1000 2000 5000 1000.0 1000 2000 5000 10000
a. modal register b. fry c. falsetto

Fig. 3. Open quotient(OQ) and speed quotient(SQ) from electrographic signal. OQ is rafio of the time of open
phase o the length of entire vibratory cycle and SQ is ratio between opening time and closing time.
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Fig. 5. Speech signals and EGG in three vocal registers.
Falsetto shows slow wave besides small saw tooth
wave.
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3N AT =¥ w¥o] BojEd ol HE AEAE
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g7t AFsH= Ro AZE?

H
=

tAld SARMAAE o 8FoEN 4%, EGG
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