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Usefullness of the Vibration Pick-Up in Detection of Pitch
for Synchronization of Laryngeal Stroboscopy

Jin-Choon Lee, MD', Byung-Joo Lee, MD', Soo-Geun Wang, MD',
Jung~Hoon Roh, PhD? Sun-Bok Kwon, PhD® and Cheol-Woo Jo, PhD*
'Department of Otolaryngology and *Biomedical Engineering College of Medicine and ’Department of Linguistics,

College of Humanities, Busan University, Busan | and 'Department of Control and Instrumentation Engineering,
College of Engineering, Changwon National University, Changwon, Korea

Objective and Background : Laryngeal stroboscope is an useful equipment in evaluation of vocal cord vibration and in early
detection of mucosal lesion including invasive cancer of the vocal cord. Recently Lee et al.(2006) developed portable strobo-
scope using voice as synchronization signal. It has been frequently impaired ability to synchronize the flashes even in normal
female. Authors tried to investigate various methods including vibration pick-up, microphone, laryngeal microphone, and con-
tact microphone for development of simple and accurate method like electroglottograph signal. The purpose of this study was to
estimate wheher the vibration pick-up is available and is consistent with the signal of EGG.

Subjects and Methods : Authors compared the signals between EGG and noncontact method such as voice, contact methods
including vibration pick-up, laryngeal microphone, and contact microphone in normal twenty adults (male 10 and female 10). The
number of peak: in one cycle was compared with the number of the peak in EGG and the percent of phase difference in the peak
was compared with EGG. Also, authors tried to investigate which site of vibration pick-up was most effective for synchro-
nization of stobo flashes. Three site including anterior neck below the cricoid cartilage, thyroid ala, and suprahyoid region were
analysed.

Results © Among various methods for synchronization of strobo flashes, vibration pick-up was most effective method in peak
detection. And anterior neck below cricoid cartilage was the most available site of the vibration pick-up.

Conclusion : Authors suggest that vibration pick-up is most available and effective method for synchronization of strobo flashes.

KEY WORDS : Stroboscopy - Vibration.
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Fig. 1. It demonstrates the collected signals using PC quirer 516.
Each channel represents as follows. Audio : voice, ch 1 : EGG,
ch 2 : laryngeal microphone, ch 3 : contact microphone, ch 4 :
vibration pick-up.
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Fig. 2. It shows signal of linear prediction error. Red line indicates
glottic closure instant.
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Fig. 3. It shows various synchronizing equipments for collecting
signals. A : Hectroglottograph(v1.0). B : Vibration pick-up(AGK
C411). C : Condencer microphone C417PP. D : Larynged! mi-
crophone (KAY-PENTAX).
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Fig. 4. It shows vocal cord movement? during one vibratory
cycle and EGG. A : Change of vocal cord during one vibratory
cycle. B : EGG of one vibratory cycle. C : The signal of dEGG 1-
2 both closed, 3 upper closed & lower 1/2 open, 3+ upper
closed & lower open, 3++ upper 1/2 open & lower open, 4-5
Both open, 5+ upper still open & lower 1/2 closed, 5++ upper
open & lower closed, 6 upper 1/2 closed & lower closed. Red
line indicates glottic closure instant.
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amplifing the signals.



EGG 4135 Matlab 7.09014 AA7} et A es)ols
olgate] Tagiet WA A 9ol wl WA} AE

©X), B35 BEHEA THEES ol SHo
2 288G BE AN A5 @ 5719 H2uelA
A2k Adizkel 80% okl B Ale) HHol thes

A& 1t M5 v asiich

6) YA Phase difference)2l Jx

4 7H] Aol s=1¢] 383 dEGGY B 9=t
ol A= AAE 3 F71oM %2 EASI.

7) NE YE 22 oA IE 51Iﬁli’l “ﬁl
E HE79 4212 J‘dsal%}

¥, s 2
37 Agsnow Je/Sk /% W3
571 slef ol 131e] #AsAE M, dEGGSk B4 4
A7k QABRER, PP} ol A= QXS sk

8) FH¥ ¥F AEEHAIIE 0|80t AEE
290l

HlAEY vlo|la2E 2 HEF 47 vlo]aZE, EGG,
AF AE7), FF nlola2E 5 57K AA 413 % EGG
o 7 fAkR NS *d‘i—",o}@ Lee %,” Kwon “] 7}
e FUE T AERHATEE o]g3fo] HA 5713}
7b & HEAE AT FUE AERRATINE 5W
LEDE °]&% #ui¥ F9os 4= 3deH ol
7mm ZAY FF7, CCD vzt AlA”, BUE 5o &
B2 gt

9) 1

t—=374 ¥ Bonferroni 478& ol&3te] FA M3kl
1 p<0.058 FJg Ao WL

Ez=2ge] 118

4 14

1. * B3

w | AR Z¥2F 10789 /al, fe/, i, fof, fu/Q) 718 3
5 Ak g@Ab A4l 718 Fuls Hd 119.2Hz
oA 179.9HzZ ZAE 1 (Table 1) o7} A19) 718 F
U= H 229.5HzolA 314.4Hz2 &35k Yy

OIZE - 0185 - g2 -

2ol 85 91 JEelA Je/st /S ‘?a_ s}gg-;- %
’“’\1 Je/, [/} vl@ate] 71EFHET} &
2l &ul ik

2. i ATE NT

7 AEE A A3, 5 dEGG A% e A%
g @) BT 5 WA HIHETHFig. 6). 1F AE
71e dEGGH A AT QAHAT AE A
R ot 5718t A £AL Bk S o)
oAz ES 15 vlo|22E F FAE dBGG s
3 o519) Aolg wolid) @ 3719 Aol ofebh
Eptom, FF vlolazEe ShAE wol Uehgon,
el el ek

3. ) e =

IREEREL RRE RV EEIEENC I
o] 80% oVdelX B A FHo) LheEAF Hlwalsic

Amplitude

@AN@J W‘“"""‘-\w-"“”"wj k‘“‘""“"- il "‘}%NMJX‘"}’ TimI

;’E R {i{ &] !‘,ﬁ, WAmpIitude

@ ,..ff ‘ Ve

Amplitude
M M/W\W
C —» Tlme

é! ;‘V”i g Amplnude
—p Time
{( \ Amplitude
SN
—p Time

AT

Fig. 6. It demonstrates collected signals using Praat. Red line
indicates glottic closure instant. A : dEGG. B : Vibration pick-up
C : Microphone. D : Linear prediction error. E : Laryngeal micro-
phone. F : Contact microphone.

Table 1. The fundamental frequency of normal male and female subjects

\
Sex owel /a/ /el /i/ /o/ Ju/ Tongue protrusion /e/ Tongue protrusion /i/
Male 119.2 129.8 135.5 131.3 139.0 148.0 179.9
Female 229.5 236.6 233.4 231.1 231.2 2549 314.4

Tongue protrusion /e/ : /e/phonation with tongue protrusion, Tongue protrusion /i/ : /i/phonation with tongue protrusion
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Table 4. Comparison among the application sites of vibration
pick-up

Site Peak(No.) Phase difference (%)
Trachea just below cricoid 1.0+0.0 1.4+09
Thyroid ala 28+0.5 10.7+1.3
Suprahyoid 28+0.5 4.1+1.1
No. of peak

Signal

Vowel Linear prediction error Microphone Laryngeal microphone Contact microphone  Vibration pick-up
/el 21+0.9 45108 32*1.5 1.0+0.0
fif 2.4+0.7 4.4+08 33x1.4 48+0.9 1.0+£0.0
p<0.05
Table 3. Phase d fferences among the pitch peaks in each signals (%)
Vowel Signal Linear prediction error Microphone Laryngeal microphone Contact microphone  Vibration pick-up
/e/ 23.8*6.5 31.2+8.4 29.9+9.5 30.2+7.5 24+27
/if 259184 32087 28.0+9.9 320+7.3 1.8+0.9
p<0.05 n
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