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ABSTRACT

& larvogograph was developed to omeasure the open and closed movements of
vocal Folds in our laboratory, This stody attempred to eveluate its performance by
cotnparing its glottal date with that of the original lacyngograph, Ten oormal Korean
adults participated in the experiment, Each sobject produced & sustained sowel faf For
about five seconds, This study compared 0 walues, contact cuetients of the doraticn
of closed vocal folds ower one glottal polse, and ares guotients of the closed ower open
vocal folds derived from glottal smves using both the originel and new laryngosraphs,
Fesults showed that the mean snd standsrd dewviation of the bwo laryngographs were
almost cotnparakle with 8 correlakion coefficient 0.BEE kot minor systematic shift belosr
those of the originel lervngegraph wes  observed The aksolute mean difference
converged inte 1 He, which iodicates s possibility of adepting some threshold of
rejecting inappropriote pitch walues bevond a threshold walue, The centact gootient of
the normel subiects came oab slightly ower the 50%2 in & citation speech, Finalls, the
ares guotient conserged inte 10 We will pursoe further stodies on the abtorimsl

patients in the Eoture,
Eew words' larvngograph, glottal waveform, pitch variation
1. Introduction

The source of speech output can be best fraced bwv using a larvrngograph
since 1t directly reflects the wocal fold mowements through the electrical
impedance between twoe electrodes placed on the superficial laver of the
thyrold cartilage (Fourcin 1981), When the two vocal folds are contacted, a
strong current wil pass while keing blocked by the intervening alr when
they are open (Hawward 20000, It is useful to measure the pitch wvalues
against background neoises because it collects only the electrical currents
across the wocal folds, As a result, we may minimize pitch detection errors
which come from the woice waveform mimed with bkackground neoizses, A
therapist can help clients practice woice exercizes by using information of

1} This study wes supported kv & grant of the Korea Health 21 RéED Project,
BAnistry of Health # Welfare, Repoklic of Korea (02-PJ1-PGI0-31401-0005),
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vocal fold activities on a graphic display,

Becently, we hawve dewveloped a larvngograph in our research laboratory
(Song 2003), This study attempts to ewvaluate the performance of the new
laryngograph by comparing its glottal data with those of the orizinal device,
We will examine the larvngographic data collected from ten normal Korean
males using the two larvyngographs,

Mormally only one larvngograph can collect ditect imput from the two
electrodes attached to the thyrold cartilages of a subject. Thus, comparable
data was collected by the original larvngegraph and the new one in sequence,
In order to minimize the acoustic wariation within a speaker, we decided to
control the production of each subject bw asking him to listen to a model
svnthesized wvowel Ja/ and to repeat it at the same pitch level, The
cotnparizon mmay raise guestions and proklerns, which will lead to further
studies on this topic in the future, In addition, this study may provide basic
data on the glottal waveform of normal adults,

Z. Method

Ten subjects participated in this experiment, They were graduate students
of the Pusan MNational University Hespital MNeone of them reported any
speaking or hearing problems, Their age ranged from 26 to 33 wears old
laverage=296%.d.=263),

Each subject produced sustained vowel faf (greater than 5 seconds) a few
seconds after listening to the stimulus in a quiet office, Teo eliclt somewhat
similar pitch lewel a token of synthesized faf with an f0 of 130 Hz and the
duration of 10 seconds was presented wia a headphone, The stimulus was
svnthesized using SenSynFFC 10 (Yang 1995), The amplitude and formant
values were obtained from one of the author’s production and the other input
values were set as default ones, The recording was made on a personal
cotnputer at a sampling rate of 11,085 Hz per second, In order to examine
individual wariation, five productions per each subject were stored on the
computer,

A total of 40 tokens (4 productions = 10 subjects) were selected for
analwvsis using Praat, a speech analvsiz software, We made three kinds of
measurernents: f0 walues per fokern, contact queotients, and area guotients,
Figure 1 llustrates a laryngographic waveform,



Figure 1, The first subject’s glottal waveform showing two plitch polses,
¥-pzis denctes time while v-axis does amplitode, Upper nombers
indicate sector duration in seconds, 146426 is (0 walue of the selected
gecker in He, The closed aren is filled in gray swhile the open aren in
Hack,
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The contact gquetient was determined from the closed duration to the open
duration in tme, In order to compare subtle wawve variations, an area quotient
was alse calculated from the closed area over the open area (Dejonckere and
Lebacg, 1986), They made an electroglottographic study of normal adults and
patients with wocal nodules and reported the area guotient of the glottal
waveform of the patients with wocal nodules significantly reduced compared
to that of the normal subjects,

Those walues were collected using a Fraat script (Appendiz)., The script
read the wave file and hbandpassed it within the range of 50-~4,000 Hz to
remove high frequency neizes, Then, the larvngographic data were fraced to
find the starting and ending point of each glottal pulse by searching the
crossing polnt at which the positive or negative sign of amplitude walue
changes intoe the oppesite sign, The current script did not include the first
derivative of the glottal waveform which is a good indicator of the timing of
laryngeal opening and clesure (Sercarz et al, 1992), Then, the pitch wvalues
were determined from the duration of each glottal pulse, Since the duration of
each production was not the same, a decision to examine the first 250 glottal
pulses per token was made to compere two different measurerments, Four out
of five productions were adopted to derive statistical results in order to awveid
obvious measuremnent errors, too high or too low pitch walues within each

subject, For example, a subject showed an awverage of 333 Hz for his {0



values in one production but that of the other four preductions was stable
arcund 154 Hz, The reason might be caused by the loose electrodes to the
neck skin while producing the wowel, Another subject had an average pitch
value of 121 Hez for the first token while that of the other four productions
amecunted to 145 Hz, Prebably the subject could not tune to the stimulus at
the beginning,

In order to test the walidity of pitch walues from the script we compared
the first subject’s f0 walues either by the Fraat pitch analysis ewery 00067
ms which almest matched each glottal pulse or by the script, The awverage
difference between both methods came out as -202 Hz -within the first 400
points,  Motakly, there +wwas a normal  distribution  around the awverage
difference, 50% (197 points) of the 400 peints showed a difference of -2 Hz
while 2134 (84 points) were placed 1 Hz below or above the mean, Then, 5%
followed 2 Hz below or above the mean, The correlation coefficlent hetween
the pitch walues bw the two methods was 0,735, The pitch shift might ke
related to different interpolation techniques deriving the pitch walues,

3. Results and Discussion

3.1 Comparison of fil Statistics
Tabkle | lists means and standard dewiations of 2680 pitch wvalues per token
preduced by ten Korean adults using the twe larvmgographs,

Takle 1, bEans and standard dewviations of (0 walues collected Erotn ten Kerean
subjects using both the originel and oew larvngographs, The ooits are io
He,



Subject 1)} sdl 1[4 sdi | (D3 sdd {IL} sdi
Ll 1232 11 126.B 11 | 1E6F 1.0 1230 1.0
L 15E.,B 1.5 1554 14 | 1B H 1.2 1ED.b 1.1
L3 153.B 1.2 154,3 13 | 1550 1h 152 [ 1.3
L4 153.3 11 154,3 el | 1511 [ 1453 1.h
Lh 140,3 0.7 137,k ed | 1383 11 1389 1.0
LE 1228 1.2 121.0 0E | 1280 1.3 1212 [ 0F
L7 1353 1.0 1381 11 | 1362 11 114 1.0
LB 14,4 1.1 14,4 17 | 140k 1.0 13B.1 1.1
LY 1334 0.k 1333 05 | 1341 0.B 133.7 0.5
L10 132.B 0.8 1355 14 | 1334 1.1 131.6 1.k

Avencge 1405 iy 409 14| 85| 12 1400 £I
Q) 14,5 1.3 1428 6 | 1464 1.1 1433 1.2
e 140.5 0.b 1430 13 | 146k 1.0 1450 1.h
NE 1323 1.1 1125 11 | 146k 1.2 148.7 1.2
[l 1431 1B 146.0 1B | 146D 1.3 1457 [
L5 138.2 1h 1404 10 | 1366 1.7 138.6 1.3
LG 1037 0.4 104.1 1B | 1107 1.2 113.7 1.1
MY 1317 15 130.B 12 | 1234 1.3 1317 1.1
LB 1282 1.1 131.0 08 | 1872 1.3 1267 11
NE 133.1 0.7 1342 08 | 1342 0.4 133.0 0.7
M1l 1842 1.3 1242 12 | 1207 0.7 1182 [ 1.0

Avencge 1327 12 1Mi ¢ | 1M8| 12 M8 | 12

The awverage fll values cn the 12th row of the ten subjects by the original

laryngograph are almeost the same as these on the Z23rd row by the new

larvngograph, The glottal data from the new dewvice wielded quite similar pitch

values o those of the original one, The standard deviation of each foken is
altnost comparakle arcound 1 Hz, LZ has the highest pitch walue of 1605 Hz
while M6 lists the lowest pitch of 1037 Hz, M1 lists the highest standard
deviation (45 Hz) while L9 shows the lowest deviation (05 Hz) To examine

the pitch walues of the two devices in detail we plot each mean fI walue of

the four productions altogether in Figure Z,

Figure £, B0 walues from the original lacyogograph and the ones laryogograpt,
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In Figure %, cone can notice that the pitch walues are spread arcund the
line of equity, Generally, those walues from the larvmgograph are lower than
those of the new dewice, The correlation coefficient is 0BEZ, There are a few
points which exactly match but we can note some systematic down shift
from the walues of the new larwmgograph, Since we could net measure the
values at the same time on the same subject, we could expect some variation
within each subject, Each individual may contrel pitch walues if he repeats
the svnthetic stimulus ower a headphone, Howewer, since each individual has
a different perceptual range of the same pitch, the pitch walues are supposed
to wary slightly on an individual hasis, Yang (2001) reported that twelve male
and female subjects perceived the same sound quality within the range of
105 Hz of pitch wariation, Further studies on  trained singers may he
interesting to see how exactly they can mimic warlous pitch walues ower a
headphone,

Table Z, lists means of absolute difference between adjacent pitch walues,

Takle £, Comparison of the mesn absolute difference bebween adjscent pitch
values of four tokens per sukjeck, The units are in He,



Subject (11| Dift?z | Diffd | DAEEL
L1 0.B2 1.00 0.93 0.BB
LE 1,64 1.20 1,28 1.00
L3 1,31 1.07 117 1,18
L 1.10 124 1.20 112
Lk 1§ 0,96 0,95 0,73
LE 0,71 0&E [.B3 0.5
L7 0,96 1.02 1.00 0.BO
LB 1.05 1,16 0.BD 1.07
L 0,50 057 [.EE 0,55
L10 0,78 1.08 0,78 0,78

Avenage {9 .98 97 87
[l 117 0.9z 1.24 1.10
e 0.6 0,96 0.95 1.28
[3 0.90 1.00 1.01 1.2l
[d 0,99 112 118 1.3
[h 1.04 0,78 096 0.BY
[E 0,73 1.04 0,73 117
7 1.08 0,94 1.01 0.BB
[B 0,90 0,69 0.7 0.0
[79 0.70 0.BZ 0.7 I}
M10 0,78 0,61 [.5E 0.5E

Average 090 0.97 097 1.00

In Takle 2 an aksclute mean Jdifference of arcund 1 Hz occurs between
the adjacent pitch walues, The difference mayv be comperakle to jitter or pitch
variation (Wang et al 1999), The highest difference came out as 164 Hz (LZ)
while the lowest difference did 052 Hz (LG}, The pitch walues of a normal
subject did not change greatly, This result may ke applicakle to the
pitch-sifting  algorithm in which the pitch walues higher than a certain
threshold may be rejected as obwvious measurement errors, Alseo, those pitch
variations may be applicakle to the swynthesis of natural speech output, The
samme fl parameter across the whele duration of a wowel mayv sound like a
mechanic speech, MNext, we will examine the contact guetient of each

proeduction,

3.2 Comparison of Contact quotients
Takle 3 summarizes the contact quotients of f0 walues produced by the
subjects using the two laryngographs,

Takle 3, Means and standacd devistions of contect guootieats of £0 walues
produced ke ten subjects,



Subject | CQ1 |CQsdl | CQE | CQsdi | CQ3 | Cesdd | Ced | CQsdl
L1 0.5l 0,003 063 0,007 0.5l 0,00 0,61 0,003
LZ 0.e0 | 0011 063 000k 0.5 0,008 0,64 0.007
L3 0.6y | 0.0 0.6 0,003 0.5 0,007 0,62 0006
L4 0,50 | D.00% 0,60 0,007 044 0,006 0,48 0,006
Lh 046 | 0,008 062 0,016 051 0,006 0,63 0006
Lb 048 | 0.007 0.5 0,006 050 0,006 047 0.007
L7 056 | 0.007 057 0,00k 055 0,006 0,57 0,003
Lb 043 | 0.007 047 0,015 0.5 0,011 047 0,017
L3 0.5 | D005 0,51 0.00% 0,58 0,005 0,51 0,005
L1l 0.5 | DO.0DB 0.5l 0.007 0,53 0,013 0,51 0.011

Avergge| 051 | 0008 | 057 209 | 052 | 008 | 02 2009
M1 0,50 | 0,008 053 0.013 051 0,011 0,63 0,010
ME 0.47 | DO.0DB 048 0.007 0.50 0,006 0,65 0.0E7
M3 0.5¢ | 0.007 054 0.007 056 0,010 067 0.007
i 0,60 | D005 0,52 0.006 052 0.007 0.51 0.006
A 046 | DDiE 0.46 0.00f 0.47 0.014 0.45 0,006
LG 0.51 0.007 0.46 0.011 0.4 0,00 0.46 0.014¢
M7 0t | DDIE 0,b4 0.013 0,54 0,018 0,56 0,011
S 0,51 0,005 0,50 0.00h 0.43 0,008 0.0 0,006
A 0.6 | 0007 0.b2 0,006 0,54 0,013 0.4 0.0ov
K10 0,62 | O.0D0B 0,64 0,006 0.b2 0,008 0.h3 0,006

Average| 051 | 0008 | 051 2008 | 051 | 0.0#) 0.5z 2010

From Takle 3, one can observe that there is not much difference in the
average quotient of the two equipments, On an awverage, the contact quotient
of the duration of contacted wocal folds to the total duration of the glottal
pulse amounted to just a little ower the half, That means that the <losed
duration is slightly longer than the open duration, In detail, 0672 of L3 lists
the highest quetient while 045 of LB does the lowest, The standard deviation
ranges fremm 0005 to 0027, These normal subjects  produced  almest
comnparable contact guotients from the two dewices, Here again, we plot the
individual walues from the two larvnegesgraphs in Figure 3,

Figure 3. Contact cguetients cktained from the origingl lacyngeeraph agalnst
those of the oew larvngosraph



Ly

A5

575 &

55 ul

m]
O
525 oooEo
O
m]

475 = e

A5 m]

Contact guotient fror the new larymeosraph

A4 425 45 415 50 5250 55 515 6 625 6D
Contact quotient from the original laryngograph

The walues <were spread around the line of equity, The cormelation
coefficient was 0576 which shows somewhat weaker correlation between the
two data, Generally, the data cluster arcund 05 which is within the range of
the modal voice between 30 and 55%% (Carlson and Miller 1998: Yang 1996),

3.3 Comparison of Area Quotients

Table 4 shows the means and standard deviations of area quotients of 0
values from the subijects, If we compare the area guetients, we can make
more subtle comparisons of the laryngeographic waveforms,

Takle 3. MEans and standard dewiatichs of the ares quotients of 60 walues
ohtained from ten subjects using the two [BIyngoeraphs,



Subject | ARl | ARsdl | AR?Z | ARsd? | AR3 | ARsd3 | ARM | ARsdl
L1 1,001 [ 0032 [ 1.00E [ DO.OEF 1,000 0,026 1,001 0,041
L 0,382 | 0,011 0,585 0,017 0,554 0012 | D.8E8 0,008
L3 1,007 | D0.0B1 1,001 0,014 1,000 0,01k 1,001 0,010
Ld 1,000 | D.,00B 0,594 0,020 1,000 0,00k 1,000 0,007
Lh 1,000 | D01 0,598 0,01 0,586 0,011 0,596 0,011
LE 0,987 | D.0DB 0,587 0,003 0,587 0,016 0,587 0,008
L7 0,986 | D.0ZB 1,000 002D 1,008 0,023 0,986 0,06B
LB 0,987 | 0070 1,010 0,163 1,003 0.0BD 1,0ED 0,167
LY 0,996 | [0.0DB 0,593 0.008 0,588 0,008 0,593 0,008
L0 1,000 | 0,007 1,000 0,00k 1,000 0,007 0,553 0,007

Averpge| 0098 | 007 | 1000 | 0032 | 1000 | 0827 | IO | 00
Q]! 1,000 | 0045 0,595 0.070 1,003 0,047 1,001 0,034
e 0,386 | 0018 0,586 0,015 1,000 0,04k 1,003 0,103
K 1,007 | 0,087 1,003 0,063 1,000 0.013 1,003 0,036
[l 1,000 | 0,007 1,000 0,003 1,002 | D051 1,001 0,0ED
[h 0,393 | 0,051 0,596 0.0E7 0,587 0,015 0,556 0,036
Lb 1,001 | D02k 1,000 0,015 0,556 0.DEk 1,000 0081
MY 1,014 | DEWY 0,565 0077 1,008 0,12k 0,966 0,014
Lb 0,396 | D0.00% 0,596 0,005 0,556 0,016 0,553 0,016
VE 0,993 | DO.01E 0,593 0,013 1,005 0,123 1,000 0,04z
&0 1,000 | 0,011 0,593 0006 1,000 0.00% 0,553 0,004

Averpge| 1002 | 0055 | 0998 | 0037 | IO | 08 | 0999 | 0036

Generally, the data from the two devices showed almost comparable, On

an average the walues conwerged inte 1 while the standard dewiation ranges
from 0004 (10} to 0Z7F (N7). The wvalue 1 on the table means the same
area value of the open and closed wocal folds, If it 15 higher than 1, it will

mean a wider area of the clesed wocal folds, Figure 4 plots each individual

area quotient,

Figure 4, Plot of ares gootients collected from the originel larvogograph and
the new larynzograph,
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It seems that almost noe correlation between the two data exists but we
find that thev are closely clustered together, Therefore, we may ke careful
not to conclude that the two larvngographs worked differently, The same
applies to the comparizon of the contact quotients and the area queotients to
find an almeost ne correlation because those walues were clustered clogely, If
we had included abnormal subjects, we might hawve obtained somevwhat
stronger correlation,

4. Conclusion

Thiz study compared the f0 walues, the contact queotients of the duration
of closed wocal folds ower one glottal pulse, and the area quotients of the
closed owver open wocal folds derived from glottal wawes produced by fen
healthy Korean adults using both the original laryngograph and a new device,
Results showed that the mean and standard dewiation of the two
laryngographs were almost comparakle with o correlation coefficient 0662 but
sone systematic down shift from the original larvngograph was observed,
The abksolute mean difference conwverged inte 1 Hz which indicates a
possibility of adopting some thresheld of rejecting inappropriate pitch walues
bevand a threshold walue, The contact guotient of the normal subjects came
out slightly ower the 5022, The area quotient conwerged into 1, There was
altnest noe correlation between those walues from the o larvngographs n
terms of contact or area quotients, which might be attributed to the clustered
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data, Further studies on the abnormal patients will ke desivakle in the future,
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Appendiz: Praaf script
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clearinfo
numker=1
filenamed="lar"+" nurmber™”
filenametoll$="lar"+" number "+ s
Bead from file.., CALyDocoments\MNocimalDatal tilenametul l$
Filter {pess Hann band),,, &0 4000 100
filenameband®=""tilenamed "+ _kband "
select Sound Cfilenamekband$
Benarme,,, “filename§’
duor=Get duration
nurnsagle=40000
sarper=Get sample period
finish="dur -0,0d
call setting
call starkingpoint
call eadingpoin:
call swlpoink
procedure setting
i=1
j=1
=1
sarncottact=0
surmepen=0
etudpr oo
procedure skartingpoint
valindexz=Get walue ab index,., "0
it “walindex -
while “walindex’ <0 and "I <"nomsatmgple”
=1+l
valindex=Get walue at indexz,, i
etudwhile
else
while “walindesz ==0 and "7 < numsample”
=1+l
valindex=Get walue at indexz,, i
etudwhile
while “walindex” <0 and "< nomsample”
=1+
valindex=Get walue at indexz,, i
etudwhile
erdif
prdpro:
procedure endingpoelnt
= numsarmgple”
valindex=CGet value ab index., °f
if “walindex -
while “walindex” <0
j='§-1
valindexz=Cet walue ab index,, 5§
etudwhile
while “walindex ==
j='§'-1
valindexz=Cet walue ab index,, 7
etudwhile
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elze
while " valindes” ==
j='§-1
valindexz=Cet walue ab index,, 5§
et swrhile
erdif
erdindez="j"+1
etadpt o
procedure sylpoink
while “walindex <0 and " <"endindex”
="+l
valindexz=Cet walue ab index,., 17
erd while
while i< endindex”
contackonset =1
while “walindex =0 and " <endindex”
sUrmcontact="sumeontact” + valindes’
="+l
valindexz=Cet walue ab index,,, i
etudwhile
cindez="i"-1
contactoffset’ =" clindes”
cvalindez=Get walue at (ndex.. “cindes”
openchset B =1
while “walindex <=0 and i< endindex”
sumopen=aks " walindes )+ surmnopen”
="+l
valindez=Cet walue at indez., U
endwhile
cindez="{"-1
openoffset’ o ="oindes’
ovalindexz=Get value ab indexz,., “oindex
call analyee
=g+l
o ehkack=[
sunopen=0
et wrhile
etadpt o
procedure analyze
cops cotitactonset’ B contactonsetpat
copy contactoffset’ p” conkackoffsetpat
COEY OpROONSEL B openotset pot
copy openeffset’n’ openofisetpnt
pulsedur="openctfsebpnt - contackonsebpat”
f0=1/{" sarmper * polsedar)
opendur="openoffsetpnt” - openonsetpat’
opetratio=0 opendur{ pulsedur )
corabio="sumeentact’ [ sumopen’
fileappend CANyDocuments, Normal Cataresult
prink “p tak® DD tabE  openratic: 3 ek coratio!d T newline
prdpro:

Beceived: Januvary 15, Z00Z,
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