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Usefulness of Glottal Inverse Filtering Analysis
in Pathological Voice
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Purpose : In this study, we introduced Aalto Aparat, a piece of open-source software that ~Correspondence : Bum Joo Shin, PhD
can automatically execute glottal inverse filtering (GIF) and analyze various parameter E-mail : bjshin@pusan.ac.kr
values. We also tried to determine the usefulness of various parameters through normal and

pathological voice analysis.
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Methods: GIF analysis was performed on 20 normal adults and 20 with vocal nodules, and  Revision revised : January 11, 2021

20 with vocal cords palsy. Using Aalto Aparat, two steps required in the GIF study were Accepted : January 29, 2021

inverse-filtered and converted into a glottal waveform, and the converted glottal waveform

was analyzed in various ways. Analysis variables included open quotient (OQ), speed quotient ~ This work was supported by research grant
(SQ), closing quotient (CLQ), amplitude quotient (AQ), and normalized amplitude quotient of Pusan National University.

(NAQ), and quasi-open quotient (QOQ).

Results: By converting a general voice waveform into an LPC spectrum for converting to a  ORCID

glottal waveform, a glottal airflow waveform is obtained, and this waveform is integrated Hee June Park

again to confirm that the glottal inverse filter analysis waveform is automatically analyzed https://orcid.org/0000-0002-0522-5220
without user's special manipulation. The OQ, SQ, CIQ, AQ, NAQ, and QOQ values of normal Bum Joo Shin

speech using GIF were analyzed to establish a reference value. In addition, it was found that  https://orcid.org/0000-0001-8638-4524
the values of AQ, CLQ and OQ are useful for distinguishing between pathological voice, vocal

cord paralysis, vocal cord cysts and vocal cord nodules.

Conclusions : In this study, objective values of the glottal waveforms of normal adults were
obtained, and these parameter values were applied to negative diseases to determine whether
there was a difference from normal voices; it was found that the GIF value is useful for

pathological voice diagnosis.

Keywords: Glottal inverse filtering, open and closing quotient, speed quotient, voice

analysis
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4 g 78 4 AkAlky, 2011). GIF 242 53 24
4 9 bl gErEHES A9 9 (time-domain)Z ok
Y Y(frequency-domain) 7|5kl weh depxich A|7k-F9 7]6t
e e A7 S8 e ARl N 9 HiEe &1
< FEclo] A2 BEctet HRHCE HE T A, &
Age, Haf A7t Qlck Foe-49 7et oeEEs Hl o
HiS(H1-H2) ¥l&, ZE4 AHEY 7]87] 5o] AUrkSundberg
et al., 1999).

GIFE 24 & Y= AZEol= YiE MATLAB 7|59
AFHES 85k oy ol ZEIHY 50| §le st
RS0l A7t ofEe olEet - AAsH] Heii=
Praat®} 2= AT ARHRo] 7hdgh ZE 7o Hgsith
7 GIF #4% 9t 9 AZEQo|2= DeCap,
VoiceSauce, TKK Aparat S°] qJE0& ARgEo] 1 Qich
DeCap BE 9 o3& B9 HI-H2, B3t A& A 52
BAS 4 QItHGrangyist et al., 2003). VoiceSouce= 23 £
A(jitter, shimmer, NHR )3} &7 & 4 ozt £4 mlepv]
HHI-H2)E B4 4 UcKShue et al, 2011). tAHoz
TKK Aparat2 DeCap®| 4] mztr|eoA AMEA7} AR A3
= T & JUTF sto] mA] E4o] 7hesteE itk Al ZE
A BT SR dhelA ARt A Ushd ojd AZE
AoIE ARESIEA] BT 2HE 2E & JoH AR HHo] o
g AE3 ATEYOE AT 4= 9}t TKK Aparat®] 41
o]= ®Ho] Aalto AparatZ 7]& AZELJojoA TJ#jy 845
Zdekote] AREAF JEH QIEHO|AE HE35E Zo] EXJo|tt

GIFo] digh Agd+E AmEd nxles 47 38 o4
|wsto] G o olx} BAo] xlE 343 skt R8st
52 218193 (Corcoran et al., 2019), 35U A2 st
T AW (artificial neural network) ¥UEEOZE AREE)
tHAicha & Ezzine, 2016). E3t QA5 7199 ¥y 34
gAste] 27] A 943t Aol E8=1 QtkNarendra &
Alku, 2020; Zhang et al., 2018). GIFS] £4]9] t}ofst mjatn]
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1, S ok

2 A7 g2 diEH Y oIS HE sl SRAER
BAIn AXNE 53] HZ&Gocal nodule), AAHdE(vocal
cyst), ¥4 Adiu|(unilateral vocal cord palsy)® Rghdt
2 A T 608S tFoRE SiitHTable 1). W& &

439 Weo] Qu FRWAA 4 ol Ado] Yo Y

A HA 208 AAsiint. 4 detel AA TIE2 VI
A A

4, 7i5d, AgE SAollel B4 Lotws] g8 A4
%, Ahaz, Adug dos stk

Table 1. Participants' information

Category MA ?;D) Gender n

Nodule 42.7 (12.6) Male 20

Cyst 40.8 (10.8) Male 20

Palsy 45.2 (9.4 Male 20

Normal 41.4 ( 5.6) Male 20

Total 80
2. A =3

1) Aalto Aparat

Aalto Aparat= GIF 975 98 HAE MATLAB 7]¥e] 2
E4A ATEYo(Alku et al., 2017)& YA|E(http://research
.spa.aalto.fi/projects/aparat/)& H&dPH 2t B 4 Q)
om, EHs] MATLB AZEQJo}E AX|5HA| gote Algo| 7t
slt}. Aalto Aparate GIF @704 283t & TAQl gut 34
TgE o ojisie] HJE o Higcl=s dAY Hakd A4E
TS tRt SEER £A5ks AR oFofA k. ARA
234 QIHHo|ASE ATt o E5| B g 24 ASE
Aefeta EAT of 8okt o "Eg Al ARAPH §4 GIF
ARE oA 2T 4 Qe FHE A= Qo] Alge 49
T HFoithFigure 1). & A7olA= Aalto Aparatet 7]14ET}
FAAR] ATA H|woAd EHE S number of formant)

Signal amplitude

Flow deriv. amp. Flow ampitude

0935 084 0945 095 0955 0.96 0965 097 0975 008 | Expertes.wav |
Time (s)

Figure 1. Two windows of Aalto Aparat: Control window left and
signal view window right (Alku et al., 2017)



A& 570, lip radiation coefficients .99, low-frequency
noise cutoffe G02E ARHE o 7 ARAV =t A
PATE HEo R FUotA Aot Pohjalainen, 2015).

2) 24 M2t

42 of oz} T HET AR /IR NS o il wsE
ARgslo] Aps wAlog BAS & QitFigure 2). B4 WS

2E 7fR|4(open quotient: 0OQ), FE %L A4(speech
quotient: SQ), H2 A(closing quotient: CLQ), HE X4
(amplitude quotient: AQ), zq.;(._a]. AZ  24(normalized
amplitude quotient: NAQ), £F7] 7f¥ A4{quasi-open
quotient: QOQE EA4T 4 0“2}. o] 9oz ZEA AHEH
o2t (parabolic  spectral parameter: PSP), harmonic
richness factor (HRF)S i7]-7442E BASE 4= 9ok AUfE
oeulelEe] A We2 Airas(2008) Aol &RIG 4

o
At
- | q
4 Parameters Lﬂuﬁ
Grouping | Mean -
Time-based Frequency-based
NAQ | g113| [ dH12 (dB) 12326
AQ (ms) 1.077| | PSP/ 0.183
cia 0231 | HRF | 3894
oa1 0681 |
0a2 py— LF-mcdel: —
00a | g487| 7
Qoa 0.374| | tp (ms) 4.298
sa1 1047 | te (ms) 5.985
ta (ms} 0.200
sQ2 1
42| [0 Ee | 1025.439

Figure 2. Results of parameterizing the glottal flow
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Figure 3. Time and amplitude instants used in calculating the
time—domain glottal flow parameters

2 dFli= GIF 42 98l 71& aelAd Eo] AREEL

U= 7}11 metulgE Agsto] ARESIGion FAAQ] mEtn|E
E9] &2 Table 200 AAISHATHPrice, 1989; Sapienza &
Dutka, 1996, Seshadri & Yegnanarayana, 2009; Skoglund,
1998).

Held S50 gt 92 9 ot 249 REY

Table 2. GIF analysis result

Parameter Described
0Q The ratio between the total time of the vocal folds
opening and the total time of a cycle (or period)
of the glottal signal. It is inversely proportional to
the intensity of the voice. The smaller it is, the
higher the voice intensity.
le1= Loz
T
SQ Defined as the ratio of the opening phase length to
the closing phase length.
Imax ~ Lo1
te1 = tmax
CLQ The ratio between the closing phase parameter

(closing phase) and the total length of a glottal
pulse. It is inversely proportional to the voice
intensity. The smaller it is, the higher the voice
intensity.
lor~ 1
T
Q0Q It is the relationship between the glottal signal
opening at the exact instant of the oscillation and
the closing time. It has been used in some works
to classify emotions.
fgc_ fgu
T
AQ The ratio between the glottal signal amplitude and
the minimum value of the glottal signal derivative.
It is related to the speaker phonation.
Admax
Admin
NAQ It is calculated by the ratio between the amplitude
quotient (AQ) and the total time length of the
glottal pulse.
AQ
T

3. Ad 44

GIF #4& 93 Y |4 =52 Computerized
Speech Lab(CSL, Kay Elemetrics, Montvale, NJ, USA)S] &
2090 oE 84 mE@(Multi-Dimensional  Voice
Program: MDVP)S ARg3lo] 83519t U}O]ﬂg AellA
5~10cm 7HaE& Tl HRE AAelA A7 A ARES
HORE EAER of WS oF 5% o, Wi 3Q vHES}
245ttt ESF Aalto Aparat AZEQojo|A EXo] 7}
SHEE WAV oY e Agsqlth

01r ) rlr

2) 824

=25 8099 WAVHEL 0.5ms 9= ZH 80719 ==
A2 HESI9 0 Aalto Aparat AZEoZ2 4 EFEq]
J2E o|gsto] AT I S5t B4 mebrE+ NAQ,
AQ, CLQ, 0Q, QOQ, SQE 3}3rt.
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4. Zux2|
A 24 weEd 249 GIF B4 5% 34 542 Yot

3

H7] 98] NAQ, AQ, CLQ, 0Q, QOQ, SQ #& jamovi 1.6
BA 22O ol8dle] SPEE e B8 AT ¥
A $4g 27 vmsigon, YRS B WA 24

At 7t xolE v]wsIHHThe jamovi project, 2020).
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Figure 4. Signal view window after the user has selected
the LPC model based parameterization

1. ¢ Ttha JUiZE S 2ie| GIF xi0|

GIFE ol8%t A =40 Adad 349 0Q, sQ, CLQ,
AQ, NAQ, QOQ & HAst Z3lk= Table 37 Lt BAEH
23 JdiEdd 2489 A9 B 2487 Hlwsted AQ, CLQ, OQ,
QOQ, SQoIA f2JsiAl W A5 B o (p(.05) 53] SQOlA
34 2790] oF 2.6 Hls 4ol A9 oF 1.308 & o 71%F
A& o] 2o/ YeRdtt NAQQ] 739 F Het 7+ §2J3t Ajo]
£ U] gttt

Table 3. GIF difference between normal and vocal nodules

Parameter Normal (7=20) Normal (7=20) t
NAQ 1103 (.018) 121 (.052) -1.13
AQ .958 (.132) 754 (341) 2.18
CLQ 404 (.088) 327 (.089) 2.30°
0Q .900 (.081) 791 (.085) 3.44'
QOQ 511 (073) 434 (031) 3.67
sQ 2.606 (.517) 1.282 (.485) 6.99

Note. Values are presented as mean (S0). NAQ=normalized
amplitude quotient; AQ=amplitude quotient; CLQ=closing

quotient; OQ=open quotient; QOQ=quasi-open quotient;
SQ=speech quotient.
“pK.05

44

2. B4 Hohu giidE ®EH Ztel GIF X10|

GIFE ol&% A 4% AddE =489 0Q, SQ, CLQ,
AQ, NAQ, QOQ #Z 243t A3}= Table 49+ 2t BAEY
At A 240 Bl AddE S430] AQ, CLQ, 0Q, QOQ,
SQOIA RoolAl E2 FA7F YEhgeH, NAQoA= Rt
A =& FA7F VERTHC.05).

Table 4. GIF difference between normal and vocal cyst

Parameter Normal (7=20) Cyst (2=20) t

NAQ .103 (.018) 125 (013) -3.76'
AQ .958 (.132) 1.079 (.201) -1.88"
CLQ .404 (.088) .326 (.034) 3.11
0Q .900 (.081) 773 (.096) 3.78"
QOQ 511 (.073) .430 (.061) 3.22°
sQ 2.606 (.517) 1.402 (.121) 8.45"

Note. Values are presented as mean (S0). NAQ=normalized
amplitude quotient; AQ=amplitude quotient; CLQ=closing

quotient; OQ=open quotient; QOQ=quasi-open quotient;
SQ=speech quotient.
“p<.05

3. ™A Fchnh Mojop| Fc Z2te] GIF xjo)

GIFE ol&d A4 43 Adivk] 549 0Q, SQ, CLQ,
AQ, NAQ, QOQ #= 438t ZIkE Table 59+ Zth BAEA
23 CLQ, 0Q, QOQ, SQOIAl dutr] S7do] B4 SAHTH
BAZOR FOolA W2 FX7F YERHTHpC.05).

Table 5. GIF difference between normal and vocal cord palsy

Parameter Normal (7=20) Palsy (2=20) t

NAQ 1103 (.018) 1129 (.059) -1.60
AQ 1958 (.132) 1.038 (.500) -0.57
CLQ 404 (.088) 272 (091) 3.99
0Q .900 (.081) .690 (.235) 3.16
QOQ 511 (073) .400 (.200) 1.97°
SQ 2.606 (.517) 1.537 (715) 4.58'

Note. Values are presented as mean (S0). NAQ=normalized
amplitude quotient; AQ=amplitude quotient; CLQ=closing

quotient; OQ=open quotient; QOQ=quasi-open quotient;
SQ=speech quotient.
“p<.05

4. JiiZE, JdUss, JoioH| FT 2t GIF XH0]

GIFE o83t 714 5749 0Q, SQ, CLQ, AQ, NAQ, QOQ
U2 AT Z¥= Table 634 Zot. 7 vl go] Adt 7+ A}
o7} A=Al Yokdy] ffsf iR AARE A AQ,
CLQ, OQoIA Ak Tk FofRt Aok Q= Z0= UERETH((.05).



Table 6. GIF's descriptive statistics and One-way ANOVA results

Parameter Iy;i%)e ([(13:31255) (l;ilzsg) 7
NAQ 12 (.05) 13 (01) .13 (.06) .07
AQ 75 (.34) 1.08 (.20) 1.04 (500 491
CLQ 33 (.09) 33 (.03) 27 (09) 331
0oQ .79 (.06) .77 (.10) 69 (24 321
Q0Q 43 (.03) 43 (.06) .40 (.20) .22
SQ 1.28 (.49) 1.40 (.12) 1.54 (72) .67
Note. Values are presented as mean (SD). NAQ=normalized
amplitude quotient; AQ=amplitude quotient: CLQ=closing
quotient; OQ=open quotient; QOQ=quasi-open quotient;
SQ=speech quotient.
P05
AQ, CLQ, OQollA Z gt 7t A&l £589] Ajolg &
o] glel ASREE UABIGIEKTable 7). AQYI B9 AT}
dol ApdE, Adehel BTk EARoR §oH we 44

S UEhRRN(p(05) AdeE Aduhlas el Ho
7b UedA sk CLQE A9 At Hdbad, e

SO wsl oAl W=

NAQ

AQ

CLQ

—_— ’
0.10 '
0.054
T T T
Nodule Cyst Palsy
Group
2.0
154
=
1.04 - =
ol
T T T
Nodule Cyst Palsy
Group
0.4 |
= =
0.3 : e
0.2 |
0.14
T T T
Nodule Cyst Palsy
Group

FA7 Uehdom(p(05) Aot
3} ArhdEelE fol Aol UehiA gk
OQoW: Akt Adhad, Ahdse] Hla) fols
o HA7 Uehrow(p(05) Aiads AddE Aol

. nijgtos

PS|

HolX 40 it o

rot

Ho
12

Ot 249 R8¢

0z

FoRt Aot yEhtA] Atk olde] AHE FHE = W
AQY ¢ AdiEd, CLQY OQe AuiwholA Rt Aol
£ Yehlie dehvlE = e,

Table 7. Comparison of Tukey Post-Hoc Test

Parameter Group Nodule Cyst
Cyst -.116 -
AQ .
Palsy -.086 -.202
Cyst -.665 -
CLQ . .
Palsy 1.155 491
Cyst -.076 -
0oQ . .
Palsy -.132 -.021
Note. AQ=amplitude quotient; CLQ=closing quotient: OQ=open
quotient.
(05

A% 7 GIF 24 dsto] ofe] stetelepiz Azsiste] v

sigon Az
hz|
[o R 18

w2} 3o Aolrt & Aow UEpirh

1.00

0.754

Figure 59 Zth. Al Fd & Agdinpe|e] 3¢
Tl Hs) BEEAPT w4 dehd ookl At Aol

o
o
0.50+
0.254
T T T
Nodule Cyst Palsy
Group
0.64
8 = C
O 04+ = ==
0.2
T T T
Nodule Cyst Palsy
Group
34
2 et
(o4 - -
%]
— -
14 — =
T T T
Nodule Cyst Palsy
Group

Figure 5. Comparison between groups of GIF parameters
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V. =0 % 72

L =x

o] A= AEE GIF H 9 #4 =91 Aalto Aparat:
ol-gsto] A4 4219 9 AurEdY wiey 3 FRlsith
37 o ofgt BAL 8l MATLABOIY Thst AZES oS
AMEAZE R Tegste] 2&Sjof sk MARSO] UUAT 2
ATEQIE o83t GIFE Asl=E W2 EE 0Q, SQ,
CLQ, AQ, NAQ, QOQ #& 4% 4 o= Aol o} E3
2708 AREol= F 7H] EYAA(Windows, Mac)ollA 25
A & glom A7 9 ZEFP 712 A4o] = ARSARE
U 283 o Sl

& AFolx= A 4919 0Q, SQ. ClQ, AQ, NAQ, QOQ
e 7IEeBAE Bl U st¥ey olst meh|EES] ol
AR FHol e AR, U2 E, Zudd)el
Z-gsto] 4 /97 Aol QA gelsy Eottt. AduiEd
9] A% AQ, CLQ, 0OQ, QOQ, SQ, AHdEY A% AQ, CLQ,
0Q, QOQ, SQ, dimHr|9] A% AQ, CLQ, OQelA A4 =4
of s FAHCE [olRt Aol UEIth Forero 5(2016)
3} Kohler 5(2011)9] ol /43 Ad4d, Jdinh]
H W Aol AQ, CLQ, OQeA f2let AolE yehdl ZAxfet
Y2519t Mittal#t Sharma(2019)9] AFoflA Hi2Ze] 4L
AQ, CLQ, 0Q, SQY #tol A4 /8% HEsk=t] i3t A%
2tal shglom, AoirhE] AtolA OQ grel B4 & 4= A
I Aguie] 3E R E ddeler 2 wsdS ANG
Zagolski®t Carlson(2002)9] Zuele Ux|5i5ich AdjdEe
A% e A T A7 AARIA 0Q, CLQ #e ¥H3ks &
o 7Hd oRE WA = Qo= APAHKim et al., 2019)9}
Hs] & of JiidEd A4 =479 Bl F ws Ftol
8ot o8 AeTh

HEd /g0 sl 2t Ao GIF getrele] Xjolg 4n &2
A3 AQ, CLQ, OQolA Het 7+ FYJ3t Zpol& Ho] a4zt
AddS, AdiutHlE #dsles o /8% neuEE ARRE
U2S ERIsISIt. Bohr 5(2013)9] 214 Ao 978 ol&
By 4 d7olA CLQL 0Q W= BHEd HAddsS
TEole mEEEA 8490 S ARSI 2 Al
Az FARRE 237 Uit Adizlsat IE oot getilg
£ E 7 e A7EEEE AAPIAE BHeEd 24 #HEo] CQ,
0Q, CLQ, AQ #to] #-8sithk= APAT=(Behrman & Baken,
1997; Deshpande & Manikandan, 2017)2 SEHysk= Ayt
& 4 Stk GIF 245 59 B8 347 FAZes vugt
APAT= YAT BEd 29E EAsk=t GIF mEu]EEo]
8ol A9 A& A sk 27E dEtKNarendra
& Alku, 2020; Zhang et al., 2018).

TS 7 meEE] ARERAA 0Q9 A% BT 4
24, Agoeb] 259t |93t Alolg Uefio] Al g W
st 7HE 2 miEmEQl ZoE UERth dw o AiE
o]-8gt Aet Hlu= PR ety Byl W74 ETEol

=
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A A R ZF0Q 4A7t therhe A9Te QB Yang
et al.. 2004). AQ. CLQZ A9olE A4t Aefubl, Aejas
2 FRY 4 gt W Uektort Qi si7lo] dold 47
1=

A3 Yy SA4E FEs] Hdl Arlslke 2A88A B
ILUAAE AT A AUE o7 B 4 Qlo] 7 AsEE
AAL ol Tt uid S92 o with X7 A3 mewoz
golsk=t] Akgske die $HAde] AthMehta & Hillman,
2012). ol& tiAle] 3oz Al 5e el = e 77
ARG HALS 0|83 = 9lom R840 ERIE|o] Wol AREF
o] 1 QJtHHolmberg et al., 1995). SHARE A7|320t HAL
Afole Exo 17l stEgolE ARBSfoF sk Ho=E Qg
ddt Q4 Aol HA FZskedl Agkde] AtKColton &
Conture, 1990). oo GIF 42 24 mygtoz 7hgzoa
Al 252 gots & & Slof AFH {840 & AR T
Het,

ojAto]l AWE EFE| & u GIF B4 YA, S35tz

A, THE AASH Zo] BEE 2 ASSH] o Sk
A A A8 o4 ARE LLEgels 4T W B
&9t 5, shiel o4 AEweR HX2H A4, St
A, s e o Rt SREES BE 24T 4
93 ofdl wlole F59 /M FF AU 2L ATA
7140 240] B RO B

B 7ol thaRel 47 A9E 3, ceRk

o
ik
)

°
tlo

A2, BEsky Akl A3A 9 #HAlEd(machine learning)
A4S =3 Wy 24 £ B4 AAsta s

-1 o0 L

Reference

Aicha, A. B., & Ezzine, K. (2016). Cancer larynx detection using
glottal low parameters and statistical tools. Paper presented
at 2016 International Symposium on Signal, Image, Video

(ISIVC), IEEE. (pp. 65-70).
doi:10.1109/ISIVC.2016.7893963

Airas, M. (2008). TKK Aparat: An environment for voice inverse

and Communications

filtering and parameterization. Logopedics Phoniatrics
Vocology, 33(1), 49-64. doi:10.1080/14015430701855333.
Alku, P. (2011). Glottal inverse filtering analysis of human voice
production: A review of estimation and parameterization
methods of the glottal excitation and their applications.
Sadhana, 3&5), 623-650. doi:10.1007/512046-011-0041-5
Alku, P., Pohjalainen, H., & Airaksinen, M. (2017). Aalto Aparat: A



freely available tool for glottal inverse filtering and voice
source parameterization. Subsidia. Tools and Resources for
Speech Sciences, 21-23.

Behrman, A., & Baken, R. J. (1997). Correlation dimension of
electroglottographic data from healthy and pathologic
subjects. The Journal of the Acoustical Society of America,
1024), 2371-2379. doi:10.1121/1.419621

Choi, H. S., Cho, J. I, Kim, K. M., & Park, S. S. (1994).
Electroglottographic analysis of voice in normal adults.
Korean Journal of Otolaryngology, 375), 1017-1025.

Colton, R. H., & Conture, E. G. (1990). Problems and pitfalls of
electroglottography.  Journal of Voice, 41), 10-24.
doi:10.1016/50892-1997(05)80077-3

Corcoran, P., Hensman, A., & Kirkpatrick, B. (2019). Glottal Flow
Analysis in Parkinsonian Speech. /n BIOSIGNALS (pp.
116-123). doi:10.5220/0007259701160123

Deshpande, P. S., & Manikandan, M. S. (2017). Effective glottal
instant detection and electroglottographic parameter
extraction for automated voice pathology assessment. /EEE
Journal of Biomedical and Health Informatics, 222),
398-408. doi:10.1109/JBHI.2017.2654683

Forero, M. LA., Kohler, M., Vellasco, M. M., & Cataldo, E. (2016).
Analysis and classification of voice pathologies using glottal
signal parameters. Journal of Voice, 305), 549-556.
doi:10.1016/j.jvoice.2015.06.010.

Granqvist, S., Hertegérd, S., Larsson, H., & Sundberg, J. (2003).
Simultaneous analysis of vocal fold vibration and transglottal
airflow: Exploring a new experimental setup. Journal of
Voice, 173), 319-330. doi:10.1067/50892-1997(03)00070-5

Holmberg, E. B., Hillman, R. E., Perkell, J. S., Guiod, P. C., &
Goldman, S. L. (1995). Comparisons among aerodynamic,
electroglottographic, and acoustic spectral measures of
female voice. Journal of Speech, Language, and Hearing
Research, 386), 1212-1223. doi:10.1044/jshr.3806.1212

Kim, J. H., Kim, M. H., Ahn, H. G., Choi, H. S., & Byeon, H. K.
(2019). Clinical characteristics and management of saccular
cysts: A single institute experience. Clinical and Experimental
Ororhinolaryngology, 122), 212-216. doi:10.21053/ce0.2018
.00808

Kohler, M., Mendoza, L. F., Lazo, J., Vellasco, M., & Cataldo, E.
(2011). Classification of voice pathologies using glottal signal
parameters. Proceedings of Brazilian
Computational Intelligence (CBIC), 1-8.

Mehta, D. D., & Hillman, R. E. (2012). Current role of stroboscopy
in laryngeal imaging. Current Opinion in Otolaryngology &
Head and Neck Surgery, 206), 429. doi:10.1097/M0O0O.0b013
328358504

Mittal, V., & Sharma, R. K. (2019). Classification of pathological

Congress on

Held S50 gt 92 9 ot 249 REY

voices using glottal signal parameters. Journal of
Computational —and Theoretical ~Nanoscience, 1409),
3999-4002. doi:10.1166/jctn.2019.8284

Narendra, N. P., & Alku, P. (2020). Glottal source information for
pathological voice detection. /EEE Access, 8, 67745-67755.
doi:10.1109/ACCESS.2020.2986171

Pohjalainen, H. (2015). Tools for voice source analysis: Updated
Aalto Aparat and a database of continuous speech with
simultaneous electroglottography (Master's thesis). Aalto
University, Helsinki, Finland.

Price, P. J. (1989). Male and female voice source characteristics:
Inverse filtering results. Speech Communication, &3),
261-277. doi:10.1016/0167-6393(89)90005-8

Roy, N., Barkmeier-Kraemer, J., Eadie, T., Sivasankar, M. P., Mehta,
D., Paul, D., & Hillman, R. (2013). Evidence-based clinical
voice assessment: A systematic review. American Journal of
Speech-Language Pathology, 222), 212-226. doi:10.1044
/1058-0360(2012/12-0014

Sapienza, C. M., & Dutka, J. (1996). Glottal airflow characteristics
of women's voice production along an aging continuum.
Journal of Speech Language and Hearing Research, 392),
322-328. doi:10.1044/jshr.3902.322

Seshadri, G., & Yegnanarayana, B. (2009). Perceived loudness of
speech based on the characteristics of glottal excitation
source. The Journal of the Acoustical Society of America,
1244), 2061-2071. doi:10.1121/1.3203668

Shue, Y. L., Keating, P., Vicenik, C., & Yu, K. (2011). VoiceSauce:
A program for voice analysis. Proceedings of the 17th
International Congress on Phonetic Sciences, 1846-1849.

Skoglund, J. (1998). Analysis and quantization of glottal pulse
shapes. Speech Communication, 242), 133-152. doi:10.1016
/80167-6393(98)00008-9

Stemple, J. C., & Hapner, E. R. (2019). Voice therapy: Clinical case
studies (5th ed.). San Diego: Plural Publishing.

Sundberg, J., Cleveland, T. F., Stone Jr, R. E., & Iwarsson, J. (1999).
Voice source characteristics in six premier country singers.
Journal of Voice, 132), 168-183. doi:10.1016/50892
-1997(99)80021-6

The jamovi project. (2020). jamovi. (Version 1.6) [Computer
Software]. Retrieved from https://www.jamovi.org.

Yang, X., Lei, K., Gong, J., Shen, J., & Zhu, J. (2004). The clinical
characteristic of electroglottography curves of pathological
voice in adult. Journal of Clinical Otorhinolaryngology,
187). 430-433.

Zagolski, O., & Carlson, E. (2002).

measurements of glottal function in vocal fold paralysis in

Electroglottographic

women. Clinical Otolaryngology & Allied Sciences, 274),
246-253. doi:10.1046/7.1365-2273.2002.00571.x

47



20213 H30# HM1= 041-048
?_'lo'lxlﬂg:l'l' ISSN 1226-587X / elSSN 2671-7158

JSLHD (Journal of Speech-Language & Hearing Disorders)

HEA S0 ot

st QoA meky @
ITS4F ’

Shal w4

B4 2 Ao 4R 9 oICID 242 AEOR HYS Rt bl 5 e BN 4
S 9 a4 ANEYR] Adto Aparar® AB3I], Y W Mol 24 R4S B9 R

7} 0] 4842 Pobuint slck

W A 4Rl 2095 A A4 208, AhdE 20%, A e 2088 hoR GIF B4
AT Adlto Aparar AMSle] GIF Q7] Bas & wAS o ot 4E mgos
WSk WgEl AE TS heat go] B Stk tiR WL B4 BARE A0,
SEARSQ, IANCQ, ABASAQ, A B AF AMNAQ, Y ANQOOE
waste] Hlmalc)

sk O 04 TS GIFE B4 91 LPC AMEROR wtksle] 4E 715 39S o o
sige thl Bllole] A o ot B4 sRjoR BSon, oleidt TS AgA] Bt 4
Qo] AFoR BAEE AL SIS GIFE o}8% B 249 00, SO C1Q. AQ NAQ
QOQ #2 HAlslel 71 gk AMBIE ER A, AhdE, Akl Tk | AQ
CLQ. 0Q #lo] 483 & 4 oick

AR B ol A 4Rl AT hi] otk ABR g2 sl ol W) e g2
24 ATl Hgstel Y LA o] U] Bgiont, GIF glo] WM 84 A
S8 & 4 gl

v}

FHe): A2 o ofsh B, RG-S, S5 A% SR

ORIGINAL ARTICLE

http://dx.doi.org/10.15724/jsIhd.2021.30.1.041

http://jslhd.org/

B2 o o3t B4 484

TARR A ek
AAY : bjshin@pusan.ac.kr

AAAAL @ 2020. 12. 16
$AA&Y : 2021. 01. 11
AAEAL @ 2021. 01. 29

ol I FAYSE  7]EATFALAACY)Y
A4 wop 38 A9
ORCID
Bl
https://orcid.org/0000-0002-0522-5220

A

https://orcid.org/0000-0001-8638-4524

Y
o
rel

a

%A 2L, AR, 4G (1994). AAF ARloA A7 R AAE
o]83t S/ #o|eA, 57(5), 1017-1025.

48



	병리적 음성에 대한 성문 역 여과 분석의 유용성
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 논의 및 결론
	Reference
	참고문헌


