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Physiologic Phonetics for Korean Stop Production

Ki Hwan Hong, MD and Yoon Soo Yang, MD
Department of Otolaryngology-HNS, College of Medicine, Chonbuk National University, Jeonju, Korea

The stop consonants in Korean are classified into three types according to the manner of articulation as unaspirated (UA),
slightly aspirated (SA) and heavily aspirated (HA) stops. Both the UA and the HA types are always voiceless in any environment.
Generally, the voice onset time (VOT) could be measured spectrographically from release of consonant burst to onset of following
vowel. The VOT of the UA type is within 20 msec of the burst, and about 40—50 msec in the SA and 50—70 msec in the HA.

There have been many efforts to clarify properties that differentiate these manner categories. Umeda, et al" studied that the
fundamental frequency at voice onset after both the UA and HA consonants was higher than that for the SA consonants, and the
voice onset times were longest in the HA followed by the SA and UA. Han, et al” reported in their speech synthesis and perception
studies that the SA and UA stops differed primarily in terms of a gradual versus a relatively rapid intensity build-up of the
following vowel after the stop release. Lee, et al” measured both the intraoral and subglottal air pressure that the subglottal
pressure was higher for the HA stop than for the other two stops. They also compared the dynamic pattern of the subglottal pressure
slope for the three categories and found that the HA stop showed the most rapid increase in subglottal pressure in the time period
immediately before the stop release. Kagaya® reported fiberscopic and acoustic studies of the Korean stops. He mentioned that
the UA type may be characterized by a completely adducted state of the vocal folds, stiffened vocal folds and the abrupt decreasing
of the stiffness near the voice onset, while the HA type may be characterized by an extensively abducted state of the vocal folds
and a heightened subglottal pressure. On the other hand, none of these positive gestures are observed for the SA type. Hong, et
al” studied electromyographic activity of the thyroarytenoid and posterior cricoarytenoid (PCA) muscles during stop production.
He reported a marked and early activation of the PCA muscle associated with a steep reactivation ofthe thyroarytenoid muscle
before voice onset in the production of the HA consonants. For the production of the UA consonants, little or no activation of the
PCA muscle and earliest and most marked reactivation of the thyroarytenoid muscle were characteristic. For the SA consonants,
he reported a more moderate activation of the PCA muscle than for the UA consonant, and the least and the latest reactivation of
the thyroarytenoid muscle. Hong, et al® studied the observation of the vibratory movements of vocal fold edges in terms of
laryngeal gestures according to the different types of stop consonants. The movements of vocal fold edges were evaluated using
high speed digital images. EGG signals and acoustic waveforms were also evaluated and related to the vibratory movements of
vocal fold edges during stop production.

KEY WORDS : Stop consonant - Physiologic phonetics - Larynx.
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Fig. 2. Acoustic signal and fibero-
pftic images for the labial stops /0
in syllable-initial position. The point
‘P’ was the onset of explosion of
stop and the point 'v’ for the onset
of vowel after consonants.
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Fig. 3. Acoustic signal and fibero-
ptic images for the labial stops /p/
in syllable-inifial position. The point
P’ was the onset of explosion of
stop and the point “v* for the onset
| of vowel after consonants.




A5, 7185 D ALl 4 6.7cmH.0, 8.6cmH,0 2 AAE 9L 74 1 AL dis) 47t 9.75, 6.91 Y
7.5emH0ZA 71450l A W Aol vlal f2skd 17284 ASoX Agwrt 7k % TR A 4l 7]
ENOH BATIIEE AL, 714E D A3 A 064 Ag w07 ASE Alleld AR Fo3 Aje)7) e
L/s, 1.17L/s @ O41L/si1 AALol A 74 woka o (Fig. 6, 7).

= 2 3E Folleh. FFAFE(emL0//s) = g

Fig. 4. Acoustic signal and fibero-
ptic images for the labial stops /p’/
in syliable-initial position. The point
‘B was the onset of explosion of
stop and the point 'v’ for the onset
of vowel affer consonants.

@ o i > FC ! r P ‘ P FC i h’
a < v
- ) T e ) P T %ﬁmwmw;mmwmo,&,wﬁw
oW FOW |

P PC
-~ el . - MK e {IZDD{

L — Lo )\ | f YR L2 R
PRESSURE 1 1o el v PRESSURE
P o i
! {\FC

sl e, Y, Wﬁﬂl s, . M,
fLow |

PC ]

f ’& fi \ ] sPv j 1 (\\m . .

PR | ~ | Fig. 5. Waveforms of dirflow and air pressure from a normal sub-
i ject repeating syllable /ph/. /p/. fp’/.

Table 1. Overall and mean Aerodynamic datas

Time (msec) Pressure (cmH0) Flow (L/s) GR
Tc To Tr Pc Pv Fc Fv Vowel Stop
Lenis 12 95 36 6.7 0.46 0.64 0.16 390 9.75
Aspir 13 124 68 8.6 0.52 117 0.14 57.7 691
Glottalized 1 118 15 75 0.48 0.41 0.14 50.1 17.2

Tc @ Duration of the closing phase, To @ Duration of the occlusion phase, Tr : Duration of the release phase, Pc : Peak pressure af

consonant(=EPsub), Pv : pressure at vowel (=EPsp), Fc : Peak flow at consonant, Fv @ Flow at vowel (EFv), GRc : Glottal resistance
at consonant, GRv : Glottal resistance at vowel
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Table 2. Mean values and statistical datas of variables

Consonants ANOVA value

Variables Lenis Aspirated  Fortis df F P
FO(Hz) 127 142 143 236 589 p<0l
o 0.68 0.75 055 236 5451 p<0l
BSC (volt) 1.9 a1 26 236 1486 p<.0l
BSV (volt) 20 3.6 22 236 1331 p<01
GRC(mmHg/L) 129 8.8 327 236 3741 p<0l
GRV(mmHg/L)  36.7 51.5 410 236 1542 p<Ol

FO : fundamental frequency, OQ : open quotient, BSC : base-
line shift at consonant, BSV : baseline shift at initial vowel, GRC :
glottal resistance at consonant, GRV : glottal resistance ot vowel

Table 3. P-value and Pearson’s r-values between variables

Variables FO oaQ BSC BSV GRC GRV
FO * =017 047 0.40 0.28 0.39
oQ NS * 0.37 023 -0.79 0.44
BSC <05 <05 * 075 -033 0.66
BSV <05 NS <01 * -0.41 0.56
GRC NS <01 NS <05 * -0.38
GRV <05 <05 <05 <.01 NS *

FO : fundamental frequency, OQ : open quotient, BSC : basel-
ine shift af consonant, BSV : baseline shift at initial vowel, GRC :
glottal resistance ar consonant, GRV : glottal resistance at vowel,
NS : non-significant

Ao Fot Ajo)7} Adglom 5T ZASE Ato]e]
A% frolgh gEagol gtk A& ek EGGHHY

31 baseline 1% AEE 71A1LollA] 7h Wokm oS o
Frolglem AT B ol s RE VA
A kT el B8 2 ol 4SS
Ae] olEATE Ago) wet wae A 99 Aol}
AGE Aol frel3t AhEago]

_]

x)
< Pearson’s correlation®l] 23t AAHBAE v w3t A}
(Table 3) 7|1AFaE A3 H4IA 9 baseline ©]
=299 baseline ©1F# Fo)3 A7}
0Qt ARHAdAI2]
lom AHA9A19) baselineo]E-2 E—@“a“é/\]ﬁl A
6]—1:9} ‘v‘l’«]ﬁ} /\]—‘L].J,}zﬂ ) U% WA %
o3k AT 9%t e 2 29N baseline ©)%
5 REUAA L] SEATT e f-o3 AAREA 7 Aok

of
g

FRAYE

o_u
>
ic
g 0
o
7]
@,
=3
lp]
o
off
=

A4 ORE YO 2ot o7

3PIE3E 9% frame rater 1323 4500 frame &

Fig. 10. The glottal widths af stop explosion for three types of stop.
The arrows stand for the moments of explosion acoustically. The
glottal widths is largest in aspirated stop followed by lenis and
glottalized.

A mjol a5 E3 2413 1/4500sec{0.22msec) 9] frame
pulseE Ao H3F519 T digital audiotape (DAT) o=
273415 ¢} frame pulse® Al J=EATE A7) glot-
tography A&+ 24413 9 FAlo) MS—-DOS binary file
2 formatste] tlAE 2132 wgsto] FAlol format 3t
Sk AdelEE S e MEel oSt AeEe] oF
of up2 Heke] Wt dws H Hixom Yehh=d §et
o] Wl OOL:\_ AE71He} oF Smm AW cur-
sorg Ashd < “EHJ Hoke] Aert maE vehd
vl /el delvl 4] F1te] BlojA AL o] €3]
W Fae] F1lo] Glofxick A58 Fell W AU e
o) 2tk

S el ko) i) dRidule daela duat
B2 Fo] sdsiglon 7|24 Selxe AgHTt v
B2 Fo] stdsiolct v AEoAs el A &
A HIE o] skdsilth(Fig. 10)
+ 98 F Adirs 2729 “EH@‘%J =392
oM Azt 019}9 R S Adls A4S
-OJJr oké Ad=7171

_.__4

O

>Lorl

-

s
e rgi;.:

o:
4
ok f:
Jpe o 2L d
P jlo 2o 1o (B

o
=

3L
0,
™
=
offl
rO
2
rlr
nlo
o
A=)
o
o
_\1
Su
L T

o 19
¢
o)
_oh
i)
r
—Orl-“
~N
P
o
e

o
io

2
>
o3
Q.
K
ox
=
oo
=)
1o
o
o T
i)

%
e &
2
ol
=

o] Al&rElSlth(Fig. 11).
TR g e gl HlEl o5 Azt 21
A3 WRske] = %

73
=]
Ph ol AR A 2R F A G

o
o)
o

ol ru
ol
T
o
OE o:
e
ox 32
£ 0
09,
1
B e}
i b

31 ox

B
=
9
ed



ro
i
=
X
o
02
Iy
g
02
I
I
I
02

Fig. 12 s/

Fig. 11-13. Vibration pattern of vocal fold edges during stop pro-
duction. Fig. 11 is for the lenis stop, Fig. 12 the aspirated stop and
Fig. 13 for the glottalized stop. a stand for acoustic waveform, b
for EGG signal, and ¢ for glottal width measure.
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