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An Investigation of Korean Vowel Articulation Characteristics
Using Ultrasonic Tongue Imaging

1 Dept. of Speech-Language Pathology, Suncheon Jeil College, Professor

Purpose: This study investigated Korean vowel articulation characteristics by an analysis
of ultrasonic imaging of tongue shape while producing the vowels (/a/, /i/, /u/). To
discover vowel articulation features, quantitative parameters of ultrasonic tongue imaging,
x-coordinates and y-coordinates of tongue height, LPTS, and LAOS were analyzed.
Methods: Ten healthy speakers (5 men, 5 women) over 16 years of age were enrolled.
Ultrasonic tongue imaging and speech signals were collected in sustained vowels.
x-coordinate and y-coordinate of tongue height, LPTS, and LAOS were measured after
reproducing tongue contours. Then, differences according to gender and vowel were
examined by two way ANOVA. We also investigated the correlation between F1 and F2
and quantitative parameters of ultrasonic images. Results: The shape of the tongue curve
varied among subjects; /a/ showed a relatively flat tongue shape, while /i/ showed
advancement tongue height and slope to the peak. /u/ tended to raise the tongue
dorsum, but in some cases /u/ was very similar to /a/. Quantitative parameters of the
ultrasonic images showed no significant difference according to gender. The differences
according to vowels were statistically significant; in post-hoc results, the x-coordinates
showed significant differences between /i/, /a/, and /u/. The y-coordinates and LPTS
showed significant differences between /a/, /i/, and /u/. LAOS showed significant
differences between vowels. Finally, F1 showed a correlation with y-coordinates and LPTS,
LPTS, and LAOS. Conclusions:
Ultrasonic imaging can be used to visualize the curves of the tongue. Specifically,
ultrasonic imaging is a useful device that provides real-time visual feedback. Therefore, it
is considered that it can be useful in vowel intervention.
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olY] Wage IA B AFoE Udhh B 77
| AAE 55 kA g1 =R, FHYY 7
dagoltt Bgg AES wie A ge 3719
2 574 A4 EEgE o= WofolR] o, AEshe
o Hr9 mHg HiA] FE=rHShriberg & Kent, 2016;
Shin, 2014). @iglo] AR&she o] T332 7700]H, o]
HEE2 59 2o #HE ] HHe A=Y JHE EsiEdt
(Han & Kim, 2014; Shin, 2014). 232 39} JAxt9] A7}
7V 7R E39 A 9A19t e daidol wet 12-A
B, A-THS, de-HYeEo® ettt @4 Y BE
AbE B4 tigt FEE fE2 AR S50, AoXEAE
< 22 FAE {6l oY AXES Festa Qi

Iy S8 FHoe Eell B2 FAE AT o oA
5| ofHRZ EATE A B A EAS AFET] 99
S¢o2 & HokE HE AL oy Yol
Ao AAE 2 A Al UBRs FEA
Hek = glo] &jtog & 4 gl Ay dA4s
Y MRI 528 89 BYZ Attt 18y dojAs
Az olet 7171& AR&She Tl ofF ofEzo] EAETh B
ol B3 FHE o X-Aolut A7|8E Y Hmagnetic
resonance imaging: MRI, ©]3} MRS ARRsh= AL ExfHlE
e 2&4 FHolA Hdstx] gt 18y ESSAE fld 9
&= AT g AP 2 ok 5% W & BdE A
Azt & 4= Qlojof sh=Hl T 717] 2R AARE 5 B BEE
He tle 45 gk

T 230 PR § 5= AR AIE o T
A5 Wo] ZA7EE Ag& AFET QltkBernhardt et
al., 2010; Ruscello, 2011). 221} FAL 7| FE G40 H
HoEAIRY AAlel Hef = Rou 89 53 JHE
AHE7 FEsH, A7, AN e 29A 5o B =EF
7] wigoll W] ofsolAl H&dl= ol ARHAE HhBae et
al., 2014; Boyce, 2015).

ofg] Ao BEH 2230 = AlAE mrdos A
ole 22X Ee FPE, AEFUT e Ry e U4l
PS5 oFsY EZI AR 7Hdol &I ItKBacsfalvi,
2007, Bernhardt et al., 2005; Bernhardt et al., 2010; Han
& Kim, 2014; Preston et al.,, 2014; Preston et al.,, 2016).
25T G2 AAE mrdwos AFEE Zol7] o] 58
A Am7t A4 RAelA Eigsin, ShHo R AVFHIE IYH
9] 59 g dE9 SAYS HojFr] fiEo] A Bg A
2 L5 AH87Fs5ltHBernhardt et al., 2003; Bernhardt et
al., 2005; Klein et al., 2013).
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SltHBernhardt et al., 2005).
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O3 1. o9 HEAEH 230 3
Figure 1. A sagittal ultrasonic image of
tongue
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T &8 5 e od B g 229 Fl, 299
Ae AuHgith 1 23 Fl, F2E §9 3y X-FE YF
B gETH LPTSSF LAOCS B} =2 A3 HtHLee et al,
2015).
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Figure 2. The scheme for the data collection
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Figure 4. A tongue peak(point P) and shadow

of hyoid-bone(line HS) in sagittal ultrasonic

image of /a/
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Figure 5. Measures coordinates of
x—coordinate and y-coordinate in tongue
surface for tongue contours reproduction
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Figure 6. Measures of LPTS and LAOC in
ultrasonic image

(5) 239 F1t F2 =4

Praat(version 6.0.42, Boersma & Weenink)2 AR&sto] Al
3t 29 oJu|z] AJHA +0.5% 7t EeEE 349 F13t
F2& EA451%t
3. i 24

251 JAog AwE £ 9
Ao 2mE ATt & FHAS WIAPEE AAlsto] BlwEA st
ot BS 250 #HE § 259 AFE ARl -2, y-FHE
LPTS, LAOCE Ay} ¥z 7|&5A 7k AASHL ojds
AR (two way ANOVA)O & AET} H3of mE XJo|E FAs}
Aot AFEASE LSDE ot E3F & TAMoA S7get A
W0l x-FHE, y-FHE, LPTS, LAOCY] EFFAS YotH 1A} Fl,

T2 X2 EALS Yol

rlr



d

Al

Pt
1[[o
=
o
0Q
AT
njo

8¢ e 289 =

iy

0jo
dm

S

F2 949 A3 PotHolth AEAL 1oj& A4 (pearson
correlation coefficient)® AZ5}3 0 §O4-F2 95%= 51
tt. EE SAAZE SPSS STATISTICS VERSION 18.0(SPSS
Inc. Chicago, IL, USA)E ARE5I3T

Z A x-FE, y-FE 2T LPTSE /o]/< /oY, [/ 7t
2Jo)E Hyon LAOCE HE & 7+ ZJolE HYth

i

3. x-ZHE, y-&HH, LPTS, LAOC® F1, F2 7t Ak

E 19 Aol mE /ot/, /ol/, [%/9] F1, F29 &FEH
. o7t Zat el Bt BEUAE AABIILH, & 39 5 A9 go
Hepo} Fl, F271e] A 23S AABI & 33 2ol F
< yRES} FANCE ROt FAYRE Btk F2e B 42

_IZi mﬁ

1. HERE 28 =5 Al 8 24 2 RoPl LAOCS & BAYTS, LPTSY £ JA4TE
By,

JoH, o], /9] B& 2& A 283 G4 & EHS 19 A 7 -
2 489G e I3 73 Ak AZAA-DLS B, 929 © o
(DS o14o] & Tl jol/ ArpHow Wust & 3ue ¢ —\ 2 /\
Boitk Jet A F, H 19 39 AuAAdN 9E 5B B “ 0
o 4o W0l § o] Zolt FejE Btk /ol/k "o % 0 oo om0 w6 o s w
o] Mt gEow AWHT ¥ teht 50%9) AKE, B, B o ©
G H GOIAA 7F ¥ Hnge mgth Zed o 50% /> w
AR Ho] /979 SARIAL WA Uehde. diREel of o "
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S A mEou A B fob/SL /0/0] of s Sielot 2l SR e
Aol vjS FAIETE e FEo| HIHS fol/t AT 29 © =
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Figure 7. Tongue contours in all speakers, A~E: male, F~J: female
B 1. x-&E, y-3H, LPTS, LAOC, F1, F29 7|54 21t

Table 1. Descriptive statistics of x-coordinate, y-coordinate, LPTS, LAOC, F1, and F2 (scale: a = mm, b = Hz)

Gender  Vowel x? e LAOC? LPTS® F1b F2°
M (SD) M (SD) M (D) M (5D) M (SD) M (5D)
fal 4320 (7.88) 50.38 (6.36) 50.27 (13.47) 37.32 (11.38) 64853 (4121)  1098.01 (46.82)
(514\215 Al 5775 (7.04) 59.73 (3.23) 3425 (9.04) 59.90 (11.55) 27642 (2041) 225330 (151.12)
fu/ 3637 (11.29) 56.36 (3.91) 5971 (6.53) 38.96 (15.60) 352,96 (37.69) 818.29 (57.95)
Jal 3928 (8.69) 47.30 (7.26) 43.47 10.17) 36.74 (6.23) 834.03 106.22)  1357.30 (210.77)
F(‘j\“;‘l)e il 5545 (9.29) 57.27 (8.27) 3735 (3.97) 59.80 (7.79) 356.74 (3431)  2779.01 (200.27)
ju/ 3823 (.78) 53.20 (5.38) 67.47 (3.06) 35.79 (9.23) 401.68 (19.60) 830.90 (47.87)
Jal 4124 (8.09) 48.84 (6.64) 46.87 (11.81) 37.03 (8.66) 741.28 (123.80)  1227.65 (198.48)
&zﬁ) il 5660 (7.87) 58.50 (6.06) 35.80 (6.79) 5085 (029 31658 (50000  2516.16 (323.64)
Ju/  37.30 (8.00) 54.81 (4.72) 6359 (6.31) 37.38 (12.23) 377.32 (38.23) 824.60 (50.55)
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B 2. 483 230 OE Ol2M24 2t
Table 2. Result of the two way ANOVA by gender and vowels

Type Il Sum Post-

of Squares 4 p hoc
Gender 15.856 1 229 637
X Vowel 2080.044 2 15.007 .000 iDa, u
Gender x vowel 44.441 2 321729

Gender 61978 1 1717 .202

Y Vowel 475229 2 6582 .005 ali, u
Gender x vowel 0639 2 .009 .991
Gender 13.777 1 190 .667

LAOC Vowel 3914.031 2 27.002 .000 i<au
Gender X vowel 276.142 2 1905 .171

Gender 12339 1 107 747
3420.145 2 14794 .000 a, udi

13.695 2 059 .943

LPTS Vowel

Gender x vowel

B 3. z30 SH0IM SE6H FIX B0 F1, F2 7 ARy 2
Table 3. Correlation analysis between quantitative variables
derived from ultrasonic image and F1, F2

X Y LAOC LPTS
F1 -36 -57" .00 -46
) (051) (.001) (.966) (010)
F2 65" 33 =717 67"
) (.000) (072) (.000) (.000)

pC05, “pCo1

E d7e 29T JAgoE 9T 239 23 BE4S
A [ok/, [ol/, /¥ Z& Al & FAS AWEL, § AT
A A Wil x-FH;, y-2, LPTS, LAOCE &
H} 2go] wet Aozt UEAE Yokt EH HHA
o} F1, F2 719] g E4ote] 230 g4 BA0R &%t
FA B0 S Yot At sigith

o Z25T0] AW Aol EE3 & AL BES 250t
© % Uehe 5 FHY S AdHeE & | :
Bernhardt 5{2005)3 Bressmann 520052 AAH F44o=2
59] A Az} #olg BololA & 4 oH, WHH 9
2 559 871, & 181 H¢ LS ANE & Aol Si%
of. & d7gde] w29 /of/= AYHoR HEdt § FH
HYEd, 8§52 B &Y &9 9ES F o]
FHsH sto] 235k FHIE USIT /ol/= o] HE
<ol =g AR w2 FFE Hof FRoA Ju¥7A] 7t
oE A § F4E B /e 65 29 FHE 2

g
5= 1%

w2
o ¥ ox

i)
ol
4
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Ste Ade E3loH, e A% AAE /ol/df wis) FHEe|
FEAeH, st fAE fob/oll Hs) w4 FHe = 2
At I o FAolAM 9/ /ol Blud o AS fjAHef
A VAR 2 AolE Hof get Fgo] wEHA| grer, /o)/
o Blwd fi= iRl gEet Fgol TEHA ettt o=
2 dolA dud 2o wE Higo| x-Het y-HR2 2
o] 24 ZA¥ei= FUsI. HIYO| x-FHH} y-FHHEe E5
0E o7t SAX R fostien, Aedd 2 x-HHEe /
ol/ek [ol/, /%] Zt AelE EHoH, y-FHHEe /ot/<} /oI, [+
[ T AolE HYh F FHEe dE 9 ARHAA 2m =9
Ade dHoz so] Huge AAE mEHE S AHop
2ol x-Fe Huge] AFAAE Auisid, y-HEe o9
AE oottt o] Ak 2T /oY, /oI, [§/E 1ia-
Arg, AEdRS-FHEZOR o|Fsl] £/e A FUSIA
& SAY A 24 23R /ol/9] HnHL o w2
JollA] B4=7] gizo] Ad nm-golzts BReH IAlst, /
T4 IRE, fol/= ¥4 AR AR,
H Y /ol ARHCE #RFET © S AEHT
(Kang, 2003), Cho(2003)9] A2 waw /of/= H4de]
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