PISSN 2005-8063 u] o o)
¢ISSN 2586-5854 EI-—+— EIQI‘ E*O-'J-l-l-gll- IE I By
2023.3. 31.

Vol.15 No.1
pp. 25-34

Phonetics and Speech Sciences https://doi.org/10.13064/KSSS.2023.15.1.025

M) Check for updates

Classification of nasal places of articulation
based on the spectra of adjacent vowels™
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Abstract

This study examined the utility of the acoustic features of vowels as cues for the place of articulation of Korean nasal
consonants. In the acoustic analysis, spectral and temporal parameters were measured at the 25%, 50%, and 75% time
points in the vowels neighboring nasal consonants in samples extracted from a spontaneous Korean speech corpus. Using
these measurements, linear discriminant analyses were performed and classification accuracies for the nasal place of
articulation were estimated. The analyses were applied separately for vowels following and preceding a nasal consonant to
compare the effects of progressive and regressive coarticulation in terms of place of articulation. The classification
accuracies ranged between approximately 50% and 60%, implying that acoustic measurements of vowel intervals alone are
not sufficient to predict or classify the place of articulation of adjacent nasal consonants. However, given that these results
were obtained for measurements at the temporal midpoint of vowels, where they are expected to be the least influenced by
coarticulation, the present results also suggest the potential of utilizing acoustic measurements of vowels to improve the
recognition accuracy of nasal place. Moreover, the classification accuracy for nasal place was higher for vowels preceding
the nasal sounds, suggesting the possibility of higher anticipatory coarticulation reflecting the nasal place.
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E1LHE3 A SFasiEs
Table 1. Acoustic parameters for measuring nasalization

Variables Description
freq_fl Al EAEFL) T35
amp_fl Al THEF) A Z
width_f1 A1 EHEF]) =&
freq 2 A2 EHE(F2) F 3¢
amp_f2 A2 EHEF2) W&

width_f2 A2 EAEF2) &

freq 3 A3 LW E(F3) T3¢
amp_f3 A3 ZHE(F3) X%
width 3 A3 EAEF3) =
freq hl Al 23 H1) T3¢
amp_hl Al Z23F-8H1) 3 Z
freq h2 A2 Z38h5(H2) 3+
amp_h2 A2 235 H2) 1%
amp_h3 A3 235 H3) I FH
freq_p0 A1 8-S EHE(PO) 34
amp_p0 A1 ¥ EHE(PO) X1 &
pOprominence W Z3bs tinv] Po 217]
alp0_hl F13} PO %13 XH(H1 7] F)
alp0_h2 F17} PO %13 ZHH2 71¥)
alp0_h3 F17} PO 13 ZHH3 71¥)

alp0 F17} PO X3 2}(H1, H2 & & # 715)
alp0_compensated | Chen(1997)°l whe} 273 3 A1-PO

freq pl A2 8BS EHE(PL) F3k5
amp_pl A2 B S EHEP]) X%

alpl F17} P1 1% Z}(freq_pl 715 )
alpl_compensated | Chen(1995)°] w2} K7 3t A1-P1
a3p0 F37} PO 2% 2 AHEF 7)1 E7])
vwl_amp_rms B 5 A8 Al (RMS) I FH
vwl_duration 55 A A X (ms)

Adapted from Styler (2017a).
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I3 1. [ama]oll M ¥ E FHEE AT 20 msE S P A =2
FE3}t] FFTE 4-& 239 E (L] F] 2~E F3}4 8,000 Hz)
Figure 1. Spectrum obtained by FFT on the 20 ms interval extracted with a

FFT, fast fourier transform.

Hanning window from the vowel onset following the nasal consonant in
[ama] (Nyquist frequency: 8,000 Hz)
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NVC 373 B.3-2] FF A3 (50% EAE)olA 297) S35
55 75t AT (stepwise) W] 0 7 M EFTEHEA S A
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297 W= 5 57 W=E, = width £2(p=091), freq_£3(p=.060), p0_
prominence(p=.119), a3p0(p=.172), vwl_amp_rms(p=439)% #| 2]
3t 2470 W=7 ol slohar B = A thp<.05). 154 THA &
oA FEH AR 2PL 5281 2 H(Wilks” =836,
X=769.466, p<.001) 7 25912 k2] F4 % (centroid) A7
of #osh= AFI AT 2] () 2ol 2H T

D= (0.00050 < freq.f1) + (—0.00078 X width.f1)
+(0.00161 X freq.f2) 4+ (—0.00046 X width. f2)
+(—0.00039 X fregq.f3) + (0.04395 X amp.f3)

(—0.00071 X freqh2) + (—0.01536 X amp.h2)

(0.02038 < alp0.h3) + (—0.05934 X alp0)

(—0.00307 X freg.pl) + (0.33504 < alpl)

(—0.27291 X alpl.comp) + (—5.30785 X vwl.amp)

+ (0.00882 x vwl.duration) + 1.73417

+
+
+
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H2.NVC 374 9] B8 737 50% A dolA &
TG FAHA @_Bi%b

Table 2. Discriminant loadings of acoustic parameters measured at the

93 SPUTEe|

temporal midpoint of vowels in the NVC context (absolute values)

CVN #AeA 9] vl 23913
39.7%(801/2,019), X %H]S

oA 60. 4%(2 914/

2ol 4] 48.1%(658/1,369)%1 2. o] AI}E
= 532%I THE 5).

Acoustic Discriminant Acoustic Discriminant
variables loading variables loading
freq 2 0.503 freq f3 0.085 ¥ 4. CVN 373 9] 28 771 50% A oA 43 SFATES]
vwl_duration 0.348 width 2 0.083 TEFEEHE A AR AR
alpl 0.310 freq_fl1 0.051 Table 4. Discriminant loadings of acoustic parameters measured at the
freq pl 0.208 amp_h2 0.033 temporal midpoint of vowels in the CVN context (absolute values)
corr?;:r:s;ted 0.202 freq_h2 0.023 Acoustic Discriminant Acoustic Discriminant
amp_f3 0.192 vwl_amp_rms 0.008 variables loading variables loading
alp0 0.181 alp0_h3 0.002 freq_f2 0.668 alp0_h2 0.148
width_f1 0.151 amp_f2 0.270 amp_f3 0.074
alpl 0.257 vwl_amp rms 0.068
vwl_duration 0.251 amp_f1 0.046
F 3.NVC 3 9] 25 731 50% Al S X ol 2| $h=of vl freq f3 0.239 freq fl 0.027
Z59A BR A= alpl_compen- .
Table 3. Classification accuracy of Korean nasal place of articulation by sated 0.191 width_f2 0.023
acoustic parameters measured on the temporal midpoint of vowels in the freq pl 0.184 freq_p0 0.017
NVC context width_f1 0.152 pOprominence 0.008
: width_f3 0.152
Place of Predicted group Total
articulation | Bilabial |Alveolar| Velar
Bilabial | 820 [ 443 | 301 | 1,654 5. CVN 379) 2.8 77k 50% A4 ZA Aol o] 7 o] ] &
Count| Alveolar 405 1,054 450 1,909 Z99x B8 A
Original Velar 191 222 341 754 Table S. Classification accuracy of Korean nasal place of articulation by
group Bilabial 49.6 26.8 23.6 | 100.0 acoustic parameters measured on the temporal midpoint of vowels in the
9% Alveolar 21.2 55.2 23.6 | 100.0 CVN context
Velar 25.3 29.4 452 | 100.0
Place of Predicted group Total
articulation | Bilabial | Alveolar| Velar
3.12.CVN &7 Bilabial 801 | 621 | 597 | 2,019
CVN 34 B-5-2] A X 38(50% EJE ) A 207 SR F Count | Alveolar 1,068 | 2914 844 | 4,826
B8 3330 AN PR Ngwapae Age Ol vew | B 0 of e
7 EAx frbals ol 88 A Ft w2 7ol 2970 W y, | Alveolar | 221 [ 604 | 175 |100.0
G % 107) W, 2 freq_fl(p=575), width_f2(p=505), freq_hl(p= " [ velar [ 240 2797 481 [1000
.076), amp_hl(p=.079), freq h2(p=.122), amp p0(p=.073), freq p0
(p=773), alp0_h3(p=072), a3p0(p=215), vwl amp rms(p=039)  3.2. B2 -7+ 25% 2 75% A& =7 gk

= AL 197] ®F7F foetrhar B8 S Thp<.05). 1794
Al BollA FEE A 2§05k o (Wilks® A
=849, X’=1,340.005, p<.001) Z} 2591 A2 43 A7
Folshs AEarE 2 ()0l eI

D=

—~

+ (0.01641 X amp. f1)
(0.00216 X freq.f2)

0.00078 X freq.f1) +
(—0.00030 X width. f1) +
0.03192 < amp. f2) + (—0.00062 X width. f2)

3.2.1.NVC 37

NVC 374 B ?{4 25% A1 el 2971 =g =
gato] dAIFY W 2yst A3t A
HohgkE o] 88 %M% AN A olA 2970 W T 37H W
<, = width_f1(p=.895), amp_h3(p=.190), vwl_amp _rms(p=.766)5
A £t 2671 W7E ol stk BYE A Thp<.05). 1694 &

[ o

S

i

ol

X e

g o

S ML
i 1%

o

>

+
+(-
+(—0.00033 X freq.f3) + (0.02110 X amp. f3) 7 BEoA Z£ug wHEEAM mgo 3+ed o (Wilks® A
+(—0.00023 X width.f3) + (0.00264 X< freq.p0) | 2ol Tad W ° L_ FererR e
+(—0.00392 X pOprominence) + (—0.04546 X alp0.h2) =752, X’=1,244.023, p<.001) 2+ 2912 Aol 414 Ao
+(—0.00245 X freg.pl) + (0.42022 < alpl) Thod Slie A =yl E2~ e A (3l 7ho 2= 0)
+(—0.38104 X alpl.comp) + (— 3.03308 X vwl.amp) Hofshz FEdE T A (3)'4 dol HERd = glt.
+(0.00699 X vwl.duration) — 0.24020
¥))
TIE ] IHAAZL 71F CVN 342 B8 FF A -
A FEE 177 FEFATEY HS 2593 AF 7)ol &2
£ ¥ 49 2ok AYWERL A 170 SFASE B8
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D= (—0.00078 X freq.f1) + (—0.04399 X amp. f1)

+ (0.00262 X freq.f2) + (0.01344 X< amp. f2)
+ (—0.00047 X width- f2) + (0.06008 X amp. f3)
+ (—0.00261 X freq.h1) + (0.00591 X amp.h1)
+ (—0.00675 X amp-h2) + (—0.01101 X amp-h3)
+ (—0.00218 X fregpl) + (0.27834 < alpl)
+ (—0.22959 X alpl.comp) + (—0.00935 X a3p0)
+ (—1.46947 Xvwl.amp) + (0.00740 X vwl.duration)
+0.05717
3
NVC 373 8] 5.8 25% A g ollA] &9 1671 SFRTF2
vl 259X A4 719 w5 U] EAA gk &
Azt A st A= 3 6 A2k APWpEEA A3 167] S
WS &85 NVC 49 vl i%-‘?] A R EE
U2 50.0%(828/1,656), XM 66.4%(1,294/1,950),
AT7NH] -2 46.8%(356/760)%3 0.1 ©] i}% Lt Al &
FAHEEE 56.8%STHEE 7).

¥ 6.NVC 374 9] B8 77125% A ZANA S SFHTEY
TZ3 E(J&t‘é@ ANk A Ylgh
Table 6. Discriminant loadings of acoustic parameters measured at the 25%
timepoint of vowels in the NVC context (absolute values)

Acoustic Discriminant Acoustic Discriminant
variables loading variables loading
freq f2 0.665 amp_f1 0.076

vwl_duration 0.280 freq f1 0.060
amp_f2 0.242 freq hl 0.049
alpl 0.220 amp_hl 0.048
freq pl 0.173 amp_h3 0.045
amp_f3 0.166 width_f2 0.009
a3p0 0.124 amp_h2 0.007
alpl_ 0.117 vwl_amp_rms 0.007
compensated
F7.NVC 49 =& 77125% AR S A o &3 P=o] vl

=297 27 49w
Table 7. Classification accuracy of Korean nasal place of articulation by
acoustic parameters measured at the 25% timepoint of vowels in the NVC

context
Place of Predicted group Total
articulation | Bilabial | Alveolar| Velar | o
Bilabial 828 383 445 | 1,656
Count| Alveolar 380 1,294 276 | 1,950
Original Velar 202 202 356 | 760
group Bilabial 50.0 23.1 26.9 | 100.0
% | Alveolar 19.5 66.4 14.2 | 100.0
Velar 26.6 26.6 46.8 | 100.0
3.2.2. CVN 3
CVN 37 B8 7719 75% Al el A 2070 SFRTES S

8 0}01 GAFS] Ao ®
2 Hgks o] g5t
7N W= freq hl(p=.115), freq h2(p=.1
(p=062)F A 2|3t 257 W5
18HA TA] BollA TuE WEEA
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E
t K
rj'il
ol
jﬂ
%
?
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D= (—0.00025% freq.f1) + (—0.00066 > width. 1)

+ (0.00211 X freq.f2) + (0.00885 X amp. f2)
+ (—0.00062 X width.f2) + (—0.00037 X freq.f3)
+ (0.01943 X amp. £3) + (—0.00029 X width. f3)
+ (0.00262 X freq.p0) + (—0.02194 X alp0.h2)
+ (0.00249 X alp0.h3) + (—0.01778 X alp0.comp)
+ (—0.00275 X freqpl) + (—0.02486 X amp.pl)
+ (0.50376 < alpl) + (—0.47735 < alpl.comp)
+ (—2.66420 X vwl.amp) + (0.00482 X vwl.duration)
+ 1.19287
@
CVN 48] 25 75% A HlelA] 29 187 3FHT=
vl Z259A A 719 A T3 E YA Rl &
7Aste] 3t 8ol ) atoict AP AR A7 187 SFHTE
-85 CVN 75% 57 oM vl 2293 ER88Es
St S 46.6%(897/1,925), X1 ZH]52 67.0%(3,145/4,696),
TN S-& 46.5%(591/1,270)0 2 o] A= £33t A &

TSR 58.7% U THEE 9).

il

¥ 8. CVN 34 9] =& 3171 75% A -0l A 243 SFHFE9)
TEHFD B A DA

Table 8. Discriminant loadings of acoustic parameters measured at the 75%
timepoint of vowels in the CVN context (absolute values)

Acoustic Discriminant Acoustic Discriminant
variables loading variables loading
freq f2 0.657 vwl_duration 0.160

alpl 0.293 alp0_ 0.135

compensated
amp _pl 0.283 alp0_h2 0.129
alpl_ 0.234 width 2 0.122
compensated -

amp_f2 0.234 amp_f3 0.078
freq f3 0.227 vwl amp rms 0.054
freq pl 0.186 alp0 h3 0.046
width_f1 0.172 freq_fl 0.029
width f3 0.162 freq p0 0.012

B TR 75% A S A o &3 o] vl
B i L
Table 9. Classification accuracy of Korean nasal place of articulation by
acoustic parameters measured at the 75% timepoint of vowels in the CVN

#9.CVN 749

context

Place of Predicted group Total

articulation | Bilabial | Alveolar| Velar
Bilabial 897 487 541 | 1,925
Count | Alveolar 926 | 3,145 625 | 4,696
Original Velar 329 350 591 | 1,270
group Bilabial 46.6 25.3 28.1 | 100.0
% Alveolar 19.7 67.0 13.3 | 100.0
Velar 25.9 27.6 46.5 | 100.0
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