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A AR = A AA <3 LS = =

Cv 54.0 38.0 90.0 90.0 80.0 9 92.0 34.0 96.0

CVC | 92.3 79.3 | 100.0 | 81.7 75.3 8 82.7 61.7 73.3

<3 50> CV, CVCed 244 Bg 17 A&

— 1 T | s T E =} HH 3L

Cv 83.0 78.0 94.0 36.0 90.0 90.0 12.0 54.0 40.0

CVC | 93.0 98.0 96.3 91.0 89.3 87.3 50.3 42.7 45.3

7( AR X AN AA 5 LI = =

Cv 76.0 36.0 70.0 90.0 32.0 9 92.0 34.0 74.0

CVC | 54.3 68.7 31.4 73.3 39.0 8 34.3 52.0 28.3

<3 51> CV, CVCe4 =248 25 — 48
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Ccv

66.0 90.0

100.0

58.0

86.0

70.0

66.0

88.0

CvC

95.7 93.0

97.7

98.0

97.0

98.7

96.3

AR

P

AN

A

Cv

68.0 76.0

96.0

64.0

88.0

92.0

CvC

99.3 94.7

100.0

83.3

94.3

93.3
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<3 52> CV, CVCE4 =4 =

B
>

g A2l

z=

Ao &2 SRIETHp-value < .001). °]& ¥t

& B NS o 5L

dlo

A Fzuig g Yehes $A49 JAAE Aolrt

<ol 112} Chi-square testE F&sk A3} p-valueZ} 0.06 ©]3t=
o] QINE Aoli= SH Fxo dHd A
olyel x4 Ao FH9 T4 5

E}O

O —

o2 FAsttHp-value <

st BAE 7}

o3 7=

0]
PR

el sl AR

| mAE Qg BAE setelr] 9
Uero] A n s

Kol ek

EAS= CV, CVCaE S

A

94.0(47)

44.0(22)

96.0(48)

96.0(48)

L

6.03(3)

28.0(14)

4.02)

4.0(2)

— T =

22.0(11)

]

12.0(6)

100.0(50)

52.0(26)

—|FH

26.0(13)
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94 Bo | T = = TC E
F=F [ 96.048) [ 90.045) [ 96.048) [ 98.049) | 94.047) | 96.0(48)
=1 | 400 | 10060 | 2000 | 200 | 40@ | 200

=] HH iz S AR =
F=1 | 92.0146) | 96.0(48) [ 100.0650) | 98.0(49) | 100.0(50) | 100.0(50)
=1 [ 200 | 200 | - | 200 | — |
A A Ko} L = =
F=F [ 96.048) [ 90.0(45) [ 100.050) [ 98.049) | 98.0(49) | 98.049)
=1 |\ 200 [ 1006 [ - ] 200 | 200 | -
E 57> FA Y MY AL FAE FAF 24(CV)

A4 mo - T1 = = TC E
F=1 | 97.3(292) | 94.7(284) | 93.0(279) | 99.7(299) | 95.3(286) | 98.0(294)
=4 | 279 | 4313 | 4313 | 03w | 37ap | 100

=] HH YA S AR =
F=1 | 99.7(299) | 94.3(283) | 96.3(289) | 97.3(292) | 95.3(286) | 94.3(283)
=41 [ o030 [ 4002 [ 10® [ o072 | 206 | 5707
A M ) L = v
F=F [ 88.7(266) | 94.3(283) | 94.0282) | 99.0297) | 96.3(289) | 96.7(290)
=9 | 4313 | 3300 | 13w | 100 | 13w | 100
<3 53> T4 1o A3 Ae #AE FAF 54(CV0)
91e] BE CVEET CVCEHAA Y T4 drge &S Ad A5S 7o
2 pro] AAIEE AolH, Zh 14E de] B3 ¢te] ke Ed NEE YeRdL
CVSA 54 19 QdE Hire 964%, CVCd Hire B8%olH, ‘s F=
ojf Mo QA=A Auik A A7 A ot BT o F
FE2 giiE CVedd) CVCE4 25 2g 1’2 depdrh oo “}o] fAF &
2t R ddhEn
theoRE T4 0/ 14 oF B fAF Sl tiE] dolR =R gk



Q14 »e 1 11 = = TC 1=
=4 42.0(21) | 72.0(36) | 90.0(45) | 72.0(36) | 100.0(50) | 90.0(45)
=1 54.0(27) 2.0(1) 10.0(5) 2.0(1) - 2.0(1)
=4 - 24.0(12) - 26.0(13) - 8.0(4)

H HH v = AR =
=1 96.0(48) | 98.0(49) | 54.0(27) | 98.0(49) | 94.0(47) | 100.0(50)
=1 - - 44.0(22) - - -
=A - - - - -

A AR 5 T = o
H=1H | 100.0(50) | 100.0(50) | 100.0(50) || 100.0(50) | 84.0(42) | 100.0(50)
=0 - - - - -
= | - - - - - -

<HE 59> T4 WO A AE B AA SACY)

Q14 B& - T = = = 1=
=14 92.6(277) | 70.7(212) || 97.7(293) | 96.4(289) | 98.6(296) | 98.6(296)
H=1 4.3(13) 3.7(11) - - 0.3(1) -
=1 0.7(2) 23.3(70) 1.0(3) 0.7(2) 0.3(1) -

H i) v ~ AR =
H=H 98.7(296) | 99.0(297) | 99.3(298) | 98.0(294) | 94.4(283) | 100.0(300)
=¥ - - - - - -
= | - - - - - -

AN A ° L = “
H=H 99.3(298) | 97.3(292) || 98.4(295) | 98.7(296) | 98.0(294) | 99.0(297)
H=H - - - 0.3(1) - -
H=4 - - - - 0.3(1) 0.3(1)

<E 60> T4 RO A A S8 A 4(CVO)

83.3%, CVC+

Aoz QA Eo] H&

,73,
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96.4% =

24 72w
Holu), CVEd Tz




oA A Age] 1, e W, CVCEE FRAAE A Ago] 'l

w14 Eo] SA yehdth ofnf Q1A= B2 FE Y R, A, o'
Y, W= s TH = N, dE el En. B gao] Mk dH=
L1 E A, o= o5 @Al Wk W, W 1ke] SAA Aol ol
TEE SR s QAL A EEflM ] 2 2 dde wdeR AE8H Ao
mdle] e wAge] Aad sk s Xtk of#dk #Ade] CVaAlA o Ast
A A-&E o] CVCEAIe AA4E Apol7k HojA A | Ao Hoju ojE g1ld
ofg Aol= A9 Ay vzd ‘Wol A a4 ek TH7E En

CVCEA 24 ol Yehhs @i+ o] g4l aides 43 did &4 4, 7,
AR RS "4“, Aol s o} vhehdth 4 ek v 5 Q1A el A
22 AAE AMEA el Ao sl B, oM e A, A

T SATE IAEA ot TN N E BolEofXl ), ‘W wgE Aew Bl

thgom 4 100 A4 o P A gl dla] Lolnms P,
oA me - 11 = = o | =
1= 98.0(49) | 100.0(50) | 98.0(49) | 100.0(50) | 84.0(42) | 96.0(48)
1= - - - 14.0(7) -
I=d ] - - - - -
=9 | - - - - -
Q14 e H HH Iz ~ AR =
1= 94.0(47) | 92.0(46) | 98.0(49) | 96.0(48) | 62.0(31) | 100.0(50)
=L 40(2) 2.01) - -
1= - - - 4.0(2) 2.0(1) -
1=13 _ - - 32.0(16) -
ol wo A A o . = o
1= | 100.050) | 98.0(49) | 98.0(49) | 100.0(50) | 70.0(35) 0.0(0)
_] =1 _ - - 140(7)
1=+ - - - - - 100.0(50)
=1 - - - - -

<HE 61> T4 179 A8 ARS 3EE FAF S4(CV)

,74,




Q4 Bg 1 T S| = tC 1 =3
d=- | 96.7(290) | 98.3(295) | 96.0(283) | 93.3(280) | 80.3(241) | 92.3(277)
=} 1.0(3) 0.7(2) 2.3(7) 47014 10.0(30) 47(14)
1=— - - L0G3) - - -
=A | - - - - - -

QA »& =] HH Ay e AR =
1= 90.7(272) | 90.3(271) | 89.3(268) | 93.7(281) | 91.0(273) | 97.0(291)
1=1 8.0(24) 7.0(21) 7.3(22) 4.7(14) 5.7(17) 2.3(7)
J=— - 0.3(1) - - - -
=A ] - - - - - -

92 mo A A 5 v =l =i
1= 95.0(285) | 92.3(277) | 89.7(269) | 93.7(281) | 81.3(244) | 47.3(142)
=} 4.0(12) 5.0(15) 8.0(24) 3.7(11) 4.0(12) 9.3(28)
== - - - - 6.0018) -
=1 B _ _ - - 38.3(115)

<E 62> T4 179 A AE S FAF F4(CV0)

CVe4d 54 179 A& H2 880%, CVCe4 B2 89.3%0lth CVe4d 3
o' ), CVCEA FRAME A9 Agol m, =, 1Y
014 HE HEe &4 Fxo) neh ol mol

g, CV&ddA= ‘v 9, A7F o904 5oz CVCEAolA = “F, —, w7

of ‘w’ed wiERlE], o] &M= A o S e U BE AR o)1y
HATH100%). THE2 w74 14 Elo] drke] Faed whgh HrIE glof, thAl=
AAE 549 ST BAE T2 2AR dHES 2EHY Ao FEE W
o Zo] Tgd Aol Tl shte] B 9Te #Ed e Aeels S
HolMm= 3 2 o]9] REES| ddo] Faa g8k etk
CVCEHoM L Ad Aol ‘v’ we] Qlage] 7P vl vehuh=dl, ojul=

W el EAt o14u
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o} 71g Yuisl W2 248w
CVCeAa M9 <q'e] QX x}o],t_

qAH Be 1 T = = TC =
1= | 100.0(50) | 94.0(47) | 98.0(49) | 100.0(50) | 100.0(50) | 98.0(49)
1= - - - - -

A1=T - 2.0(1) - - - 2.0(1)
1= - - - - - -
Q1 wg =] HH AvA P AR =

L=-L | 90.0(45) | 94.047) | 98.0(49) | 44.0(22) | 80.0(40) | 80.0(40)
1= 2.0(1) 2.0(1) - - - -

d1=T - - - 2.0 10.05) -
A= 8.0(4) 40(2) - 54.0(27) 8.04) 20.0(10)
94 Be A M 5 v = o
1=1 | 100.0(50) | 98.0(49) | 92.0(46) | 84.0(42) | 90.0(45) 2.0(1)
1= - 2.0(1) - 10.0(5) - -
A=T - - 4.0(2) 4.0(2) - -
1= - - - - - 98.0(49)

<3 63> T4 o] A A S A 54(CV)
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A4 mo -1 T 3 = o E
1= | 95.7(287 | 93.0279) | 91.7(275) | 97.7(293) | 98.3(205) | 97.0(29D)
=1 [ 206 0.7 3009 1.0G) 0.7(2) 1.3(4)
1=T | 072 | 6018 | 5316 | 106 0.3(1) L76)
1= - - - - - -
Q12 me H HH I R AR =
1= | 94.0(282) [ 77.3(232) | 92.0(276) | 90.0(270) | 92.7(278) | 88.7(266)
1=1 [ 030 108 [ 4709 | 176 1.3(4) -
1T | 27® | 18365 | 3310 | 100 | 5005 | 300
1= - 1.0G3) - 3701 | 07@ -
4 B AN A X} L= = =
L= | 89.0267) | 89.0267) | 94.3(283) | 84.0(252) | 90.3271) | 51.3(154)
1= [ 230 [ 77@ [ 5707 | 137@4) | 5005 [ 4002
=T | 732 [ 270 - L76) 03(1) 37(11)
1=7 - - - 03(1) 031) | 40702

<E 64> A U9 Ad Abs B fAF 54(CVO)
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Q14 g 1 T = = T 1=
T=T | 98.0149) | 62.031) | 100.050) | 96.0(48) | 40.0(20) | 100.0(50)
T=1 2.0(1) 34.0(17) - - 53.0(29) -
T=1 . . - . . _
=] s :] iz A AR =X
T=T | 98.0(49) | 50.0(25) | 100.050) | 82.0(41) | 94.0(47) | 90.0(45)
T=1 2.0(1) 48.0(24) - -
=1 - - - 2.0(1) 2.0(1) -
A AA 3 LI = =
T=T | 94047 | 76.0(38) | 92.046) | 98.0(49) | 84.0(42) | 76.0(38)
T=1 2.0(1) 18.0(9) 2.0(1) 2.0(1) 80(4) 2.0(1)
T=1 - - - - - 22.0(11)
<E 66> A T A AE S A 54 (CV)
g4 Be | T = = T E
T=T | 94.0282) | 64.0(192) | 99.7(299) | 88.0(264) | 60.0(180) | 94.3(283)
T=1 - 34.3(103) 0.3(1) 87(26) | 37.7113) 5.0(15)
= — - - - - - 0.3(1)
=] HH A S AR =
T=T | 92.00276) | 75.3(226) | 92.7(278) | 92.3(277) | 79.3(238) | 90.0(270)
T=1 | 6008 22.7(68) 4.7(14) 2.7(8) 14.7(44) 10.0(30)
T=— - - 1.0(3) 1.3(4) 4.3(13) -
N A <) [ = i)
T=T | 91.7(245) | 75.3(226) | 80.3(241) | 82.7(248) | 61.7(185) | 73.3(220)
T=1 | 53016 14.0(42) 8.0(24) 9.7(29) 29.3(83) 14.7(44)
T=— 2.3(7) 8.0(24) 8.7(26) - - -
367> T4 7Y A A A FAF F4(CVO)
CVe4d 4 779 A4E Hd &.0%, CVCe4d B2 826%™, 1., H, —7}
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A4 Be 1 11 = = TC E
—— | 100.0(50) | 92.0(46) | 100.0(50) | 98.0(49) | 90.0(45) 96.0(48)
._.:>H _ _ _ _ _ _
._.:>T — — — — — —

;ﬂ _ _ _ _ _ _
— | - - - 2.001) - 2.0(1)
o4 me H HH 3T = AR =
—=— | 80.0(40) | 42.0(21) | 72.0(36) | 70.0(35) | 78.0(39) 70.0(35)
._:>H _ _ _ _ _ _
—T 20.0(10) 42.0(21) 26.0(13) 4.0(2) 2.0(1) -
._.:>ﬂ _ _ _ _ _ _
— | - 6.0(3) - 22.0(11) 20.0(10) 28.0(14)
oy w o A AR 5 v = =
—— | 96.0(48) | 98.0(49) | 96.0(48) | 68.0(34) | 92.0(46) 28.0(14)
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<Abstract>

A Phonological Study on the Error Types of

Korean Automatic Speech Recognition

Kim Areum

Department of Korean language and literature
The Graduate School

Seoul National University

The purpose of this dissertation is to explain the phonological factors that
affect errors of Korean automatic speech recognition and to classify the patterns
of speech recognition errors through characteristics of phoneme analysis. A
speech recognition experiment was conducted with all pronounced monosyllables
as the subject of the study. When there is a tendency to misrecognize one
phoneme as a specific phoneme in an environment where sound recognition
errors occur, 1 suggested the notion of ‘similar phoneme’, then I presented
similar phonemes at each phoneme.

I described recognition errors of initial consonants in chapter 3. Recognition
rate of fricatives and sonorant, which the frequency band is located in the
extreme, 1s high. However, recognition rate of plosive is very low because they
are close to silence and there are few additional clues. Recognition of initial
consonant tend to make errors in the environment that phonetic variants where
vowel follows, and in which sound characteristics are confused between

consonants. Plain sound is mainly confused with aspirated sound, and this error
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can be understood in the relationship with the FO characteristic according to
gender. It is estimated that the low FO value of men causes misrecognition from
aspirated to plain sound, and the high FO value of women causes misrecognition
from plain to aspirated sound. For fortis and aspirated, misrecognition between
fortis and aspirates mainly appears. This means that the phoneme is relatively
accurate in that it is fortis and aspirated. Fortis and aspirated sounds have
distinctive characteristics such as ‘tension’ and ‘aspiration’, making it easier to
recognize than plain sounds. Like fortis and aspirated sounds, fricatives and
affricatives are perceived relatively clearly, however, in a high vowel
environment, when the discrimination of the friction section is weakened, or
friction and aspiration are not properly discriminated, an error occurs between
themselves.

I described recognition errors of vowels in chapter 4. Among the
monophthongs, the vowel with the highest recognition rate is ‘|’, and the vowel
with the lowest recognition rate is ‘T, and in general, the recognition rate of
the back vowels appears to be low. Monophthongs cause recognition errors due
to the influence of the articulation position of the preceding consonants, or errors
due to phonetic and articulation spatial differences in vowels according to
gender. Recognition errors related to articulation positions are mainly observed in
vowels ‘—'. In modern Korean, ‘.’ and ‘T~ are considered to be vowels with a
large difference in articulation space according to generation and gender, of
which the misrecognition of ‘- as ‘T~ is significant in women. This is regarded
as an error due to the difference in articulation space of the round vowel
according to gender. The misrecognition of ‘4’ as ‘}’ is also a significant error
in women, which is concerned with the difference in F1 characteristics between
men and women.

In the recognition of diphthongs, the pronunciation characteristics in natural

speech affect the recognition of j—combined diphthong. In addition to the
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existence of initial consonants, the probability of the appearance of w-combined
diphthong based on the frequency of use influenced the recognition error.

I described recognition errors of final consonants in chapter 5. In the case of
final sound, the recognition rate is lowered in the order of lateral, nasal, and
plosive and recognition errors between plosives and nasals mainly occur. In the
case of final consonants, many errors in not recognizing the existence of
phonemes themselves are observed. This is an error due to the lack of clear
recognition of the boundary between the formant trasition or preceding vowels
and final consonants.

Based on the above discussion, I describes the phonological types of speech
recognition errors in chapter 6. Speech recognition errors appear to occur when
they deviate from the typical range of acoustic features of each phoneme set by
the speech recognition algorithm, or when a sound at its boundary is detected.
In this case, the misrecognized phoneme is determined by which of the various
acoustic characteristics defining phoneme is beyond the limit. At this time, a
specific phonological environment may be involved in causing the characteristics
of the spoken sound to deviate from the limitations of the corresponding
phoneme, or errors between phonemes with similar acoustic characteristics may
cause recognition without specific conditions. I classified speech recognition
errors caused by factors such as the former as ‘recognition errors due to
phonetic variation’ type, and the latter as ‘recognition errors due to acoustic
factors’. In addition, I supposed that the phoetic and phonological characteristics
of male and female speech also affected speech recognition errors, which was set

as the type of ‘recognition errors due to gender factors’.
Keywords: Korean speech recognition, speech recognition errors, similar

phonemes, speech recognition based on gender, speech recognition

based on variants
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