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1. A&

wkS. 0 F F=(mispronunciation detection; MD) A= 7 FE
Z 95 T ¥ (computer—aided pronunciation training; CAPT) ok
AR JA=, THE 9=o uFArr Jd¥oew AR sk
q9lsro] ghEzbe] g oF HES AXE Edo] giilstEE

9

a2 mHel itk W A% mde oFo] s5A7L
Z=

=]

=

=

W (corrective feedback)S A& 3k 4=
a8 dA W o/ AE Fokdd s
ok 7P gy AyrHa e e B
pronunciation; Witt & Young, 2000) %

AESHE PHES 2 329 W 0F ©

We W YR HFoE TT 4

Enk oE,
rE
rf
rO
P
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e
oo
o
o
(@R
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wn
07]
o
=h

d
i
o

S 7IRe R WS oR/E

o
2 _{E
il

-8 A A Tk el WS
&S & 5 glo] g =S Astrls 5t (Yan et al, 2020)
st FHIde s A #E FokdA AFEHz e AF
A7 (deep neural network) 7|WF S8 Rdo] =2 AlFo 3]]o,
ol 7Moo R s o HE BEEES THFStuA sk AT ol
Ay . AT AEF S GOP A4 ZIRbelAl S4 Q12 74t
nd 508 o] olFath. ol 1A ¥k s o F HE
A S oF oFE JIAE 54 JRE S AT 5
e AR 7 3% =  wav2vec

rEE =
2.0(Baevski et al.,, 2020) 0% tiE =
al., 2017) 7]¥re] wav2vec A7] A& &+
A FAAM F2 Aee Leletn da, de i%‘ H= @?OﬂJ\LL
wav2vec RS AFEste ATE0] RaEA vk (Peng et al., 2021;
Lin & Wang, 2021; Wu et al., 2021; Xu et al., 2021; Peng et al., 2022).
wav2vec o R 1A FAAQ 519 A (downstream task) ol
dAgle] AA BAETE gl di®e] &4 dHolHZ AP &9 (pre—
training) & s, o] k9] HA] A Te FF AT
dojeto] Agat A F™sk= <l (fine—tuning) = &=

41 o



GAE o] Tzt

o ool9l e AS AAY R mde FH gloHEA Ukl
oyl 9]l gHa s dHolElE Fdew gtk o9 T
dolB = ¢ofnl 23} dlojg e Hlg)] ol Foid sAE A sk= b
ojgl ol lom WF F/F xFE ujdoivl watE HAApst= A met
SAHoR FHE AAAES Few stEE FEI 1R Holy
SH 9 FHo] & x¥o] wEth webd dA e oRF AE
oo = o2 & H o8 A& (Zhao et al.,

2018; Meng et al., 2007)°] F=Z o] &% i, o|nfAE 5219
ol wiEe AA AFE k. LI AukH o7 9=o] Mg QFE
g5Ake]l Bol S4 AAY TS e Ao 2
&0l (Witt & Young, 2000) &4 EojE w7 o =
dlolEl7E globdl 22 ddojs Hof wiAgoz st shgAte] W R
Azl v A7 @ oA 7 ok

B QTE 99 2e AT AFE WAPOR do] wE oF U
2R TEHE ARe PHES ALHL, 1 AF sl o
Hzz gystng vk 249 A5 PN PHED Bz ALY
e oF BY ATS UT £ dE S 94 AN 4F A3
B9 AgE, HolH Al THo] 2 ofelge] upzi Hldolw 9)5o]
sS4 wal dolE Aol obd Sk Wolsh sty 9lFold
dofyl w3} volEAS A Agste] U FASRE oz AF
AR I & F 2R doly Q7R FHstug s ol
©x

CAl A, & ATolM e B2 54 ol Ad AN F2

Aes Hole Zoz daAd = wavlveec 2.0 5 RS 7|to g
sto] gt5ab Rojgl g i 9l=olo] dofwl 3l dlolHE Tt
wzp Adoj4 (cross—lingual) #7429 &4 <14 7§k ¥ o7 HE
ndo] o AHFs HolsA dolr i, yoly) ojef e ndle] ubs
T HE A4 W &8 Trsd S Eatstaxt g

2 =ioA Arlste A7 AE2 o Eoh

1. F HE Y FHAA, sSsA Bojg Tg5 Ui A9

=

AR w3t HolEHE S T dolel WA SR 24

olElE WAE F U=TI?

2. wav2vec 7Z]¥F &% RIS @z dolF Wy ow
FARYSEE W w4 PFE ofw @k

£ o



Aol MEd FAdz wak Aoy FHeA e oF HAE
Rdls Fdste™ g=o] gEATE g gider Ak fmolst 1
g5 RolE AAse Zlo] Bt B AgdME 23S o
AE WokellA Fojofl wlal @ s AT Qe FolE shy
0 Aoz At st FAC gshd 202149 g5 W 1T wS
1o FRSE 9=l F8A 149,682W F F =4S 7Rl
gAo] 43.9%(65,677%) 2] HES AASH (=S, 2021),
2020 gm0l HAIF (TOPIK) ol A8k 9l= =2 A=} 52,483
T  38.9%(20,438%)7} FT= FAACIH(AFH FHFA LS

=3 5

1o
[an
2
[-'O
by 0
N
o
m\
2
=
)
=]
(@R
o8]
.
=]
O
=.
=]
@
wn
o
)
_OL

B g £AE e ook 1ReAE AT g 9 =F
g ABSL, 2glAE B AT wdw aTE aded
g

T8 A ARgE= dolHA, BE AHde BUHE
SRt sgrF ek e AAel W) Mestar, 4FelMs A Ay 9

dee Bt 5FeMe A ARE wEoR & A7 =9
AR o)), sHAIE A3 A-g vlaste] AlEsh, 674 =



2. 89 A7

2

[e)
= 3

2.1.

N

te BE 2R AHE

e o% AF HJAE dstuAt st Ao 558 A F
WHECR s & Q. FHAA= wS H7F 2 E<Q goodness of

pronunciation (GOP; Witt & Young, 2000) H4Z iy

i

= A It
WHEeld, A 54 4719 TAAY] 28 A B 2E oF
o5 HE RS

oAH-E o]&st= <14 7Rk =1
A7 o sk WAl 3% 2
Al BHEeE vE 5 Stk
Markov model; HMM) 2 7}-9-A19F &3t 22 (Gaussian mixture model;
GMM) 7]¥ke] AF 2% HMM-GMM WH&Eolix, =4+ HMM-GMM
242 GMME 4% 417 (deep neural network) &% tj#]s HMM—
DNN ®Zeltt. @8 HZ HAFY Aol TAsta ditR
A HWUAM F R AT AR B
& F A A, 54 A2 FopellA= o] WRIEC] V|E
&= = A EA Hdo oA AS AAENE ARE-ste]
H

A

A& Aol A=

=% BES FFoke o] WHES T {Hlend—to—end) WHEol}
s =

=l

1o

v}
=

=
o
i)
)
o
-
o
ek
b
x

F2 oolgHE WHE F shi

A IA % EZdy A

A4 (forced—alignment) REZ TFAHe 9lon, 9ol 57}

Fol g% g doe wo e BEAS v AEs AFst
o

meba alg S Wah olw ol i BRE ¢l
Aut v gusel geng mw e 3
¥ 54 (canonical phoneme) T+ ¥ S (canonical phone) 3}
Wow TAEo] i Fol nHHol

¢ Edo] w3 545 Adshl A Ay e A AE
=]
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TR 8l oF fzﬁ‘r I oEgE hsHTh
A W o7 HE FokolA 7HE de ol 8H i Sl HeolH AR
LZ—ARCTIC(Zhao et al, 2018)°]t}. L2—ARCTIC HoJE{ A2 o]
shgAke] wlglolul Wl dolg Mol HA WA wrlel, @ol,
Farol, ~dQlol, chgtol, WlEWelel ol WAL A %
o shapel WaE £2aa Yok 1F 2 A 15070 Haot
o & TAE 747 Axl 2 AYEo] BE oF Sxel deiAE
24 (canonical phoneme), AA &4, W3 o/ FTF7F ¢4
CEIOE
FARE 2479 sA7E 15070 @3S 5338 L2—-ARCTIC
T 3AAMFe REFoE, ol dvtHoR F¥ Rds
7 o A2 <k dolgolth. & o] shEA e
Bl o] Afelx dlolE R zko]= L2-ARCTICH =4
obA, HEF9 o s ofF HE AgelMes HFHE HolHF
ab7] flall Fof dojwl 3t HolEAlelxt F4 W9R AL
TIMIT (Garofolo et al.,, 1993) H°o|EAS Fx Hldojrl o]
S5A HlolE A3 A @9 E FU & 2 5o AFEETH(Leung
et al., 2019; Feng et al. 2020; Lo et al., 2021; Wu et al., 2021; Lin &
Wang, 2022; Peng et al.,, 2022). o]¢} 2 WH-& A&t o]
St 54 dlolg Aol Ak o= AR, X HlolE Al ol A
O wa7F AAEE v Eo]l o557 Wikl Edlo] EF &4
HAZRE] AEF F FAE AR ST 54AE AT
Atk
Witt & Young(2000)& =0 g&5x7F W& /5 AbEshe
= A F 7HAE WEdeEd, AAe P SR sk
ojd whojofl thst s AAlo] tia] olsekA ok W, =4
Fojo] g4 AA FFE ol TE W Aol od &
AAle] Bof 540 WEow 1‘41?1‘3% 740] 1&40]‘1}. °olFT F
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Jol7h glom, B FA @Ae SolME AW AR nag
SUFYEHE o 9ol A gloA WHES AHgsug e B AT
chE Aol glvh

2.2. @018 T8 4 AA

2.2.1. $t=x0l 8} Tl A AA

4l

o9l F=olY S AA W I WHolg=
o EE Aste] 747 Hold 1, :
, 1996; Duanmu, 2007). Hol &2 &35 Qlof XA
1996) M= st=o H AL /v/, /=/, /T/E F85
B35 B b/, /dl, 1yt 2o =
U FAS 71EQA pl, M, KE E7]|SH
i gojole= WEREE 3ME Adsta 3
1 Ad 23 (syllabic consonant) /z/&
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AT, 20120 ¥, 2015, W8 & &, 2017) = o
A skt

M &

2.4. wav2vec 2.0

wav2vec 2.0(Baevski et al., 2020)> E#l
Vaswani et al, 2017) T% 7|¥te] A5 4l
wav2vec 2.09] A4l ®elel wav2vec (Schneider et al., 2019) & A
EdAyy Fx 7|4 Zdo] ] EEl BERT(Devlin et al,
2018)2] MLM(masked language modeling) % dx d=
H 3 3} (contrastive predictive coding; van den Oord et al.,, 2018)
ZIRel A ket ARt ow 8 REloA ARESk= MFCC(Mel—

frequency cepstral coefficients), filter—bank, AFEZ 713 &5 HE]

X (Transformer;
Ay 5% mdolt}

H
54 F= e dAste AFsS R AT AAY REE

AFstA o™, wav2vec 2.0 1 F& AT Atst rdoltt,
wav2vec 2.09 &5 AbH &¥ (pre—training) ¥ 92154 (fine—
tuning) WAIZ FEEC AR Ed wAE A" dolE flo]l 54
tolgvto 2 x7] A% g+ (self—supervised learning) & =33t}
mA - @Al 2 (raw  audio) dHelHZF ©Fd A E5F
9171 (convolutional feature encoder) f: X+ 2Z ol <38 =25 o]
24 54 ¥ ¥ (latent speech representation) zj,..,zp & W3HE I
ol52 tA| 717 EWRAYY AT g Z2—Cc S Ay wHEsd 39
=

¢, cr, YA} BE 20 S AY oliksdH xdH qy,..,qr
_]

Y8t A7) A= g ge A

Contrastive loss

L
e w/w B \e w

Transformer

Masked

Quantized
representations Q

Latent speech Z
representations

a9 2.1 wav2vec 2.09) AP FH(Baevski et al., 2020)
14 2 M E g



W9y Aol M 3
Pst mEe d¥dE wie AR vy AP AN e
Frs mES Qe

=49 54 xdy AR AZEWA(Gumbel
softmax) & ©o|&3ste] Z+zt v ® (entry) e € RVX4/¢ = 7}zl
G 7N FEZ=5 (codebook) oA XEAo] HWE e, ..,e 5 A, o=
D% <4 (concatenate) 3+ FH A3
HEA O o]ikstd 1H =
oj¢} & A7] A& 85 & (¢, Cn Ay -, qr) ] SAE
gHoR Foluw EEF sk EAle EdAIH AT
npAFE Al st FxstE 4 B2dES
4| (contrastive learning task)©]il o] tx &2 d<=(contrastive
loss) Ly o= Yehd o vk ¢ AlFelA mpAfd wetks)

K]
m
7
\h
[t
e o
2
o B

H xds
.ot FE W, dx &4 5 L, o9 Y T3 54 19
q. o8 FAstE 54 28 AF Q oM MEEHE K N o
e 3R] (distractor) g2 °lFo1x K+1719 &4 ®d Afole] FARSI
FAIEE At e A = AXEWA L7 gy o]

FEEICE

o exp(sim(c, q¢)/K)
Xi~q, exp(sim(cs, q)/x)
$24 2.1 wav2vec 2.02] iz &4 g

L,=-lo

H&0o] wav2vec 2.09 AR Fd EA FolME 4 IEH
EAol #AFE AJES GLIEE 7t FTE gAold g
5

AZEWMA Fxo] AERVE Hujslele oY & T (diversity

G G G
1 B 1 _ _
L= WZ _H(pg) = Wz Z Pgv logpg,v
g=1 g=1lv=

1
F2] 2.2 wav2vec 2.09 TRy &4 4

webs HEZQ wavlvec 2.09 AFA Fd £4 ¢ £ U2y
o] Aeojdrh
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L=L,+aly
42 2.3 wav2vec 2.09] &4 g4
o] sfo] 3 s} 2hm] Ef o] o},

atT
delfd BFIAE S4 Q14 84 B 5 oA deE &

%

A+ 3¢l A (downstream task) ol weh, 3F9 FHAE F= d
Adst JHl2 F7F AT 2 A& &4 s Aosith. ojuf FAks)
a3 AFEHA gdeth dE 5o dWol-E2Aks4a T 9eld &4
ol2] s &l FAlZ AP EWAXY AS o|Fof AY ASO]
F7tE AoEm, o] AT dEgrte wWesdE 344 1dS IIFY
Edo] Fax e wAlelA Aest dHolE A Ar|et 2
Cxle] HEZ WEsto] 2z go]&e] st RHe FERE 5
2dagstE s st AT & e skl 3AE
AAe we} gdelgd 4 ¢loy} wav2vec 2.0& HE=E AASE Baevski
et al.(2020) M= 22 @9 48 A4S o9 #HAE tal, CTC

&4 3 (Graves et al, 2006)& ARSItk Abd FAd FAF

Ao o] Bl FAl= ME PR wavivec 2.0 EEO FHL

o] &< (transfer learning) ol 43t}

Baevski et al.(2020) 2 wav2vec 2.0 2 do] g} =

WAls AS AAGCR g stEshA ot AFd T A S

sto] AAF AETE A slrjes BT et A d
0

[e)
FAFFF o v oF HE AFAE wavlvec 2.

12
o
[o
2,

i

=
71 %
ATkl 7] 5ko]
otd & RUAEH HE2A A% EA HolgAvte® dRlIFdE
X837 = o (Xu et al., 2021; Yang et al., 2022). AP o] A
] 54 dolHel e AFE s deR o EE W 9
AP Rdo] RusEy QA= GARE 9 =<l Baevski et
al.(2020) oA /st A 81 md 9ok XLSR—-53(Conneau et
al., 2020) & st Aol FA HolHE o] &sko] wap Aoz Abd
THS AYge wdll =3 FjFoR o] g 7 Utk

wav2vec EES % RUE st U5 o HAE EEY A+
I AE ThsAde "ske Utk Peng et

L2—ARCTIC¥} TIMIT, ¥+ F=9 o] s&5x do]gAll CU-
CHLOE (Meng et al., 2009) & o]&3}o ulFd S AT ol &
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S FrleAY Mo e x5 HAEA
ok3 WAl wav2vec 2.0 7]8F] &4 Q12 AHS ST Xu et
al.(2021) wav2vec 2.0 29 HMM-DNN &3 =22 7|qke] 74|
49 wEE @ oln ¥R WA BE o AF UL

AL F Qloes U3 o7 AF 4o 5EAS ol &dl, wav2vec 2.0
2dS 909 AIHE, EWAZH 7Hle] ndls BAE QFUE
doletel F HARE EFet] AlEss RS AAIESITE Yang et
al.(2022)2 ¥ HEEOl ¢l wav2vec 2.0 REATS ALE5HE
1T @Al oAb #HolE W (pseudo—labeling) WAIE F7tske=
WaoR ] Z|HE g e fF AF R dss At skl

17 .,ﬁ.iqu



3. 48 HHE

3.1. Hlo]gAl

ARl ol Fo] fojwl W dolHA % o]5e
| 9% dolEon A @] LA

3.1.1. KsponSpeech

ool d sy oAb doj® AAs skl dojm 23}
dlo]E Al S # = KsponSpeech(Korean Spontaneous Speech Corpus
for Automatic Speech Recognition; Bang et al., 2020) Ho]E A<
ARE-stet o] dolEAlE thekst FAe dis skak 2,000 o] A Al
slsk F 96941 AR o]FolA Qla, 7zt IstE AAbst s

B AE7L S A3 Es= 37 dlo]EjAlo] T}

dolHAlS FH, A5 U Ag AOT o]Fojx glow o|F Ay

AL oAl Addider AR 34 F4e U A g€ Zst

Aow Uyo] F A Aoz EAsit & 2 AT HATH AY

AL ARgskA] gom, @l QoA FIRd U FHd A

Hlwel wak <dojd IlFd BEAS 53 Al o] HolH Al
H

WA GE = d4e] BAE Sl F=o] dolwl dolEQl AISHELL-1
dole Al sl ¢ 2 g WA vst fRE A staat
shelth. ool wel & AFtelA o] &3k= KsponSpeech HOJE Al
AA 620,00070 EatkE o]Fol FH A F 117,790MF F24
Aest ook, o]y IElel FHRE AIRE WeE AArebd o
183A1zteln}, H2f 7B &4 23}t dolB= pem AR o] FoX
oy B AGor= o] RS wav AR HEI wAdS AREII

3.1.2. AISHELL-1
gol  SEAY melm AR FFAY  dojwl 4

el Alezs dA Tl 54 94 Aol €8 AREHI gl
7N wlelEl Al AISHELL—1(Bu et al., 2017) ©EloJE| A& ARE-ghTh.

!
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dolE Al 4007 9] 3A7F w58t & 165A1%F o] Wl S4o=
o]Fojx glom AA, Her|E, AX= HHQIWUE, 729 57
Hobks FAE 3 9AEE ZF AUt ¢lo] H&sk Aotk Z; i3t
dolgle] gt F=o] AR WAL HAEZ A4 AlgEa A
dlolEf Al A 53k wole dish stojs W Az ARIE HEl
AP Ao ® mpgEo] it

o] dlolEAl sk FH, HIFTI AP MoF o]Folx o}
KsponSpeech dolE AT o] AZ 9 A& A E oA
o] g3kA Y=th ol g FH A F 120,0987] %3} oF 15141
ol
3.1.3. L2KSC

L2KSC(olA A 9], 2006)&=  =olz2A  F=olE  ShFshe
Hlgolwl g5 wstE 553k A dHolE Aotk F 29709 RolE

Aoz 7kxl 3579 e ATF el Foekglal 1% 51 9] sk
ghero] o] ARgAtE, o]F8] wEl &4 HolHE dxTwow o
T Atk o] dHolgHAS Abd AFejw ggar Rol W ghero] o
YAE, 2 oJopy], Foxl Ade fgt AW T AAME e F
670¢] k9] HelHA R o]Foix Ut}

2 A= AA L2KSC  HelEHAA  FoolE Ro=
ARESE 7979 b dlolERES ARESkaL, T1E°] 300709 ARA
ol stmo] 1~201d YAEE Qo 353 dlolHz FAH s
tolEAlE AFEEth ko= o]l S L2KSCeo dH-irks L2KSC
tlo] B = A 3t}

O

L2KSC ®loJEI Al ghate] A T dao] s el S0
TREC Qe AN HEY Fd, A% % AF Aol Aol 9l
gomz ATl dogm AAsgith FH, AT, AP A2 A4
sabe] TS AAAT deld] AL PAA BES HTh o)F
TR AL deolxzel mde FR odolHE, HE % AY Ae
Aloj gl e ¥ HE FlFY R did AF 9 AY
loE & AR-g-ahitt.

FolA Mzt A HMEW Z B A AFelA AMEE Fie

et ARE 22 Awstd ¥ 3.13 2k
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¥ 3.1 A¥o] AFg3 dolE A 3 F

H] o] E] Al F4a A As A Ag Al
K < N 117,790 3} < <
Spon eec
pomep (183X 7F 11 44%)
120,098 23}
AISHELL-1 N X X
(150A)17F 518 7%)
13,141 23 469 43 469 23
L2KSC & s s

(5A1ZF 558 42%) (12% 22%) (123 42%)

stroj o} Tl 7 oQdoje] w3 HolHAlS B o]gste] wAf
Aojd waow S3F BdS FHs7] fsliAs F odlolg e At
MAEZE 22 715 AAE ZAok w2 AFtelM = wA 54
713 (international phonetic alphabet; IPA) AA7} F <dojo 24
HskE 7HE Al duAer yekd 4 e 327 A
dtsto], IPA 715 AAE B HolEAY HAF @R sto] A
AEPstnar gy, © o AgtolA ARESkE HOlEAl T oW Zk
[PAE HAA} @92 FHsla YA gor=z ols A HAEE [PA
QAER Wtets o] FQastth ZF "ol Alel| wat E#e] HAAf
HAES [PA @92 Wgsts #d e AAstE o3 2o, 7441
zb dlolgAlE  f dAF @99k IPA 72 ds XE HFE A
TFEI

3.2.1. KsponSpeech

KsponSpeech Ho|H A A AlFst= AAF HolH & 7|23 02+
st2® o] Fojx] gloy, wx W Zupxbel T2 EF A AAle] &3t
aAE9 Fg 1A Wiy 5 BAE] Y EF 715 I
AT o] AAF "HolEE WA gy g2 S A }FEn
TAE JEE 12 AAYE FA P}

1. Hddo]7d e Fdolx FFJS FAFE EF J|EE

2FA) gk

2. A 9 R V|ER HV)Ee @9 52 WUIH Sl @

20 .__:Ix_s _'q.l.'\-'._ ] i:



4 92E 3t b/ (202/014 W) A TVE.

12 AA= & o] # #A gHulE
= @ AL s U ¥ 2 gHels
A2 g9 g sl AlumrTeHyex]|eE]|d]la—a
IPA 98 W8 hanigcip pmun’pwat te=itripicuwl

a9 3.1 KsponSpeech AA} HXAE 713 343

3. ZrbE ®rEe] Yt o] F AFol: HFsti wold
W2 Bow A,

147 AAE §2 A gAES

AA HEAHOZ [PA 9AER Wt}

rlo
o
>,
o
dlo
i
iy
rlo
k)
o,
o

6. weld o= ARS A7 deshs IPA VIR vt dh=
AR o] TPA H&e 0]59(1996) 2 ©]5(1996)S Farsto]
L2KSC dlo]HAlS HAFSE 453(2016)5 FHasiow, =1

e 2204 A%steE vl 2

3.2.2. AISHELL-1

AISHELL-1 dlo]EMle] AA} o]t 2o Ads wo] wolw
Hojpslg Fwol A AA} HaER offold Juk oF W
A AbgaA kan, ofelel A AEdtE BAS B8 F3o] AR

HAES [PAR WSl @ A5 w2 [PAR WashA] odal
AR S SAE AR WEkE doiys wele] H9AEx
7428l A glo] IPA 7122 ddY th&o] 7Hssit)

A ofN

@ https://github.com/Kyubyong/g2pK
@ https://pypi.org/project/jamo/
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2E AT WL R Bk — F
o] S M3 wo men ke vi zan shi jia she yi xia

IPA 99 W18 womon'k'"yvitsan gztejasyicja

1. Python 3#47]A%1 pypinyin @ & o] &3sle] FIo] AR}
HAES AR-TE 99 oy H2ER wrt dA)
S e oS WE H7]A] Fol A pypinyine]l 7HE

S HIATh BT ool e Az EAEHA
)

-
Az AER= BEY. 9A &
3

gromw WS HAE
dolgel = a9 Gl FAIS
2. #E¥ oS IPA 7|EZ wlEth IPA 7]|E29 W
oJA = Duanmu(2007)& Fastglow, 1 U8 2.2.904
Meshe ey 2o g92E F o Zeayl EA8E A4S
FEo® JPA 7|52 vk
3.2.3. L2KSC

Q3 L2KSC dolE Aol A MAEs} ATEA T w2
Aol A o] &t Fdel &al 53 (2016)004 HAF Ads WS
vl Qlt}k o] ATl gt HAF ©@el& dk=o] PLU(phone-likely
unit)el™ A PLU A FAH & A= o]z P(1996)=
sl om F=Ql Shaabe] Rojo] g e WS 2 R{HE AL
A 6702 F7F4<Q PLUE A3ttt 72+ shaa 24
= Atk stEA ¢ " AEd gl )
A9l PLU @iz AZHR Qid, olF ARHe] gdE AL B
Aold A4 A

of WA HolE $% @Hol o AEHNAAY W 2Rt
EAshE e A e ti®E Wol A2 Flo]7] e, ¥53](2016)

9 HAE(EFE ©2) sil KWW RAX CHIY M AA NN sil
IPA &9 ¥ (EFE 2S) kurate"iman’
4 9gAEEEA 28 sil K WW L AX_NX CHIY M AA NN sil

IPA &9 ¥H3(E5A ©33) kwlapte"iman’
%Y 3.3 L2KSC AA} H2E 713 A

¥ https://pypi.org/project/pypinyin/ 5
22 A=



ol & HMM 7wk 54904719 Fd& fls HAE
F7he o] e w3t F¥(silence) ESS AAGe & hdek dA
HA4E Aelshd WMEel F3 A= dBex ¥u. PLUE IPAR
#M3ltel= shte] PLUO 49 3.2.1.9] 6, 57} PLUS 4§ 3.2.2.9
29 & e Fskslh
L
B RdS QoA A A
Elasy
2020) <}

AP Abd F-HE wav2vec 2.0 7]
dat= WA o= X9

wav2vec 2.0 Large(Baevski et al

itk wav2vec 2.0 Larget®

LibriSpeech(Panayatov

Qlojml s}

] 1E1“° o] &3l IIF
Ald FEE nde
XL.SR-53(Conneau et al., 2020)& o] &3
Jo] dojrl uksl glo]E Al
7 Fom, o] REls Al o
1994)e] &) &4 <A FelEygs
8.3%2 Alg dHolH S
A2 Al e
o 23}

960417t Heke] <ol
2015)2 A4 T
glo]
melth, XLSR-53 =@
23k dolH AR

et al.,
dlo]E ARl TIMIT(Garofolo
A&PstRs o oy o] i=R=))
Q9 F&(phoneme error rate)< =3
g 5370 9o, 56,000A7Fe]  thelof
THHAIL, FA] G| dojwl
2019)0 et FA5Y s HF 7.
2014)ell wiet AT AT Ht
ba Ew

ool Al
dlo|H Ao = A}
CommonVoice(Ardila et al.,
S 955, BABEL(Gales et al.,
22.4%°] =4} @ FF+&(character error rate)S H.<QIth
v 2de O Fxe fEVF Zon,
ol mdl M2 Baevski et al.(2020)3 Conneau et

]_

I__:

wg ek A
al.(2020)& W&t

o o

3.4. 91l
718k
|

by o O

=)
2 o
ol

2
d

9

o,
oo o g ke
=M

1w



f
i=)
ro,
i
ol
[gu
i
o
)
)
ol
rlr

gt=(Graves et al., 2006)E A&t} 7
[PA 7|3 AA+= E5F 543}

3.4.1. Ho]xl &7

1o 2 AREgG. Hlo]z=Ekel  $HE& L2KSC  HlelHAle  FH
=

rik

3.4.2. @4 AolH AR &4

A wav2vec 2.0 7|WF RAES T2l o] 5]
o]}, g EH“ AofQl ghmo] hojrl 34 dolHREE
b = A F F Y

3 st} ghapo] dojul sl glo]E Al
KsponSpeech Hlo]HANHS ALg-3te] F17{Y3H= Z1S KsponSpeech
g Fao] oyl w3l dlo]y el AISHELL-1  dlo]EJ ARk
Ab&3te] glRd s 31 AISHELL-1 Rdeolet gt}

=

3.4.3. 1A} Aol HRIFY &4

ggoRt F3e @30 diAe] mejd Faol ¥ dH Uy
Aofel Fe] dofwl W3 HolHAL BT Aga: WA Aol
SJelRY BFL AAFY. Wi dold WAFY B muAse

KsponSpeech® AISHELL-1 ©lo|E|AlS 7 AL-&3&lo] welFid ).
o] A4 Cross-lingual E&o]g} st}

4o mEe 179 GPUR Fdatgith & 4719
ot As AlEdoldsty] 8 &4 gk Aiks

g dvity 7FSAE dHCIESIeH, o3 JUHoEE

Sy

3 . 7
24 A = TH



100,000 z13y 513 T # A 5} ¢
¢85 (Kingma & Ba, 2014)& AFE3F3io =3x107%p, =
09,8, = 0.980]t}. & E5EQ yikd 58 AAZEH o8] 274 H o
A 10,0003 JHlo]E Etol= yx 00194 y7kA ASeta, o]
40,0003] QHolE s<tel= FAEHT7E wpAE 50,0008 HHOlE
&<l y x 0.057H4 sHtat == '8? ATk

Baevski et al.(2020) ol AAsH= dQlFd Al vpA7) W
A&t 2 AlAS 0.659] FEE o]F 1071 AlF &<k mkA
Zh AE ESE 0.59 FEE o]%F 6470 Aol mpAAEH. 0.1 &
LayerDrop(Fan et al., 2019), 0.1 &9 dAs} 34 =Fo}
Agatlnt. © Hre 54 A3y 7R sAS LA 4k

<

oY

Mo m LR
o 1o H o

AHEA Sl &4 914 wdoE &3 wdox gy &9 "AE
AME Ao EHAE Fdtol HASE HAS AAE Sk Ao
2o &4 folEE il OAE W I PP R EAetE 9AE
5S g U dHoEE Fo] wol 52 I weo i dde
ndgsts waow pEIth 1Yy B AFoA thFEE dolHE
S 0FE Esla Jorw, R AU AdAHE HAE A4
HelS RaEsls A 8ts ZXRE o= o] ndo AUt 23]
A Astel S = F AUrh kA 2 A9 HAelAE HEY
Aol Bl ARE3HA] kSTt

eI el #Agle] AT dolEs L2KSC AT o=

et om, 2,500 71FX dulolE Almitk AS do]gef ofal

= o O [e)
RS g

m

& (phoneme error rate)= AAFSIET. 54
o A 25, AAl e, diA 7o Vs dst e AA A
S0 iR diE #elth. 100,00039  ZFEAR o] Ev}

o i do
o b

SRS WE 7110E A5 dolgel g 54 eFEol 7H We
el 7t Fe HE EdE At e olFd AFEe

fairseq (Ott et al., 2019) & =3l #3853t}

3.5. 37} ¥ &

b 2dle] A Hrbe o4 A% e o HEY ¢ odA=R
Lol x3star, zh whAlelA e FrE A= ofeel o] Aot
w4 A AEE 7 lFd ™ol L2KSC A8 AlelA yeht=
T=el gheo] Ak wEke] 7 SAE HE LR oo Adglol



5 3 o = x
FeAE doties Ao, ¥g oF HAE HEe 4
=
. B

= ,

Sa7 e eRAA olRe] weh 9B Yol
=)
.

715 93 A ¥ dHolE = L2KSCO Ald Aot A%
3 IPA A9l 2d ¥ [PA A= Needleman—
% (Likic, 2008)& Abgstol AL § 7k A= Albs

( o A
FAST, AN FAE B 25 A4 A2l wedatin.

=

=

=)

7

o

=y

©

=
oo

2 912 dAM = JHE (correct rate) ¥ HE % (accuracy)
e Edo Ases Hristh zF 34 dHelHe At

AEo| EAsks A IPA 7129 VS N, 2] o5 TPA A4
(substitution error) 2 715E S, AHAl 2% (deletion
D, 4% <+ (insertion error)® W45 18kl S

=
=
£ % PAES Fa 4L olgel Pk

N-S-D
N
N-S—-D-1
=
N
T4 3.1 F2E A FF=9 AL

=
g:

=

[e) =
A IPA e I Fd Bdol =38 [PA AME FHs & Hdo]
7t SAE HE o7 dAFEIEA odFe wE FUF FHLE

it

={y1 Y2 Y3 -, yr}, W °l ¥+ 524 (canonical
phones) & Y ={y, v,y ..y} B2 3k, & gl x of ot
oeIFY R4 YA IPA AME V=9, 9,95 .., 97} BF 3
Yoy, vE AE39S w oJuw st Al to] tis]A,
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1.y, 7V A9 E2ola( y,=y ) P=y, ©1H A2 (true
acceptance; TA) o]t}

2. y¢ 7F 2 i ol y o #yl ) Pe=yi ol 2212 (false
acceptance; FA) o]t}

3. y7F W eF/ola(y, # v P # yiolH A AF(true rejection;
TR) o]t}

4. y7F AR TS0y, =y P # y. 01 AT (false rejection;
FR) o] T},

Qe AHoEHE LAHE (false rejection rate; FRR) H

29121 E (false acceptance rate; FAR) S ofg] 4213 o] AHol&d &
ATt
FR
FRR TA + FR
FA
FAR = o0 TR

4] 3.2 FRR 4 FARE A4

ol mdo] vhE 9 RE A5 As T AARE Wg 2/ A9
H &S AW (precision) &, AAE e 9Fe AL = ndo] W&
eFE AFs A HE&ES AHE (recalDE AHYT 4 o,
ANl AHEEe %3 H#e Fl1-A5Fl-score)E oty 23
2ol Jojg 4 Qg
JUE=_"_
TR + FR
TR
Y/ F=———=1—FAR
V& =
=/ o] = 55 2
FI-F5+=2x TEEX AEE

é”é’E+ A5
F2 3.3 AYE, A¥E 2 F1-A59 AL

std JAF-E AMststol Jd & (correct diagnosis; CD) ¥ &t
Q5 (diagnosis error; DE)°. 2 Y= 4 SQlth y,#y/d o §,=y,9

A%, % mdol #3 $4&E Y Wol okl oz Az

3 ey I;

27 Al = TH



AZsga B 1 we oF S0 g ks wEgchd
QAwola, 194 e A9 AW ool WT 2 FE (detection

error rate;

&+ (diagnosis accuracy) & ofd] =213 o] A ojsit}.

pER = — 2
CD + DE
] TA + TR
AHE A =
M O T AL FR+ FA+TR
cD
JgygE= 0 _q1_
c cD+DE_ L+~ DER

2] 3.4 DER, HZ Agx 4 D AFEY AAH

28

DER), A% “d&%(detection accuracy),

!



Al &H 2d: wav2vec 2.0 Large
KsponSpeech 72.74 65.14
AISHELL-1 51.57 38.40
Cross—Ilingual 73.15 06.43

L2KSC 74.92 70.87

Ard Fd 249 XLSR-53
KsponSpeech 72.95 64.96
AISHELL-1 53.70 41.46
Cross—Ilingual 74.37 07.04

L2KSC 80.11 76.70

7t sl wele &4 14 A% @7 Ade ¥ 4139 Pk
9]

S
A} =k oA g7 Cross—lingual 4
Aol AHEY A8 7 HE EFolA T dolF Ao md et
=l 28} o] Rdlo] Aol HojAekel rEle]l JAd = H XA
Eath A FH 2 do] wav2vec 2.0 Larged w] wo]Aglel mdle
e AEE 74.92%, = 70.87%°]1%0 3, XLSR-53Y W HEE

29 Adee vl B,

=<
wav2vec 2.0 Large EE= IFdst ZHT XLSR-53 RE=
glFgst Aol okt ¥ =2 Aesos Hth oA o] dlolH=ExRE

[e) [e}

AP FEE S wWET t]lo] HolHE Fd AM FRES AyES
i 54 Ao ¢ £ AdTS HQthi= Conneau et al.(2020) 2
Ad Aol FEsked, o] AFelAe= I olFE Ak Ao
Zo] (multi—lingual transfer) & <Ql3le] HTdlo] 2z} J4e] sk
HEsts o #F Fdst7] wwoldta ST & 2 AFtellA
o] &gt & Ao AP FH EEE o] HolHE g5 How F
Alg HlolE & B A

99 ’J“_E _'-.;_': -1
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NJ=Y
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M3

Hj o] 22l

Aol

Hol 3%p7tE]
e

#Hd 6%pel

T
T
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R

7}

Aol e A

=B e)}

i B

Jo

)

o

)

ol
ey

).

—

-
P

ol
KH

)

W3t SAade] Rl A g2 ] wEolet

Pz vehd dys F5 B ColA A, =5 3d 74

Needleman—Wunsch

5

=

%

J_,NO

e

4
el

1o

ojy
Nm

™

=P

Aol Yehta

=5

btk

S

olo

dloE Ao

—
file)

UEelgE IPA 7|3

o] A~ etel

Holo

o
Gl
ol

AL
;OO

4.28}

3z
arn

T

7b Ak

o

5|

3L

.

(e}

SHA|

(<]

A oy
Y

=
=

e} =
= 2

=]
=

A1

Z=
=]

o

FAR¥} A

o

.

RS wap dojA EEEg o o

Njo

T

0
W

—_—

=

ol B3t Ee

©
=t
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S

By
=

30



62.03
41.80
71.19
65.00

48.89
71.47

44.38

46.91

39.77 70.86 63.61
69.26

24.85
38.46
25.53

F1-
85.18 38.44 69.57

89.97
82.97 42.57 74.52
84.39 50.00 80.09

87.54
89.49

Ad&

24.82
14.41
28.63
14.89
A% 24

=

—_—

DER AHU=
-

28.63 35.52

12.57 35.00 24.65
51.11

14.82 37.97
10.51

10.03 58.20
17.03 28.81
ol o

FAR

FRR
15.61
o
LIS

=2

30.67 14.532 3344 26.00 8568 39.90 71.16 66.56

31.13 1319 36.39 2580 86.81

60.81
26.56
57.91
20.48

¥ 4.2 9%
s 2

lingual
L2KSC
Atd &4 29 XLSR-53
Cross—
lingual
L2KSC
dl
=

Cross—

Al &4 2d: wav2vec 2.0 Large
3.

KsponSpeech 32.98

KsponSpeech 32.39
AISHELL-1

AISHELL-1
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AA AR

2
3
53
62
26
11
12
11

24
17
50

KsponSpeech
L2KSC
KsponSpeech
L2KSC
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Abstract

wav2vec 2.0—based
Mispronunciation Detection Using
Cross—lingual Fine—tuning

Seunghun Ji
Department of Linguistics

The Graduate School

Seoul National University

Mispronunciation detection (MD), which is a subtask of
computer—aided pronunciation training (CAPT), aims to construct a
computational model which, given an utterance of a foreign language
learner, can exactly judge whether each phoneme of the utterance is
mispronounced.  Utilizing the output of a well—trained
mispronunciation detection model, a foreign language instructor can
offer corrective feedback on the learner’s pronunciation, whether
manually or automatically. The current main research trend in MD
model is to conduct a phoneme—level speech recognition using deep
neural network—based acoustic models, with non—native, foreign
language learners’ speech dataset of sentences or words as training
data. However, it is highly difficult to gather a big amount of this type
of dataset which has an enough amount to train such deep neural
network—based models. To explore the possibility of solving this
problem, this study suggests a method of training an acoustic model
only with native data of the learners’ background L1 and native data

of the target L2, instead of non—native L2 learners’ data.

69 ._:I_‘_E _.,;_':_ .I.li



We utilize wav2vec 2.0, which performs well in much of recent
audio—related tasks. Target L2 is Korean, learners’ background L1
1s Mandarin Chinese. The training of wav2vec 2.0 is divided into pre—
training and fine—tuning stages, and we investigate the performances
and analyze the recognition results of pre—trained models which are
fine—tuned with Chinese learners’ data of Korean, monolingual native
data of Korean or Mandarin Chinese, or cross—lingual native data of
Korean and Mandarin Chinese, respectively. Besides, the
transcription and recognition units are from IPA system, in order to
uniformly represent the phoneme—level transcription text of both
languages. To do so, we also suggest a method of converting Korean
and Chinese text to IPA sequences, considering the phonemic
systems and phonological variations.

The cross—lingually fine—tuned models with native speech data
of both languages showed 74.37% correct rate in phoneme
recognition, 39.90% F1—score in mispronunciation detection, at their
highest. These are 1.42%p and 1.44%p higher than those of the
monolingually fine—tuned models, respectively. However, it could not
reach the baseline performance, which are 80.11% correct rate,
50.00% F1—score. But when the fine—tuned model are investigated
in terms of false rejection, common errors which Chinese learners of
Korean make, and so on, each model showed a mixed recognition

aspects.

Keywords : mispronunciation detection, wav2vec 2.0, cross—lingual
training, acoustic models, Chinese learners of Korean, non—native
speech dataset

Student Number : 2020—-25664
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