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Abstract

Mispronunciation detection and diagnosis are part and parcel of a computer
assisted pronunciation training (CAPT) system, collectively facilitating
second-language (L2) learners to pinpoint erroneous pronunciations in a given
utterance so as to improve their spoken proficiency. This thesis presents a
continuation of such a general line of research and the major contributions are
three-fold. First, we compared the performance of different pronunciation features
in mispronunciation detection. Second, we propose an effective training approach
that estimates the deep neural network based acoustic models involved in the
mispronunciation detection process by optimizing an objective directly linked to
the ultimate evaluation metric. Third, we can linearly combine two F;-score when
we consider Fj-score as final objective function. It can effectively deal with the
label imbalance problem. A series of experiments on a Mandarin mispronunciation

detection task seem to show the performance merits of the proposed methods.

Keywords: Computer Assisted Pronunciation Training, Mispronunciation
Detection, Automatic Speech Recognition, Discrimetive Training, Deep Neural
Networks.

1. #m

EIERACIFAEKES » R PRHE AR ST > SNERE T R RANIRRE 2 — - RIL RS
BEE =23 (Computer Assisted Language Learning, CALL){E¥L S E 25 E A& AT
7% HEHIEZE B EK B g HENEEE BRSNS A EBIRIOEE - 45K
FHA B TSR R RS R » S RREEEEH RS AR - B2 EE5EnY N B il TG
—f{& o TEFFZIFHERERE AN ~ BUMBL R SENBI R » FERE TR — T A
&&= (Hu, Qian, Soong & Wang, 2014) - 35 =9 1] 4y B (Listening) ~ 7 (Speaking) ~ 8
(Reading) BT (Writing) S DU ES B » of LI 0138 28 MIBRAT T 11 Lk A T B 01035
= AN - (HEE S AN E M AN R E M 2R K - AR ORI N ER
HBh 355 3| 4R (Computer Assisted Pronunciation Training, CAPT) » gt &7 | AyFiflii
1TETam °

B B 2 e 3l i T E A 2 2R EE T SNeE (Second-Language, L2)E2E#HAH
ZHIREHE T - AR TANEEEE RO TR S G R AL & 55 S BAAIRGEREY
] > FRFERSE R oS R EFR ANV ERTENER B AESNE INEEE
HRIEZE - BRSNS Y B B ER A B B R R B o RHEiE R e
HE OB - St HEEE WS E » LB EENE T E B R HF (Correct
Pronunciation) 3t 35 5 % (Mispronunciation) » 0 Y HE 1] D23 Z (Phone)[E R (Witt &
Young, 2000) ~ Z&fi(Syllable)& 2t (Zhang, Huang, Soong, Chu & Wang, 2008)¢ ] (Word)
J&ZX(Chen & Jang, 2015) « & Z 445 12 E HAV SRS H I KF o] DABTH a4 PR 38 & A T
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fmast [El6R - 5% P P i o 8550458 5 22 (Harrison, Lau, Meng & Wang, 2008; Harrison, Lo,
Qian & Meng, 2009; Lo, Zhang & Meng, 2010; Wang & Lee, 2012; Wang & Lee, 2015) - £§
aRgs S Ry B RSB B Sl R P S —20 - B SEER SRR AT DURS R B TRONIEE 3 1Y
BEIRIUG » A REA I TSR B B 228 - AT T S EERET 0 (a $2 786 35 55 S h o]
ZRURE ? PERR S O AT R Ty R o BN S R NIV AE R S B R LAY
RRZ T LA A VUTEAE ) - A2 B8 5 (R  Z ARl HI B B3 o 0E s Ry i SR
HyFE 48 (False Rejections, FR) 5 [E2EF 45 S8R » A Ha0E Fy 38 5 (ARG By S SR Ay 132
2 (False Acceptances, FA) ; B2 F 35 1R - S48 AT 3k = IEWERE Ry IERERYHEZ (True
Acceptances, TA); B2 ZH 4 HHEER » 240K 0E Fy 38 5 $8 3R Ky (ERERYFE SR (True Rejections,
TR) o bt iy VO fe £5 A5 7] DLat B H e et Al Ay R 28 - 440 & [5] 22 (Recall) BLif £ &
(Precision) » H&F %3 H oMIAYIATT & DIZ R4S )7 2 E RaT & R4 ES TR (Hu et al,
2015; Huang, Xu, Wang & Silamu, 2015)  F&{F A 5 3 — 25 {1 F 75 [m] SR B 24 (Y B A~
¥4 —F, & & (F-Score) By 22 RI| » F, ¥ & 4F H A5 = i ¥ (Natural Language Processing,
NLP)g 2532 (Information Retrieval, IR)SF B4 f/ Bl + 55772 (5 EL e
YEIEAE R RSN SR AT H A2 (Fujino, Isozaki & Suzuki, 2008; Dembczynski, Waegeman, Cheng
& Hiillermeier, 2011; Ye, Chai, Lee & Chieu, 2012) o 1F §& 55058 2t HI{E RS S0t 5 a0 A8 A
BB 72 B 95 € 57 (Huang et al., 2015; Qian, Soong & Meng, 2010; Huang, Wang &
Abudureyimu, 2012) °

TR > AEREH PR 40 P R SRR E Hh 2R S A48 (Deep Neural Network,
DNN)HU e =i £ 157 (Gaussian Mixture Model, GMM) - 3lf £ 55 #aik (155 R HL
S ERAVHEZD (Hinton et al., 2012) - fE$E 3R 3 E e HIAYRHBEBTFE th i [A] Fo e e S 40 4 8
B BRI (i A A2 25eE B A BERE U327t (Hu et al., 2015; Qian, Meng & Soong, 2012; Hu
et al,, 2014) » FJ> EABTFEAVREE - BAPIET 8 K53 DU KA ks s St AL AR
fE(Huang et al., 2015; Hsu, Yang, Hung & Chen, 2016) % H A s U R AT HES TR BV IEUL -
A B R A R A A M R ER A R Y 2R _E PR T SR S b A (E TSR 2 -

A i SCAE 56 B A s R S e A BR BT ST S RE ATV © 55 = B R BEAY [ et
SRS E AR ERS TR HeCE IRV U705 © SR DUERRIE ST S A 58 = B3 B Al 7 A 0 e
HH AL RS S OHIF, 8 60 B R AE R E R TR R A LR E il
FiEE 7S s S el E B ik o (557 81 » PR e — 2R Am]
REAIBTZE TR

2. SURRERES

PhOER % E b O OK 2Rl gy By B R P9 i fE (Thresholding-Based) Bl £ it 77 % 25
(Classification-Based) S5 FRfE 0% o W7 722 Al 1A & 75 (8 R EARER PIRE (B 2R HIER 38 5 By IE
HESEERR » AN s S SRS e HR A E R T A O - BN
Pt (E % U705 R i (Hsu et al, 2016)$2 Hf = ff & & A W 20« W EOH DU E
(Log-Likelihood) ~ ¥} Z 1% {4 22 (Log Posterior Probability) ~ 5 3% [& [t = & (Segment
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Duration)¥f 2% S i HIZRUER A2 2 - B3 Kim {EE g b 15 BB R R Ry R B 1Y
FE N8 (Kim, Franco & Neumeyer, 1997) - Z {2 Al 2 LR ERRET R T
Wi EAFH{F GOP (Goodness of Pronunciation) (Witt & Young, 2000) » 7 %t G 5Tt
GOP %774 #E1TI4 E(Zhang et al., 2008) « (R R B FIRE(E 2 J7 /AR T f5 875 S (8 R:
Bt DL 2 M2 HH DA R A58 2R 28 2 i M 2 Fy 5 2 AF By B A S BB T i 1788 B =Xl i
(Huang et al., 2012) -

AR M s E E Aol U704 » R 2 H1(Wei, Hu, Hu & Wang, 2009)Frf2 tHiy - [z
B AL A ENVEE R E(Lee & Glass, 2012; Laborde et al., 2016)5E A [F] 73 4HE A
(Hu et al., 2015) - £ [ fESSE 2@ Y - FORGRESERE > FlasIA
BT i(Strik, Truong, De Wet & Cucchiarini, 2007) - {HiE SV EUEH R A LR €&
7 He 5 FH (BT R RE A /x/B0/K/ ) » B ERERRHEBUS 50 R Ry A [E1RE 38 1 722 AR S A TR 21 -
IR WA ERNE S WA S E T3 E 28 (Hu et al., 2015) - HIEEBBIEER
FEREEUE N EMERIB A — B2 lE o AR MR S S B T T % B s Y
%A {E 7% (Harrison et al., 2008; Harrison et al., 2009; Qian et al., 2012) » &34 &Ry EaR
AIFE(Error Pattern)ERECERAEBALH 5 (W HIEVERHI IR G SRIFIE RAVFE R ARG - ralas
R EATHI - BB GRBINEEEENNEEA LR ERS S HE -

3. PEERSEE Rl
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[Figure 1. The flowchart of the mispronunciation detection process.|
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SRR E R I EE A RARA0E 1 P o A& Je i A R B B R el SEE 2 Wk
AR EERY > (R YNEER S H Y5 5 5B A B IE RN SO R RIS © BB A
HIVERERIE RS S AR U TR B A - SERR SNy R AR - A2
L (Kim et al., 1997)AVEI £ K B 1% R i RS {E GOP (Witt & Young, 2000) » 7,
T W RS il 5 E o GOP WYt E AT ¢

1
GOP(u,n) = mlOgP(CIu,nlou,n) M

1 P(Ounmun)P(qun)
=—1Ilo s - 2
Tun ZZ;‘EQu_nP(Ou,nW)P(q) @

~
4

1 [0)
2 10 P( u,n|Qu,n) _ (3)
Tun MaxgeQqy,n p(0unld)

Hrt GOP 2 R ELTE 0,0 HIE R E Ry o VIR IR > Horh u B n FOR56 u EEEAIHY
o EER > RERREHER (DEHREQ)  QuuEZBoE BN T RES - AILUE
EHHE R TEORBNE R » Ty BT REIEHILLERF ] (Duration) « HeffI & H
FRIVERTERARE - HREASAEOEENER > ISR S R R 8H > 050
(3) e HAD( O | Gun )& KT T 2R Qo BTG R EEE O o I AN 51 P (Oyn | un ) T
DL i B JHY SCA A 2 3 55 B) HE 17 58 1 B (2 BUS 3 BB R qua IR P 5 s™ =
{Sty Stouts s Sep ) [FIFHL AT AP 511355 22 X % 6 ST S AT RE A B ] £ B SRR T 2, © R (3)
Frat BHY GOP 7 EifE R A ad H sl L R AVEHG IR - WAAA Q)R E S FIEEN 77
8 o FMTERAE DOFIRE Z AR NEL

1

D(u,n) = 1+exp(a-GOP(wn)+B)

)

10 DOYEEAT | Fongd & al fEShaR » BEAT 0 AIFOREEF IR > PFORARAHIFIEE - 2
Ba A GOP s B R =/ - LAl R(E S8 n] Dikat BE 2R > 5 R EREK
AP - AT TR R e B E & 5 2 gt

_ (1 ifDun)=t

100G, n) = { 0 otherwise ®
TR I EE PG E - R E R A AN R 2 —(ER &Y {E - 281 GOP 28
RE TN AR B EL - BB LSt s - BN IERE =
£33 (Unsupervised Learning)fy 7% ©

FtAh EA B2 R R R S S e 4 A s e B R s ) Ry SE AR P (sl o )Y 575
VB Ry 35 iy 7y 8 R /E ¥ 305 R F (& 1% (Log Phone Posterior, LPP) (Hu et al., 2015)-
BETETT AT REOE O BHENIRRE R R Z 50 1Y - Bl GOP IYREIAMAL » il
LRI SCA A 25 8 58 A 4 17 56 1) 35 i U A5 35 FE H A 2 gy (IR B8 7 51 s (un) =
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{st' Ste+1 ""Ste} ’ ffﬁ?r;g: LPP E’\J/A}fiﬁﬂy\%hji :
LPP(u,n) = IOgP(Qu,nlou,n; ts te) (6)

~ ; te ( (qun)
~ te—ts+1zt=t510gp S,

o) ™

B (DEL BT R qually LPP » sCun) 58 32 q, o 155 REE 00 n I B (ERE ISP E
AREEFPAN - EFRMTE BR T rT DASESR(E A LPP B4 585 0 BUE 38 H A ML 5 YU R B
GOP #HAT - B LPP HystE M Z{KFY GOP - a1=X(3)FT & » GOP fE/r RHHBE R ATH
FRAOMUZEERSL - 1 LPP HHREH R B IS Ry AREERIER M1 -
BRSSP AR B IR RE SRR - B IMTHUGLL LPP R EHE 0 8iR - 5
kA SRR BT AR -

1
1+exp(a-LPP(u,n)+pB)

D(u,n) = (8)

4. I AREEEREE AP SER 4R

FEEZ W HERS P A 2 S H5EE AL B GOP & EBIHET | $8 stas St MRy Riche - dr A &2
Frie i = ISRIE A AE GOP {53Ml] - DLECAAE Fi 22 Fy HERIEE (5 6f(Huang et al.,
2015) » E27% Huang {f H 58T E &AL -[E 5 2E ] o fE R (Gaussian Mixture Model-Hidden
Markov Model, GMM-HMM) iR E25 Y » i {5 ] GOP #E1T$EERE% H hal] - A5
BRI TP 2 BRI S SR S B IR - I EAGR S > BAPIR E S2A 2
HE 4K 4 B - [ 5 20 FS 1] K £ BY (Deep Neural Networks-Hidden Markov Model,
DNN-HMM) - £ § R 3 E g fInT# o3 AU LPP Ry 5 0 8 BB SR BUR E# &
gl o W LA R AL 8 Ry H AR 1) =)0 B i e P R A A e AR B A Y 2 B DL
FORREI 28 - B FEERETEITAANT ¢

__ 2-Precision-Recall

F1 " Precision+Recall (9)
H o Fy Ry o] 3R B AR R f AR S AR AR AV B & T T & [ R B R m] DIRR
Precision = <402 (10)
Cp
Recall = if(’]”,f)’ (11)
H

CoTomall ST P s SR B R S I B R O ORISR e =
LIRS T T REE - NIEZER - EEENVFEE Ml RS H
[EIRF 8 Ry B R B Ry s s H AV EE (10 B (I DACAKO) LR EREE |

R R
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F, = 2CHND (12)

cp+c”

PEERIRAMIESS 3 B E EMNEE RS B AR e D()ZE B )R IE LRI 0 1Y

B > ISR E R AT B R ESE SO R L 8 D) R B () AR A Cp - BHERE £
LR N SR B B o B 2 45 SR HO)AE SR AEAI RN fy Cunp > 20X(13) -
23U 3N 1(Dwn) Hwn)
Fi = SU_, 5V 1(D(um)) 400 (13)
IR 3 B Fe AP FE = A B AT IV e > RUB AR 5T Cyp B Cp B FH B R U B
1) FEEA B A (Gradient Based Method)fy 28587 77 2 i pR 3 - (Rt E®=R—
{E-F- 75 (Smooth)JF, FE & - 41=X(14) :

- 2:Cj
£(0) = 1205 (14)

CH+Cy

LB (15)
o1 Tt Dwn)+Cy

FHIA S5 3R 88 2 TR SR BB D) LR 88 A oo S A ae s ek i By 0 51) 1 2 FRHA9ME > RlE

TR CH A BC A e R 1) o] LUEIF EENEDE » 11x(15) - €& T HE

B - B s iR S -T2 (Stochastic Gradient Ascent Algorithm)ZR 5 ¥ 285 - £

E3NISToN IR IS5 HilFwl RGO et e

(1) WEhFEEEEREEQLDIISERMER 7 DNN-HMM 2EERInTq4k - HallsEkt
B Ry IEMESS S » M DA/ IMEAE XN By B A pR S s B2 A5 o

(2)  FEFPERDINSRAVEERAR » FEIEE 3 fite & LPP BUAGU() S HEE IS E R
MEEE 78 > BB AR B GR)EE & 4r BE E A SRE(EIK 0 2] 1 2 f) -

(3) FEFFEQEHAVASFEE BN (15)E LA IR, S R E By B A e O 25 AR
TR B2 8o, BLLS. DNN-HMM B ER RIS > TR B S SR
FEMC

A AR AR EI S E R P IIA T Z3E(L2) N E RN & IR SRR 38 ) s HIRSRA

S B ERRIR ) S DA S A I A 1) B L e B TR A -

5. EERGER

5.1 FERBHHTIERRE

A S PR AT A 1 TR R S AR (L O R 3 L SRR (Hsiung &
Sung, 2014) » 5 B ETEREELREEIRES2)  BENTHREE - ¢
HH - S SIS | PR R A T EE AN T S
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FTHERE F

BHEEH 1 2 4 NETEG - RS BORHIET 2 R IEREEEER o BAFTR R R
FIGREE ~ SRR WF 1 -

7 1. HEEBEE LI E
[Table 1. Statistics of the Mandarin Annotated Spoken Corpus.]

AR (/NEF) FEE({RE) EEE =) i
SEICNE) | F ZHE =

" - TEHEE)
e | 6.68 44 72.846 NA
T 14.04 74 107,202 24,150
e |2 14 10 14,186 NA
A 339 18 25.900 5227
e |11 321 25 32,568 NA
JHlE\ G
S P 7.49 44 55.190 14,247

5.2 BEEATHI4R
AT RE S WA A Y T2 (0 B BISTE E i RSB it I 1Y R Gl s i 4
H PR L H —"Kaldi”(Povey et al., 2011) ; HEHVEEELL Python 12:(GEE K+ - WSH &
fE K = EE G 2 Scikit-learn”(Pedregosa et al., 2011)F1”Theano”(Bergstra et al., 2010)Z »
RO EOR BN GPGPU ERE AN RIRE - TEREFEUNR EXRMRE
{ifl & Z B GMM-HMM YR ELE A By 3 (ERREFTAH A > MRHEREEZ /D 16 (S HTE
B > AELARY L1 ISR L1 R 8 1F Rodll SR EDR R B2 I 228 - Wy AFF N1
FIEAHERHAE > BHEEER 12 4R EHRH RS - | 4EREERHEN 3 485 (pitch)FF
FUFTAHEY 5 W 16 4ERE S R U —FE 2= 25 %(Delta Coefficient) 1 — [ 7= & {58
(Acceleration Coefficient) & ik 48 4ERVFH R & ; HriEL—FEM —f& 2= 8 AEE N &
SFREE FHEUERS VA R &N -

£ DNN-HMM LRI 77 - Fo((E] ek g B (o FH 788 i pry 8 (sigmoid function) £y
W B AR AR R b e B (Softmax) B R A - iy 'R U M B AHEY
{48 (Mel-Scale Frequency Spectral Coefficients, MFSC)EU5HY ¥ 8 AE 5500 1% 1B B
Za&H(Filter Banks)FfTizE 2EHY 40 4 5 AL SE e IMERAAIER S 5 [EEE - 25 11 {3
B - SEEHES F 40 4E0VRR Zs4HAE LN 3 4 E P (Pitch) Rl © Wi 43 4B
FIEHEES I — B E 245N B 2580 Alm ARVEESREELEEE] 11 {# 129 4y
i E B B R 1,419 YAV & -

1t B B8 S PR 094 R M DL B g4 5% (Syllable Error Rate, SER)HIF 2§33
(Phone Error Rate, PER)ZRFE 1~ #13% 25 MG ETE B 5 B & 6 fENE (Free-Syllable Decoding)
BB SEAIIRE] > Prasstai 2R 18y L1 HENERTET R « 1632 2 AUHES
GER AT DB R e B S EISE AR B B R IH R B DNN-HMM BB A5 R0 KR 1 i
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i GMM-HMM 2

AL -

2. HEREE AR
[Table 2. ASR experimental results.]

63

HEIFHERAR(%) B R FHERR(%)
(syllable error rate, SER) (phone error rate, PER)
GMM-HMM 50.87 34.30
DNN-HMM 41.71 28.14

5.3 RHETTE

Z 3. ROC W IR R 3% B R AL 5 FHIE 2

[Table 3. The definition of the confusion matrix used in the mispronunciation

detection task.]

frl

SRR

(false acceptances, FA)

HI% R E T

» ZERAIREIE R3S I -

PEEAHTEAE

(false rejections, FR)

HI%E BB E 8 IR

» ZSRAIHE R s ihas -

IERERTREZ

(true acceptances, TA)

HIE EEE E S IR

» BT RS IR

IEREAIESE

(true rejections, TR)

HIE BT R

» BRI RS e he o

WEAGH LS | Bt AT > o SRR & A TURELS /(A1 3) B UIE s 2 o] LUE
IR AR T2 ¢ B0 7S [l AR B 2 FE T2 5 S T P 4 s R A B D7 =
75 (B AR ELE R FEHYRRA P - thgheF B R R A - R EsEi =0
T4 AR IS AT - IR EAMT e e 38 IE TR 3% = A M HY & [ (Recalle) ~ FEZAEE
(Precisione)#1F, [ & (F1e)HYET RT3

IEWEREZ (TA)RY(EE _ #TA

Recall; =

Precisione, =

P IERESTIES — #TA+#FR

IEHEREZ (TA)R(EE,  _ #TA

LU B IERES TAEE  #TA+#FA

2-Recalls-Precision
Flc _ C C

- Recalles+Precisione

;/\\wr .

(16)

an

(18)

1178 35 54 5 B 75 (512 (Recall ) ~ ABAEE (Precisiony, ) Bi1F, fE & (F1, ) AT R0
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IEREER(TRAV(ES _ #TR

Recallyr = G e mrmmog — #TRA#FA (19)

Precision.,. — — HEEETROEE _ _ #TR 20)
M ™ 2 B SERR A EIOES, — #TRH#FR

Fl]\/[ _ 2-RecallyyPrecisiony, @1

Recallyg+Precisiony,

TR FE R B E L B R RE(S 5 SRR (Accuracy) 5 ROC i 475 A Z 2 -
EER RS F AR NMER T SE R IR E ERAVIEE L — » RILER 5 R A [HR
FEAEEATF, R R A S SR S B B i o (56 FH Y P A A

5.4 SRR ERHIER

AEAE 5.2 /NERSOERIWI A EE A (GMM-HMM B2 DNN-HMM) - iS55 3 SRHEEI0
GOP 38O E Fye P8 & /B AR 5 WA AR SR Gl (4) B R e B (R (5) i
HIERE F S Ry IEREECEE AR » AR o S5 7R eR Y S B B (0 I BB CREF R
B R EREGE RIREEAEN) » HAER MR 4 s - i3k 4 A DUSAIEY DNN-HMM {E %y
R BSR4 GOP 3 B0l E FE 38 S A I 5 S8R B s GMIM-HMIM 22 B2 TR P o SR 3
E ORIV, S 2 B A &Y 3%0948 $ D (IERESE B ieoRIAYF, FE & 0.836 $2F 2 0.863 ;5 §f
aREs EAROHIIF, S 0.546 32712 0.579) - A2 E T ERTHEH T REE2 8 1%
kAT ZEh (Hu et al., 2015; Qian et al., 2012; Hu et al., 2014) -

4. BRI R E R B B ia R

[Table 4. Mispronunciation detection results achieved by using different acoustic
models.]

Correct pronunciation detection Mispronunciation Detection

oor Recall Precision F1 Recall | Precision F1
GMM-HMM 0.828 0.844 0.836 0.562 0.532 0.546
DNN-HMM 0.877 0.849 0.863 0.552 0.609 0.579

LRSS Z T B LS 3 iR EIEEE ZRFRERLPP)E /S
SrE W% S o GOP Bl LPP (Y5 AEF, & BRI AT (LM St IEYF fE & 0.863
P 0.854 ¢ gHEREEE R MIAYF, LR H 0.579 871 % 0.587) - HE(LEAE 0.01 Z[H] - 41
% 3 HIFEEINY LPP (YT EME RS (K GOP » [RIILEE N2 E Bl L LPP {F Fy £y
=Py
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7 5. 2 DNN-HMM B [LZE /T TR 5 7 B2 B R A PR
[Table 5. Mispronunciation detection results achieved by incorporating the
DNN-HMM acoustic model with different decision features.]

Correct pronunciation detection Mispronunciation Detection

Recall Precision F1 Recall Precision F1
GOP 0.877 0.849 0.863 0.552 0.609 0.579
LPP 0.850 0.857 0.854 0.594 0.580 0.587

Agiw SRR A £ RE Ry KA b3 B i AR Z S nl=UFIAR - B ek M E |AUET S
T AR SRR AL B R SR bR B - AT 5.2 /NERAYRE S DAL DR B B o IR i A R B AR Y
DNN-HMM » DU AE S St ERBCRA Y GOP Frig ftayas a8 > thut/s LPP
ST BIE RS T o8 WA BT ER VR S A R R E - IR PIET R R
RIFIZRIR = 281 > AE55 4 BiaTamAvF, 82 BB A S F 8 - HE24E
BN B 3% S| SR (LA h IR s F i Mt S IR R AVEL Y - RITA TR E R
HHEAGEHEAEHIERGRH] - L85 4 iRV ERAVF, R HIFR B HEICERHE R/
IERESE S eI F, FE R PUEDE -

23Y_ ¥ D(un)-H(un)

Zav(0) = 22
2O = S Dl =
Ee(e) — 2Zg:lZﬁgl(l_D(u'n))'(1_H(an)) (23)

U v a-Dn)+c

Bt BRI FI S8 o 16 By FTESE 15 BLSE R4 T IF, 1 B SR & 1 B Rk L A
i -

£(0) = ¢ Ex(0) + (1 — ¢) - Ec(8) (24)
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[Figure 2. Mispronunciation detection results on the development set with
different threshold values ¢.]
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7 6. ZFELPP ZAAL F1 BEE FIFINFFT IR E I & 18RI
[Table 6. Mispronunciation detection results achieved by using LPP features
with/without MFC training.|

Correct pronunciation detection Mispronunciation detection

Recall | Precision F1 Recall | Precision F1
LPP 0.850 0.857 0.854 0.594 0.580 0.587
+MFC (DF) 0.863 0.866 0.865 0.617 0.611 0.614
+MFC (AM) 0.906 0.870 0.888 0.612 0.694 0.650
+MFC (Both) 0.907 0.871 0.889 0.613 0.697 0.652
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