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Abstract

This study addresses low-resource Taiwanese Hakka learning and proposes a modular integrated system
that uses Hakka Pinyin as a shared intermediate representation. The system covers a pipeline from Chinese
to Hakka text and then to Pinyin and demonstration speech, while providing automatic pronunciation assess-
ment for learners’ spoken utterances, thereby reducing cross-module error propagation and improving diag-
nosability. Specifically, Chinese-to-Hakka translation is built on a convolutional sequence-to-sequence model
with forced segmentation and unknown-word backfilling to improve Hakka idiom generation and translation
results. For pronunciation assessment, we adopt GOP (Goodness of Pronunciation)-derived LPP (Log-Phone
Posterior)/LPR (Log-Posterior Ratio) features with a lightweight Transformer-based regression model, and
apply bias calibration to handle skewed score distributions. Experimental results show that the translation
component is more robust on both in-domain and out-of-domain test sets, and that the automatic scores ex-
hibit strong agreement with teacher ratings, indicating the potential to support computer-assisted language

learning.

Keywords: GOP, Text-to-Speech (TTS), Automatic Pronunciation Assessment (APA), low-resource lan-
guage, Hakka language learning
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"% 2% 5 b 0 Liaoetal. (2023) ~ Liao, Kuo, Huang, Lan, Lai, and Hsu (2025 ) & = Taiwan-
ese Hakka Across Taiwan (HAT) 3% § ##LE - & i iF Formosa Speech Recognition Challenge
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( Byte Pair Encoding, BPE ] ) (Sennrich, Haddow, and Birch, 2016) ¥ § »c" gk & ¢
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¥ # 3 B 7|3 B 7| (Fully Convolutional Sequence-to-Sequence, ConvS2S) ( Gehring, Auli,
Grangler, Yarats, and Dauphin, 2017) 7= 4% 7 ¥ 7 L 2V @ RAE TR L F P T F 58
Fairseq (Ottetal.,,2019) %1 E 9 i(F&2 £ -
%EH%?"“?;C‘ SR Y 2 D E’ﬁ"‘&v} L ET - JEES TR
(- ) LF pwE BRI A (C) R A BRERMeETEAS D (2) T A
A e S e R A o AP ARMZHK S T - RIGERRES oL
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w4 %5 % B [ Recurrent Neural Network, RNN ] -~ Transformer ~ ¥ # % ) (Yao and Zweig,
2015) > = A* F'fvup:\@g Hu| T FE AEEATROR o R VR ENK T AN
AERAERES R H S EEEERP B GRS D B F L w2 (Fallback)

TS AR uuk A ﬂfgig,] dEgg Ak gE s (GE R B 2023) o

) ’GZPm%J ' E RIS TISEAPAGE R i > P FEELERBELE L - F
M (blhedr v 30 (2012) 2338 5 2 %) ~ @@ /¥R He o 2 AalEE (Forced
Alignment) #7% § 2 E & ¥ RM % TR E X THIRERLF - K o
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NB)Héﬂﬁﬂ%iéﬁ@ﬁﬁaW?g&ﬁmﬂﬁﬁf?ﬁu EEEAH G BY
PLp o F R ( FastSpeech/FastSpeech 2) (Ren et al., 2019, 2020) % 6 & A 3 & (Length
Regulator) 22 Bg 8 FERIPFE - BEFR A RHER T -

BB ES G oo 4 iR, (Generative Adversarial Network, GAN) #f = ;# (4 HiFi-
GAN [(Kong, Kim, and Bae, 2020] ) & M i35 = A2 4 BRI F 5 > ¥ AT ST RIT
BV gV or anE g !3137]». cFEAEIFHSALANF I 52 FH 4t~ » E (Speaker
Embedding) (Jia et al., 2018) & %% %45 % (Reference Encoder) (Wang et al., 2018) 1/ f%
BIGEDOPN FETFH A
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BHEEY (M= AFZ &PTF S FEPRE B [ Chen, Tu, Yeh, and Lee, 2019) ) ~ % 3%
JFIZ SEPETHMEVR S THEM R (4o R F B4 (Ko, Peddinti, Povey, and Khudanpur,
2015) ) BREE T RIT o F R EKRIF LES R T AL APA R SR F s T R
v4 Kaldi (Povey etal., 2011 ) 2 Montreal Forced Aligner (MFA ) ( McAuliffe, Socolof, Mihuc,
Wagner, and Sonderegger, 2017) %1 2 & 4 ¥ ' eg $¥H8 » KA 1 T E 2 A o

B APA LR R332 — 5
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DV ERaw Al o B AT ASRECAEE GOP Hpi A R TP RS E A0
o H g F A A o X AR RSB L A5 8 £ A fic s Witt and Young

(2000) =1 i€ E %7 Phone-Level GOP * *t 3 #NZ 2 &Y chfd#H > m B =y ~&HM
Wk 2~ s Al 4R ik ie 7 { = Feh4 47 (Kanters, Cucchiarini, and Strik, 2009 )

TEFREY 2P EEFA 4 #k (4o Wav2vec 2.0 ( Baevski, Zhou, Mohamed, and Auli,
2020 ) ~ HuBERT [ Hsu, Bolte, Tsai, Lakhotia, Salakhutdinov, and Mohamed, 2021 ) ) = t§#
= R ASR e w b s R R APA j¢_ "H - GOP ~» ¥k | 4% " % e~ BRrliE w3
R BT o Bilde o -5 s GOP ~ iy % ¥ 1248 5 (Log-Phone Posterior, LPP )

% {8 % v (Log-Posterior Ratio, LPR) % #@‘rﬁfdﬁ] ~ Transformer £ {7 B3| & & » ¥ 4 g
B3 Benik i M 13‘1?] d ¢ 3 R il 4 ¥ s Gong, Chen, Chu, Chang, and Glass (2022) #
41 & > GOP ¢ Transformer ( Goodness of Pronunciation Transformer, GOPT) & & 7+ GOP 4
Hcg fie Transformer e » ¥ ¥ 32 % 6 w» (Accuracy ~ Fluency % ) #7 % & (Phone/Word/
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DNN) fi8 5 i emg ®? » BT 43 00 13 20 LPP & § 2 LPP b % B2 £ % 4
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% B4 22,408
#5 ¢= (TTS) wE e T3 %3% 17,703 %5 2443
(¢ 244) (¢=14534) (¢ = 19.71)
B4 =a (APA)  #E— 1A dk 2 19,668 —

X MT % B#:%F (Machine Translation) ; G2P : F #& 5 ( Grapheme-to-Phoneme) ; TTS @ = F i 4 (Text-
to-Speech) ; APA @ jp # % 5 :®4 (Automated Pronunciation Assessment) e

FRAM D AEL D FAY

AFTZFERRR TEER SRR Yy R T E AR R R KT
AIFZTFTRELFFPEZT AR NR TN L NEE M e BB e BEH ) R —3
AERHNEHG ’f%—~?fﬁ*”‘%"h§? AEAOFIUHFEZRELEFFR G LA
APA T W 0 F 1T 5 M- ke MRS B XL TR o AR
%%~ TP R T JE AR F R WA H0E 0 R R PEE A R TR o gt b AR Y

T w2 F~7}"‘i‘ﬁvﬁ-i£’”%\’ N pﬁfﬁbé‘&; P FESILBEEET P LBzt o

B AR ERERH

@&ﬁﬁi’ﬁﬁ*ﬁwﬁ%mﬁéﬁﬁiﬂéigéﬁé‘% Z
Ed > N RFEAPAC FREFREANER R LA N T RES LR
eipEped (¢ HEROMTE FRARN G P s BRI )

5
3
2w iﬁ!‘a‘:’ﬁ;il/‘éiﬁ*%—igf:r v it lfLﬁ’L » I 8 % B Pég: ES l«vgw*ﬁxl‘ﬂﬁaﬁ °
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=h
£
\4_»\
)
I
42
bl

— > MT R34
(=) Bm&E

AFE 3 22 MT 34 2 2 Fairseq 2 2 % 4% 5% Seq2seq (ConvS2S) 5 H e ¥z » & &
HAZREEDREE - KT REVREKTREFFR DT TS R s inEi s PR
BTE KvE ~ fRER S A T 4%(3.] v ILE G w BAE AL IR HESE 5L 2 B o

#AK L2 % > 4§~ » & (Embedding) & =% 42 » » £ (Position Embedding) & & ¥
5256 Sams B Ak A HE (51~ (Kernel Size) =3) > & % (Decoder) #* 3
BEFEL (S 1 =3) 5 2 REHF{KTF 22 % (Label-Smoothed Cross Entropy )

(e=0.1) & Adam B i it 52 > Lk T3 9F Y Sz (Inverse Square Root Learning
Rate Schedule ) & {7 & iE v o

FTHABR R 1o ¥ Fs e B R4T FFRK] - A2 E 8 Fawr (FHHe

32,727 ¢ ) M B iC H G IRpIRE 2 i K F o

(=) s
ﬁgﬁﬁgéﬁﬁ.P%W$&(§Wﬁ?ﬁkiﬁ‘*?”“ﬁ)w;mjdgiﬂ

#E(FRPEE R R ER I EFA R 41 HET B (R RE A £ ndaa)

o 'T”/r*“”’"b”#ﬁpaeqﬁsa]»\zpm DE2 Y W 8 ML e g
ﬂ)%"&pp-}lé\,—»]\yqio

(2) FERHAREABH LR T

WS iEEF ’f\“/g‘@ Z EHEHEIEREGEE v AR 2 A RiEIEY
(Levenshtein Distance, LD ) ~ ## =G F4 itk ( Bilingual Evaluation Understudy-4, BLEU-
4) v X L e i R i (Recall-Oriented Understudy for Gisting Evaluation,
ROUGE) -12/L - ¥ & T ChIRpRAE G H - Sy EFT PR RALARRE > A FRFERIRP IR
BbIRA P ek > R LE - T RE

B RS MR AN R HCA1E T A o E) (Unknown Word Penalty ) 2 e 48%F o
LA oHE - BYREAZEA R AEFEAEFEFS - 2N E (A2 LR “Unk
Penalty” % 3 > n?é’%[?] % -10~-5) » 12 BLEU/ROUGE sif if 8- T 3% -7 2. 70 3% (345
R T T KR b'L'rig‘a\rWOOV AT AR REFHTHENEE L RL P
s o F T > A R RIOF DAY > AEIT - A LR A 5 (Log-Probabilities )
R E AN E () =10gP(v]y., x) 0 BE - PR ¢ A S o s %E*if“,‘f“ B ¥
B A, ($1/& Unk Penalty) > @RI EiScngma o B9 s x s B2 hkmA > @y, 5
P dagmpiEng oy i T-BEASTER (velV VEPEFPREA) ©

fFizir? > 973 (Tokenization/Segmentation ) A& 4R 5 M7 R iF 2 T %"1‘3’-’"‘] PR
AL TN B S AT "ﬂ»“ﬁ’%?fvtﬁ“r“’ TIRF AR L R LT K ko
VUG e PR kR e PR Ejﬁr?méa“i°§.’ T+ & - E’—If" FR A B0
PIR2A o FEAHY 2 o ﬁqﬁﬂ’”’ VETR S A R o RERHRGFEL BN ZJER R
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RLPRAH BRI G RAPATLES - %0 L LRBBR B kAR

2 FHETE - g% ¢ L7 7 B CkipTagger (Li and Ma, 2019) > Bz kikhae ~ i
(Tokenization) » B ik #7372 o % bk B = #ois % % W GitHub 2 B 2 4% Jicba
%2 #730 ® (Idkrsi, 2018) > H A Jieba t2% T 1 £ TR FHF R L A FLLR
Hu e et 2 AR e o

B 2 L M TR ) s 8T 0

N ﬁ*‘ \mfpéﬁ<¢v~ﬁﬁ+ -
?i‘;ﬁﬂ’» Fozo RIEERE ) A BETE vk 0 BT Jieba & L AMES . UR Adpk
UEPHR R b e r S PIERP 2 BE o B K dRAD I HE iR ,ﬁ& ¥ r R R A
PR 0 E R A R TGER L—r s R AR o

AT R AR 29T o d & VLR AN IVREEE Y Jieba ¥ b R B 4 9

7::7}—-7 Kf“l’ﬁ‘ > m 5;!‘#"1 l,,ﬁ‘%?’_&r)ﬁx 4%1’3 =R _g; R I 5,9)—;1," l,,ﬁ— #B#ﬂ]leba L&%;;’I:LBLEU
# ROUGE #3902 P B2 - % B4 > ANFTRYRATET » B lerng E AT
Frrgawmdh o ond kihag (P2 ) 2piEd (22) g ek { - R K5 % B
LA T EAGHBAL L5 FFL2 SN FERT S ATHRES L2 L4
45 R W o - 2 & > Jieba %13 % PE-:}%]@Z_‘T ﬁjﬁ"%%‘gﬂ AT R g)@ S F pH e S
?“Q$W@W@4ﬁhﬁﬂ@’%ﬁﬁﬂ%é@aﬁawﬁ@aﬁ’@a@ﬂm%ﬁﬁ%
SRR R S E T S - R MR TARS PR AR R L g -

®

%2 bk Rkk - AIAKE (Jieba B39 vs. 55411737 )

Unk Penalty LD | BLEU-4 } ROUGE-1 } ROUGE-2 }  ROUGE-L 1}
-10 4,149 0.4393 0.7794 0.6164 0.7731
9 3,632 0.4725 0.7944 0.6373 0.7882
-8 3,378 0.4821 0.7996 0.6416 0.7929
-7 3,255 0.4836 0.7926 0.6351 0.7857
-6 3,214 0.4846 0.7883 0.6309 0.7813
5 3,288 0.4788 0.7827 0.6244 0.7758

Unk Penalty LD | BLEU-4 } ROUGE-1 } ROUGE-2 }  ROUGE-L 1}
-10 3,325 0.4902 0.7886 0.6315 0.7825
9 3,109 0.5108 0.7995 0.6478 0.7931
-8 3,101 0.5118 0.8018 0.6521 0.7951
-7 3,129 0.5074 0.7979 0.6477 0.7912
-6 3,225 0.5005 0.7909 0.6408 0.7838
5 3,296 0.4928 0.7850 0.6341 0.7784

3L LD: R ¥ 27 Y iE§EdE (Levenshtein Distance) ; BLEU © B3 +%f 5 4% 4p #% (Bilingual Evaluation Understudy )
ROUGE : 11 2w 5 4 b cff £ 376 itk (Recall-Oriented Understudy for Gisting Evaluation )

FAKR A p FAY -
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ft?ué'll\’ /?Jp?‘ mbLﬁLw ’ ﬂ\FjJLtE ‘Hj'y\ }agﬁ’j‘r{i/? F‘é“g: (% PE'%J&P*'& N
FR R L REEER (FRA R 6 ndea) v HRE RS NP L e L

)
£\ fpe}

Ao R drd 3977 0 mmEE T Jieba 2 5 $9TE0 0 P IRPIZR B s B P OER MO RGP
B AFET A AR AR REE T 8 AR IR BRFOTRTR AT
H - 4% < (Single Reference) ™ &4 @ & § FiRT » TG RILE 0 iTE B E S
BVRERILTEE R E Pﬁa&wﬁ%*’l il h 1 0 A AT PIRE R E TR -
S F o RETR AFEFFLEE N AFE (N-Gram) £ 87 it i i< > Flpt 4

RGEA BAPH T B ARG o WIFA R A TR AL Bt IRRREEE T 0 ] ETE
1 Jieba v aF i chdp iR LR > ¥ H R B ) BER TR & -8 gk A F e
ke - kit 2RI PR RRREEDORER S N AEPTLREE T RE- T2
s EALE.

%3 wlBkiedBAbiE MR TR ERNRXE (Jieba BiF) vs. B HBTF])

Unk Penalty LD | BLEU-4 1 ROUGE-1 1  ROUGE-2 ROUGE-L 1}
-10 4917 0.2946 0.6835 0.4794 0.6752
-9 4307 0.3420 0.7099 0.5121 0.7026
-8 4,092 0.3555 0.7105 0.5171 0.7027
-7 3,933 0.3661 0.7087 0.5199 0.7017
-6 3,899 0.3652 0.7005 0.5123 0.6932
-5 3,963 0.3558 0.6957 0.5051 0.6882

Unk Penalty LD | BLEU-4 1 ROUGE-1 1  ROUGE-2 ROUGE-L 1}
-10 3,910 0.3675 0.6978 0.5096 0.6917
9 3,716 0.3847 0.7117 0.5260 0.7046
-8 3,665 0.3906 0.7146 0.5300 0.7077
-7 3,735 0.3818 0.7086 0.5243 0.7009
-6 3,787 0.3725 0.7033 0.5171 0.6953
-5 3,980 0.3549 0.6905 0.5027 0.6818

LD R Y Bk %ﬁ&h{ﬁ. (Levenshtein Dlstance) BLEU : 3% :® % %47 45 #% (Bilingual Evaluation Understudy )
ROUGE : 11 2 w 5 4 ¥ cff £ 326 ;fp 1= (Recall Oriented Understudy fgr Gisting Evaluation )

‘f Kk /FHWETT%&"A

3OMREN AT R R R D AR T o AR T R Y AR 41 i
Bed MR EAAL A (ERA R ¢ ndb) Sk et (28 3 PRiRiL) 0

MEd ZREAR § LR Fus A FRG|E R (:;gﬂ% CHE AT 5 2023) i d e hAT
EomEFgd o B v FLREER AHRAKETH 600 F 0 Fd BREF Y FRET I HY riF
BRIV SA IR EEEEE R FPFT é*muaﬁ@ WPV UIFL - BE K

Foen TF - REESIAE | o % UHBA Y P 2 S0 ME R T s F180 0 o
BE R B AT BB EE G (0h 4) o FREIE WL RE



B EFEY LY FEF R B KRR ES 125

*t Jieba > ¥ 5 fofiime T e M B AIETIRZ K Lo SR L FERP R R R R
EFEFRRER RGBT AR R
ok R Rl G RSP A L 4o~ A8 SR A H AR icba +
ST ) AT 3 Bt EH SF AR S BN b T RED  BRS RFER AT
ﬁ%ﬁ]%@k44é(%4¢r Bds Al an ) > FallBERiinrhLisE
CERFERTEE R AL o R BRI AT R PR R R
Bt LR E AL B A g%&;ﬁﬁﬂ B 3o e w qd 2 F %k
BE AT REL A T T AT b T AR SRS TR T R LRk
yﬂ@mmw**ﬁ’d*@%iﬁﬁﬁ%#%+’%’Hﬁﬁﬁ%m%w PHCE B
o ey b ¥R T AR vs. A 8 B RGE R R ’”ﬁ%ﬁ%ﬁ gl
R L E o IR HIBEAIH IF YRR BRI - R At T SRk TR 2
R GER R ERT -

-

%4 wmbh (EHRERET)) kiea)SHibik @ IIRBIRE sl E

Unk Penalty LD | BLEU-4 } ROUGE-1 } ROUGE-2 } ROUGE-L 1}
-10 3,309 0.5148 0.8068 0.6569 0.8008
9 2,936 0.5286 0.8128 0.6678 0.8068
-8 2,912 0.5292 0.8103 0.6659 0.8045
-7 2,956 0.5225 0.8067 0.6613 0.8005
-6 3,023 0.5136 0.7993 0.6524 0.7929
5 3,076 0.5094 0.7940 0.6469 0.7875

Unk Penalty LD | BLEU-4 } ROUGE-1 } ROUGE-2 }  ROUGE-L 1}
-10 3,634 0.3917 0.7167 0.5334 0.7118
9 3,457 0.4071 0.7281 0.5475 0.7229
-8 3,444 0.4084 0.7287 0.5487 0.7235
-7 3,501 0.4032 0.7219 0.5429 0.7169
6 3,632 0.3907 0.7109 0.5320 0.7053
5 3,778 0.3749 0.6983 0.5184 0.6923

LD R #r3 iR (Levenshtein Distance ) ; BLEU @ B3 3™ 54 45 % (Bilingual Evaluation Understudy ) ;
ROUGE : 11 2. % 5 L o dff & 3715 itk (Recall-Oriented Understudy ffolr Gisting Evaluation)

FHAR AL A

d £ 57 R AAFRMIIGERDIRT v s BRI IE FRERS i i A IR

B¢ 90 % SPUR 6~ <7 fi% + 8% BLEU-4 5 6% ¥ &3 i 02991 » ROUGE 4y 91

b TREEIAAHFE ST AERARER ) IR RERUmEE T o 2B

AAePadrd) s B F i85 (5]4o Unk Penalty = -10 { #&23 ) 7% % HEREA U 3 e o

FARAMEHBOMARF R o R PIVUPREB N F 2 - KT 4p¥E > Unk Penalty =
T AR T R L A 2 B R T e
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BAe r SER RS (£S5 T EINA SRR FERARE) o PN E EREEE SEN R T
- RE 0 T ki B {548 2583 Unk Penalty =-7 - 4p o A #3 %< & > BLEU-4 4 0.2991
#- 2 03105 > ROUGE-1/2/L 7= I # | tg + = > & 5 LD 7 R R % » Bm 453 1L &
Tt et PO R g B e e RRML > RICAI AR RART PR d S L RT S
’%éﬁﬁigﬁﬁ“%&ﬁoﬁ@&ﬁ%{gmmmmwﬁ&&@gﬁﬁﬁ@?%ﬁ—ﬁ
(-7) > A EFHH L AL L HT A A A o n LT E R A e o end L M (o

= G2P HtF B &

AFE AR B s e oG RE L ES D] R TR RF LY

B r oo Ho o I UASEER R HF YW (W ABFF) c FLRIFLI AR

FHERGES 2 v ERK 0 UE NIRRT TR

S BT Y B - A2 28& T (Embedding = MIMSHA(MLWﬂ—I)Tﬁ F
B r AR AL i 09659 ~ A w BhiE 09712 FAEA 3 0 MR &N Rk it

FHRTARTERPERERT o

%5 @mBReAEIbER MR EHRFARE (RIRGIRBH vs. IRGIRFH)

Unk Penalty LD | BLEU-4 } ROUGE-1 ¥ ROUGE-2 }  ROUGE-L 1}
-10 5,599 0.2209 0.6099 0.3885 0.6004
9 5,055 0.2667 0.6429 0.4327 0.6328
-8 4,726 0.2929 0.6637 0.4582 0.6537
7 4,630 0.2988 0.6670 0.4620 0.6563
-6 4,619 0.2991 0.6623 0.4600 0.6514
5 4,676 0.2900 0.6522 0.4512 0.6411

Unk Penalty LD | BLEU-4 } ROUGE-1 f ROUGE-2 }  ROUGE-L }
-10 5,051 0.2509 0.6201 0.4060 0.6105
9 4,581 0.2921 0.6544 0.4494 0.6451
-8 4,400 0.3074 0.6680 0.4647 0.6583
7 4337 0.3105 0.6715 0.4673 0.6614
-6 4,436 0.3039 0.6656 0.4607 0.6547
-5 4,549 0.2931 0.6577 0.4521 0.6470

i D LD R < 213 %hiBpEdt (Levenshtein Distance ) ; BLEU @ 35 3= 3% 4¢ 47 #% (Bilingual Evaluation Understudy )
ROUGE : 11 2. % 5 4 b cff £ 326 RN S (Recall-Oriented Understudy fgr Gisting Evaluation)

TR KR AFET R FAY

I BEREBTORBRAZE

FH & A 2pir fFsS %4 (FastSpeech #F #4107 + HiFi-GAN ¥/ %) - & 3% X
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g]',»{ N B gg—iz ot e 2 ELEGR T35 E, A~ #c (Mean Opinion Score, MOS) #7& p
”ﬁﬁﬁiﬁMﬁ’Llﬂ&rﬁﬁ*a%‘Wup%AiﬁigT’ £3%p 2R MOS &
4.32/5 > B e KA EERHIRET ML > -

ARSI BT A S EFREE Y SR F R p KR iR (3.03/2.70)
m%aéfrﬁ(3%Mlz>,m¢2zg“@,w%ﬂz FRARE Sl RN =R T &
ﬁﬁ»J—'* P &5 £ 82252 6 0 AT ENS5T16 BIpF > B EITHNKE R

v~ APA 42 FF4E

AL APAL T o F Fad e, SRR oS EY ﬁ%%é— k2

i L ]».béﬁiﬁﬁyER’l‘lﬁéﬁfﬂﬁﬂ% 2 M ETFEE ke S
AEES T A A AR E AR BT ~ 3 05 EEEE L G= {005, .., 40) & HEcA H
(Rounded Score ) » & Ie o v 4R 3 4 27 3473 4 4% 0 2 Uk Fewagl & e tmfs | o
(—) Em%E

538 GOP ROEFHTE g8 » AF T AR - 20 AR B 2 4 F 42k &
Phoneme Posterior -5 #-3] (7 E & ria®2 1) o $HEFH X 686 =33 ¢ (7 256 4 »
4430 4 > E# 1T ~TS ) o HE F]ﬁﬁ__ SRR VA ,%’é"'.ﬁ% B gt 55 10:1 -
PR BE I RN AL 6 477 s BE R AR 2§ 24 :F (Phoneme Error Rate, PER)
5% 7 R L?‘]‘”Q&rr'%ﬁ'”)»*‘w FHRHE P

%6 #HEMZEHMAE (Alignment Corpus)

s % d AFE CLP) "k % & #c (Syllables)
R B 617 279.59 94,696 1,668,876
T2 69 27.10 9,225 168,976
L2t 686 306.69 103,921 1,837,852

v ¥

FHAR AL FA

4o it > APA T4 % 20,000 437 67 (Utterances) © & £d & = & F £ fF 2 0 ~ 4
AR (05 FEE) 370 0 HR#iES l‘"?IF“v\ﬁitl 22 A e o TRl A T A
( Speaker-Independent ) 1 8:1:1 ("3 & (Train) Sz & (Valid) /pl:# & [(Test]) )
FR LS EATA TR oD NRREEL T BT E L ERE (20~400 F 774%) > »
2 E R RANDE M RIEAF L Sk SRR e
f AP H?ﬁa?l 4 (LPP~LPR 2 H g &) &#p e 3" P 1% (323 3% 4 [ Mean Squared
Error, MSE ] 45 % ) % =7 » & % B & # A > Transformer 324 B2 X+ 4Z 8> ¢ 7 1 1
Vanilla Transformer (Van) : # i % % B F ; Eki% ; 2. Proposed Transformer (Pro) : 3¢
rT B Y 1:%_%',% ~ (Positional Embedding) ~ % ¥ & 31 2 L k3 (K Ri) w2184
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# € 2 & (Attention-Map Reweighting) » ™35 B 5| H & it 4 FH 2 S n el L 22 -
R o bk s SXAEHEFRDIE S vEA S A2 LS féﬁ_w& Transformer 34 v L vk ¢

.= #7 &ﬁ (Rounded Regression, ProR ) : #-i% ETF 1‘@] 4 3T O0SHREE S ;2.4 4
Transformer ARER LB B4 43 (0,05,...,40) o

(=) Tkt Rowstsn

drd 7 915 0 A Transformer $273)>CRF & 2 E:]F 2% kg5t 12 Vanilla Transformer @
g £ LPP + LPR fp 4 H jbi¢ * LPP & LPR ‘¥ it JEFd& id & I (MSE ¢ 0.5105/0.4896

i 0.4699 » & f #4p M 2 #c ( Pearson Correlation Coefficient, PCC ) #% = 1 0.7876) - %7
Fp%g%;ﬁ& (LPP) &2 I p #&—3 & £ 3 ) (LPR) & § 3 44+ - i&— # # * Proposed
Transformer {5 - f& & #F fcle $eid Pl & (MSE = 0.4356, X 323 $13% 4 [ Mean Absolute Error,
MAE ] =0.5094, PCC = 0.8031 ) - & %8 if>* Vanilla ¥ &3k % (MSE = 0.4699, PCC = 0.7876 ) -

%7 7 Transformer 2% = @ F M a3k g (ABREF)

ACC ?

i Feyiis MSE | MAE | PCC 1 (#40)
Vanilla Transformer LPR 0.4896 — 0.7766 —
LPP 0.5105 — 0.7686 —
LPP + LPR 0.4699 — 0.7876 —
Proposed Transformer LPR 0.4518 0.5219 0.7956 —
LPP 0.4715 0.5385 0.7847 —

LPP+ LPR 0.4356 0.5094 0.8031 —
Proposed Rounded Regression (ProR ) LPP +LPR 0.4629 0.4982 0.7898 32.03%
1 #f Transformer 4 #f % LPP+ LPR 0.5740 0.5740 0.7713 39.37%

it MSE : #3572 24 (Mean Squared Error) ; MAE @ T35/ 44324 (Mean Absolute Error) ; PCC @ & f #4p b
#% ¥ (Pearson Correlation Coefficient) ; ACC : ##x % (Accuracy) ; LPP: $t#c+ % ¥ 5% % (Log-Phone
Posterior ) ; LPR @ ¥+#c¥ 4 4% 3¢ (Log-Posterior Ratio) -

FHRKR: 2ELp AN

F MR EIRAR G A S E IRk R T 5 4 2 Transformer 4 2 B ¥ if 39.37% > B B
Ef?m 32.03% ; Am A KR A - Rk ;fﬁ &+ PR3 (MSE/MAE #.% ~PCC #&4) »
DHIERIAF L e BP N2 ~3 A8 HF ﬁwkﬁﬁﬁ/’ﬁwﬂﬁﬂﬁ%;ﬁbﬁgL
RER PP T o 5enz  Fh* L CALLKEF R P e o~ 8 s 3 Mg] A
PR ALATY 5 3 % a7 24 A a2kt Transformer 3 §F 1% 5 4 & By 8 LR Tl
TR ERE K nadRid ok - REST REH -

Fobo Apgnd WRREELELS TR R A FE O F ST AR AAHFE A
et 2 Transformer i §f & *ﬂrﬁ AT E R EAAMEME - 25 B L (Global Bias) (+0.1)
WA kG e ApRZ T o BN AF L £ R (Class-Specific Bias Calibration) + &g % #& =
B AT TR o B E e &F #-4] (Pro/ProR, LPP + LPR) % & > ¥ {4 MAE ¢ 0.5094 *%
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% 04123 PCC ¢ 0.8031 2 T 0.8948 (4r# 8) » #4r ACC % =2 3 3441% (4% 9) >

,,ias“{ #f Transformer ~ #f B (ACC=39.37%) ° %2> % > +0.1 W MAE 2% % & %
(Wilcoxon p=0.409) - & #F %4 ik £ et 2 MAE " 158 R B F (p=8.02x10"-58) -
B bk BT SRR i R KA F k2 T A Hcdp 2 £ (Score-
Dependent Bias) - & - %‘*"'His?] ML RETREFE R o A2 M EFUE R N A S s E
iAo e FRARE @R (m%lrMSE =0.667 ~ MAE = 0.566 ~ ACC = 35.30%) -
FRIRFI G EAF AT A e N AR S 0 A R A B S R B o 7
$o RFE Y M % Transformer w‘*&p:%ﬂ”—‘f‘;']efgﬁ"a e BF AR 0 N RIFEL TR LA
o #% 03 K vE o

%k 8 #AMF T AR IE# Transformer ®5F — 2 22 (RRXE£)

By MAE | PCC 1
ProR (LPP+LPR) 0.5094 0.8031
ProR +b _bin (LPP+LPR) 0.4123 0.8948

3t MAE @ T35% #3241 (Mean Absolute Error) ; PCC @ & f #4p B % #c (Pearson Correlation Coefficient)
ProR : w # 7 » it j& (Proposed Rounded Regression) 5 LPP: #f#c5 % ¥ 15 4% 5 (Log-Phone Posterior) ;
LPR : 8 ¥ {5 4% %+ (Log-Posterior Ratio) -

FHKR: A= FAY -

%9 7 Transformer ##c354Z b dx (B4 » Macro #5412 )

KL ACC * MP 1} MR 1 MF1 *
ProR (LPP+LPR) 32.03 0.386 0.290 0.296
ProR +0.1 (LPP+LPR) 34.41 0.374 0.285 0.294
ProR +b_bin (LPP+ LPR) 45.34 0.407 0.444 0.417
1 #f Transformer 4 #f % 39.37 0.318 0.335 0.303

X TACC: #7585 (Accuracy ) s MP: E gLt & % ( Macro-Averaged Precision) ; MR E B2 w % ( Macro-Averaged
Recall) ; MF1: E# F1 » #% (Macro F1-Score) ; ProR @ w47 » it ﬁta (Proposed Rounded Regression) ;
LPP : $t#% % % 4 ¥ % (Log-Phone Posterior) ; LPR : $t#¥ {4 4% % v (Log-Posterior Ratio)

TR KR AT FAY -
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