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Data centric approach to Chinese Medical Speech Recognition
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SH4 P LR R B F RN 0 AR
VAE B PS8 L% (data centric) > %
BAREZE PSS EZE (MLOps) #
RRETHAR - Ak ARAREFRL
P78 8 Chinese Medical Speech Cor-
pus (ChiMeS) 5 & kK T35 F #4228
&AL« £ B Z Joint CTC/Attention ) &
%35 & #%3% (Automatic Speech Recogni-
tion * ASR) #% RAE#% - St HEH R &
5 TR LI > AR BT H M E R
FHJAR - ERAA ATREF I
BRBT RGBS ARG LR AR
AZ o pHE (=) KE$EAZE ChiMeS
B E . LA 144 B 3 79225 4
BE o (=) HAHTIBERBTHREN
I B 4F 89 Joint CTC/Attention ASR #%
Ao LA ChiMeS-14 # R X & Loy F
4% £ (Character Error Rate * CER)
Fo B 4 F 45 3% £ (Keyword Error Rate
KER) 2 %] & 13.65% #= 20.82% ° A &
(Z) RABEA R4 LA ASR A 3k
BAF & o fm#h3F% ChiMeS A & #3k
(https://iclab.ee.ntust.edu.tw/home) ©

Mats : REFEHE ~ PUREREFTE FF
Pk

Abstract

Concerning the deleopment of Chi-
nese medical speech recognition technol-
ogy, this study re-addresses earlier encoun-
tered issues in accordance with the pro-
cess of Machine Learning Engineering for
Production (MLOps) from a data centric
perspective.  First is the new segmen-
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tation of speech utterances to meet sen-
tences completeness for all utterances in
the colllected Chinese Medical Speech Cor-
pus (ChiMeS). Second is optimization of
Joint CTC/Attention model through data
augmentation in boosting recognition per-
formance out of very limited speech cor-
pus. Overall, to facilitate the development
of Chinese medical speech recognition, this
paper contributes: (1) The ChiMeS cor-
pus, the first Chinese Medicine Speech
corpus of its kind, which is 14.4 hours,
with a total of 7,225 sentences. (2) A
trained Joint CTC/Attention ASR model
by ChiMeS-14, yielding a Character Er-
ror Rate (CER) of 13.65% and a Key-
word Error Rate (KER) of 20.82%, re-
spectively, when tested on the ChiMeS-14
testing set. And (3) an evaluation plat-
form set up to compare performance of
other ASR models. All the released re-
sources can be found in the ChiMeS portal
(https://iclab.ee.ntust.edu.tw/home).

Keywords: Deep learning, Chinese medi-
cal speech corpus, Speech recognition
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LB AEERAL FORATH R BREF > BT
&% %) MLOps AT R EMEIHEF o

1% 475 & PR AT (Oh et al., 2008) » £
ZEBAEAEZEA (acoustic model * AM)
~ FrFRA (pronunciation model * PM) YA
B F A (language model » LM) = fEAL A 8
ABt L o giEZ 29 LAAH AR F 21
Rl ANER o BAREIE G - HF R 15 Deep
Speech(Hannun et al., 2014) ¥ A4 RESZE
Z R RE TR G BB o F9EF PRI
TR REZE @ AT YR ETATH
Z R R % 0 W R R ARG S R 2
SRS RIL > 3T 4F R R 6 PR
% o

B Al 7& F PRk T K % 4t 8 —fx A % &
R 35038 6) » wiEF ohIE ~ € k83
F oo SHHLBE A o B LA AR E B E09EH
e o T ZAEAR M BFAEA 8994k o R34 7 A
0938 & P AT 0 E B KRAREH R 69 D4R
2 F G o T3 548 & 47 69 Pkt
RoMBEmE » HABRMGE LS EGENT
A U ESEHM ARG 2 A0 F
FENBARGETIRBATGRE - Rd > B
HEESFY o wH AHEFHRGMY > T
AR KA o AHEE T IEEB] » BEA
BATIHEMNZKLNA TREGRENEE
BB — LT AR o« HHEFHRT ol 2 9>
BERZTHMAEE T E LS (Electronic
Health Record * EHR) ¥ > F TAE ¥ %3 A
FoF o AP L REBRETHRBMAA R B 8
Z— o BEAWBEEA R £ v YR o A
35 & PR BAMT > M o 69 R B B %S F R
X F o B EHR » ABAKE A B 05
B~ FHEBMARE - ABBE T TR G
F] o

BR Y LE BB RN AT @R R E
BOPEK A FEEHE Bk WRES
HE BT HRIMN  FEREN TN
TR RAIR - M2 § X BRARL > BB
B 2 ER R ABGMAMTESERES A
AR LB L EFBH R GEE - Lk —
AP L HEHFEFHERAFTLE L 125 3
kL FHE > WA FE (sentential code-
switching) #9378 ¥ & 42435 & 95k & — B K
o BT MELERAREME Kot 8B
MLOps # R4 @ R R B~ L ETHE - I
AR > ABM BRI E A TG H > BAF
AT SEITHAR o AR ARAN (1)
KELRZAZELEG P RZEHE
(ChiMeS) ; (2) #H#Fsb B 2754 & 28 SME R K
3 E (Ko et al., 2015) 897 % » 158 CER
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#7 KER 251 & 13.65% ## 20.82% # ASR #%
A (3) LB ChiMeS A v #8355 » RAEEEH
Jo AT AR F 4 o
AW LAT H =0T E K 5 A5
B ASR M HATEERITAL - H 5
89 ChiMeS-14 &4t B ¥ T A R 095k B
RS INRAB X ARG FTHT  BA K
HERATIRBE AN O3k o F W E & Joint
CTC/Attention 35 & #F=& R » A BILT 3%
TR o % BHETRERBESM AL
o BABBRERARRFRZ @ ©
2 XEREM
EA R
SRR ABIR OGBS IRIEF 0 FRTR
WIS EH o AT ABH 2017 FE K AT
B P L BRBETAHA MR GENE S B
WHEZE - Kl BB EEENE > A
B Fe SRAE B ZEA R -
ETHAMRRELNETZ— > PUAM
FOPHBME o 2E P HBERFZTHEN T
X oo EFHGER S BE > URFROET
b REREHAPTRE - &8 7 LKENR
By LB R 0 4o FSW 234 & (Liao et al.,
2020)* R AZBEEEXAFTRIEET S 095
B RBBEL 610 B REBHEF LA
98,089 €7 AR 14,631,829 1B F 4 o % & &%
T E 735 BEAEIE  KEOESA 120 A
91k 800 H KM EF o AEHE L EE
2018 Z Formosa Grand Challenge # & A °
2019 4B > Common Voice(Ardila et al., 2019)
KET R ELRANZEST AP 2B o d
ik 4 43 DB BT 2020 F R EF 78
QNEF o SR N B AL 949 W m E 1,444 1% o
A — 7 @ 2018 F A& F E AT E M
AIShell-2(Du et al., 2018) & A # ¥ 100 &
Bé&F 847 1,000 869355 T4
MR 1991 AR SRS BB AR
K6 F LEFRE - £ 2020 F FH > DiDiS-
peech(Guo et al., 2021) K& T 6,000 A
BEOAARAMERESEISHKTE AL
%0 EE BT HMATRESHRESN
FER BREH RS ARERR G TFE
DiDiSpeech-1 #= DiDiSpeech-2 ° 4500 12 4% %
# % B, DiDiSpeech-1 #) 480,571 & : @ %
IN 89 1,500 424k % 171,361 47 89 DiDiSpeech-
2 o
Bl AR F 5% FEAQF i Fe HRFGE >
AR F AR P SR ARG 7 A H K 0 2018 F
## th SEAME(Lee et al., 2018) > & 192 ‘JNBF 89
EATE 0 A 157 AxskF A 0 A 162,290 4] ©
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FTEAZURGEHFER L EXARAFAF
(word-level) B Bz 474%72 » L A2 HES
RBAR B SIS IRE > 25 B BARE
F B AET R LHE o
FBACA R IEFB AR o

W5 AT B R SR MR 2017 B
Google (Chiu et al., 2017) % # #& 90,000
FRAMR B FREBERAE R T RE
BHELR 10 948 Mk kiEP 2 B £
& oo sbIh o AR ETRA 100 LA L&
SEkE o EIRERMKXENES L X
TREAGEFETRGEY » LT HREI]
BREGERA > ARG HAARKET o KE
A6 RRBHBEERK 2L -
2.2 ASR #i

& G3E8 F PERHAT T > kaldi(Povey et al.,
2011) R\ E R  FERY - BFEAL
BRFEZHRASF AR TR o L FEH
A BRBEY T LR B F A U A
## (lexicon) A » X ¥ JEF % (phoneme)
Y % (grapheme) 89 Bl 14 > ¥ 3h B S AR A
BERSBFHFI L RE SRR LY
XA FHRFZHGH A > REAELE ASR 75
B F B o dt g A F RZEF IR
e SURE SRR & Por WS g Rl =y
HAEAL o

PR AR B B AR 6 Hon e g
PRI T B R do A 355 A B ek, B AR
FH o ETHFEASH GG AERE E
BRI R A H AR » A E B - sHHn
BERRRABGAH IR P 684k £
HEEFERGFETRAETE REW ST
B EAMT L > 284 B Connectionist Temporal
Classification(CTC) #2 2 & 71 (attention) #
& o L0 BT RRGET RIS R 7
RETRERZ G EA > CTC(Graves et al., 2006)
HE—MOMARTARERE 29 b &
R #E® CTC %ty 7 X M EHGFH L
MR AR E QAR > BT 7] 3
WAL 0 AR5 Y FEF SA HE 09 AR BT 7] de AT
AHHL -

B h—F @ KANEER (Attention)
H 8 ASR AL T E 8 4 AG B A0 ARAH B ML RGEF
PR R I B R R E 95T HIR
TR ET ARG E AR EBORE (hid-
den state) » AF| 1 K7 RNN 69 @85 % > M
B E B R A B TS EUIR B AR AT AR T 7] AT 89 TR A
BR o fo CTC BHF TR & > ZEABAE
FRAG R G RIRF 5 a5 5 T 0 BT A R BAR A
ST AL B F 35 £ R A9 AR L (context) #9
Bl AR o BFERA PR ERFITRAY
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AR AR o 2 E N ARG REARME Google
# % #) Listen, attend and spell (LAS)(Chan
et al., 2016) * £ ¥ » # & Listener #9& F 3%
A& LSTM A3 A5 7] 95 4 A & #eaF 55
M Speller £ RAZENQHAT » BEY
AR L MAA > ZRBEMAGHERT > Wk
B A S8 TR o

7 2017 SF AT A &89 Joint CTC/Attention
(Kim et al., 2017) &R EHE L& CTC £
ERA M RS RO L LRI R
P E AR o R ERABBHEGT X HH
5P 5| F IR SR o Mg A B AR R Y
R 5] A L6y CTC Foiz &7 Ml AT
BroAdf ) g R o URR B » WHFS
SHH R RS RBE NG R R T IR EM ) 2
FRAHHBURBEFALRLE - B L
# 1 (Zhu and Cheng, 2020) # % # & &4 &
LSTM (BLSTM) #Lp#) = &R RiF4&R » 12
AR BEARGHRT » R B 58
1o %9 (Liet al., 2019) 42 R 1B 269 4%
A5 A B SR BOARE B EE 5
o AAFE B 8972 & J1 2 # 5] A Hierarchical
Attention Network (HAN) #EAT# & » 52| &
AR o

3 ChiMeS 3EH &8 A 0 #3k

BEEAMHEBRRESS  mEEAREILT
ZFEH B ALk o KB R 516 (R IRA
BRPRBTH  ARBEZIZERETEY
By BN AR o AR o HEAM SLIEHR R BT o
HA IR ERBXEPHFTABRRA EH o
T AT E PR R1542 0 BT CER
29 AR EBEPHETF AT EE > KM
7 9 &M 4 F 4537 & Keyword Error Rate
(KER) ° A8 B354t B ~ FRFRREUAR T A
TN =k E

LE S8

+ LB F7EH E Chinese Medical Speech
Corpus (ChiMeS) # BB & 14.4 /o > oy
WA RA I G BFIRY 15 fao TR - AR
Y516 WELILEENELER BREE > UL
R JERF ARG 7 RBATEF 5 > BT
HEZ B b R E AR E IR o DR
BEEAAETEOE BELAILRER L EH
AR ~ B AR o A KR EH F oA
o B AR ELAE ¢ A S L RAT S TR
A RA s FRRZFES o WEBHEZ T
%R wav #& X > WAL (sampling rate) oI
M7 & (bit resolution) 4% & 16K Hz A
16-bit » & X AL A UTF-8 4 254 X o
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&AM 4L A ELAN(https://archive.mpi.nl/
tla/elan) %EEEI-—,E\- ’ ;I"}‘—?f‘ %3@:@ é’ﬁ f!}] 3“;’7’% }ﬁ‘

RZEE > BRIANTELER  URKHY

R REE 5 AVE 15 EHT  KENA
JERRBF B RF S B R ENES (ut-
terance) 7 % o WA RER T TR EI A FA
FHERVYHE T — T HERAN AT
& AMBESRYZFZHZER > LETY
ML FAEzE o HF » BENTHE > I LEHE
FRERE TR EN—ARE - — BB F T
HHAE > PRTILEZENTERE > KM
WEEFO R T — ) T EAEF 0 LA
Yo B 1P o
BHE T T (word) I K (grapheme)
BiRsi > THART ASR REWMBETHNHE
fi o AR E B &K ASR B9 & aket ity B2
CER #-& WER 83t J o F U8 %354 B A%
EORAETREGRALALEGFE LA R
(intra-sentential code switching) : ## A& & £
MAFL M 28 FIi6A #F L6y
R L FEAME SHH G PEARTFH R
FE o FARZBANY EELLA RR @ £ H
FART R APFTFE AERIAT B
B 26 B3 F 8 0 F RS 26 B & o A8
T P X F e E R EHFIE (ideogram)
AT XFHAL A —BREIR A - 64
VAFEARE 69354 R 0 ASR TR T R 318
T BRATAEZETHEIMBRER L
TE—BEF s B ERMFRFMGETR o
MARELFIRENGEN R TROREF
FTREBERFTFHHN A ASR &
HEBEWHEATE LA P E B AR E TR
ko B Ti2 ASR A —E - SH 8 FE
Ab1#89 ChiMeS 54t & » & AR 2249 R 2
AL P A—BAF LFFE R w3k LA
A—1fB 3% LA E & 8 (mono-syllable) & F4x o
AH 5% A How many syllables (https://www.
howmanysyllables.com) #)’C/;] ﬂ%—*ﬂﬂ % ’;:L gﬁ ﬁ(:’ 3@
X7 (word) ¥F A% v BB 3 LR FE AT R
RO IRAF o BB R ¢ “glucose T 2R AR
‘glu’ ‘cose’ ;s MAERLHEH EEMKE AT
42 CRP ° sb4h > A REBERT &A K ZHA
By B 0 ARAE R P UAREE 0 4o 1 T10.37 4R3EE
tE= o

FEA R by o SRR
HHREZLHHRAIREZNXE &
ChiMeS &4 B4 4 ¢ 1 thtl > o A
BEBREBOIRERA K B I A
Wy r XA BMBE K5 mEREZT
FoR A S 38 6 Ry B R LR e
0522 01 1l.wav e

3.2
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B A543 B 2K 0 &M B b dE ChiMeS-
14 #9354 B ¥ » BB —18F % ChiMeS-5 » 4o
RAFF o RS RIGRABRY > mEERY
Bty AR ik BB 0 AA A S AR F
S AR lRA o mAEANBSR YR EENK
Lo ETF 01 A7 02 KON ETE > TR
0304 A2 06 WHEHAER > 3 24 86>
33 A0 O MR B R BINEW 05 A A
3 8% B & T AHE ChiMeS-5 F © &
& 2 ChiMeS 898 & ~ )& ~ & F L FiF42
AL FHOETHR - FHEMEREF AN &
o RO E BFEOFTHELEH S
#i /£ ChiMeS-14 F & 167,409 #= 48,110 5
ChiMeS-5 21 & 65,807 #7 17,534 o ¥ T~ F| F-44
HZ FHAF i AL ChiMeS-14 F & 1,608
#1689 5 M ChiMeS-5 Al & 1,268 #= 553

K 1 B

AR ChiMeS-14 ChiMeS-5
BRI EF 4R 9% {01~15}-{05,11,12}[{01~06}-05
I E {05,11,12} 05
ek B & Ay 394 166
PIEEY X% 4 122 33

& 2 EAE tm f
By ChiMeS-14|ChiMeS-5
14.4hr 5.5hr
RES (867mins) | (335mins)
BTk 53 7,225 2,987
48 tokens ¥ 215,519 | 83,341
Pl tokens 48%k| 2,297 1,821
FHEF K (secs) 7.2 6.7
‘F 35 tokens 29.8 27.9
OO0V & 104 109

WA ERETRTY 0 FEFRMTEYH
®EEEEE > KII4 ChiMeS-14 T4 5| &
AT ZERE 707 B EZ2AMMOMET &
¥EmL o~ EMR S FM o s EYARK
EEE o FARB R 3T BAREN
E4e 1 SRS ~ limadol ~ B BRIR IR ~ F A5 ~

vena Fo A% AL AR F P R LFEF] o 13 BATIEL

SERE PR ALAF BB R F B F PR B SR o

& 3 BT HERY

#8942 4t & F 4| B o | |k &R B (48
F¥|354| 60 [99 (19|60 | 115 |[707

#H3F ChiMeS &4t B b1 9 Bl & » &AM




The 33rd Conference on Computational Linguistics and Speech Processing (ROCLING 2021)
Taoyuan, Taiwan, October 15-16, 2021. The Association for Computational Linguistics and Chinese Language Processing

e T £ RS {co} {lon}CAE A &

-

(@) st H#m B A MRS

-

H B R AR e

ot £ B35 BT A {co} {lon}CA
BAAH HIEAAHEAN B
{on} {full} {diet} & =k #% & H
{co}{lon}CA #i7 % & % # & #
{co} {lon}CA Gy & T Ak 5 BE 4§ & 4|
BaEsHMBADRERKLERS
{co} {lon}CA iy & 4t £ {port}A % 4§
HH K — 8L {port} AR SRS T H
A RAG 048 {port} AE] fu AR R
sEfadh B AT AT A FUR S5v9 34
ot ANRCEFITET MARS

i A & A A B &L {on} {full} {diet}

iE sk kA A {co} {lon}CAHTiE @4 3 &
# {co} {lon}CA%TIE T ik A REG T ] A% 25
A Bi& 7]

iRk A H A {co}{lon}CAfir & 4 %
{port} A £ 85 F # # —18 £ {port}A

ERAE T H A B0 E {port} AE]
dn FPARCR SR d B AT LT A FUA By

(b) Bk

REA_TARCESITETHALSA
B AT R R 2R T2 ) e

(c) #EEMEES

1: AR RA

1R A A2 35F PR 9 3F #1454 ¢ CER ~ KER °
L > CER 89 &d A1 AT

S+D+1
TN M

£ EXF » N A& ground truth ¥ E#EIREEY
FHEB -m S ~D AT 5RHEENE
RP o HEBP (HA) S Rk (Rip) 236
N (Fih) FEZABREROT S P
PLFHA—BBEFLFEEL s Mk
RIAR R 3 S E 5 8 B F AT EATSHE - REIM
% 0 ‘glucose T HAER ‘glu’ ‘cose 0 EFE
B AR A W AE T ZAFRE T LEFN
¥ R TR FRE o

T CER #3FR41 » A5 R KER
B HE s AAKXLTR2:

Sy + Dy, + I,
k

KER #3184 CER #80L » $t#H & 3693
$8F 7 & 0 KA ground truth FEAEAE
VAR TA R R P AT B0 M4 R AR A
BERE LT Ny BHTARKETH ground
truth PAT A EHEMEFOHE = S,
Dy A= I, 3 B TR R P Ak - Ml
WA R Z AT HA o

CER = x 100%

KER = x100%  (2)

3.3 ChiMeS A v #3b
Ry AR U 2

AR AL &

M E T ChiMeS A\ 7 43k (https://iclab.ee.

ntust.edu.tw/home) » AR e /L}f/fﬁ?]“ﬂ B 84 32 4
J& ~ A1 A ChiMeS-14 FTal4k 49 ASR & & 9F3k
A ARRAE LI ASR A2 A &k 6 B K P
{; o

ChiMeS A2 #sb 4 A{ER S : B E
AHE BT FRRARG LT ET o

76

BEOSKGERGHN EHE>AET R
IR Z T T & ChiMeS &4 & 6934k &
Fo R 3K 4R 0 FAG AP AL 20 TR o SRR SR
ChiMeS-5 $2 ChiMeS-14 BI3X % » AR T
Ao TRAE LM ASR 89 7R 7 £ 698X &
oo hgh o KATAAREEAE ) ChiMeS-14 914k
Z_ Joint CTC/Attention AT PP B 35 & #f 3 o
%8 A EARF A R T AR R A S R GE AT B B 4R
0 BP 453 ASR #FER - RE B LT H)
BToyBY » —HRiE@%KFTRAE L EEHG T
A o BPEFAF R ek R 0 RTINS HE R
1T o

B 35 AR

A% 5% (Hori et al., 2017) X Joint
CTC/Attention AR B F L & R34 & 8
ARG Ry R oo sk BBEIMEANK
W7y ik A RE B R R EEMNET R
HEHEMBOEER - KG My B ZEHRS
N8 Bk MERTRIFBTHRAEAES
R A S R SR SX A RAL o T AR Joint
CTC/Attention RN 7 % o ;K » F il
AWM B A R EARENR o

EEF R RALT o BT T
EAARE S MKk EE T ¥ EZHHT 5
X = (z1,.,op) > FHEBFFHRAEL I
A FH> %R PAERBRERERRKE
ZOFTHBRHRBRRER U MHXER Y =
(Y1, yu) © EINRIEE > AP RIERFA Joint
CTC/Attention #% » &4 ground truth iE
FEARE RSl CTC Z B ABB OB RS
B AERELE - LAEMBBRF X FE
BARAM CTC XM E » RuoREMR
MR o ASb—Tr @ > ERIKEE  £F E W
LRI BT o g SE CTC iR &K
H o EATHE F LG 8 B o AR AR B RIE
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% (Beam search) 89857 X, » HEPTH 69 7T &
MRS KRR KRGS TIERTRR L
% o

/" Joint

Shared

e BLSTM + Projection layer =2
"""" ¥ USRS S Oy AU S
\ | T |
| Projection layer |
T
| BLSTM |
i e M o T
| CNN (VGG Extractor) |
7 i f
Rl - R =]
2: Joint CTC/Attention
4.1 XAFHAHE

EMMBEBHEAGR | FFF
ow EHEIZBFEHEZZERTA
g M BRE A G RN TS A
W = {(wlvyik)’ (wQ’y;)v -+ (wzvy;k)} R
A Joint CTC/Attention #83% R 4469 E At 5 48
HE o ALK EAE A SRR 2 R B (Fast
Fourier transform » FFT) #& B 3% 4% 3 i 48 3%,
Joint CTC/Attention 48 R4k &\ —18 475
o AREBETHBAEZIFFHG > Kk
BT 8ro X Sk LAY HBAT
PPoma B BARER H = (hy,....,hy) > %
A3

P

H = Encoder(X) (3)

4.2 CTC a3

CTC #A a5 k7| #IE 2427 7] »
I F B GERT FERINREFETHEE - RE
RO B ST BARGE S WAL A A HE B
HFF AR FHOESHTREV 27>
AP XFHRALESTH » A blank 1R 5K
(<blank>) KA FRM R A & F 09K E o
= EFFEH Y ZKFE o LIAE B R
MRAETHTA TR S = (s1,..,s1) @4 A K

71

S CH AW

p(Y]X) =

>

SeAlign(X,Y)

p(S|X)  (4)

IR > BB REGEREAARE
HHESH L CTC R KRFEMASF
| EEAEAZZE YV B9 £ R 0 AL 4REF e R
FHABARZERIEMAG - 8 K R E A
Ao RESLF 7| Ao EAEAZ SEARAR AL 0 A B AT
AT o X5HT T

Lore £ —Inp(Y¥X) (5)

AR RS

AR TN R ARG E R G X 6k
WayF R FEMABZEGEBARE 0 &
i EEE o R E TR g, o o R T
T » Attention 7 &A= CTC 7 & & K £ 3| &
REENRTHRAETHETH X ANE
T G L E B LML Ylu—1 VAL B %
AT LM A R /7] Y TAR] o

4.3

Yy ~ AttentionDecoder(H,y1.,—1) (6)
p(S1X) = [[p(wul X, p1:u1) — (7)

AR RBAKFH X 80 #l A cross-
entropy 8 E B2 H RAHE H = (hy,...,h1)
Fe 2 ENBBBENWME Y = (y1,...,y0) WAE
RRREGFET] o ot BT HREED B
BRI A6 2 F Bl AR LA MR > AR A FRad
£ % (Teacher forcing) (Chang et al., 2019) #9
7R MEEEERRTI] g, FAR
T E A K A o EATHEIE IR

LAttention = —In Zp(ymxa yiﬁ;u&) (8)

BTHABAELEHZ (Context Vec-
tor) » 8L A3t F location-based #9 i &7 HE £
(Chorowski et al., 2015) * A% 4 #5 2 69 [& BoK
REhy SRR ANEF )RR AR R 6 L EOK &
qu—1 ARG 3BT A ISR 6 T8 BOR BT
A& LG E o

w Ko A B R B & A Joint
CTC/Attention # ASR % # =& & /2 R
Fl 89 iR e 7y kAR R\ 5 8GAF 0 4 CTC B4R
5 K BRI o NS UE 2 7 B A BT LR B s R R
Hm— R EATINER > L FHBEEHBAARE o

LJoint - ALC’TC’ + (1 - )\)LAttentiOn (9>
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T E
SHE RN R B W X F AR Ik
WMERENERFIARS > AT Z 8 TH
X FEPFERR A FED AN - B M
1R KM EZF (Ko et al., 2015) » -5 R 43
BREFTAGENE o 2545 THE - AR
F A P AR 0 X% ASR #ATI4R o
&M1& B Sound eXchange 3% & %4 8 &
it (http://sox.sourceforge.net/) AT F AR B 15
oo B THRBERRIAFERERE - BF 1K
FogE RADBEGERL  RMEEEER LRAE
70% E 120% 5 & = Bl A& £-500 %] 500 & 4
(cent) M s & MM A K 10dB £ & 20dB
B LB R s B LRSS 0 B 10ms A4 °
MRk Z 9 0 B B ik A AN @ o) 4R FE A9 AR
71 0 % K (Amodei et al., 2016) > 34w 10
2| 15dB & ey gkF o @A RE LA
SVl b BRI R R R AZ
B ey MR H T E 0 Al EET R AR
PE > Yldmik ASR 89 9FRAES o

PR LR

B T Rk bR 6935 & kAL S 0 R A4
# ChiMeS &4t EB EATH A 63| R AKX >
Ak R AR RER - KR E
BRP A M ASR #94#3%E » BAHR PR K
HEHAR 5B VOCCG FREZ 4 & CNN shedy
R AR ey sl s 2R E T AR R &
W% A 640 18456 (cell) 89% & LSTM 3
3RMEmm > BAEFE—REE LSTM &4 €
P — R MR R (linear projection layer) ©
MEENBHENER—RECQHEA 320 MR
b9 LSTM &R#% ° Joint CTC/Attention £ 34k
B 0 4% A 0.0001 894 F % (learning rate) ~ #t
# K (batch size) & 24 > YA A& Adam &1t
% (optimizer) 44 Botf L # M H9XE > CTC A=
AR EHALRA 0.5 £BIREF 0 AR
TWEAL 60 REATRAEL REGEIE o

ETHRANTRASIEHTHETRE
R RN T8 77 X oo AR (1)
B4k B 89 ASR # B R4~ (2) s — 1@
EAREATIR S 3) IRBEFETA MK
AEEEE - AR 4) REAGEMEFE
A BB X EEBBK TROG L T N
Bt ASR A ChiMeS & #H3 8/8XK
AT EA R GBI E L o BEIRF A
Joint CTC/Attention % » 3114k ChiMeS-14
EHEEHEE > 4L H JCA 14 wi EE
R HAE R EHE RTINS ChiMeS-5 3
B> 3 AKX AS ChiMeS-14 BlX £ - Bl B
JCA_5/14 °

4.4

m#}

5

\
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414t Joint CTC/Attention &A% A #F
HHH] 0 RATLE T B E T AT RAR A 6935
FHBRAR kA ERERNEZT N 7R
BT LA N =0 9 REEL RA
f27% ChiMeS $ A k8T A Z » LA @ &
RIS R o HJHARGEGHRAOER - ™
R B 88 CTC Fri & ) iRA5#% % T » ASR
BgFARIA E R % o Hh N ML FER o AR
R84 CTC ¥ 7k kA AN=18 HE
BZmEMOEENAG  BREB EABENR
AL AR AH M B HE R o

k4 FRER

A JCA 14 JCA_14 w
0 92.01% 83.41%
0.2 21.57% 16.71%
0.5 19.82% 13.65%
0.8 21.51% 17.39%

1 33.49% 19.97%

ZRFBAE K DA R K K14
LA AR R E 6 ASR MR E
Wk 5 BT FAE R KK ¥ E IR Joint
CTC/Attention B » & CER T &1 4% A &
W) 19.82% 0 KM@Y 6.17% : R &
KER & T A BRI E 10.82% 89 K& o

&5 BEMBIERER

o AR A CER KER
JCA_14 19.82% 30.90%
JCA 14 w 13.65% 20.82%

KMAIA & 6 FrBlXE TR 11 RekF
HHTSR B E T — R B RPFRER > A
AL R ETY B TR o BHERF M - 2

AT B> NER Lo s L EM by folh d
T S
6 &#H

AR —Eh FEHAEABTGRY
J SCE &5 E ChiMeS » 3 4R 4 — 4% Bl 5% %
MRS E RAR RGN ET - AR
B IGF O Ty ik o W NBINEAS 0 A BRI B
& PER A ZAE ©

ARG RA M B RASHE
FERREFE @GN E: FRELEE
S8R ANE > R KRR 0% EE A
o R GEARGTH > A B E
Z GBI RARGIE TN c BREAEA L
M B FT 89 5 $ 3R 35 F PR R 0 B4 ¢ Trans-
former(Dong et al., 2018) ~ Conformer(Gulati
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& 6: WEWNEKZEH

=

5

Ground Truth

{co}{lon}{can}{cer} ZHA kA A & BEF B L

DM{diet} —R—-FTZ&E-FAH DM B X {co}{lon}{can}{cer} & & &
R LR AR BER {co}{lon}{can}{cer} # KM 7 -
fe S F A {port} A TAIHT B = RALBEATR

Z %A —% {port}A B+ A =3 {su}{gar} #l QIDAC A F

a7

JCA 14 |« K < 1 >

<{co}>{com}{can}{cer} A< 7 >k EAA @ BREAA BEL
D<M>{diet} —R—FE%FA DM & X < {co}><{lon} >4 i@k L
EAMSER B < 4 > BE4R {con}{can}{cer} L A F K
AALFZRA TR DN ek AR

< % >ig B—§{po}A{gas}t+A={per}{su}{gar} & QIDACS {tive}

JCA 14 w

{co}{lon}{can}{cer} A Sk & A %R A A BE L

DM{diet} —F—-F&Z&E-FH DM KX {co}{lon}{can}{cer} & & &
< K ofbsk< - B R BEEZ {co}{lon}{can}{cer} # Hi ik K

WA B {port AA R =KL TR

E¥< A >—mA B+ A =3 {su}{gar}< " ~QIDAC & ¥

et al., 2020) FRAMHRAR - RKE > DEF
e ireE8 % At - AR BB EZ Y (Kunze et al.,

2017) 89 7 XA B R R & » 13 5] £ 42 69 5
% o
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