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Abstract

FEnd-to-end automatic speech recognition models based on deep learning that directly
model speech and text have become mainstream due to their simple structure and re-
markable performance. However, a persistent challenge in such tasks is the modality
gap between continuous speech signals and discrete text, which arises from the sig-
nificant differences in length and representation scale between the two modalities. To
address the problem, this paper proposes a multi-scale speech recognition modeling
method that builds multiple scales of text information from the perspective of using
more fine-grained distribution knowledge. This progressive prediction approach effec-
tively reduces the difficulty of prediction, mitigates the impact of the modality gap. The
approach also enhances the model’s inference capability, enriches and complements the
information in the speech data by fusing features from different scales. Our method is
effective on LibriSpeech small-scale, large-scale, and TEDLIUM?2 datasets, showing an
average reduction in word error rates of about 1.7, 0.45 and 0.76 compared to baseline.
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1 58

HZM1EE R 5 (Automatic Speech Recognition, ASR){ESS BE R EL N IE &5 5 Kk
NFERLEE SO, T2 N AT E2UE . BEA A BRASSE B AESE . RRNIES
RA AR TETCEFE ST RBUFIE, BEIRFRIE 2R . IEERE . 45
1A 8 A [R] SRR P 51 ok E RIS A, AR EIR A 25 5 (Huang et al., 2001) - X1
VITIENMUFREREM AT ARE S X B RIRIET S, B2 WAk TR TR ME . 2L
BE155 ~ [EMREE S NSREFRIRE, JETXMELA @ B RS R . L5k, MEREYSIH
M, WEMSRAEL D AN LEEESHBE T EEM, EETRINES & T InE i
H B & IR A (End-to-End Automatic Speech Recognition, E2E ASR)(Graves and Jaitly,
2014)1E 3 BEREEETE S B ORI, BRI F TS BRI TIZRd e, ERE TIETE
BOEREP BV BN R ROTERE, Z WA 0 -

IR, X T 0t 3] 0 1 2 B SR B A % B gk AT AR 2 7E — > BRI 38
IR EERE B ESHITEE, IR ST BRI S FAE T %, ER1(a)F AT AL
W, MEFEE CHEE IR Z BT 2 I K EIRENE R R R R B FERRNESR, X
BESHEE (Modality Gap)(Fang et al., 2022) LEEA LR ESERM T ERBIEL - Flin, FEiEE
SO A H LA A /N TT, BRI SCAR IR S R R/ N TT A ER R, —EFIIKE
FIEAEER T ERNER, RN, ETWIEA RSB H AR I F R SR E R, X
P TR R S BT R A LCRE — 2 AT VRS 5T, AT S T 45

i ‘ o (530
N : | | . : S ks Multi scale automatic recognition =)
SCA | Multi | scale | tic| speech recognition T &5 5 o © © ©
2o T o o 2
g P g IFi Lk I 44 (g = = O
ESTICREN NN NI A | @ iy iy
N a PR 000000 oE0En  ooo
0 1 o I I I
b i 24 N
i Y M |
. |
| i . - A | |
! S - Ep e Multi scale automatic s?ee_chTec;g;ition a0
(a) WHE SRR (b) ANFEH B 4 75 2SR

F1LEEE U AESER

h T R H SRS AR A\ Sk 2 B Z R ORI E T, — R AT 2R
EORHES B T R s, X STRISORIEER E L, X — ERE LR R S & Tl ik
FIFHE o FE VLA BT A A R T S RSy 1R, B 8 1SR & EE 4548 (Fan et
al., 2021)%5 B 2 it M IR FR i EBCE BB B X SF BT R S CARRL S E - 8T, 1BH A
AESHT IR FPAFRAEE FRREKEARME, XE KPS THEZRIEAFE B SOR
WEERSE LG, ToEE T mMER - XNRESSE T B HeFIBEWHITRRES S
EPRHIE B EAE B RS - 1 (b) W E IR T 0/ B n] BB BB AR Fr B BBk
RHEAREE 2 —E, RAS— R RISE & 15 E B R B 7 fod B S - FHxhxX—I%,
AR T 78R (E2) FEEEHIESHEENSE RS, #FmitH 2 REES
TR L - 1% 7712 R B ARRL R F A AR A &, B2 D ARIRER AR SOR
FREMMEAES] ) R HARLE Z R BT SRR SR ORI AR, TR bR & s
CEA AN FE R — SR E IR B R4 - A SO R IR B R B AR AR 38 S5 B AR 31 ST
DIAL,  [RIEEESZAT B IE B « FRFRAICRE B F S 514, R EAERRE L
FTXREFF o SXFRR LTI A0 T7 ZAMNER B T 155 5 SR 2 APRLE 22 B RO LI SR i, B
e BT A ANRIREZ R THXAER, FEERMEEENFE ZE, RFESEURMELD
[A]#(Zhang et al., 2022b), B4 LUK F IR B SCAR M EiERHE LA, & Z 50N &
NTE2EESRE, ZEEERBEMER, UREN TR St B 48 Rk, #—
WHE BB EIRAIRUR . AR FELibriSpeech/ NN K #AEE R DL TEDLIUM 2 5 £ 57
177555, AR EMILES RAGUAEIR B P HARERLT - 0.45510.76, $UE T gt 7 ER
BRE -

A EEH T TRk
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(1) RSN AES X ERRBFIRBOT T 2 REXAGTIELS, H A MG TEEMEE
B ANESS AR B e 4 ]

(2) ACGRMEZREEZFERTE, 5IATH. TR FRHFMEERAER, HAHE
T SRS PPy RTINS R RUBE R 78R, SEENBEEY AL B ISR IR P 971528 25 % 77 P H 17
FP3l, SRAR T V55 SOA RIS IS4 (] -

(3) AR Z REFAEME %, SINEZITTURHE, AR THERELTETARR
FERANER, REGEREZBESEENE, BGE T BTESMSEHIE UE B EKHME -

br| automatic  speech  recognition

Tl auto  matic speech recog  ni  tion

T;IL R A02 T AH0O M AE1 T IH0O M S P w1 CH R EH2 K AH0 G N IHI SH AH0O N
Sty

?{Tj' a u t o m a t i c s P e e c h r e c o g n i t

2. 2 RUESUAR & 73545

2 MXRIE

EEIRAEORK A RALEMIE L BHEA8, R IE AR IE B B2 St ALy
By, FHATFST I R 7ERS T /R AR EA (Hidden Markov Model, HMM)(Baum et al., 1970)5
BRI a0 = TR A B (Gaussian Mixture Model, GMM)(Dempster et al., 1977454,
TRIEZAEEN 5 - BB T m BEE X DUORIESE Al , 12 TR HOHOGHE - B e
REG R T ANRBI R AREARRIB0% AL, NHERZFI R . 7£20105F /581 5] ANREH LM
2% (Deep Neural Networks, DNN)(LeCun et al., 2015; Goodfellow et al., 2016)/5 & ¥, DNNAEWS
RerE AR —EAE A, HEEAIIESESXMERES - XMETHEAS & H
B AR A R R L TR, @i B AR B E IR 2R R iE S IR A
AL, REEETRBIEE - B 8 im0 5 T U938 (Connectionist
Temporal Classification, CTC)(Graves et al., 2006)~ {EIHH 22 M 45 5% # 25 (Recurrent Neural
Network Transducer, RNN-T)(Chorowski et al., 2014; Chorowski et al., 2015; Chan et al.,
2016 ) F0 T & 7 HL ] 1 v 21 4 78 5 15 A1 (Attention Based Encoder-Decoder, AED)(Rao et
al., 2017)%%, IRTIAFSRE ST H A RAMEFE, BIENCTCE i 51 ABlankLl, fF LRSS /KA
RANBN SR EAR L IR ZAENS 575, & T WL 897 R NaE G Fe 5 R 2 SE B A\ 5 i
AR 57, AR SRR AN R TAE P2 EUR B0 - 20174 Transformer (Vaswani et al.,
2017)2845 [A]1H, Rf Transformer N FH T8 & st i — P HUE T B B A9FE TH 3R (Zhou et al.,
2018; Dong et al., 2018) -

FEEEES T, B LUESAMISO R IEE M PRER R T, TR TSRS BEER
Migh LKA BT ., S EE B IE 51 HO NSRRI KA Z - Xt KFSIA NS S
ECHIR KPR BRI R A RO B RO, IR ILH S BCt & 2 2R o iR D E RS
B Bl 2l 1 5 RHE T 53T SR B T 20 (Guo et al., 2020), B S Z ZEBHEBERZ 1
AALE AT RS, ZITIERAER B AT R, BT EIA R F R A A LU E A
S5XARZENZESR, 2FERFLE BRI EEREE USRI IR - FEE R SRS A & 2 (Xu
et al., 2023b), WEALMRE TR AR H T “& 7 KB (Fan et al., 2021)BRELUFRT - AT
AR I I AR AR R R R R E R IE AN AR DT BT/ K, [FIREH AT DA B R 3
LT XIS E PR T B4 3 (Rosenfeld and Thurston, 1971; Burt and Adelson, 1987) -

%,
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EEEEST, h T RHFmEmTE S IRANES PR AI R RS, AhEE L EERLR P 2 S0
ERRT IR E 5 75 (Higuchi et al., 2021), A B AMEEMNEREELR, FEFIEFT
AR IR Z IR P F1Z 225 55 8 71781, B2 55 Pt Ba 2 5 751, Jelinek and F.
(1976) B TAE W R BAZE SR =8 S 5 B S AR F IS IR AR —F A H A 77 =

B 7 SHRFE R A AT A R AL BR AN, B IE RN H B XEE NFESFREEE EENR
I(Deng et al., 2013), H—FHEFAEMLIESESHIES - B . PESZTONUER, TFEFR
PR BN IRIRR R Z MR T A& TIES NIFES - HT AR E 22 RHE AT @ A F A
SRS ESESFIER, BOMESES T alE S A RFHERL & A S B I0E, %7 =R
BT REME R, (BRI THRIEL4ERE - 7E5ER TAEF, Yoon et al.(2018; 2019)# 13K #
EFHESMFCCHHERL & N A THEEBRGRA TS =30Eet al. (2021) RIS SUEURHE
Al &SI TE S HE5E; Zhang et al. (2022a)i#1d @& N [FIATZE S Mel 8K A8 A FHELEULIE R BT
FHIRE T RS RIERE -
3 ATk
3.1 EHZ%
WU (63459, A0 B Transtormer UL 1ESH B0 16 20501255 5 07
ETransformerf W L5 B AR — B, 7ESmi s i AN, 8 HE S W 2 22 K R 2 3 TR AR B K
NHIEERHEF AT RS, BREEGE ARE1/4, DR RFKE, TOTERR, SRR A&
KH12Z2%32%, 6228551 -

EEE NN FAE  EEE TSR (CTC)E—FIER 5 71 L ISR AT 2657 55 )3 7]
LEF . BB RIEETRE T R R R R A0 B A 45 W 4% 1 2 TR B AR AL T B AT 2 A\ TE
TE5 B R FRSE Z [ HORT R 56 3, FEIFFE 7 BUME DLCRUEXT ST BMERAYE - AR T2 GE AR B 22
BEF AR, CTCRE—Mumlum KRNI T, Il R 2T e,
SCRFIRRZE TN R R, BRI GRS E R A\ PG SR TUNSR, AT TR0 5] AR
F . Xu et al. (2023a)FCTCRAEIEEES IR E TS T BEWR -
?ﬁ%iﬁﬁ)\?ﬁ‘]X:[m,xz,xg,xT]H&Xﬂtﬁjﬁ/ﬂﬁ'ﬁﬁlﬁ}’:{yl,yg,yg,yU], ﬁj\%uxq‘&— Ei}]f’é
F BT SS o AR 51 A SO R3], CTCHR 8] 44 58 B N 51 X BT 6 AT BEY O Hi 4>
1, WIEHHSEREHEE RS R . Lp(lo)BRBIA Nz, BHAFIIGER, p(l|x)FE
AE AR
P(lz)= > p(lz) (1)

TEF~1(1)

Hep, 7 e FrH)REFELS P13 CREMLE R 4550 H A0 R I TN P51 # 5 S St
FP) SRR, yf Fonr B R TN ZIRMEERE, W TR — SRR RS

T
P(r|z) = [](4) (2)
t=1
BREFMFINLE KT ICAFS, BREBETIIATZEAMEXNFHAR, XFMCTCRET
FUREMB LI P E H)——XF R o SRR IS AR SO AT AR TG = B S I A SR, R U510
TR AL, I AF - BE - T

3.2 ST

SFIBENZE M EYM R 2 E G, B R E RS AR R E
FIFEE, SEBETZREST - X OLE TR R R R IE 2 i A SR AL 4544
o, BEHZPHERAER, ZEBAHEMER RS 2 EREH T . HTERERE
P FEH, FRERKEEZEH LD, mE N E EREEZIEN, REEIERREENTRE
F/NHISURARSS - WEE3H, AR SCHEmAS s I A T — LEpE R X e R o 3R A 4
APEIT NG BRGS0k B BB R IE RS - N TR THAZ REZE M ER AT
H, ARICKHEE (Layer Normalization)(Ba et al., 2016)# 5=, HljEmEHiH, FAHIE
MR T2, G5 EEAS T AR R EEIR A E N, RERBEIZGRAEEAERE, Bk T2
AR o X NEIEREE T IEEERT .

FoHZE P BT RIS S A RRISUE, 46855479, IR IKIE,
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N T HAE L RERERELLG], AT LibriSpeech-100hE3E4E F 5011 T &M RIEXASHA
FEFI s MCER (WD) |, RIEKEXRRATLI, WAFIIKERDAFRULEERR
PSR EALE, 2ORFIRRAIFF127E, ETHAIGRT T RGN TG A— B BTHMEE
LR, RPN RGN R KER 02—, BEENIZRE I Bl & ZEE RS
EUEBE TR o R BT RS a5 F AR BB BRI — 2 RS T 2 SO Fy B e 3 52
IRSfE e, T T Gmhth o dm ot (7] & 51 A 4 E A1

HI L EERE], BEETE M EFIIES, AHA B S AR E 7 AR TR R AL A
£ (Rabiner and Juang, 1993) - A X FLE & S EE S — S/ NRERE BT /505
Bepod e, AMSE T RBERENEER, MBS TR -

AR RBEECA SR & RAMRELH

BN | FRRIN T 4.20
CPNGRAVE=S Sl Is 21l 4.86
BINFA | FIRR AT 12.31

#¢1.LibriSpeech-100hE{ & S AR R U fe/ M

3.3 ZREETER

ET I, AR SR R EFE T 51 FH 35 AR 2 TR 2 P SR 2 B, sl e Bt 3 0 A5 Bt
TR BRI SCARLEE , LART X B R W BAEZ G ML B AR 5K - RIS ASSCG N T ANRISCAR
REEER, FEESTENMEEIRE . R\CRFIR, BT EEEEF FALEZH A LR RS2
RFRERFLER ., BA BRI S ZMSAFEAIREFIBRE, W HhE RERR AR
R HIEA(Lin et al., 2017) . MR REERIIAZIEMZF, ATRESFERRIFRINEE
NECER ISR B IR - EBFTR, ASCEGR s - 1R 7 - LR DLL G b 0% A &
DAGINFAFER, ERBAI UL TARANER, ELEANF R E XA RS T
RIS R EIMAEANEE,, RN AR 2 REE ST R TE - B R i m
TR EAH BB SMEBAL, LU MR ERAEREEEBNEE, FiiX
JTEE TR E BRI A R ROR P TIE S, HAHCTCR BN BIZ P31 5 A8 B R SUR
PEATRITE, Z 5 B P ET EYEE R T — M R E R gm b A B s A B RS v, TR
T IAIPRLEE IR IR P81 252 5% 57 B 718 - A1 A A -

BAmE, BONFEREAS NI B AR R FS X, A GRS dein
BIRFIEFINRARNX,, FRENZE REXARNY,, BEPHNE RESERNY,, FIREHIOR
Yo, WZ=ABEEICTCR T K bR EFT Loy AR

LFFEFFSI357 EIF AT RN 2 R SR I CTOX 5 1601 K B AL

Le = —log P(Y.| X) (3)
2 LRI TR MRS, RIS B % R SR HICT ORISR B AL

L, = —log P(¥,|Xo) (4)
3 A E ERANTOR WIS, AIFFEI TS R SR HICT ORI Sk B AL

L, = —logP(Yw|X12) (5)

HAP(Y:|X6)~ P(Yp|Xo)~ P(Y|X12)FE 25 7€ it NHHRLE & FF1ETE B R AE 7 91 /) S5 44

T, TN SIS MR E SR FRFI LR RMEZE . = N B RxS ST R R T LA H R —1 2
RE K RELL s

Lpys = a* (Le+ Ly + Ly) (6)

MBS, (ENRBETETIRAAN BB MUSIAK A L, TTLME LA
PRI % RBESOR 2 AR PR, LT 2 R BAOSI A BTG T T . X7 i AE
BB T AR TR, (R B RRT IR AT 10 2 R RO, T
SR AL

FoHZE P BT RIS S A RRISUE, 46855479, IR IKIE,
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FEAY 2%
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HERIERUR | gmAiD % P LR T
i |
T
prerra i ! this is a mul ti scale model ing process
22 4%

R
> FRAICTCEIR >(w
PR PR DHIHIS|IH1 Z|AHO [MAHILTSKEY1L EL e
|IMAAIDAHOLIHONG |PRAA1SEH2S|
5| BERMHICTCA P
HRYNFEIE
PR RS R this|is|a|multiscale| model

ing|process|
?ﬁﬁ%om%m] c
~ S TR
[ R PR AR LR

1B H LT

K3.2 RIEZEERBER A

3.4 ZREFITME

Rt — DR 2 REFFAER I 238 S R AR SS RS ER . AR SCREAS [F] RUBE SUARFFAEFP
FIRRIE—E T TR G, BT AZ T RHESE R B S B E R E R - TEFHER
B b, AXFEZEIASEE DLUHERE A f R & 2 REEFFE - KBRS 1 REE T AR RUE
AORFIER B H AN —B, ARSUIRIF SR T 5 35 A AR I 48 45 JE Al RURE RVARFALE BT 57 21 1R 20531
HOHRFLE -

BRKEA—ERBRE W R BT B, (B2 X DLORIESR 2 AN R R AL 2 [A) 2
REMGAHEL A B, MRS HABS LT AR S MR T FFESTE o KRR RS 1
M, ZERIIARREF AN R oA armE, a5 AT R R XA
(AR - [JHEJEIAEIT (Gated Recurrent Unit, GRU)(Hochreiter and Schmidhuber, 2016) &—Ff
HHEAEMESET, Bl [ BTk ERIE BRI AR KRR R, #Y B k4%
HASHFRE MFIERAE, WM E RIEHE G FIE . BT HASERE T —METIIENEZR
FERFERE S 7, BT - BRERMTIARA RFESITR S, SRR R Z B AR A A
8o W3, BRSO PR EL SRR, KRR 2 RERFER & 7% -

BAEME, B FREARRALFME R BRI RFALFpl st — R TS, H
RITENLEIEH T — S22 2R, XS EOEIT sigmoid MEGHIT IR AR, TFEHI]
FIFTIFRERE, FHmd PRl & B SC B ERE & RO H /Y, SRIRE 5 KL F,,, WTRATR:

FC :chQFc+(1_ch)@Fp (7

~ ~—

Wep =a-o(argep) +b (8

H AW, 7 RAFAE S T R P FF LR S B TR R, o3R JRsigmoid{B I B
B, argp WEXMFRHERFIEME T2 S8, KFEZ5HEMEAERIILE . ohl1ES
B )sigmoid A HI IR E, OMIETy T ARIUET TSRV, DUBE Sd T 17 3 Rk 1T 5 2
BERMIRE, —FH AT AT SRR T EH AR AR S H ) -

B, RS E IR IR TR RS A LU R R T SUEHRE S, BEIRARFHERRE,
TR

F:chwQFcp+(1—chw)®Fw (9)

Wepw = a - U(argcpw) +0 (10)

HA Wep BFFFE R BE FHE LU 717 B R AE R & I AT TR, o505 A 58—
B, argepn NE LKL FHERL A T2 5] 55 -

%,

BT TR E IS E S ARWROCER, F46801 554791, ﬂé}ﬁﬁéiﬂ
Wb Zz
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ATCAE A [ TR AN R A R ST AR &, LOBE SRR B BRI T - A2 IR
EHT, F BT W SRR ARSI (B 46, Rl a DM 21 50— 2 R
BE, WTRE R HIRFIEE T RAREILIRIE,  DASRARRR B TH SRNBR B AR K 0 ] A

4 K%
4.1 BIEAE

RIS FEE T LibriSpeechZE £ (Panayotov et al., 2015)100/NF58 « 960/ N SEEEE]
PEEE DL TEDLIUM2EURE £ (Rousseau et al., 2014), 7EFH N R 6 b ISR I FH FRIELSIE
SR SRR B S5 B 737 4«

FERI FHE ST EEE TS AFREE, YLE8E 008 & HEREX N AR IES
o NIEE IR EUH AR A U LK B AR E S RO AL ) 2 FP 51 A Rl 2 P AR SR B, B A
WA LFEIES S HE: Mel SR EIEU A% (Mel-Frequency Cepstral Coefficients, MFCC)

BT UE I %8 E Fbank (Log-Mel-Filter Bank)##1iE « Z& 47U 4347 (Linear Prediction Coeffi-
cient, LPC)% o ET ANHE5MKF 5, Stevens and S. (1936)F2 tHFF & AN EUT i 14 FIMel RUE

TEMelRUE N, W = MR e 4 i i O B AT 5. 2 Fbank FF 1, FbankFFIEE/H 48251, #]
PLE S 5 ABTRFHZE M ST, AR FEE R Fbank FHEFHFFTSE -

RESTE RICHIIGELZ RERF RN, FEREERCR (RCLRE RG] LT F
AN G FRZRHN K, FARF) AR HIRSOR A BTE B8 28 0 VR DA R 5
TCHITER, Fa0 “speech” MXF R H s p e e ¢ h?; FEACFRF BRAINT, K XHHCMUL & 17
Bl (Carnegie Mellon University Pronouncing Dictionary), R BimE RN IR & E B IK,
Bl “speech” ¥R “S P IY1 CH”, CMUTR #2 — 72T ] b 36 S 1 1Y) FFIRAL g AT % i
ZA T R E B S 390 F H DU 134000 A L H & &, BB M ERIAE] & LT
HHIRTEAWT T, EEE IRAIFE AU TE T ERMER - MERT R HEAECM U 8 A ) £
W, HT AR NS RER, A SCH ST & B9 JF T Bsentencepiece? JE5%7 171 2 5]
H BRSO 3R 1 DA AT R R Z AR B RO ZRE R FRAT) SR A7 A 1 R 1 SR AT 3
—B15y, REEIAYI 7 O AR (75 LR TT . FERRBLIIGRIY , RSO = RSO (S BaE i
GritiEse 77 20— 2R/ 10000 A —5K 1A 3R, DUBEARIZR AT -

HEMS) BT iwE R H{EAIRER TR, B NIUEEEE BRI T2 2R
i, Rt EAR G EA KT 2T - SEE LS (Speed Perturb)(Liberman and Mattingly,
1985)& — FEUIR G | 7 v, E RN FARE B AR, 15 B 5 P A B E R
B S EAE, WASFEEEE F R o AR BURIEF S, DUXBIIZREIR Y 78 - AR
HLibriSpeech-100h A & TEDLIUM 2% 8 815 & 73 5% B 0.9~ 1.0~ LUHFERE, RJIZRETRY"
FNFEARR =, TR NURREIRSE FTRES I R AN TE 3 [RIR -

4.2 SEHERE

ARG F B T FairseqHIS2THEZES | H7EZNEZR B b 58 B AR SCH A &2 RO i
k. BARE L, BRTEXNABNRERGE, 6Z@BIESREMIN, ZEREZTEHEY
256, BIEIMAUERE I R2048, Z2LIER T1SLKE0N4, dropout H0.1 - 3] i K H{E N 2e-7,
2E S RFPGERIRECHN10000, FHRHinverse sqridf 2> R AR HEE . [FHAdam b EE, H
HRR RS TR R R 2 3 51=0.9, ($2=0.98, {EFIFRE B E 0. 11938 R RE N B iR
B . ESIASTEEAIR, KXEFNEMENLEMANBFERERER . BIRFERELRA S
K2, B AN SRR AESI . IR, B HCTCOM % RS BSR4, T4
XHWREEZECTCHIE (RBIL,~ Ly~ L) WEa% 0.2, FEFEREGR, FHERA LEFS
#a=0.2, b=0.4- YHLEHREF, SildxG TRERSEHAIT S, RAXDNASHRERE
£ (Jelinek, 1980)#H TS - A SGE T 1A 54 1% 2 (Word Error Rate, WER)RIEA H BB E 1R 5
AR -

"http://www.speech.cs.cmu.edu/cgi-bin/cmudict
https://github.com/google/sentencepiece
3https://github.com/pytorch/fairseq
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4.3 SCIEER

AR FEESLL S LULibriSpeech 2L X TEDLIUM2EUHE 5 SE 5 15 5| A 25 R U 20 R -
RS A F fairseq 3 21| i 18 3 B SCAR T (Wang et al., 2020)7E W IRLRAY | H7E A 5
ANT P2 R EESEEU R EZ R ERMER G 7715, KRB SHE RN HN30M . 1
Hh, AKX B T Higuchi et al. (2021)~ Andrusenko et al. (2022)7EHH Rl %i#E 5 £ RIM < T
1E. SERREER K, ANEXRGMIL LR TIEEEET —ERA - R, YEEXRHAEF
PECERRET, PERE T REECNIA R, IR T B XN BRI & FIE R BB SR g T 4
I 1A) R o S SCHR HY A 2 RO VE 35 B VR A LibriSpeech 100/ N R 25 - AOWERFE A T H 4%
3 AIBEAK T 0.66711.38, FETEDLIUM2MIRAEEFE(L 70.68, 7ELibriSpeech960/NE it & other I
FEAR 70.36, MIMIERR T 2 REEEEE T EMERE, MiceanEE L, HTERRE
SHRERm A THHED, FRPEREENOCERBESHIRANES, FHEZREHER
AIRER MG IR B4, S THEMERNEIES, ZREKAES AR EEAE
B 1o, AGIANTEZNMREFIERFESSIG, HRXAETEZREFIERMA T
Het — B R TR BIVERE o LIS R R, fELibriSpeech-1000il i % FWERZF I H, F 4% 4 5l
1.37#12.03, FELibriSpeech-960hill i £E - M F: 4% 11%0.247F10.66, FETEDLIUM2i i £ b #2485
0.76, WERMXN T2 REEETIEFIR T —ERREE, XU T2 REFEM AN TEZRE
LSRR — DS -

i LibriSpeech-100h LibriSpeech-960h TED
T Dev Test Dev Test LIUM2
clean other clean other clean other clean other — Test
Higuchi 11.50 24.80 11.80 25.50 4.20 10.00 4.50 9.90 10.70
Andrusenko 10.40 27.10 10.70 27.10 3.70 10.10 3.70 9.90 -
ARNEA 9.68 23.37 1046 23.28 4.17 9.66 441 9.22  10.58
BT 10.28 2252 11.97 24.63 420 939 516 935 10.71

ZREGESER 896 2126 9.80 21.90 4.13 892 472 886  9.90
ZREFEIS  8.39 21.23 9.09 21.25 3.86 8.69 4.17 8.56 9.82

2 FLRLER

EEBEERR, RO H T LibriSpeech/ MR A R MR EUE R FIRAEE, LI RRE
B, T2/ UREHREE b, ARSUTEIESTTERAS T HIFRER - RIES T, — 1 FTREmRE
AIfER H T/ MIBREIR £ AR B YD, WA S HILT A REOL, [RIR R 5 AR S Fi s
PR, X FEMEE N2 AR FRARE B -« AR SUOTIEREM FEAN R RUE T IR BUR [FRLE
FIEERHE, HEid 2 ECTCH 7 LM F AN BIF4F « FRM I =057, M 5 17 i3
REEE S NEWFIRE, _EREMEREFZCEEST, FI e/ MIUREIEE RIS E IR
R o TAE RIS b, (250 AT O LR IR I A BB IR ) o A e =, Ry B B
R PRE AN 25 AN 2 AR 2R, [SEUT A SUTERGR IR A HERES -

S5HMANTAEXN T, AL ARTNEAEZ TR ESF MY, HIHZ REEET
EHMHAZIRENFIEGER, W ESIEHIEESES SR, JHEEE RS ZR
WrEna e E N UER, FTUEFHAEESES T ETXRA, DARNAEZ
PMREMFE, MBEMTHEEEFNRTIGES, BEaEHANEEEBERES - m
7ELibriSpeech960/ N clean®t 8 £ £, 177 1% 88 2 T Andrusenko et al. (2022), FEZEFEE
Fi% TAE A 8 A 1 Conformers 14 76 78 & 11 55 H B i M AL FRI B R R ~ &)/ & F SCRA & 5%
#, AN T S Transformer?5 14, B0E H T EIRAES, 58 TIEP RN R
7E Conformer 4514 I -t — P 524

5 SERIMHT

5.1 ZREETEEHBLL

H T BUEAE R ECTCERRER1E & B E R I EBNMEN , AL LibriSpeech100/ N £ 35 4
PR (WE3) , BBl EZEFHFRA - FEEH - PRSI CTCA R TEL, 1
BIAEE —FhCTCA R A 22 BRED & 38 B IR A O ML BE 7= A N R R A0S0 « axX i B = N2 51
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ICTCHBEMEIZIES TIREFMEME R, Rk 7 AR ER=FMERICTCHFER BRI RE
PEgs, AT LAA B BERLZ o ) 1B B A SO Z IRl BRSNS ISR (R . [FIR, AR
LTI CTC RN SLIRLE R = B K BIRN , 1X52  9 FiR R A CTCRAEIL T & IR A
Wt FT UG e AR R S5 R B B AR, RIS RLRENS S R M IO SE BE A B0, E TR
FIRAESS s E N EEEM -

LibriSpeech-100h

ik Dev Test
clean other clean other
Z REEEEER 896 21.26 9.80 21.90

FRHICTCAI 9.02 2253 9.93 22.24
EEEACTCAIE 968 2227 1021 22.29
FIRERICTCAIE 959 21.92 1044 22.77

T3 ZREETERHEMSEE (R E LT )

5.2 % RUEHFHIERL&THALCE

R T R AR AN PR R A ) A BRI, AR SCAELibriSpeech100/Nf £ 88 68 | I 5098
(WFE4) |, SRS BT R = A 4 H R A2 N EsE, ol IEEIWERZEN
B P H1.24, B RHXRRE B AELE J7 SN OO DUE SO A R R E#E AT EAEN TS, T
BIFAFHESI N TR, SECRBCR TR B, S T IEBASUR B2 TTURHIE RS I E
[4SRG BE RS, R0 B LA IFRE - BT RRESITNIE, & 02 UF B Fies
TEATTHE T AR, WERZENN S _E R R I AN FARE /Y Lk, X HIERA T = MEHE
A AEMESLEMS, MAZ MR BRAN T8 WE EHER . — M EEENIIR
&, FFIERN A A other R 8 A E I H AN WcleanBE 5, EEARUFEother [ RIS 5 HIHFE
I ALY, 4TI %, LibriSpeech otherf{E%E HcleanZ B £ HINE AL ML, £
SR ZHERE R . HEE 2 RERER, XL FA L IR v REM R, S EERIE
£ FRIMMAMARE B - 2T, cleanBUIREAEN ERE B, BEMZLE D, g
FFERENS I R AR 2B H 2L, MITHR S HERE -

LibriSpeech-100h
Hik Dev Test
clean other clean other

Z R EFHERE 839 21.23 9.09 21.25

HNEEE 9.36  21.82 10.47 22.35
-FRFEHE 870 20.92 9.37 21.32
-EHERE 8.83 21.13 9.36 21.28

FoAZ REFATRL S HRISCR (" RoRFER IR ik T b3

5.3 HT AR A TSR LR

o T EEMAIL AT EERT TE SRR R E A, AR SCERSH IR T AR IR
FR—FBAAIRB R A5 R« R H B IRBIENRNMATE, WERN4.16, TTES
FIELE R, IEANET SO AT A B 4G S BUE B R R HRIR, TR A] B (5 B A AEBR
K, FEHBATEEBKIETIR T IMERE - AR HE REES@EETET LA
2, ARHEE “word” I F IR RELAL S FERTI AL “world” , T —F AR F N ARy #
i, XHAE S RERSCRGESH R EEERE R, P HE S, RBATNECR, m
i 2 RERFIERS, R BNZE A HIERRAE]100%, WA B E R AL AT
ST R E S R, R TR AR T A R TE TR -
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who were a mere handful against an army should he be untrue at once to his love to

JE L country to his word should he give to his cowardice the pretext of patriotism but this
was impossible and if the phantom of his father was there in the gloom.
Tk BEIRAIEER WER

who were a mere handful against an army should he be untrue at once to his
Hook love to country to his world(£41%) should he give to his cowardice the pretext
AL HEE

of patriot ism but this was impossible and if the fathom(%51%) of his father was
there in the gloom.

4.16

e Who were a mere handful against an army should (%K) he had and($51%)
EFE  untrue at once to his love to country to his world(%1%) should he give to his 14.6

451 cowardice the pretext of(#il25) patriot ism but this was impossible and if the
phantom of his father was there in the gloom.

who were a mere handful against an army should he be untrue at once to his

ZRE love to country to his word should he give to his cowardice the pretext of patriot

1B A ishm blut this was impossible and if the fathom(#1%) of his father was there in
the gloom.

2.08

- who were a mere handful against an army should he be untrue at once to his
ZRE love to country to his word should he give to his cowardice the pretext of patriot 0
¥E{EER4  ism but this was impossible and if the phantom of his father was there in the
gloom.

5 W T AN FEE S A EERHIER

5.4 ZREBEER ML

ASCNER LB A Bt — 5 o i AR SOUTIRRERUE, al i E 4R S R R A STy
ERAAEER AT T R, 7T DUR BUACSC SR 2 ROB RS — R I L5 -
FERLERFER I AAMNGRT, BERE, BB EnXERD>, TReFaaimnE
B, T2 R RER 7 AT AL S RN iR, RIRAIRENS B R R ER G 5 A
[FIER s>, WS AP HUHIRIEE(E 5 T EEMSIE, WM ET R AR H EAEZRET
RE A — R I R BT BRI B R ONRE, XU 2 R T B P M e SR 2
AIERA, WMHEME LTI UER, REEFIRAIERAPERE -

(a) FELAETY (b) A%

B4 B A E A s
6 4w

ANRRE—FEZREESHIMNEETE, BdWHEARARETHXAREL, HF
FICTCSE A 3 57 70, MARJZ IR O 4R B P 31 e 44 T o SE B8 SCAR R 1), T B 3 4%
i TSI . [, ASGEEE T AR R E RAORHE, s TIZGER N EERES 28
P PR E TR IHERRE 1 o AR SCHELibriSpeech/ NN K HUBETE LU TEDLIUM 25X
R P77 5050, R ERATHEMEL RS, AR R P AIREKL.7 - 0.45F10.76 -
JEEERISERR TR, £ REES EEME RIERHER & # et TRAEREERT -

FEARFRI TAES, BATET T a0 ZE I 2R R 0 58 VR HO v A8 AN [R) R SRR AR X A Y 1)1 25
FITTRR, SRA N RIEF A ERBUN R R BN R L FIFAHER & A%, P REZREES
R RGERREIRE DRI, HERE REREAESMIE SIS HIET -

BT E TS S PRI, H468T1-F4T9 I, ﬂ{a\@ )
2 X

i 479G, MUk, P, 202348 H3HES5H.
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