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Abstract

Current speech recognition models have achieved good results in phonetic language such
as English and French. However, Chinese is a typical ideographic writing, and there is
no direct correspondence between Chinese characters and phonetics, but Pinyin, as a
mark of the pronunciation of Chinese characters, has an internal connection with Chi-
nese characters. Therefore, Pinyin is used as a decoding constraint in Chinese speech
recognition, and an inductive bias closer to speech is introduced. Based on a multi-task
learning framework, a Chinese speech recognition method based on pinyin constraint
joint learning is proposed. The end-to-end Chinese character speech recognition is the
main task, and the pinyin speech recognition is the auxiliary task. By sharing the
encoder, the Chinese characters and the pinyin recognition are used at the same time.
The result is used as a supervision signal to enhance the ability of the encoder to
express Chinese speech. Experimental results show that compared with the baseline
model, the proposed method achieves better recognition results, and the word error
rate WER is reduced by 2.24 percentage points
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HEEHIRA] (Automatic Speech Recognition, ASR) &I iE & H AL & BRI N B iR h
THENATEBRSUR - BEEIRESSIMIRELE, ASRRETEAME: FRIREG RGNS
AT E AR R AR . ZOTIR A RYT (Sainath et al., 2013)3 T 15 B #45 M 4458 2 /K A KRR
(Deep Neural Networks - Hidden Markov Models , DNN-HMM) X 7= 2218 gt 4ss . (& &
TR E RPN EHONIAE - Fl s — MES AR AR BRE h f) 7, RGUIGRES, XL
¥ G ERMEEAERROBIEE, W REIHRIAL . hTIRMESRE R
A2, HRRATIRERREY (Liu et al., 2019)FESUR & RGN EN— DB —PHEMLE, £
Pr{ESUEZE R BT BRI PBRFIOSL 7RSS, M AEERE, EEHEFERESEOR, BEES
9~ RITR AR S AL LS, BUSREFROROCR o 2 A 2 Im B AT O 7 1R R 2R i &
B 550 KB E (Graves et al., 2006) (Connectionist Temporal Classification, CTC) CTCHIf#
HCTCESERNILHIFNE A /1% (Moritz et al., 2019) « CTCARTEZEX YILRIERITISE 5 BoA G &b
PR PR, R, CTCETHMMALBIZRASREET, = XTI AT [\ _E 305k R A
Mo Wit EEAFFHLE (Bahdanau et al., 2014) 5 — X f# 2| E T 75 275 550 KE S
HAET A (Chorowski et al., 2014), {HH T & R A RN TF 77 200 A 2 E L AE SR
DR RIMH LB ENNER . TR, (Kim et al., 2017)45 4 CTCHIERE AR AR HET
WE N AIBEEIRAIRAL,  (Moritz et al., 2019)F (Sarl et al., 2020)7E{R & HEAL A GH BUE A
FERIRUR -

R EPmA, SmEm AR F B E  RIBS R T T ME T RGBSR RCR, R
M, PERE—MBHEKNEET, - MFRRTIFASAREE, AEIES R ER
A, i BRI T RRBI A E—EA 2 - (Chan et al., 2016)%F I FIRBIFIBFGL LAE
R ARRED T R A SR G - BEEE RN TS, BEERRNTET,
FESNTFHFENERRRXR, BTEYT (HE) PR IIE (Zhou et al., 2018)FFEEES -
REEFERA A E T EIC (Qu et al., 2017) « Bl — MEHEACRPIE T H T (Liu et
al., 2015) IR ERR IR 159K, 7 T B0 X MR, (Chan et al., 2016)%& H I F- P &R
BIRRL, RAEYIZRES G FH S5 3 B DT AR AT, (ERXFITIEIR B FAF#RE  (Character
Error Rate, CER) i£#[59.3, Xft, (Zhou et al., 2018)#& T Transformer (Vaswani et al.,
2017) ) BUAE IR MR RS 2R T, BRSNS -

ETUEMRTIE, EPOEEFTIRAF, 5IAP BRI FBIERLAR, Gefg 2
TR 22 S A B AR AE - EDOES, SIF AR BRI TI1E S #F  (Spoken Language
Translation, ST) (Di Gangi et al., 2019), X#HFEFIRBIAT A AN POEREE RS« ZESTAR
B, (Weiss et al., 2017)%& R B & iR B F1E & #1622 5 ] LUE AR e AL Bt e -
M (Weiss et al., 2017) IR TAEF 2 BB A, fEZHESHY¥IHELR T Caruana (1997), #HET
PEELAIRER A2 ST IPOEEFIRBITE, EPOEEE R F 5 AP S B S IHANESTEN BT
SEAIGR, FHE2>), MHERIE . ZEAISHELL-1 (Bu et al., 2017)F SCIZRER L, AE5HR
RWER(H H SRR K2.24 1 B 7 5 -

2 ETHEFARKEZEINPOEETIRBIFIE

BRI — MRS BEEFE IR FIPGEIE S RA51E — MRS, %k, A
A5 X 2 B A RS g8 o BT AR A S5 IE N SR AN, & R8I, sy IS EO R 1 S5 R
BFEE T, RN MES IR, HEREERARR - AL S (Weiss et al., 2017)0F 5 TAE
A (Kim et al., 2017)8 HEPNR AR, FERFH M T 3 — Pkt - BARMm B E 1R,
FREZANES: HEHEES . PEEIEE IRA AR TS A RECA T R F RS, AR 554
M1.1~ 1.2~ 139 DL EER 3T 4R -

754 - 760 2020 10 30 1 1
(c) 2020



HEESY

1 ETHELRECE 22> PUEE SR A 45H

2.1 HLEHEEIS

BRI — R3S K A WA K5 212 M 4% (Long Short Term Mem-
ory networks, LSTM) , X [AILSTM%5 4 WL B B4k Z RS IR0 4 - L= RIG I FKEH
BF5Ftr = (21,20, ...,ap)fEREN, FRHVGGH oM BUFERE &SR RAE, i H
HNh = (hi,ha,....;hy)s XBTRREEFLEAWIRSG], LAXNEF LN REERDIR
(L <T)- HmiEEEHgmIEETRERR N

h = Encoder (x) (1)
2.2 PHEEF R

HEETIRARE R AL BT RETES OGN RS- REEER, RiE4HER
21T BRI Z IR S 451 - RIS R H B mLSTM, WELIF Pt E Easal s - s
DASE =i g i % AV E BN, BT I ZIeAT % ARS8, BRI — e ZI T 5 p s
55y HIE 5315

P (yplh) = P (el ypiai—y) - (2)

Ypt = LSTM (h7yp(1:t—1)) (3)
TR R, ET IR A GESE R EAANER LA E oy 7= ORI B ey

ce =Y ayh (4)
I

X B a, 18T softmaxZ T B

exp (ver1)

CSentey

ag
ety = w! tanh (Wsy_q + Vhy +Ufiy +b) (6)
ft = F * Ai—1 (7)
XHE, NHEZEEF W Vs U~ F @2 BEREBE T, DR, «Frn—4EH, fl
x5 BRSSPI RS -
R Z 1 F ey ~ ST 2RI A P 2y 1) FHREIRAS 1 A2 A5 RITRS 21 A REIR s AT 5
*fi/}‘»‘ﬁypt:
St = LSTM (Stfl, Yt—1, Ct) (8)
ypt = Generate (s, ct) 9)
X BELSTMAFE LA JEEAHZEM LS, GeneratefC R AT M4
gianzt (2) |, PrEEEIRRIRRR R ET OB DU AR
Ly (h,yp) = —In P (yp|h) (10)
X EBIFEFNyp = (Yp1, Yp2, --Ypt), EFE<To
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2.3 ETHHFLAREKA 2> HINF RG]

ETHREREIIH HMERNTA, NF B ERELWERTIA, A0 ZItET F% i
ZF), Ed T B AR R 4% FsoftmasdiE R EL, 15818 — B ZIE TN AR 2y, RO HE 26 4>
P (ylh), BETP(ylh), WNFEEIRN XIRKGEA] Lods DL AT A

L(h,y)=—-IP(ylh)  (11)

XBVF Iy = (y1,y2, - y¢) o

FELALSS2EIMELR R, $2 RN 28 SO0 2K 8 i P 5 ARG 28 A R 1S 4 A H B R JE
FIIEMSRFNES S 45 - BB F R BIE N BT 555 B R SR G I F IR BIRE ), S5
B, POBESFIRANE R EBESEIHEARS PIE B E 5 B . A&, BT =m0
2%, BERIET RS RN FERREES, RmEBESHSE S B S R AR B S 1R A [F B 5
e BEaA (10) « (11) |, ETHEARECS 2SI NTFIR B XU R £ R~

Lhybm'd (h7 y) = AL]!) (h7 yp) + (1 - >‘) L (h7 y) (12)

X BN RARESE: A e (0,1)-

ZECTCEA A Pl st pthF, BATFENRA - f HF I ——brEFIX 57,
Hit, |HBEAES TCTC. BFEBN T, CTCE5IE#HZE ML (Recurrent Neural Net-
work, RNN) 454, RNNIENGRIGZS, EEFFIET I8 N =m e RN ESh, ZRiE et 72
wmAz (1) - BETIEFRRWR, CTCRIEZHE H I FIRE ZF &ML, F% 2 B RFHEA
BEER () REIERIIE R R = (ry,ma, .. wr) EEE S Tp (r/h), FIF %4
BEAZF AN A e HXT R — FZINFRRE TS, B L — 12X — IS R EF (1 € F(y)) ¥
A2 T H MRS 2R Sy, SRA AR W B IEE SCRBIRE B9 & KI5 fip (y/h),
Tp(y/h), AILIATECTCHI AR EMRUR R E Loro - AN SR S5 & CTCHIAS XUR 1 2% bR A 1
DU/ RN

L (h,y) = (1 = X\1) Luyprid (h,y) + MiLere (h,y) (13)

Lore (hyy) = —n(P(ylh))  (14)
P(hy)= Y Pl(rlh)  (15)

TEF(Y')
X BN AR RUEARESEC A € (0,1) , o WEREFREFS .
3 EE

3.1 HiExE

WL, {8 B /R VL7 o 30H 8 T8 TR A9 15 2 805 ZEAISHELL-1 (Bu et al., 2017)UEM
TR TIERERMS . ZINGEREIE00 HIEE, EFRIIGEE1200085ESE (41501
AINEF) O, IR H 14326551 E (K101 /M), MK EE 1765518 (KI5 /NE) - GE
i3 Torchaudio! T. B, E UL FIZRERS K NI10ZFD « B O KA RN2BZFD « 45 R 408986 /1 4]
PITE filter-bank4F 1L -

Sk KK BHE ZF
JI%E 150 161 179
BHESE 10 12 28
Mg 5 13 7

Table 1: SEE)I1ZR2E AISHELL-1

"https://pypi.org/project/torchaudio/
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3.2 VMRS
ARICAE A SRRV RPN FETR . TR EIFWER (Word Error Rate) | &
BTN 0% P8 5 W BHE 5 P AT R, TR WERKIAR:

WER = 100 * % (16)

XES . D I o8 MERAMEARTE, NAWEESTFIRETE

3.3 ZHE

FRERT, SRR UNKICE, #S8EE N0 2 RA R KT (Kim
et al., 2017), dropouti%}0.25. #H K Adadelta® % Zeiler (2012)FHTMAL, batch-sizei B
16, FEFEGHIDIRAAR GRS EFALSTM, W RLSTME 7 [ H 512/ Rk
BT, WAMEESREE— D BRZENE2T RSB ICHILSTM, Attention#L ] f# Hlocation-
aware attention (Chorowski et al., 2014) - EIWKAJZ, B PMFRIEA25655M MR - P& HIF
FAR/PN1400, PUEHIFRR/NI4500 -
3.4 HLER

AR TN, SRR SAISHELL-1# /7 4%, 5IWERIPS .
AIORETHT SRR - S285 S CTCHR AR (S25+CTC) MHRMEA -

TN ER RIS AL (Zhou et al., 2018), &AM Tbeam searchZFx S i) Transformert

e

IRAS2S+CTCIEFIRA RS (Kim et al., 2017), & —FF]HCTCHIE T AttentionF51 £
FEFIR BB ERRL, &Y E0E HrEE IR RS -

WMER R B DOB B S FHETF SR A PE AT, FRA— B MOE S B PEE
AEEE R POE A SR F I Pinyin2Hanzi 32 B 95 U 3548 Ry IUE SR FFF] -

3.5 ARXFHEERHEST

ST R SRR AEAISHELL-1EUESE &, BF 7 AR HIEESE . #HWERENE WK
BRI TER, WTHFR2-

IR 20 S 86 45 B 40 #1. HH HES2S+CTC (FFF iR A1) |, S28+CTC (W FH H)
FIWEREERUESE Fm4.9370 8 2 5., RS F&5.0410 50 5, XU 2 B 1Yo 21 v 18
FIRBIRET  B L F AR BRI E . L ESETIS2S+CTC (WFIRT)) | R HRERE
RS FAWERMEM2.5 M E 448, 7EMIHEE EAWER(EK2.24 ™ F 7 4., Vi AHTE X 5 f9D0E
EE IR S ABFIE ST IRAIE B TS EA IS, H58 T AN FHIRAEE S - %
BERB+CTC, RHRAERIEE FWERERL3INE 45, EMRE LK1L05 T E 9 4,
ULRHEDUE B FIRAI I A B B ZIRAES, RS T R RS S B R T
R, B L RS A ARSI AR o A L AR ARSI R AR IE S FFYWER(E
6.1 E DA, ENRE ERWERMERK4.95 1 E 958, X 1B H A ZE D OEEE IR A5
NP BUS AR I AR R

A MM WER (dev) WER (test)
AN K A R R Y - 16.16 17.64
S2S+CTC (PfF&iRA) 0,02  7.63 9.89
S2S+CTC (WFiRA) 0,02  12.56 14.93
WER R G4+ CTC 0,0 11.37 13.74
P A 0.2,0.2 10.06 12.69

Table 2: 2 HIETERT LY L EAETY A SL I 25 2R

h T PR PR EEE IR BIES TACTCH I FIRA IR, X 52 H AT K PRCTCLE M 17
THRIPE SIS 25 AT, B4 AR REX REEAIS2S+ CTOIE B #4918 2 CTCEEM - = MERLI %R

https://github.com/letiantian /Pinyin2Hanzi
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Bf R AR —E . FHHS2S-CTC (BFEFHAI) | S2S-CTC (WFiRH|) HFHIIFESE FHWER(AE
F6.23 A A, AR E FWERME 56.450 E 40 A, UL Y 5 15 20 E SR B RS
X R B FHIR AR R AR E o MR IS2S-CTC (WFIRA]) |, R HEA_CTCERIE
LHWEREK2.611H 7 &8, FENNKE D257 E 95 HHERERSG-CTC, = HER-
CTCTERIESE EIK15 1M H 748, ElNRE L1231 F 9 A, AR HEREARZCTCRIN
T, BIAPFEAIRECG A, R T RAIEERHMERI R -

RA MM WER (dev) WER (test)
S2S-CTC (FF&FiRHA) 0,0 1057 12.57
S2S-CTC (WFiRA1) 0,0  16.80 19.02
RERRF-CTC 0,0  15.69 18.76
FRHEA-CTC 0.2,0 14.19 16.45

Table 3: {HRERIESLIREE R T

HTNFEEFREEENRKR, fEE5NT . BEEANAERR, REETIFEAHRE
B POEETIRATTIE, il 2RSS IER, IRE T EF IR D ETIRAESS 3
[Fl2>), BUS T RFRIROR « it — P05 TAER LU 55 P9 22 g 5 e8| A — LS Bl
155, =R T UG )5

22 3CHR
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