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Language Model replacement method for end-to-end speech recognition
which excludes implicit linguistic information

DAIKI Mori»®  KENGO OHTA? RyoTA NISHIMURA3 ATSUNORI OcawA? NORIHIDE KITAOKA!

Abstract: Recently, end-to-end speech recognition has attracted much attention because it is faster and
more concise than conventional DNN-HMM speech recognition. It has also been reported that recognition
performance is improved by employing a language model trained with a large amount of text data. Based
on these observations, we propose a new language model integration method which we call Language Model
Replacement. In our proposed method, we use a pre-trained speech recognition model and a pre-trained
language model. In contrast to the Shallow Fusion method, our proposed method can replace the linguistic
information implied in the ASR model with independently trained model based on Bayes’ rule.

In our experiments, the ASR linguistic information implicitly trained using the Japanese language Academic
Presentation Speech corpus is replaced with the language model trained using the Japanese language Simu-
lated Public Speech corpus. We then compare ASR performance for Japanese speech recognition tasks using
the Character Error Rate (CER). Our proposed Language Model Replacement method achieved 1.3 percent
lower CER in comparison to the Shallow Fusion method.
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NZROMETFIERIIVL OrOMENH 5. 1ZL DI,
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L EICEE IRVRA y BHEET 5 ASR ET VO T
R log Poas(y) 13, SEEFNVOHNIERTH %, Shallow
Fusion Tl&, SiFE7 VdHSRFICOAEHEh, FiEE
TL e ASR ETFVFHEFNIHN L THEINS.

¥/, ASREFNEEEETVERET 2D AEL L
T, Deep Fusion [6] & "I 5 FiEHIH 5. Deep Fusion
BEMMELE DD ELTOR (2a) 63k (2) IR

g =o(v s/M +b) (2a)
sPF = [s4; gistM)] (2b)
y;: = softmax(DNN(sPF)) (2¢)

2T, [s59e5EM]IEART boL sy E XY L g sEM
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&, BEEERAVIC, Transformer [17] R—ZXDETILH 5 W\
Conforemer E7 /L [18] R EICHAMTH 2 EZLNS.
AL TIIET P RRZ T D R EXF S AT L0 HHRAEME
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FNTWV3 “EFROFEER &, Y—AFAL DT X
AN F=RERWTEEINSEET LT TE S
REST 2. “HBROSHEER X, XB)Dkiig, V-2
FXA4>D ASR ETVDOHNHERNS, Y —AFXL ¥
DTFRA T =REHWTEE LLFEE T VOISR
LI ZETRETS Z e TE 3.
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10g Psource (Y|2) — Asub 108 Psource ()
o 10g Pyource (#[y) + 108 Psource (y) — Asub 108 Prource ()
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T 2T, 108 Pagurce(y) &Y — A RRAA4 Y DFF A+ F—
R THEBPINEFHEETANOMNELRTH D, I\ X5
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Piource DHEERERMIET 52 TE 5. X (8) 1
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xR 1 FERCHEHLAET—Xty MR

a—RR | F-2G5E  FEEB HEK HAEER
Train 929 144,268 2,962,262

AR Devl 39 4,000 86,878
Dev2 10 1,272 24,790
Test 10 1,292 25,418
Train 1,654 232,886 3,340,546

TR TH Devl 38 4,018 71,239
Dev2 10 1,385 16,325
Test 13 1,336 24,157

R 2 PMEEEB X CBSEEH a2 — A2 HOTEE L FAR—
2D RNN SEEETFNLD Test v MZBIF 2 PPL

Model Test £ » MZBIF5 PPL
2T ks N
2EATRETH LM 17.19 34.62
BEEE LM 33.29 18.87

MEHEATD S, Plource target) (y|2) (ZEBIERDY —
ARXAL NTHEIGEL, SEBEREZ =7y b X4 VIH#E
JELIzbDTHZ I ERT. DFD, Plource target) (Y]T)
EEEERYY — A RXAL Y, SiEERSZ—7 Y P FX
A YDASRETILTHDLEFR5.

K (6) 253 (9) &b, ASR EFT VD EEHRD A LR
ERXA Y DOEFEHERICESRZ L ZEMNARETH S
EERAHILE. ZDE5E, EREDOFXL DT F X T
T—REMEFTEI LT, ZOXRAZITMIG LTz ASR ET
VERAERR S A Z e DSA[RETH 5. F7z, FEZRIEZ Shallow
Fusion O X S ICHEFRIFICOATEET LV EME T 5729
2.1 fiCti#iX 7z Cold Fusion % Deep Fusion @ & 5 7% 7 7
O—F L3RR D, BEHEITETHS.

4. RE&

4.1 EBR&EH

IRRIETH % Language Model Replacement % ASR X
A 7 CTHEEBINHMAE L, Shallow Fusion % W7z & & i
Rettg Lz, 7A My bOXFED R (CER) ZHW
TEHMii L7z, ASR E7MIZiE, 2.2 HiTHEM L7z Hybrid
CTC/Attention Architecture %7z, 5EDEEETIZ,
QD ASR EFLVEHER L. 1 DHD ASR 7L,
T, ANXEBIUHREOHBHEHRROEGHE T — 22 &0
EMERE T — SR HWTEE Lz, 20HI1, A
EBEEEhRWEEHa -2V TEE L. WIh
D a— %R Corpus of Spontaneous Japanese (CSJ) 7—
Rty PZEENTVWS., Fa—RNRAXEEN L HiG%E,
Z XL Trainty b, Devlity b, Dev2ty FBX
UK Test £y bD 4DI27E|IL7. Train v & ASR €
FNLDFEEF—X Devl -ty M ASR EFLDOEEHD
B+t v b, Dev2 £ » M Language Model Replacement
B & f Shallow Fusion DEFEETILVEANT X — X i
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xR 3 SHBETNAMAETFIETDH % Shallow Fusion (SF) & Language Model Replacement

(LMR) O/ ks

WMEFE | ASRETIL | Test £v b SEETIUE IR Asub  Aadd | CER
Baseline — — — 16.2
SF e ittt ASR?"W}E%“@ + Aadd LM*E%E%@ — 0.4 15.3
LMR AS Rty — Asuv LM op g + Aaas LMpgupgiagyyg | 08 09 | 14.0
Baseline — — — 17.0
SF Tl T 2EART AT ASR&T%%%@\ + Aadd LM’?"T!T‘T%(% — 0.3 15.4
LMR ASR&%%@Q — Asub LM*E%%%@: + Xadd LM?W]?%(ﬁ 0.8 0.8 13.1
Matched e a0 AR — — — 9.8
PSR (et E — — — 8.0

By 27000y P LTHWE., £, 7AMHOD
F—&XEy b2 LT, Test set ZFH L. TXRTDOTF—
Kty MIMHHEICA—TiTkoTW3., % (1) ITEBRIC
w7 —Xty F O lERT.

SREE T, 2.2 BiCHEEE L 72 CFAR—AD RNN §
BETAEHAVE. #hEnDa— 82D Train £y M T
R LSEET VR Test £y M EHWTHEM L7 PPL
(Perplexity) & 2 127”3, £ (2) & D, 22003 —RR1IZ
BENDEEERDLER D Z e SWERTE 5. £ 21324
#Hi ASR EFNLDZERY X FEHWT PPL #BH L4
BTdhoh, HE#EE ASR EFLOFERY X M2 AW
5E b AR DR R S 7.

4.2 FE

ASR ETANDANEEOBFERHEYL L T80 XLX
T=LDT A VENY 7R, 72 CMV EREETT-
7z. X 5T Train £y bOF—&iRike LT, FHEEH
2TV, TOEHETF—XIC09 B LN 115 TEHR L
BHET—XEMA7z. ASR EF WL, 2.2 HiCTHH L7z
Hybrid CTC/Attention Architecture Zffif L7z. N F
P A X% 24 ITRE L, HRBELBEEIC Adadelta Z FWT
End-to-end THE U7z, @22HfG1ED /2%, Devl £ v b
% F\ T Early Stopping 21T - 7z. Z DI, patience {#
32 L7z 228 THHALEZ X SIZ, XFRX—ZAD RNN
SaaE7 /ViE Embedding J8, 2§D LSTM B, 2L T1
JE D Linear B THA XN TW3. Embedding BAD AT
¥, XFD One-hot X7 bk Lz, Ny FH 4 ik 256
¥ L, BdfbRE%IcIE SCGD 2L 7.

4.3 ERER

FifiaREE L CEEEEE ASR €7 L2 FWT, Shallow
Fusion (SF) ¥ Language Model Replacement (LMR) OF
RMEZEHE L7z, 26 DFFEE T VA TFIEL FINaHE
B X OBHEGESEH Test £y PEHVTIHEL 7. Dev2 £ v
FEHAWT, SF OFFEETAVDIMBEES A\gq, B LOHE
RETHZ LMR DEFBETVONMBEESA Aygq K OHE
BHA Ay ZHEEL T,
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EEFEREZR I TRT. £BFL LT, FIifiE#E ASR
ETIVEEMEE T — A D Test £ v b THEM L /2B 2,
TR TE ASR £ 7L % ARHEEHTE Test £ v b CaHl L 7B
(Matched case) ® CER &7~7.

FEEE ASR £ 7V Z R Test £y P2 HWT
M L 7= Hf, $RSRIETH 5 LMR ZE A L72KD CER 1
14.0%TdH b SF 1B % CER TH % 15.3%% 1-[A] 2 %
Reot. Fi, BEGEEHE ASR €7V % 54 Test
t v M EHWCEHHT L 72K, LMR %@ /8 L7=Fod CER &
Shallow Fusion j# KR & FEZ LT 2.3 R4 > blE L 7.
DX, ASRETNLDHFE T =R TRAT—XD KR
A OB Z5E, IRETFEOMREX Shallow Fusion D%
fex EED, BEFEOERHEN RSN,

¥RBFEBETNVONMEEAKRCHEOEAL, BEFE
ZEGELT 27D DEER AT X —RTH 5. BEEEER
A A NIBWT, BEFEZ EMHEE ASR 7 UICHEA L
HEOBAEAL L MAEAZZNEN08 L 0.9 TH-o
7z. LMR T L 7 B E A1 Shallow Fusion TEA L
JIBEEALD DKEL o720, BEFIHRIIHRF XA
VOBRBETNLVE L DMBRMCTERTE /2 2RI
5. EEWEESETE T AOMAMERD 0.8 fF X\ 5
HEAL, FPHEEHE ASR ETMVCEENS “BBEROFER
W OEZELMNICRLTVWEEEZLNS.

5. ¥R

End-to-end ASR E7 /LD E L, HEERE SEHER
ZFRHCEE ST 2720, SBEROATEEIRZ 2 Z 213
Wity XN TW5. SBETNVE ASRETALEMAT 2
FEHERY 72 F7E T & % Shallow Fusion TlX, ASR ETILIZ
BEND HEOSEER HE RS AT,

AT, XA XHNCESWT ASR EF LD “BEERD
SEEHR ZBREL, X—F v FXAL YOFEERICE
=1z % Z ¥ DT E % Language Model Replacement % 12
KL%, ASRETNVDFERT —RTHEE LILFHEET NV
ZHWT, ASR EFIVICHEDIAZN S “BEERO S FEER
AT S THRELL. Z22RE—=F Y P XL 2O
BHETAOHNMEREMAL, SiElEHRrE 2#z7.
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FKERTIE CS] T—&X -ty FOEMFHEHI - RB LU
BEERE O — XX E2HWT, ASR ETVICEEN DS EiEE
MOBE I DARETH 5 Z & B HIF LTz, FifiahiHa —
NATHEE L7 ASR 7V %, BEERIH X A > O Test
oy MCRHiL 2856, RRETH S LMR OBk
Shallow Fusion TOfEE% LE D, CER % 1.3 R4 ¥ b
#LT. ¥, BEEEI— SXTY¥HE L ASR EFL
B, EATEETE R X A > D Test £ v MEM L CEEHMi L 725
£, LMR & Shallow Fusion ¥ [E#E L, CER % 2.3 KA >
MEBEEL .
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