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End-to-end Speech Recognition Based on Conformer-SE

MA Yong-Jie', LI Gang’

'(School of Information and Control Engineering, Jilin Institute of Chemical Technology, Jilin 132022, China)
*(School of Mechanical and Control Engineering, Baicheng Normal University, Baicheng 137000, China)

Abstract: The end-to-end Transformer model based on the self-attention mechanism shows superior performance in
speech recognition. However, this model has limitations in capturing local feature information during shallow processing
and does not fully consider the interdependence between different blocks. To address these issues, this study proposes
Conformer-SE, an improved end-to-end model for speech recognition. The model first adopts the Conformer structure to
replace the encoder in the Transformer model, thus enhancing its ability to extract local features. Next, by introducing the
SE channel attention mechanism, it integrates the output of each block into the final output through a weighted sum. The
experimental results on the Aishell-1 dataset show that the Conformer-SE model reduces the character error rate by
18.18% compared to the original Transformer model.

Key words: speech recognition; end-to-end; Transformer; Conformer; SE attention channel
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40 80 FALTF 4, Fa B /R Al KA A (hidden Markov
model, HMM) 7 1% & 15348 43 2112 FY, 185110 51
FEAB B AL 18] (1R 591 B B [ 32 28 3] 1) R il o B
Jaxk, Bl 5 @R A (Gaussian mixture model,
GMM) H45 &) JF HMM 135 35 IR SR P AE 15
NS

21 tHA8H), IRFEE SRR SRR th, N T
2% (ANN) 4 8 2 T8 35 1 501, (5 B 24 1 s2 56
WSS A R EF R, BT AN L& M %R EE IR
W R B SR. B 2011 4, Dahl 28 AV H A
TR NEBRAL IR FE 2 N 4% DNN (deep neural
network) 5 HMM #H45 %, 5 GMM-HMM AL, 3%
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3 2K: (1) EH ¥4 2 (connectionist temporal classifi-
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B, BRI N TE ST R U R Bl e, X (2)
A= (3) Fron:
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7£ Conformer block i, & 7E B R Wi )% B T
— N O IR 2, e e s — AN £ sk
RS — NGB, BB RE B, 0T
51 NIRRT X, F o8 b TR AR

1
Xi=x;+ EFFN()C,’)

x| = X+ MHSA(%;)
(7N

"o 7 ’
x; = x; +Conv(x;)

1
h; = Layernorm(x;' + EFFN(XEI))

Hr, FEN ORI 4 M 248 B, MHSA 3R % 3kiE
BB, Conv FRINGBHUELL, Layernorm fAFRIA—1
Bk,
2.2 AR E 4D

AR B i A [V T A v f — e O o
TR NS bR kT E A bIve N EI AR PO EVA= S
A, WK 38 58 7 AR 15 41 N A [F) A7 DR 16 14 1) 2R
fiRBE J7. IX 7792 0& Transformer-XL 22898 % 0040
BG4y, E MR TR G 4 X A B b, SR T R
R PR B 3 I R X P S A A G, AL

B Y i B8 A B AL 7 A 55 I AL 3SR, A AR
PN 7 5 v R A HE B R 1 R
2.3 SE BEFE NS

SE 38 T& VT 5 )L A — T Sl ik (1) p 22 IX) 2% 4 4
T v, B A E I I X S R T R () AR O R R
T 0 2% 1) R AE RE 7. X BB W] B Hu 55 A AE SCHR
(2917 5 th, FF IR GH Rl A TR B2 2 I AR P e 1)
FBZ—. SE B A% 0 AR 0 RHE B 18 R AT 2 4
PR v, DAEE IRt B AR A F AT AN K 3 22 PR AR AR

SE M iE v = A HL E EAE AP IR Squeeze
(H:4#) 1 Excitation (JJih).

Squeeze YR M AT 2 R Tk, RN RR
fEIEE A5 BIC S — N — W HUE. XS EA )
TR A RS B, e TR AR D BRI LA,

Excitation 22 J%: LA Squeeze WK% HAE AT,
T — AN PSR R ) N B 2 (FLrp
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RN B RE . X P —ANE 01
Z B PR EE Z 0, FH T U A T 1) AR A0 e 97

5, JRARRHIE B I 5 X 2 5] 31 (R R
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Ffe, SEHL T RHE A B0 25 ERCHE. IX AL (A5 A Y g
i M) T T B0 B RS AL, AT SR T T AR RS S

Fo(,17)

T FH 2 22 0 e 4 (A PR e
SE JHisE = T an i 6 fiaw.

(I [
/ Ix1xC 1x1xC \
T
Fscal
D

6 SEIEEERE IHLHIZE R

ZRH BRI, (R IR R T8 7 SR A AN [F] B
Z A A ORI, A T R ANE — AR, FRATREL T —Fl
Jiid: IR BRI AR AR R B BOCHE B, PR L
AR —JEIE B, TR B4 R R A R B,
ﬁ1f]iﬁﬁﬁé%¥i"]m%ﬁf’ﬁﬂ%}fﬁ”iiﬁb1§ B, T s—
TEHE. w2, BATE IMBCRF 7, 461X

iﬂﬁﬁLiﬂE AR T B R SR G B AR B AT S
TR A HUAT S5 I (R AR L. o R FR R

Conformer

D
ze = Fyq(ye) = TxD Z Zyc(i’ b)) 3

i=1 j=1
Hor1, ye € Rpxp 1RIAR SR ¢ NI, T D j2 4L L.
§ = Fex(z, W) = 0(W26(W12)) )

ﬁlEP o~ Sigmoid B, 6 N ReLU BB, W, W, €
X%, ¢ N channel [IEIEEL, r NAE R T X HIA

WEE/‘] Cencoder_cdecoder_69 r=1.

Ve = FycaleVe» S¢) = Scye (10)
N
5= Fam(e) = Zyc (11)

Hor, 5480072 58 o M@ TE 4, sARERI R RA R
P it
2.4 Transformer f2F5z5

FR R A A2 Y T R 2R T ] 1 A S Ay, AR
T B G R 28350 7, RS AR B b s 7 — R X
R (MHCA). BARRBUERE B T4 i ANk
P BN x;, oAy, R AW F:

x; = x; + MHSA(x;) (12)

x! = X+ MHCA(x.,5) (13)

yi = Layernorm (xl'.' + FFN(x;’)) (14)
o, yom g it s R A G

3 SR REE R
3.1 KB MLIWIMG

AHFFCRH T A ST EIE SR SR Aishell-1 #4752
5%, X2 —E WAt RHE AUHT B FUBE (Beijing Institute
of Science and Technology Innovation) /A F & #fi ] H 3¢
PN EIE S, Aishell-1 FdE 428 A 3G & 5
(ASR) HIARWEH A S5 K EGFTIER, SiE&2 178 h
10 e o S 1 U RO, e T 400 A A
[F S5 N, Fodt 55 2ok 8 & (0 Lo 42 3 4 B0 4R
PG T ok A S AW E ), B HE R MR
. AREIRIESE, i A UGS AR T —
MNZICHIIT 4. Aishell-1 0535 75 B R A 5T R 52 ),
AT O e i SO PR B S50, BT 6 8 SR A 16 kHz
[RAE 2N 16 AL AIEREE, LA ETE WAV K AT 47
fith. IXANHAR BRI FT ST, T8I SRR b
FH, K HES SO B IR B B D TR T B A

TEAH T, S2 50 PR 5L 75 i /5 #5 40 Python 3.8 [
Ubuntu 18.04 #1248 L. iHH 0 KA T Intel(R)
Xeon(R) Silver 4214R CPU, iZAb# &% F 40 2.4 GHz,
AT 90 GB W RGN AF. B & AT 7 1, SEOe A T
—HL A4 12 GB A7/ RTX 3080 Ti GPU. 4k, 525
KH T PyTorch 1.7.0 1 9UR BE 252 2] (1) 32 BEHESE, I 4
41 Cuda 11.0 H AR LA GPU (114 RER I
3.2 iFNIERR

ASCAE Aishell-1 HHE 4 BB SLI0 5017, SR H 45
FER % (character error rate, CER) 1E NVE M bR, it
AW

CER = D+S+1

(15)
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Horb, D RN MRS R 1) T H E, S RO B R R 1) T
o, | RN RN E, N RSHE AT FRFE
AL

X AR R ) A B T RS VT A i A R FH ) R S R
(real time factor, RTF), il B AR T:

T
RTF = % (16)

Hodr, Tygr RARMRIGET K, T2 48 S MK, ST 58k
7N, T A L I A e Tk R R R
3.3 YIgidi2

B, S ER AT AL B AR A SO, e N
JIER FH Wi 9 25 ms, WiF% N 10 ms, FFAELERE Y 80 )
Fbank FFAES". thabh, RERTHEAL Sk, SHE S (E 51
ARV RFAE R ] T SpecAugment FEA, I 76 w5 25 111 4
ANBTRHAT TR KA AL 2 5 2% AR AL 2% 3220 R
T NN 6 PG AT S8, BN R 4 R
256, VEREJISREON 8, B4 I 2% KR 4EE 2 048.

FE, MR Has M e o SE JEIE VE = L
HlEAT ISR AN, SE (@B £ 6, LAAEfi# 6 MHas
GATIDETTH N

e, TEINZRB B, ¥ & batch_time 9 150, K
T BEEE accum_grad A 8, IZREE VK epoch 24 80. K3
5 2] BRI, P A P4 warmup_steps A 16 000,
B 2% I 09 0.0004. AL 4% Adam. Y2545
Ja, e 10 MR 3EAT 2 801 515 3 5 4 1)1 2k
it
3.4 AR

FERHREE Aishell-1 EREATHSRER 45 R, Wik 1 B
N, TEARGIN SE il F B IVLEI BT, KT
Speech Transformer FJIE F IR R G GELHEA) 5
Conformer BRI HEAT T X b, WSR2, )& W & (EAR A
s L2 2k, {2 Conformer B I HY T AR
AR 1 A, E AR B AR KT Speech
Transformer A5, SZHL T 12.12% HIAE N FERAK. X FH
Conformer 158 7E 15 ¥ WUNAT 55 o B AG T 58 1) & 4k
FIAERA . [FIET, FRATTE K SE 8 18 73 2 7 AL B 4E i
S F 3| Transformer A1 Conformer I Zmi% &% D17 T
MR, W %22 Transformer F1 Conformer 75 £E L)
TR T T 0.2% A10.1%.

A, 1E Aishell-1 #¥la &b, L 5] A\ SE id
BT, 4 G b 28 55 i A 25 R I DL gE i, AT St 1

4 Firde )5 iRAE R 2 BrsBIgs SR, v CLEH 20
%23, Speech Transformer #YF1 Conformer A5 74 £ I
AR AR R AR T 7.57% F16.89%.
T Conformer-SE 45 7 AH LY F- 2 2 455 1 75 ) 0 4 1 1)
AR ISR T 18.18%. iX— R & MITEAEIR
TSR T TN SE R AL A Rk B HAE YT R 1 T
[NESSN
# 1 Aishell-1 R4 EH) CER (%)

EE N RR IS E&ECER X EECER
Speech Transformer 6.00 6.60
Conformer 5.30 5.80
Speech Transformer-encoder SE 5.90 6.40
Conformer-encoder SE 5.20 5.70

252 VRN SE £E Aishell-1 #4845 F 1 CER (%)
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