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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 supgrior 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 abﬂity 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.
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a0 80 AT, Fa B /R AT RAEA (hidden Markov
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2% (ANN) 8 8 CH T35 35 501, 5 il T 24 i i sz 5k
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BB R B OR. ELE) 2011 4, Dahl 22 N H F
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g — (R AU B R ) R iU R By
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SRR LS e R R A R B R, i — P
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i \ !
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speech, TTS) %544 K I H 4. Speech Transformer
HIZ 0 3 A E B R ZRIDES (encoder). fi#HY
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BRI A R RO BN EAERENE R
IR, A= AR T 2 Sk BIEE T (multi-head self-
attention) FFT AN 4% (feed-forward network). % 3k
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AL AT RE 20 15 B 15 5 2 X R AR R
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(] R AH ARG RAN AR . N T S IR 8 o) 8, AN SCAE 5
2 RS TR R TS S
L1 ZKEEHN

T R IR — b R S S BOR P e
PR Y R A8 3k B PR Hb O T4 N P B H I G A
I 4 I 2> BCAS R A . £E Transformer B84, BT
I FAZ ORI, 2L A8 TR R AR )
RSEI. 4 B ARVE = I R S5 R an 1] 2 .
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51 NIRRT x,, SO b TR AR

1
Xi=x;+ EFFN()C,’)

X, = X+ MHSA(%:)
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B
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oo, FEN 27 AR M S, MESA %7 % it
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(FE4#) 1 Excitation (JJih).

Squeeze YR I AT 2 R T Bk, RN RR
i@ IE A5 BIC B — N R — I EUE. XA SRR A B
TR IR ARG S, 8T R I EARE D IR LA,

Excitation 22 J%: LA Squeeze VWK% HAE AT,
WL — AN EEE RN g (s
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Z ] FPIRLER 240, FH T R B R A T8 1 AR Ak i .
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Ffe, SEHL T RAE A B0 35 ERCHE. IX AL (A5 R Y g
i M) T T B0 RS AL, ANTO SR T T AR RS S Y

Fo(0. 1)

T FH 2 22 0 e 4 (A PR e
SE il IEF & A g 6 Fraw.

[T [T N\
/ 1x1xC 1x1xC \
Tl
Fscalc(‘a') N
D )
c

C
K6 SEJBIEVE R IHLEIZE L\
Conformer 424 EARM A, (HIF KA AR RS o, pRor i s i,
5

ZIE AN ELIRIR. O 1 SR ANE — AN A2, FRATTRIEL 17—l
Jrid: WERES B AR T SR BOCBEAS B, JFR

o B R R, AT B 2R R S R R,

TRAT3E FiT 4 5 20 A8 1 S JE 3ok 2 £33 L, TR —
AEBIEHAE. B, TAE I IIRGR AR 7 7 4 2
WS HAR, A TR RO SR A AT
TR RLEE R AL IR etk e B, FLi B R T
1 T D
=5 ;;m,ﬁ (8)
Hor, ye € Rysp d8 IS ¢ MRAGHIE, TR D RYERE.
5= Fex(2, W) = 0(Wa8(W12)) ©)
Hrr, 0N Sigmoid BB %L, 6 A ReLU BB %L, W, W, €
RF, ¢ 9 channel (B IE S, r 948 1. X HIRAT

&EEG Cencoder:cdecoder:6’ r=1.

Ve = FocaleVe» S¢) = 8cye (10)

Zc = qu(yc) =

N
y:Fsum@c)zzyc (11)
G

Hrb, 5 1R8I ¢ /[\ﬁiiéﬂﬁfﬁﬁﬂj,‘iﬁﬁﬂ’ﬂ%%?\ )
BAE Rt . g
2.4 Transformer ﬁ@ﬁ%%ﬁ

fife i 3 2 W T R 2R T ] 1 S Ay, AHAR
T2 A G B 2 ), RS B AR R S T — AN X
HERBEY (MHCA). BAARSIE 73R b, T8 0 Mk
BB x;, oAy, TR AW F:

X} = x;+ MHSA(x;) (12)
X' = X+ MHCA(x.,5) (13)
yi = Layernorm (x;’ + FFN(xl{')) (14)

g |
30 I esh gt
3.0 LIHIRFSLIIME

AWK T A SO ETEHE S Aishell-1 AT S
5%, X2 —E H At RHE AUET I FUBE (Beijing Institute
of Science and Technology Innovation) 2 FF & Afi B+ 3T
B H IR BHE 4. Aishell-1 B4 28 E 5hiE R 5
(ASR) HIARWH A G K EGFTIER, S5 2 178 h
) v o B R S I 1 I O, s T 400 A
[l WEAE N, o 53 4k 3 1 Lo B el ¥y 12 80 m 4E
B 7ok A SN E A, B HE AR W&
. R EWRIESE, NEE R NS e T —
ML T 4. Aishell-1 3% 5 EFHE I T 58K,
LB 85 0 R, BB RS R 447 16 Kz
(1) SRR 2 A 16 BLAOEREE, LLAE i WAV #% Rk 1777
. 351 S R G TP, T 13 FE 17
FA, O 2l o SO S R R Bk P Tk T B B,

CTEABIUR, SR IRBES R 45 Python 3.8 1

Ubuntu 18.04 #:1E R4 L. iFEAZ0RH T Intel(R)
Xeon(R) Silver 4214R CPU, Z AL A F 40N 2.4 GHz,
5B T 90 GB [ RSN AT 1B AT 7 T, S2Ee Al T
—HL A4 12 GB A7/ RTX 3080 Ti GPU. 4k, 525
KH T PyTorch 1.7.0 fE TR BES: 2] I £ BIMELL, FR45
4 1 Cuda 11.0 2R LA GPU (114 RE R I
3.2 N iERR

ASCTE Aishell-1 FdE 4 _FAIS256 400, SR 745
5% % (character error rate, CER) {E NV brite, Hit
AR

D+S+1

CER = (15)
Horr, D Fom MBR AR B HUE, S RN B AR R 1 7
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HoE, I RBIEANF IR ECR, N RS OR P T
Xof A R A P R VO 35 R o S R
(real time factor, RTF), 15 A F:

T
RTF = _ASR

(16)

i, Thgp RRMIDIT K, T RIS K, S0 %
VI, 7% T S PR AR A P A
3.3 &iTiE

2, X MOR AT AL . 78 AR, SR
TESR AWK 25 ms, WK A 10 ms, FFAE4ERE Hy 80 [
Fbank EAESY. LA, SR TR g B HEE, MBS 210
ARV REAE RN T SpecAugment $2 A, F7E i it 85 1 4
OHITHEAT T 38 BT SRBELL TR 4 B 352 A B S 295
T N 6 [ AT 5256, AR i L 4R g
256, FERITRACH 8, RTBLLE I ASR B i o 2048,

e, W R 0 B SE IR S0
AT ITRRAN, SE FOEIERE 6, LAIFRE 6 A b
AL

)5, R B, 1% & batch_time A 150, 2K 2
TH6 B accum_grad A 8, I Zk4E IR epoch 4 80. K5
2 )RR, K 5 E warmup_steps B4 16 000,
B S 0 8 0.0004. RAGAS B Adam. YIIZR45 R
J5, B 10 AR AT 250 5919 31 5 210 1 25
i)
34 LWEER

TEEHEEE Aishell-1 BT RISREGEE R, ik 1 B

N, AERGIN SE HIEER ANLH KL T, FEE

Speech Transformer 115 & iR R4 (L&) 5
Conformer H HEAT Tt b, MUEEE), &M 2 724 ]
B4 B2, {2 Conformer 7Y B T BEAL
M PE B, 200 A8 T 4% B E LT Speech
Transformer #55, SZHL T 12.12% HIAE N FRAG. X F
Conformer 15 B4 7E 15 3 U0 AF 55 Hh B 509 (1) & Pk
FIAERA . [FIEE, FRATTE K SE 8 18 73 2 Sy AL B 4E g
H A 3| Transformer 1 Conformer 4w % &% L kAT T
A, M2 5 Transformer 1 Conformer 7EMREE [
TR T T 0.2% A10.1%.

A&, 1E Aishell-1 Hffi 42, i 5|\ SE iiEE
BTN, 4 b 2% 15 AR A 25 R I DU AE B, FRATT S0t 1
Kl 4 B I J7 v, Y52 2 o g 3L, mr DL S
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%27, Speech Transformer # % F1 Conformer 174 7E |
R LR RF R AR T 7.57% Fil 6.89%.
1M Conformer-SE 44 AH bt - JE 26455 284 72 X £ 1 1)
AR AR R PR T 18.18%. 1X — B35 It Ae i
F7R s UER] 7 BTN SE BRI o &k HAEY T
[NESEI N

£ 1 Aishell-1 54 F1) CER (%)

EEIRAN RS YIEECER MR EECER
Speech Transformer 6.00 6.60
Conformer 5‘30 5.80
Speech Transformer-encoder SE > 5.90 6.40

Conformer-engoder SE 5.20 5.70

.

Y50 VRN SE £ Aishell-1 B4 111 CER (%)

EE IR RS ISUEEECER MRZECER
Transformer-SE 5.70 6.10
Conformer-SE 5.10 5.40

ASCiEH Conformer-SE A58 (1) 14 i 5 5 BT A 50
H3EF Transformer BEAIE>PI4E Aishell-1 $dE 4 F i
R AT Tt FARILER 3. 45 R EoR, AT A
A TAF, Conformer-SE #2284 & 3 1 55 AL 7 1 P R
K.

%3 Aishell-1 #EE EAFIRELY) CER (%)

B KL CER MiAECER
Sync-Transformer 791 \ 8.91
LAS —a \ 10.56
RNN-T A 1033y ™ 11.82
ESPNET 6.00 6.70
Conformer-SE = * 5.10 5.40

o VBB TR AR SE I S i B R R ) — AN
BRAR, 2B, B A A A [R] N O s
RE Bk R, R . AR 4 A SE R T DUE
Conformer ! 3% T Speech Transformer #& %Y, ST
FTItiE 7 0.0012, 17 Conformer-SE FA Y Lt Speech
Transformer #5451 0.0016. ZE&1F4, ESR Conformer-
SE BEAYLE S 22 FBEAIC T JEURR AR, (B LR 0l 8 W 2 4
151, SR A 25 FE W T THN I 7 B8, Conformer-SE 57 Ji HiL HY
T g ) ek,

K4 RS VU RS R

RN RS RTF
Speech Transformer 0.064 8
Conformer 0.0660
Transformer-SE 0.0650
Conformer-SE 0.0664
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