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Combining CTC with transformer model for implementing
Chinese speech recognition
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Abstract: Conformer is one of the most widely used models for language processing tasks. It combines the features of Transformer
and convolutional neural network, it can not only capture local and global sequence features, but also better understand the structure
and context information of input data. On the one hand, in the current Conformer model, it is uncertain in the alignment between
audio and text. On the other hand, the multi—attention will leak the input information of the future time step to the current time step.
To solve the above problems, the connectionist temporal classification (CTC) is used to improve the robustness of the Conformer
model based on Macaron—Net structure, and resolve the issue of audio and text misalignment. Furthermore, masking multi—head
self—attention mechanism is applied, in the decoder part, to ensure that the model can not view the input information of future time
step at T-moment, so that the model can only make predictions with the generated markers. The results show that both the word
error rate and the loss rate of CTC—Conformer model based on masking multi—head attention are lower than that of Conformer
model, the lowest loss rate is 3. 24.
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Fig. 1 Multiple head attention structure
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Fig. 2 Model of conformer structure
1.3 CTC #l#l
CTC AL 1 2 H bR ik Pt iy Bl A b AR

BEXTFERITRAE S T AR 8 A R A
H AT LA SRS 21 22 A bR 2 B AT B B AT A
2o 1M CTC HLHI G A —47 5K A9 “ blank ” A7 10 8 i
PEAXS SRR s s AP 51 v 1 B A B[] 25 5 4
G rh AR I “ blank ” ARICHEAT XTI, ZEV]
rid e, CTC PUHIME FFT 1) - J5 358 T3 A
A [R] A5 AR AR AR 2 38 2 1138 T ] RE A PR 2
AR A SRS HEA T I 5 R DRI | DA A A 458 ik
TG AL B [ R

CTC ML A 51 Hp () A ) 25 S5 AR 28
HIH AR B blank " ARICHEAT XTI, i AT 51
B A“blank” Fric LLR R A 7 2E R 0 X (R] 3
o 7E B R A e S AT R R R Y
“blank " FRICAF 55 2k G 57 4y AT 51 Fi T 51 22 ]
(XTI e Z | A FH sh 25 HLRI B ok i, 3R B Bch
AREAA P SRS T T T RE XS
X IR 55 AR

2 ETFiE % LiFE 18 CTC-Conformer
ki)

T 2L R 189 CTC—Conformer £ I £
4T Conformer FLAYFT CTC HLHIT 215 2 TR A
A, i Conformer £HYFf45 CTC AL H i) H A5 ok
BAENRTBIAE S5, M 2 e == g g 8 oy | L Tl il 2
SLIERE Y CTC—Conformer AR AT DA H B 1B B 15
SEEAL R XS B SCA A1 A SCBT RS AT LR
MR T 5 S AL OSOAR 741,

ATV By R T 2 Sk R 1 CTC -
Conformer BERIFE ST 3450 544 25 T Macaron—
Net Z5#J 1) Conformer #5 %I FLal | 2k oE Bl & CTC
HL#l, Conformer 18 %I ¥F Transformer 555 (1) Zefill |
Rl TR AT 43 B A AR X8 03 1 1Y) Jeg 8 0 4 Jmy AR
HE VAT AR 3% T Transformer £ 59§12 BUR) 5 45
fIERE 1 3% 22 W ] 81, CTC — Conformer A5 7Y i F
Conformer FERIVE Jy 4 it 2% . IF I FH CTC HL | 3 [H]
Fa i B 52 IR BB A . Mask — CTC — Conformer #5 %4
ZERANTE 3 Ji 7, B 4 R A RS B (7S A i A
HURSCA T B AR ) | G i 245 A #5 EH ( Encoder—
Decoder #3t) .CTC—Conformer 5% i1 B Rk ( CTC-
Conformer Loss FH) |
2.1 RIELERR

AL AR 3 Ry PR 3« 7 2 i A R S
AT BRI 4 s, 75 piE RO i U
RGP — A EEH R, ST RIS R



5 2 1]

KRB, 4. BT L L EE S1#) CTC-Conformer H 3CIE 1R AR TR 165

B s A T AL B P SRR 1A 6 SOR AT R R 7
SO SCRRRE AN IR SR o AT B AL P HORE
F A I I AR B B3 & T 5 S Ak B
MR | LASE BUMER ) T o DU AT SRR | i 7
S T AR AN SCAS i B AR 1 13 [) A 3 U
RGLRENS A M IR AL A A

Loss
A 1-A
CTC-Loss Attention—Loss
I —{k 2 H—fb)z
Encoder 15 Decoder {5k
FAEH E AR SCA T B AR

& 3 Mask—-CTC-Conformer &% £54y
Fig. 3 Model of Mask—CTC-Conformer

]
ﬁﬁf (B2
ReLU
sonmy K

il
—H R
R
PR AR
(a) P AL (b) SCASRT B LR

E 4 BrEAEEDR

Fig. 4 Pre—processing module

2.2 ‘RADSE-FRTDERIELL

il 25 — A 2L T 45 2% ( Encoder ) #8319
223K 1 Rl R AR X 67 B A R AR B
S G Ak R E 5% R AR 5% R B X, O 5
YNGR 2B INEE iV I NS LR S S R TN
JCER ZRIAHXT B ) 2R 7, BEAS T $2 2 7 41 oA ]
7 B 2 [H] PR AF G B 2 0GR AR AR A Ak B P 4] Bsf
FUA 47 7 A0 b DL R T i 0 B R L S
( Decoder ) #43-ft I 22k FE R BRI
TN g ToikEE ) B 30 B4 s 15 2. B
22 SR R ] LA DR A A s R AROR T O 2826 Y
N2 32 B AR Z0 (A5 B2, X R I i AL
0 T A R S AR ¢ N 20 B 2 B A B

HRERIE] b k- ko, A8 S 22 3k R T HL
il B T O i 00 B T U 5, O R A i
FP R A TE AN SR, Al ¢ 20 & Z )5
Z: 53R AR — AU 2 0, B A STl ¢
W2 252 SR MEBY -l BN TRZ
(] feff 1) 3% 22 3% 4 B 1k B0 BE I 2%, i PR AL I 8
Encoder—Decoder LR IHUNE 5 Fiw

XN
iR
BRI i R 2%
L3t L3N
b b
" S
Hir R 51 b

& 5 Encoder—Decoder 11k

Fig. 5 Encoder—Decoder module

2.3 MEKRITEESR

CTC— Conformer f5 I 25 1 72 J& T 2T 55 2%
> Hor b S B0 P A 45 % pRER . Conformer 4
IR CTC #0105 PREL ., 256 75 SR X T A48 2K bR
550, A8 F AR Oy SO THR SRR R AR .

T,.=ACTC,, + (1 - A)Att,, (1)

Hroa e [0,1], h—DESHHTH&E
CTC HL#I 5 Attention HLHI AL E

T 25 G 7 IR0 O pRER, T D4 i AR A
AFUES LR TERE Rz Ak

3 XS5

3.1 SKIGHE

AR S BB A R T A R DL v SO 3R 1 R
B AISHELL-2, HJ&7E AISHELL-1 (56t |
HATY ARG B, B 76 P LT 2R 0 A T
T SO S T A E 8O . AISHELL -2 3548 2 AN
LT T Iz W2 ih 5t rh sl 0 5 0 22 Fh sk i
TG SR A A0 T L A WS T AN [ A7 % B R i)
ARSI, B T 1RO T8 B i S S A 5
MFH %,
3.2 ZWIAE

TEA C L5 A Intel (R) Core (TM) i7 —



166 oo ®m M5 M OH

ERRES

10700K CPU @ 3.80 GHz 3.79 GHz IR %5 2% , INTF
16 G,GPU . K#A15 4 NVIDIA GeForce RTX 3080,
TREE 22 >JHESR R Pytorchl. 8—gpu,
3.3 WS

RICL K BB RN R 3x3, KN 2,
Encoder 5 Decoder #f3 H 2 3k 3 5 7 i it 4 2 Ry
256, 1 IR 4, iR s R EE D 1 024, i
F glue 3875 pR &L, 525 SE A B AR A B
0.3, BRIt B echo = 600, {8, = 0.9,8,
=0.98,& =107" () Adam fRfb#% . FEVI LRl f p 2
> FJE AN E B SR, i ) A R R TR Y
KA T IR B AR A P RE RIS E Y H Y
TESL It P B AP 2E I %, Dong 1 %1 %
B TR HE MG WA 2 ) e AR SCHE L i B v
HH SRS Zha R ) R
3.4 ZERHW

YIZRDFE 17 ERHOR A B T8 B ARk ST
N B SCASBR S HG AE M FRAIE 7] i, Encoder—Decoder 45
Herh Encoder ¥ 75 24 FRAIF ] 12 e S 2 B2 7] &2
B ] 2 AFE SN CTC - Decoder 1% A, 43 5315
CTC 5 Conformer W45t R A, I 38 i A 5 X3
BB, B R A

CER=(S+D+1)/N (2)

Hor | S AR S 25 4] 2 Ak Ry T30 A A B d
PR B L 5 D AR TUIAE A e 16 R 2 7% 4] A st
Bk 1) BRI B0 5 1 AR TR AE A e Ak Sl 525 3] ) Bl 40
HMTA Y TR B VAR AT B R

S S AR 2R 600 Fe, R (EAR L B E 6
Fis . MR 6 T LLE MRS 30 %85 i R A6 &
TV, ik 2 T 3.24; 78 300 £ 2 )5 A ETHE
Bt UG AU 2 S 80T o BLA R
SEBIAE LT,

35

30

0 100 200 300 400 500 600

echo

El6 #Hik{E

Fig. 6 Loss values

AR SO 7 A A I A T ) ) oA A A

K2 Il 25 56 BT A0 34 1, Transformer #% Y | Conformer
i 5 CTC—Conformer 574 [ A5 5 XT L A&l 7 fr
N, A LLF i Conformer #& #Y [ ¥E 81 M 8 T
Transformer FEAY | 1] FE 30 i £ 3k 73 & J1 9 CTC -
Conformer 15278 /) HE B 24 T Conformer B JEF
WEHE 22 3k 74 B J1 ) CTC — Conformer £ 7l 745 K [,
Conformer BRI F4E AN, IA B T 5. 0% WA IREE

BTk 222K 1 5 1% CTC~Conformer BEAYA
AAEFEE IR T W 0 B iR RLE B
SRR RIRR E e, R, B RS RT L)z i
TEbR S & PUIME 55, RA 8RR 58 1]
FAXIE

Transformer
15.0 Conformer
Conformer—CTC
12.5
%ﬂé 10.0
bl
7.5
5.0
20 40 60 80 100

Y55/ Epoch
B 7 WiELEFHEEILL

Fig. 7 Verification set word error rate

4 LERIE

ARSCHE R R T 2 Sk R I CTC -
Conformer "1 SCIEF R AR DL 5 28358 0 19 2 3k
TR B o Rk 23k A T, IR CTC Bl
HEATRE B IS . 18R 2 AISHELL -2 30 TR Y
TEH SCHE S P BYROR | 128 R 90t By i 1
AE, IR E TFEHHE 5. 0% 56, RAEMIFSE
R SRR [ (18 S B0 A 1) 52 1 38 25 44
TP B2 2 U S B A Sk I2 Mg

Sk

(1] HHREE. HETumEumig i RSO K R GEME(D]. 7
M ITRIRE,2022.

[2107Wi5L, TR, BOUA. ZE T BUZ L1 0 25 1) 22 4004l o 3] o 42
SRR RG], LA, 2023,1(7) : 7-20.

[3]HBE, ZEmedh £, TS ) MiEE W r ikt [ 1],
BRI ML R ,2019,9(2) 1 135-142.

[4] HADWAN M, ALSAYADI H A, AL-HAGREE S. An end-to-
end transformer —based automatic speech recognition for Qur “an
reciters[ J]. Computers, Materials & Continua, 2023, 74 (2):
3471-3487.

(5] 3C, PMR. 454 Transformer YR AL SCIEFIRM[T]. 3T
FHL ST ,2023,40(2) :424-429.

[6] MIAO H, CHENG G, ZHANG P, et al. Online hybrid CTC/



KRB, 4. BT L L EE S1#) CTC-Conformer H 3CIE 1R AR TR 167

attention end —to —end automatic speech recognition architecture
[J]. IEEE/ACM Transactions on Audio, Speech, and Language
Processing, 2020(28) : 1452-1465.

[7]PARK H, KIM C, SON H, et al. Hybrid CTC-attention network—
based end—to—end speech recognition system for Korean language
[J]. Journal of Web Engineering, 2022, 21(2) ; 265-284.

[8]HBEE, BEX., #MEZ,%. TCN-Transformer—CTC )i ) i i 5
PAILT]. THEPLN RS, 2022,39(3) :699-703.

[9]GULATI A, QIN J, CHIU C C, et al. Conformer; Convolution—
augmented transformer for speech recognition[ J]. arXiv preprint
arXiv,2005. 08100, 2020.

[10]ZE 2, B IERE, BURLAT, 55, —Fh et iy DNN-HMM (935 #
POk (3], RS ,2019,38(3) :371-377.

[11]YU C, YU J, QIAN Z, et al. Endangered Tujia language speech
recognition research based on Audio — Visual Fusion [ C ]//
Proceedings of the 5 Artificial Intelligence and Cloud Computing
Conference. 2022 190-195.

[12]BAHDANAU D. Neural machine translation by jointly learning to
align and translate[ J]. arXiv preprint arXiv,1409. 0473, 2014.

[13]GUOM H,XU T X,LIU J J. Attention mechanisms in computer
vision; A survey[J]. Computational Visual Media, 2022, 8(3) :
331-368.

[ 14] TANVEER M, GANAIE M A, BEHESHTI I, et al. Deep

learning for brain age estimation: A systematic review [ J].

Information Fusion, 2023(96) . 130—-143.

[15]REN Z, YOLWAS N, SLAMU W, et al. Improving hybrid
CTC/attention architecture for agglutinative language speech
recognition[ J]. Sensors, 2022, 22(19) . 7319.

[16]JHAOM, XU B, LIANG J Y, et al. Chinese short text
classification with mutual —attention convolutional neural networks
[J]. ACM Transactions on Asian and Low —Resource Language
Information Processing, 2020, 19(5) . 1-13.

[17]GULATI A, QIN J, CHIU C C, et al. Conformer; Convolution—
augmented transformer for speech recognition[ J]. arXiv preprint
arXiv,2005. 08100, 2020.

[18]KIM J, KONG J, SON J. Conditional variational autoencoder
with adversarial learning for end—to—end text—to—speech[ C]//
Proceedings of International Conference on Machine Learning.
PMLR, 2021: 5530-5540.

[19] VT BIRFHEE - LETCH. T Conformer 1Y i 2 i 1
EPUNEELAY g LA SR [T]. {55 4b B, 2022,38 (12)
2639-2649.

[20]DONG L, XU S, XU B. Speech-transformer; A no-recurrence
sequence — to — sequence model for speech recognition [ C]//
Proceedings of the 2018 IEEE International Conference on
Acoustics, Speech and Signalprocessing. Piscataway, NJ: IEEE,
2018; 5884-5888.



