000
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049

The 35th Conference on Computational Linguistics and Speech Processing (ROCLING 2023)

Taipei City, Taiwan, October 20-21, 2023. The Association for Computational Linguistics and Chinese Language Processing

NSYSU-MITLab X 35 & ##3% & #.7% Formosa Speech Recognition
Challenge 2023
NSYSU-MITLab Speech Recognition System for Formosa Speech
Recognition Challenge 2023

Hong-Jie Hu
NSYSU
j1e12504469@gmail.com

ERS

RS L P A G H i NSYSU-MITLab /£
A R Formosa Speech Recognition Chal-
lenge 2023 (FSR-2023) A7 % M 8935 & 3k 7
A& o RMER T EINEER wav2vec2.0
A/ £ Enhanced Branchformer $2 4474
£ 23 89 Dynamic Convolution Enhanced
Branchformer °> # MR &AM E Track-1 &35
Pk iR P AR Track-2 BRI F
EFHG S FRER > 2R REFERABIFY
B REMBERG AL - &> RIVK
A A wav2vec2.0 + Enhanced Branch-
former £ & B MREFTIEFHGHE &
%o ERFERKXET CER B 522% -
A wav2vec2.0 + Dynamic Convolution
Enhanced Branchformer #%F € 1k & #f & /&
FHEgah A% 0 FlikE A7 & T 69 R
%T SER & 46.8% °

Abstract

In this study, the speech recognition sys-
tem will be introduced, used by NSYSU-
MITLab, for Formosa Speech Recogni-
tion Challenge 2023. We use the pre-
trained model wav2vec2.0 as the frontend
module in both the Enhanced Branch-
former system and the Dynamic convolu-
tion Enhanced Branchformer system. The
Dynamic Convolution Enhanced Branch-
former system is refined from the En-
hanced Branchformer system. We will
choose the best CER one in the Taiwanese
Hakka Recommended Characters test set,
as the final model for Track-1. The system
will be the final model for Track-2, with
lower WER in the Taiwan Hakka Pinyin
test set. Both test sets are released by
organizers. Finally, we decided on the
wav2vec2.0 + Enhanced Branchformer sys-
tem for Track-1 which gets 52.2% CER
on the final test. The wav2vec2.0 + Dy-
namic convolution enhanced branchformer
system is chosen for Track-2 which gets
46.8% SER on the final test.
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Keywords:  Auto speech recognition, En-
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1 Introduction

EFEERNE—RBMAN T HEERBE LT
BAE R o AT UARINRTH KT R4
B B AT R TR LT o LFAR
fe 35 & R A AE A 09 AR RAE > A 3R Bl B R
e 7T VAL AR T FEATAR R 88 09 s 4 > B b iE
P RARZ AT Bl 0 HAAAYEH
# (Convolution Neural Networks, CNNs) VA&
Transformers © &/ 17 &8 48 % 69 A% O HE & B 5
WA B AT ER > A MRED
5 BFH o AT AR EA AL > H A PAT local
feature X S # 3 & & 48 4% # o Transformers
R B EEAMER > FdT A AFMSFF B
AF M 8948 2B 14 » BB global features X3,
HHARERL

THER EEEGHERBHANL IR
Yo BRFBERBAR —HERENEZS > FR
AL B H A% - Ak BHEZFB TR A&
TRABHF R LA — KM 4 - KRIVRER
F 417 i8R 2023 49 Formosa Speech in
the Wild (FSW) 3+ & ¥ 8 K 3535 & R A &
Formosa Speech Recognition Challenge 2023
(FSR-2023) ° £ A RFEEF » KM €12 A
Enhanced Branchformer (E-Branchformer) A
Z %t E-Branchformer i 47 2 i 89 Dynamic
Convolution Enhanced Branchformer (DCE-
Branchformer) % 2 X E F RN AKX T
Track-1 &35 # 32 FHEH AR Track-2 F &
PR ETEH RFEHE AR EEZTN
RELEFER bl SHBGBRF= M
PP R EBE T I RE L HE OB
FHR > e 1 gim24 bu24 ngid2 heb5 baish
ngisHo °©

E-branchformer & & Branchformer (Peng
et al., 2022) &R » Branchformer #9 % 4%
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(b) Branchformer encoder

. 1. £ & Conformer encoder layer ¥ Branchformer encoder layer #4# = &8 °

4o B 1. AT ° Branchformer 84 LA B &
T #t % local context ¥ global context /& &
8 encoder layer M & 242 % & F JE# % Con-
former (Gulati et al., 2020) Fl 38y €& » 1
EHUMTRBEGALE TR w £ w, £
& encoder P 894K o Conformer 1355 #F
WAL F b e 1 AFAR T84 89 B 0 I encoder
RS HBEEAZZNROEBORAER
R > RE5A% AR ] B % & local H I global
BT o fedh B EZENREEME A B IENGHY
M A% » 4o R global FRL WA EZ A B
7 local ERAMKEABATR » BTG
A #74 local B3RS global AR EE F 159
B> B EHAER M encoder R 0 local H
A global HARARF TR Ak AT
AEB AR ML BY T B local AR global HARE) T
%M > Branchformer B /Z &7 B 54 & 7L
BitiEey m N&4s » 4 -F %18 branch ¥ &
WER A BREE—F2RERE » #RH1E
branch ## BMEF - HENF A ARET
P 4R 69 & 18 3 & @ K o E-branchformer B] &
#1407 Conformer $2 Branchformer w4 H #9
&

£ RR #H L F A5 § b & E-branchformer
2 DCE-Branchformer #7 /& & 35 # 3% 3% & 49
AR B EETHSMERYG  H—HEHHA
Introduction; # = 18 3F 4> & Electronically-
available resources * & i & 44 3L F 5 09 AL 44
A, % =B340 & Method » € 42 3k 3 & 4
BARHLERT €EMB 0G75 %k o THR
AR R M % @B L Experiment *
GAEHANBAERNG T L AR 8 —
R ERE; FHAMBIF A Result ° HAET

Ba 6 4 RS R,; F >~ B34 £ Conclusion
By R am T HG KB HE o

2 Electronically-available resources

CPU: Intel(R) Core i5-10400 2.90 GHz
CPU cache size: 12 MB

RAM: 40 GB

GPU: 2xNVIDIA GTX 1080 Ti

GPU VRAM: 2x11GB

3  Method

EEATHKETNBRRFEITENE 8%
Mk WAl RER A~ T R IR
Fike EARREFZEZEAGEAEE En-
hanced branchformer (E-branchformer) (Kim
et al., 2023) ¥4 A # £ Multilayer percep-
tron(MLP) (Sakuma et al., 2021) 2 i #)
Dynamic convolution enhanced branchformer
(DCE-branchformer) © 3t 4> # & 2| 31 &
EHTRAA 2% THEAHL Zhang
et al. (2020) &9 1F %> 4% A FA I R AL A
wav2vec2 (Baevski et al., 2020) & #2269 7]
PRI o 3R — R AR B R A AR 0 R
& P H% 18 B A4F 3% X E-branchformer $2 DCE-
branchformer * #ATHEA finetune » R iE 2| £
&#) CER 3 WER °

3.1 AIRMEALL

1B F AN Encoder A0 — R G AT L
B FATRIE - 4ok~ A
AR FF > AFTHNRER » TG &
AT AT D4R o A 13 2 B TR 9 A
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214 (a) E-Branchformer encoder #4545 & (b) DCE-Branchformer encoder #) # 44 & 264
21: . 2 Pnhanced Branchformer layer $2 Dynamic convolution enhanced branchformer layer ° 222
o1y B E-Branchformer 2 DCE-Branchformer encoder #) #4%: (a) Branchformer enc?der oer
FRS)BAMEEWR: R feedforward B3I ~ R layer normaliztion B3 ~ —18 % 38 g
21 EZENER S F—AEMENR o E-Branchformer E X T HLT 1 1. A TLEE—F 208
219 feedforward & ° 2. local A 3RS global K% & W18 branch LHEE »» & A layer 269
220 normaliztion > FEXNE EZ&EN &I CGMLP & ° 3. #4580 $ 3 B R R feature dimension 270
221 89 4E o 4. % pointwise convolution M AFEHE B 4 5. &L > ELB—R feedforward 2n
222 /& (b) DCE-Branchformer )i 3 8¢ X 22 E-branchformer #8 F] » £/ local branch 1% 272
223 %) Fe B ARR I local AR > B&HFRME branch # 7 X 2 & maxpooling ° 273
224 274
225 275
226 APeBTRIAHTHRGT X > RMT prl-ﬂijn:;;n 276
227 vAg g bl FAL TR L 6 P B > AR AT 2t
228 DN ERAE A 69 a7 1 4 B # 58 E-branchformer 32 é 278
229 DCE-branchformer ¥ 893X o AR F R F 1% _> 279
230 R 8 FAINRIEA wav2vec 2.0 @ & 960 N BF 280
231 89 & L F A4 % Librispeech (Panayotov et al., 281
232 2015) &R AR o A A wav2vec 2.0 1F B AE R 282
233 EET Y EST TF T 10 Gy ety o
234 Moo EEFHERIGIFLTHAER finetune 284
235 AH 5 R o 285
. 32 HURH ) .
e sh o X ool 2 Linear
yas EABRBITLERAGOBDE B -
939 branchformer #¢ % £ i 17 & i 89 DCE- 089
240 branchformer ° . 3. cgMLP # # B ° Linear projec- 290
. e 1 L
241 3.2.1 Enhanced branchformer encoder %OH _% ~ "/% 8 /i\@%%}% P #%ﬁ&‘ OF * :‘ 291
. % Linear projection #9#% & & /& 3 4% &
242 E-branchformer #f7#+ local context $Z global BETHE X B X, X, B8 Layer €92
243 context #9 & ¥ 7 X F# Branchformer #8 F » normalization \r;‘éﬁj&}%gyx Zig—‘}% At 298
244 4w B 2. BT o #F £ A Convolutional Gated BoXxX, X N RAEBRE—R 294
245 MultiLayer Perceptron (cgMLP) (Rajagopal Linealig projection * A4 4 B ¥ =1 R 295
246 and Nirmala, 2021) 32 self-attention (Vaswani B o 296
247 et al., 2017) RRHE - 207
248 cgMLP ## F 7 X4 B 3. AT+ ° cgMLP 208
249 B 5 A B e R G ) R BAE R 0 R T 299
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B » A& T—& Convolutional Spatial Gatin-
gUnit (CSGU) ° cgMLP 4 A CSGU # &3¢
AR EL o

self-attention 893 & 4= T

M it i — Qaftrna~l QKT Y/ 1\
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= T df A Lllulul-lieau HY o 1evel 22X 0 /N AN U AN
BB A A S > £F Softmax TR o

Branchformer ¥ E-branchformer ™ # M &
K69 AR 7 » &5 18 branch #8697
it 3k 1% Branchformer & fl &3 3R » ML A
AR AR branch 69 b BEHK 0 BA S
L% AR T e oA o

3.2.2 Dynamic convolution enhanced
branchformer encoder

E-branchformer 4 local branch Lt 1% A
cgMLP # B local 89458 » LR AER+ 5
IR > A2 54 R 18 branch 897 XA AL T RA
fiié’:l Ml oo & A8 FAISRAE A BF > B
% W B batch size 759 % 89 W14 » A%
)ﬂ Branchformer $1 E-branchformer #4734k
B o EH AR LIRS — R R ¥ BE
B EAR TR - RIA T G2 A B 7 X
&4 18 branch #9947 H o # A # 8 Branch-
former 8984 7 &, » W18 branch M & 4F& 4
B EWREE A ERMGE T 2RFRE
B kﬁix?’l & A Fﬁ Eo X &R
T ## local HRSL global FME A 7| 89 E At
TR SRR ﬂ%ﬁ
oo KA E XA cgMLP F B E A
A (Wu et al., 2019) » 3 i {L-&4Hf 18 branch
87 X o IR 8955 7 XN B HHRE branch
T 345 U JE B 3 maxpooling AR A By —F
% o BARIEALR > BARTT AEE £ 409 X H
#%/'f”i#*ﬁﬂlﬁ)’( T8 % 89F# > R local branch
1 global branch M iZ & T € A i 7 4% 5% 09 1k
& o

3.2.3 Decoder

Decoder # € # & Encoder # K 2 v » #]
JA masked self-attention #F H# encoder #i i
& E 9L E AT LR A9 U B e 4a I B4R o
masked self-attention #4% S B T R R4S
BB LG ATER ) o TR AR E
TERE & *%m%%’ﬂ&*Q#ﬁ%&ﬁ
M —{E b= ASEREAAR 0 B E 26048
e A
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4 Experiment

Fe a8 A A G R R E AR BEFRE T
F 89 EA R A RAR T A B a9 48 B 58K o

4.1 Dataset

Chia-Ping Chen
NSYSU

cpchen@cse.nsysu.edu.tw
/35T O /NHY e u—rjfuux\qc .

FEEIRE o FTH TAE LR B
B 16kHz °

/thT HY e

s AR

4.2 Data Augmentation

EARER T M % 2%EH (Speed-
Perturbatlon) (Ko et al., 2015) #f & 11493
BREA A % > ﬁ;ﬂlﬂ“‘i AR F 4L %
BEABETRAGKET - EREDTHIR
TG R TR I AR
FEERRE -

4.3 Model setup

EARERE £MEATIZAE ESP-
net (Watanabe et al., 2018) » ZH &M 69 F 5

# A o E-branchformer ¥ DCE-branchformer
8 2 F T KEAME ° Encoder 8 & &%
B 16 & » decoder REEE 6B mA
8 batch size & & 48 F| o E-branchformer &)
CgMLP B k 1~ % 16 ° DCE-branchformer

RAEMEMRREA 101 FILEFEA
Adam Optimizer (Kingma and Ba, 2014) °
Learning rate & & 0.0015 ©

5 Result

# Track-1 BHBHREFEH T > wav2vec2.0
+ E-Branchformer # FSR-2023-Hakka-
Lavalier-Train #]3X & T 4 CER & 4.1% °
WA A AR AR A IR AT Track-1 89
wav2vec2.0 + DCE-branchformer » & #4% ¥4
wav2vec2.0 + E-Branchformer &%y 4 R 4E
By &AM Track-1 89k & BB % -

£ Track-2 & 3&# JU?F E#HF o RMA
CTATRAFAINRBEN LTI BRI & 1.
FT & o E-Branchformer # FSR-2023-Hakka-
Lavalier-Train #|3X % T 8 SER & 22%,
DCE-Branchformer # SER & 14.5% ° #& 3t
HRAEAT R £ A AR FAINRAE R G F R
T o B BERIEIK 7.5% 49 SER » Bl B4
FEHLE 42.94M FEARE 37.67TM > PL-F &R
A% X 89 PGE o
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o R 1. TMERATAINLAERM T A Track-2 19
EREEFR o

Model Type Model size SER
E-Branchformer 42.94M  22.0
DCE-Branchformer 37.67TM 14.5
Hong-Jie Hu
NSYSU
j1e12504469@gmail.com
wav2vec2.0 + E-Branchformer 7.0

wav2vec2.0 + DCE-Branchformer 6.9

o & 3. Track-1 B3&EHFHE FAEH £ 03
A A MR A L RXER o

Data Type CER
Reading 22.6
Spontane 56.7
Avg 52.2

Averaged Char Error Rate ( Z2/1:4f ) * delayed submission

80.00% 74.18%

50.88% 52.15% 52.35%

70.00%
60.59%
60.00%
50.00%
40.00%
30.00%
21.44% 22.02%

2000% —16:99%

o I I I

0.00%

P B K A ou £ G c

. 4. Track-1 BERREFEFHG LR
PELGER -

1% A wav2vec2.0 1 B T8 3 & £ A & »
I kB B R W & 2. BT R o wav2vec2.0
+ E-Branchformer 2 wav2vec2.0 + DCE-
Branchformer £ SER L& &% 7T 15% *
H M EIERBAK 0.1% SER 69 £3E o

Track-1 BB REFEFO LRI L HE
RiwB 4. LT o REHREA B RAEZEE
A AR 0 — AP E EAH Reading > 5 — 1 E
B # M 354 Spontane * & A& Rk 3. AT
oo

Track-2 B &R FEH G BV L S 42
R4 B 5. SLAT T o REIXEAE Track-1
—# A Reading $ Spontane MAEEH » &8
B BERm & 4 PTT o

Pk R EREERE FSR-2023-Hakka-
Lavalier-Train & 3 & A & X 9 £ £ o FSR-
2023-Hakka-Lavalier-Train 213X & T » Track-

Taipei City, Taiwan, October 20-21, 2023. The Association for Computational Linguistics and Chinese Language Processing

o & 4. Track-2 B3&EHFRIE T4 0 H
AL B A MEST AA ey RXER o

Data Type SER
Reading 16.8
Spontane 51.2
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rown 64.19%
60.00%

50.00% 46.82%
50.00% 43.04%
40.00% 35.58%

30.00%

22.39%

20.00%

10.00%

0.00%

B K P Our E* "

. 5. Track-2 BiERIFTIEFHG 2 F
BEL R o

o % 5. FSR-2023-Hakka- Lavalier-Train #|
RERIFEEFHHERTHEHR -

Data Type F¥F#H FHVH FHE/HH

FSR 19.86 9.68 2.05
P S 32.6979 10.368 3.15

18 CER & 4.1% » @2 %% CER & 52.2%
Track-2 # SER & 6.9% » 12% &% CER A&
46.8% ° ¥ Aot £ E 87 B T 48 £ F 2 I4R
BHE TR » ARINEREH Sk BIFR A
EEBK ARG R EAIEREH E A
R L 2Rk 5 FF o

6 Conclusion

HERERBER £ Track-2 BB IR
FEHP A THAINGEER wav2vec2.0
# » E-Branchformer $2 DCE-Branchformer
M SER & £ 4 1R % o JR BAR T 8 & 74
IR AA TR o FIBF » WAL ILE] » ZAR A9 2L
M S T AR EA R RGE I > R AR
THAE B MY cgMLP ZAESH K — &
BRI S K - Ak A ER I BF >
KRB AH AR RHE2EOHFRAT  H
A BRI E G S E B R R B R A A
AT B E R o @ wav2vec2.0 B & €15 R K
1B AR B AR B I B AR RS local
KNS H fE 4 H 8 3% E-Branchformer #8
RO HAERF o
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