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Abstract

In recent years, with the rapid develop-
ment of large-scale speech processing mod-
els like Whisper, high-recognition ASR sys-
tems have become achievable. Although
Whisper performs excellently in major lan-
guages, the recognition rates for non-major
languages such as Taiwanese and Hakka
still need improvement. The government’s
"National Hakka Development Plan” em-
phasizes the significance of Hakka culture,
making the development of a Hakka ASR
system paramount. This paper presents a
Hakka ASR system, participating in the
Formosa Speech Recognition Competition
2023(FSR-2023). We utilized the Whis-
per model, trained with 680,000 hours
of speech-text data, and applied transfer
learning and LoRA techniques to adapt it
for Hakka. Experimental results demon-
strate that our approach achieved com-
mendable results in both Hakka phonetic
and character recognition. In the future,
we plan to further optimize the model to

make it applicable to more Taiwanese lan-

guages.
Mk 48 @ B3 F P& & > Whis-
per » LoRA
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Whisper Fine-tune Model

AREH —>

1. &AME ZEFFT IR (ASR) B RAE

2.1 Branchformer

Branchformer & #Peng et al. (2022) 2 i 49
Bl F OB E RN RAR - ZBR UGB B EALS
W EF TAF 89 B3 (local) F2 2 (global)
LT o EE#B K% > 4= Conformer > &
BRI HE ST B (convolution) F= B &
71 (self-attention) A %% & H AR M 14 - 12
Branchformer #4 7 —# & &% ~ 7T B HF 4=
TRFGRABHERRTE o

Branchformer #94% & & 482 5] A F47 5 X
(parallel branches) #4271 [ $& [ 89 1% # B 14 o
EHEBRHERT  —AS L FEAWME RE
AEOYIR B M AR > M — 185 AL % B BeFo ik
(Multi-Layer Perceptron, MLP) K442 A ik
HB AR o ks BARMA T —MEE B gating
Multi-Layer Perceptron (gMLP) # F1# MLP
FRA » R AT 8 R e 3B ST P AR
REEHg R, o

i @ J% 2 89 F 5% » Branchformer £ % 18
B %% FRAA3EZF EM (Spoken Lan-
guage Understanding, SLU) & & 8| X F 3
EARABE BRTEHRALEYGF E > &
Transformer ## Convolutional Gated MLP
(cgMLP)(Rajagopal and Nirmala, 2021) 3t
I 0 B EY R 4 Z R AR AT AR A T A8 R AT
5o k> BN ETL Y RELLETR
8% AR BB A A BRI MR BAH AL
RN A B B AR A o

2.2 WavLM

WavLM (Waveform Language Model) -
# Chen et al. (2022) 2 589 KA A BEH R
%k (Self-Supervised Pre-Training, SSL) & &
BRI o FAEAE 94,000 1818 LibriLight
FE AR LT TR S AMRERZS
B 3T 8 P A 35t o L Wav2vee 2.0(Baevski
et al., 2020) ## HuBERT (Hsu et al., 2021) %
Ede z B BEEZFRAAIL > WavlM £
SUPERB (Speech processing Universal PER-
formance Benchmark) 2% LR T #3449
HE o BEOEFEHRE SMBETEHFTE
AT g RAEH R

WavLM #) £ 2458 & L A 5 MR35 F 7 7
By NE 4G 0 B TAIISREE R H Bl IR 0935 F
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2.3 Whisper

Whisper & ® OpenAl 2 69 K] & ik 475
FREBEAL o ZARA £ AE 680,000 B #)
Mg LM ENBET-LATHRE LEATT I
B % TR % EF (Multilingual) 4 8 3
& Ptk A 7B G #F (Machine Translation)
E75 o 2 Wav2vec 2.0 3, HuBERT + 8 EH
BH TR (Self-supervised Speech Pre-
trained Model) #8 b » Whisper /£ % /2B &
MELERT TR RAEGMAE > BHRR
BE (PldekFfod) BA MM (Robust-
ness)(Radford et al., 2022) °

Whisper # # B 7 % A 8 Attention
Encoder-Decoder Model » it 4% A 7 4% 4 &9
Transformer & 4% (Vaswani et al., 2017) ° /&
Transformer 4 #5355 X 7] > R BRI AT R
R 1D %48/ (Convolution Neural Network)
7> 4 8 o\ 89 # /) SR S5 4% X (Mel Spectro-
gram) i 4T T #& & (Downsample) © OpenAl
BHOBEAASESHETR D RADGER
% 4 B Encoder #7 4 & Decoder # tiny &
Ao S%ER 3BM RAHEAE 32 & En-
coder ## 32 & Decoder #9 large WA » 5%
Z B 1550M © 4230 & (Tokenizer) # M Byte
Pair Encoding (BPE) A2 kEHEA (845
tiny, base, small, and medium) A & % 353 1%
A (8,4 tiny, base, small, medium, and large *
£ F large 2B large-vl ## large-v2 * H large-
v2 8RR R IR AE) o A AR KA S Rl
Bp T 58 VAT k2 o

2.4 Parameter-efficiency fine-tune
(PEFT): LoRA
BA R H AT R R - A AR ETRIR
# A VL & R Rl 89 4E B AR (Wang et al.,
2021) c Af s KEBIEHHBHSZRATE
Z e TAINRAER R I 55> R R R
e M e %% £ £ (Yang et al., 2020; Wang
et al., 2020) c A ¥ @ F » @7~ Whisper £
CRAEZBTIN LR LHETTFAINLK
it B %75 % FA2 R E B E Whisper % & % H
87 % ELRM T A A AR T D] 2T 5
! https://github.com/openai/whisper/blob/main
/README.md

2 https://github.com/openai/whisper/blob/main
/README.md
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(Sequence-to-Sequence) #IER £ FEEF L
BATIGE > mAFE R B SH - HFREER
BRAIRA] > AR G KT — AR A A8 R
7 % > BF LoRA(Hu et al., 2022) < LoRA & %
T RAETAINRAL A 69 58 » AE A Trans-
former #97E & 71 & 69 M F F IE AR B
# (Low-Rank) %~ f#4E 1% : K446 1% (Down-
sample Matrix)Wygy, #7 FH 445 (Upsample
Matrix) Wy, © A KR T T £ #H 842
PEREHGEIEEE -

2.5 12 LoRA #47#% (Fine-tuning)
ETEZE T » &M4HH Whisper-large-v2 42
AEAT LoRA #flfe EFTHBYEZNE
(Attention Layers) ¥ » &% AT LoRA :
Waown 77 Wy 09HE T4 > L ¥R E Rank
B 80 SBGLRTA 16 FTA# ASR AL A AR
/£ — %k NVIDIA 3090 GPU L#477 10 183
BRAH (epochs) o AL A AdamW £ & Op-
timizer » #A4F % ¥ 2 £ (Learning Rate) & &
% 5.0¢ — 04 °

2.6 H®EE

2.6.1 #FE#A (Language Model)
Transformer-based Language Models # # £
2 & %A (self-attention mechanism) &
o 8 B ARARELRAEE - £
ASR B A ARAG (decode) & » T At § A #2441
KPR TR > BT UAF| AZFTRAY > AR
VBT SRS ESERARA 69 B3] o RAVEAZE
XEBERMY [ 28 EEZHE) STHI
RBZAEL o

2.6.2 % &4 (Shallow Fusion)

&

Transformer-based
Language Models

20 RAERERE

& A4 (Shallow Fusion) & —7 /2 ff #% B ¢
INERFB TR M ASR B ARE69 7 ik o Rk
o [ 2 o M IPIRFEF AL A I BREF 69 Whisper 12
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3 https://corpus.hakka.gov.tw/
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FH 07 EM ASR B 69 AT n BARE & A
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&ML T pBERT ©

ASR Model

ldecode
|

I |
I

Transformer-based

Language Models /
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rescoring

||_

A T RARTH

3. EAH SRR

ot KRR E XA A pBERT £ & 5 —
A& E #3469 #8 - pPBERT &£ BERT #
ABE L3 T — R 2% (Fully Connected
Layer, FC) 3t 18 & it 38 — & Mt hm 89 8y & > A7
Z #8i% @ BERT RAt L& €473t 0 LasT 2
£4589 %R (Chiu and Chen, 2021) °

3 W
3.1 AHE

KMAE A FSR-2023 #L & B 7 REH IR K
# % FSR-2023-Hakka-Lavalier-Train(FSR-
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&1 FHERE

Train
EAR | g% | FH# | b
train 60 16299 | 291042 | 47.45
dev 8 2126 | 38390 | 6.15
test 8 2187 | 39659 | 5.88

Train3
EEE] g% | F& | I
train 76 20612 | 369091 | 59.49
dev 11 3598 | 51025 | 10.01
test 11 3598 | 51025 | 10.01

Train)*& &7 # & # % FSR-2023-Hakka-

XYHS8X-Eval(FSR-Eval)® & 3l &k %& Train
¥ o K A4EH FSR-Train £ & 34k ~ Brasit
Bl EH o £INEKRE Train3 P> K114 A
FSR-Train £ & 914 &4t » FSR-Eval 1F & 5%
HRAKTH -

3.2 HRITLK

RAVE R X ERE ~ T~ REE + T4
314 % pBERT ¥ wit 1R 9% RIE 7%k > 1
IR BE PRI EGHRE o

L E B F o &4 A Branchformer £ 5
ASR #A > i HAF A Train 7 & 9| k28] X
At o

AREZFPRRD AT ARKRE S A
k2 BEBITHRTELE
REYE

WER(%)

Yy % 5.0

XAk 5.1

T 5.7

XERs 4+ Ty 5.7

pBERT 5.0
W RAE R R LR R E o RLEEH &

L MR R E R o
EBBEFVPERRE > &R TH5 5 x4
BALMERE T ik AREGER - Bbofe
BEGE TR o EEZBHF PO ETHFT, LA
KIRFEHFERE @ﬁgéé%éwﬁﬁﬁﬁ
R MEZFEFE » RMMEA EFH 15
FAE Bt R IL 8 7 ik o f£ pBERT L » ﬁ@

% https://speech.nchc.org.tw/FSR-2023/FSR-2023-
Hakka-Lavalier-Train

® https://speech.nchc.org.tw/ntut /FSR-2023-Hakka-
XYH8X-Eval
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k3 BEEFHRREE
EERT

CER(%)
EX Y %] 4.5
N o 4.5
T 4.2
EERS + IS 4.2
pBERT 4.5

RFMBBRETEARE AR > RAERMEE
3t KA pBERT 1 &% R 6y 7 % o

3.3 FEHEA K

KIAVER FR 5 ER > L BBE T A
BEHT AR c BMMER T A EH £
794k

EOEOE OB OF P oK MR OA
Fbank(FBK)(Pariente et al.,,  2020)
Fbank+Pitch(FBK+Pitch) ~ WavLM ¥

ZAERBEF A Al 0 4% A Byte Pair
Encoding(BPE) ~ Syllable(SYB) % i /& X 75
(Token) fb.77 i% » vAB A& Conformer(CFR) ~

Branchformer(BFR) 3 435 & &£ A £ 47 )b
o BRWwE 40 HERFHEH WavLM +

SER

Test
5.30
5.25
5.95
4.96
4.03
3.89
3.90

Train set Feats Token Model

Pilot_test
FBK
FBK

BPE
SYB
BPE
SYB
BPE
SYB
SYB
SYB
CHAR

BFR
BFR
BFR
BFR
CFR
CFR
BFR
CFR

WSP_LGv2 + 4.46
MT

FBK+Pitch
Train FBK+Pitch
WavlM 6.21
6.31
6.39
5.74

8.39

WavlM
WavlM
WavlM
FBK

Train3

Train (Hanzi)

Bl 4: FREARE £ FEHFH SER K

SYB + CFR 4 Test &% Pilot_test & 4#F%|
&A% SER °
LRFEERTP > KM A FBK B2 R A
458 > 4 M Character(CHAR) ~ WSP_ ML
F WA ARG ke XA A BFR >
Whisper-large- V2(WSP LGv2) ¥ miEzE5 4
AT P WSP LGv2 4 A LoRA
" ’%’i’—‘)ﬂ ° Q‘l’%—ﬁg 5o

ékff’ﬁ%;‘i%ﬁ/g» FEEREFEFTHEA P
WSP_LGv2 #9s R &t » A b &AL A 218
AR &L FEGEA o 3K E Branch-
former R EHFA;OEREE 2L RA
RS EREN > RBRKMEAAIE KR
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Train set Feats Token Model CER Averaged Syllable Error Rate (Z2/E4f ) * delayed submission
Test Pilot_test 90.00% 84.56%
FBK CHAR BFR 411 23.53 000
Train 70.00% 64.19%
FBK WSP_ML (ZH) WSP_LGv2  1.74 8.38 o
Train3  FBK WSP_ML (ZH) WSP_LGv2  0.19 7.09 e o s652%
40.00% 35.58%
B 5 FRBYAEZFEETH CER LE P
20.00%
10.00%
0.00%
}ﬂ ° £ I
8 8 REFFBWFHER > AR TRME &
4 B3 8 RRE
Sa
4.1 T’?E‘% %.&é % Averaged Char Error Rate (E4:4f ) * delayed submlssion

80.00% 74.18%

50.88%

20.00%

Syllable Error Rate 70.00%
60.59%
100.00% 98:28% co0o 52.15% 52.35%
90.00% 50.00%
79.52%
80.00% 10.00%
7000% o :
21.44% |
6000% 1000
50.00%
40.00% 10.00% I
3000% 0.00%
P B K A L E* G c
13.57
10.94%
7.95% 7.97% 8.48%
1000% 4.12% 5-64%
N

of15-89% 645%1744% 5
o.oov-...lll III

N v @ ? o ~ Q
&

9: RRBFBEFHR  LEEXTRMG RE

>
&
o
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oo BAARAIAE ZMHIAEEFHHY
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