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CTCHER . FILZBRICHRANADEXREZRET

Lere = —log P(Y | X) = —log Z Hme

meB-1

B gOIBRLOBEE TSV IBE. BLUY): ERYICEZLINZ,

HE ERELICH L. {Z2ENARBETEEIZO(TL)
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g5m 7 L—LBEIHIIE WS IRETIER L. Graves et al. (2006)
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https://www.cs.toronto.edu/~graves/icml_2006.pdf
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Attention-based Encoder-Decoder (AED)

IO 2hEEOHFHEIhEED. TIA—4DEEDHAFNILEhESB L TRZEMKT Do

exp(e;;)
e;; = score(s;_1,h;), a;; = ZT z]( )
k=1 €XP\€ik

T
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Transformer & Self-AttentionD1EXH

RNNTIXE U B DIREE BZIIBICEFH T 5. Self-AttentioniIMIERDEGREZ EFEAETE %,

: QK'
Attention(Q, K, V) = softmax Vv
Vdy

o AV KT BEHDHNLUILDZENT MILOMEFL
o FRFOMF LA AIEE. HCElmitsmIdIBRERN
e £UBZIEBTZHEEIF. FEHXTZEET S L0(T?)

Conformer®H KigifySelf-AttentionZ{E S,
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Vaswani et al. (2017),/Gulati et al. (2020)

NFRFE /ALRFREKRF


https://arxiv.org/abs/1706.03762
https://arxiv.org/abs/2005.08100
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Conformer | XIRRIZE R E RFANGEE

Conformerlz T A—4 DiEE. CTC®TransducerZEDHEAAREEBAEHE B,

1 Feed-Forward B DX, HAOZ12BELTHREAMZS
2 Multi-Head Self-Attention  KiAY7BIfR

3 Convolution T L—LDNF—>

4 Feed-Forward HO5—E. BHZ12BLTHEEANZS

5 LayerNorm 70Oy I OREICIERIL

Xout = X + %FFN(X)

Macaronfe={D1/21IFREANM R D HIDFEE, FFNDRENRITZFDICTDEKRTIER L,
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Conformer®i4¥eE : AEESFETILZRXHIT S

Gulati et al. (2020), Table 2, Conformer Transducer. LibriSpeech®@WER (%),

LM7Z: L clean / other | LM&D clean / other

10.3M 2.7/6.3 2.1/5.0
M 30.7M 2.3/5.0 2.0/4.3
L 118.8M 2.1/43 1.9/3.9

clean / otheriZtest-clean / test-other, LMIIABBEEET Lo

® ?g%_g\ :E7_')L‘U"rZ\ @ %ﬁ:\ n:l:ﬁﬁT &%EEWL:\
'?%%?»@ﬁﬁ%EﬁT\%Tﬂﬁ@k”@#&ﬁﬁbﬁm
o CORIFIBEINIREHGALITEEDRGETORR
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https://arxiv.org/html/2005.08100v1
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Whisper : §§8Efid D FHIC k2 BRI

Radford et al. (2022, OpenAl), C C TIFEFHEX & REDZEsBRrksmallz F/oIcik S,

e Web LDERFCTHFA MO ZE>TES
o YFHEC L - REANDEEHER - S8z VIDE RS
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https://arxiv.org/abs/2212.04356
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Whisper® 7—F% 70 F v

Transformer®Encoder-Decoder. EE Dsmall=fH)iZd B,

SEOFILIE 16 kHz. AW DOE - 80F ¥ X)L OY XI)LEFEHE
2/EConv + GELU BSRI A E % 1/21ZfE0

TransformerT>1—4 BERXRR%ZHE

Transformers1—4& BEDOH I BEFERIED S HSBIFER

<|startoftranscript|> # B

<|jal|> B
<|transcribe|> # MXFEIL
<|translate|> # REEAEIR
<|notimestamps |> # Bz HEBWISE

large-v3IF128 X JLF ¥ Lo 80F v RILE WS ERRRZE2ETIILA—fRIL L7ALY,
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https://huggingface.co/openai/whisper-large-v3

SRR ER5 | E8[m

TILTALX

Whisper®d €
tiny 39M
base 74M
small 244M

medium  769M
large% 1550M
turbo 809M

#J1 GB
#J1 GB
%2 GB
%5 GB
#10 GB
#J6 GB

NILREADMED I, EOEEE XA EUEIFIHES - BT r SHEICKE>TED S,

EZL small , XEY -

FHBEEMEICIGLC T base ¥ tiny AEETE S, HAFETIE .en BLZEED,

turbo IZEMERAICIFFIIESNTULA VLD T, EIEREZICIE small =FE D,
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https://github.com/openai/whisper
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WhisperDige . ERZMHETHHR

v hHME WRT—Etwv b TEMEZETICTHE, REOXETOREERIETIZARL
SR %2R XFEIL. BEADEER. S3BHA
RALRRAT BEITET A NEAL, BEEERZIZattention E DTWIC K 2 EMMEE

o0
e

RVLWEE B3OMERZINERIIE, BIETIFFIDRHT TR FHRMEHICED
Saaaan D ME - LRETORZEDTFX b, EBRERFALRLEDIRD =R

word timestamps=True (&large-v2LABE7= 1T DIEBETIEZRL)e language="ja" IFERMESIHEDIEET. EEZREL K
LYo

NIltranscribe%E, BFSEBRHBIIRVIDREARIMN ZFES,
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https://github.com/openai/whisper/blob/main/whisper/transcribe.py
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ASRIL—LT—0 + 54T Z)Df

ESPnet End-to-EndBEFNIEOETILEFEFL K
SpeechBrain ASR - TTS - EEEIE% & DPyTorchy — )L
Kaldi GMM-HMM*>DNN-HMM 73 & O & & 5358
fairseq wav2vec 2.0 - HUBERTA & D RFETIL

Hugging Face Transformers  SSETILZHEBAPITHIE TS 1T 3

from transformers import pipeline
asr = pipeline("automatic-speech-recognition",
model="openai/whisper-small", device="cpu")
result = asr("audio.wav", generate kwargs={
"language": "japanese", "task": "transcribe"})
print(result["text"])

BVWVHAEEBEE DA, transformers » PyTorch « FFmpegDEADNE, XDEE|F openai-whisper ZEHE[ES,
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Y : Whisperz{E>THES (Step 1~3)

1:ColabT1I>X b=l

%pip install -q openai-whisper jiwer
lapt-get -gqq update
lapt-get -gqq install -y ffmpeg

2 . FINT AR

import whisper
import torch

device = "cuda" if torch.cuda.is available() else "cpu"
print("#EHET /N1 X:", device)

3:E€FIIZO—-F

model = whisper.load model("small", device=device)
decode options = {"fpl6": device == "cuda"}

GPUDEID HTIFRIRICL D, CPUTHENK HRREDD D BZED D B
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KE BB 7 7T1ILDEHE (Step 4)

from google.colab import files

# BUOVEEIJ7MIILZ1DER
uploaded = files.upload()
if not uploaded:
raise ValueError("8F 7 71 Z1DFEATLSIEEL")
file path = next(iter(uploaded))

result file = model.transcribe(
file path, language="ja", task="transcribe", **decode options)
print ("STEMER:", result file["text"])

# CHIEITX Y FEUDRALARY T

for segment in result file["segments"]:
start, end = segment["start"], segment["end"]
print(f"[{start:.1f}s - {end:.1f}s] {segment['text']}")

language="ja" |IFAXEE L L TEeM I XM ZIEET D, C TR I BRI ET XY MEL
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XE : V1 7&8 LT (Step 5)

AR DStep 5124 B RECORD IS ¥ record audio() DERZ HFICEKITIT B,

=] eval_jsTERET T DPromiseZ#F2
DKLy MediaRecorder®EEDMIMEF, X TRTE L. FFmpeg TPCM WAVAZH:
T I« RO EBE5THY A U Dtrackz(Z1E

recorded path = record audio(sec=5)

result mic = model.transcribe(
recorded path, language="ja", task="transcribe",
**decode options)

print ("FREFER:", result mic["text"])

BT —RESNDSWAVLRE LAV, THEBIF16kHz - £/ 5L,
TSRS EFBTERVESE. BRTHELLT 7ML EStep 4T v TO— RTE 3,
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file:///tmp/onsei-ci-validation/docs/sessions/08/
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%‘%’ : AT a B E CER (Step 6~T7)

A CBEE CHREZ LR

audio path = file path # YA J8EXR5 recorded path
result ja = model.transcribe(
audio path, language="ja", task="transcribe", **decode options)
result auto = model.transcribe(
audio path, task="transcribe", **decode options)
result en = model.transcribe(
audio path language="ja", task="translate", **decode options)

BAEEDIFE C L 2 CERTE

from jiwer import cer

reference = "SHOXSUIIE THRC TRIFEA LIV
# EDOX% audio path DERBOHEFENEZZIHZ S
hypothesis = result ja["text"].strip()

cer value = cer(reference strlp() hypothesis)
print(f"CER: {cer value:.1%}")

MiRDZEBLEITZRE. AFRREIIZRTRE. EFRGTRICHEZES, &

L7y,
NBEEE /R FEAS

EENER = BASEDIERL &£ DCERT

o=
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EEETEETITTIEITT
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HFIMGE

o ERICEINI-ANBZIEEXICT S

%
%
%
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o Bt HIFR - AL, RELITDEWVWEZEHRRET S
o SEIDEHZEFTODRRE. FEPREEEAN—MILLEL

CERIFFEEANZ LW 100%Z XD DD Do
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1. End-to-End ASR : XF C L DFEMUEZ F/IICE R Y. RIDEXRTEFETES
2.CTC : FICIERRICR B XIIG/N A DERZ B

3.AED : T EREr BEEXRRZE>CECRFET I—F

4, Conformer : Self-Attention BHiAHZHAEHLE I O—4

5. Whisper : [R5 13680,0008F I D55% kM dH D FH. hk « §58 - FHMERHGZXEIT S
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AR 2 T LOFHIEERR (WER « CER * SLUERYFIY—7)

o WER * CERZHRICEDOWVWTFHAET S
o IBEEEEEE (Levenshtein IBE) ¥ ORR%EIEMET B
o SLUERYFTI—7IC &2 EKIBAEDFHE

Fo[ElIIENE[E] T 3,
Google Forms TR bHA'H D £, FHail
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