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Automatic Speech Recognition (ASR) / Speech-To-Text (STT)
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E2E ASR Language Model ~ Post-Processing

Beam Search Decoder
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Transition Probabilities
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George E. Dahl et al, Context-dependent pre-trained deep neural networks for large-vocabulary speech recognition, IEEE Trans on Audio, Speech and Language Processing, 2012
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Grapheme to Phoneme End-to-End ASR 2 El

Grapheme characters y; are
modelled by the
CharacterDistribution

AttentionContext creates
conte\t vector ¢; from h

| "31 /\ b33, |
N b34
VAN, / \.'\ \

l b21 f
\/

Long input sequence x is encoded with the pyramidal
) BLSTM Listen into shorter sequence h

Baum-Welch &%

Listener

Init A, B | : If A, B convergence:

Expectation | Maximization

FromA, B /) Frém &y
Compute &,y Compute A, B

William Chan et al, Listen, attend and spell, ICASSP 2015



NAVER

2.1 End-to-End ASR 4133 2 & Do

Grapheme characters y; are
modelled by the
CharacterDistribution

End-to-End ASR E &Elo| AtA

AttentionContext creates
context vector ¢; from h

and s;

Ys—1

Long input sequence x 1s encoded with the pyramidal

I
.5y BLSTM Listen into shorter sequence h

Listener

William Chan et al, Listen, attend and spell, ICASSP 2015
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audio-text pair
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End-to-End ASRE &S 2|st G| O| EH

- Speech-text pair data
- YHo| Hlo|E R

1) AR Wl SHAT 5Y (e, 52 B 5)
2) M| 2ot SR SY (O F, M, Lo], FX 5)
3) Mok FAL
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Fnd-to-End ASRE 2 S 2|3t {|0|H

- YEO| + LIHE2| + Speech-text pair data
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End-to-End ASRE2 E! X 7|X| £ st &H
- Transformer= text8i0| audio L|O|EH Bl = S5
- SHX| 2, RH2| K| = at&? O A|? LabelO] S=0H|?

1) €5 audioE X|&1

Contrastive loss

2) 2|9| audioZ X|-2 audioE 0= E =& r
Context. C []
3) E‘”O‘ ‘-l g %I—XI- I:'<:_>__|Tl QEH 7“:_|.E‘|jl_:| %I-é-)l representations

L] [ ] [ ] [ ]
© Transformer
- OpX| AMZHO| St&5 St "HA D) S A} .
eprocentations O © @ o @ @

Latent speech Z#

52 i i dion i,

raw waveform X

A. Baevski et al. Wav2vec 2.0: A framework for self-supervised learning of speech representations, NeurlPS 2020
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End-to-End ASRE E! X 7| K| sh5 &H

- MighEl A0 =2 HIoHE XMelotid 2 E2S ofgot/| /o

LS L—

C
- multi-node multi-gpu 24578 AHE

Contrastive loss

Context
representations

Node N

Node 1 Node 2 Node 3

GPU1 § GPU2

Quantized
representations Q

GPU3 § GPU4

Latent speech # oo o0
representations

GPUS5 § GPU6

raw waveform X

GPU7 § GPU8

A. Baevski et al. Wav2vec 2.0: A framework for self-supervised learning of speech representations, NeurlPS 2020
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- HIIX|&#: WER (Word error rate)
- 2d Ho|H:
- Librispeech 960h (T1AF | O| Ef)
- LibriVox 60k (H|T A} G| O| H)
- 7t §|O|&: Librispeech dev-other/test-other

dev-other test-other

m 2tels m A7 X Ests mA X 2ehE (LV6OKAHE)

A. Baevski et al. Wav2vec 2.0: A framework for self-supervised learning of speech representations, NeurlPS 2020
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Self-supervised
ASR training

Supervised
ASR training
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Autoregressive

- n-gram, GPT

Bidirectional
- ELMo, BERT
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3.2 Beam Search with LM 2008

Shallow Fusion (First-pass rescoring)

- ASR model &E&1} LM2| &&E S otX A Beam Search
40f A

- Autoregressive & 2| 2 &

PLM(Yl: "'in) — t_lpLM(Ytlyl:t—l)

- Shallow fusion
Scoressp(Y|X) =log Py (Y|X) + Alog Py (V)
- Beam search step

Scoregsp (Y1.e—1|X) +=log Pyp (Ye|X, Y1.4—1) + Alog Pppy (YVe|Yye—1)
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3.2 Beam Search with LM 2008
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3.2 Beam Search with LM 2008

- Multi-level Beam Search

AMZ2| vocab unit (character) 2} LM2| vocab unit (word) O] &2}
shallow fusionO| 0|22 85771 US.

— character tFH2|2| LM2ZE beam searchE SICHZ CHO{ 7t EEE| = AS

word LM B2 K|S A AR
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3.2 Beam Search with LM 2008

- Multi-level Beam Search

—

Py %‘—)

LM score 2oy .
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3.2 Beam Search with LM 2008

Librispeech Word Error Rate

dev-clean dev-other test-clean test-other
B None M4-gram M Transf.
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https://blog.naver.com/m_naru/222390238776
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Oldiz T @M= St Keyword Boosting
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Clova Note dataset Keyword Boosting
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38
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4.2 Post-Processing

t=d doa 7Tt 242 7

- Punctuation
- Truecasing (Capitalization)

- Disfluency Removal
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argentina defeat france on penalties to
win the 2022 world cup this game was
everything today with the entire world
watching and two of the sport's biggest
stars and club teammates at paris saint
germain squaring off head to head for
the title, these teams delivered
arqguably the best world cup final of
all time and one that ended fittingly
with the game's greatest player lionel
messi finally winning a world cup

Argentina defeat France on penalties to
win the 2022 World Cup. This game was
everything today. With the entire world
watching and two of the sport's biggest
stars and club teammates at Paris
Saint-Germain squaring off head-to-head
for the title, these teams delivered
arguably the best World Cup final of
all time, and one that ended fittingly
with the game's greatest player, Lionel
Messi, finally winning a World Cup.
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cOmima,

. capital question  disfluency capital  comma period
capital

1

Multilingual BERT

I 1T 1 | I | |
cEEmomoD@eEn
—

Hi, How are you? | am fine, thanks.

how
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segment segment?2 segment4

speech audio Input
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Labels

0 20 40 60 80 100 120 140 160
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that

curiosity beside
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. 1 at .
* Confidence: exp (; i _ilog Pyer (yt\X)) this|  oment
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4 K| O Background Channel
- Aheds Noise Noise
- Mot 00|34 =8 &
- 7|Ef augmentation

- speed perturbation,

- spec augment




5. MH|A & Ard



CLOVA Note*

M = E 9HS7]

@ &
B Al =&

S&4}
226 OCR AMB|A
=24} 718

7t

| S

felr

12

A

=p [ 5 B [

i):l

Al

Ofm

H 3008 E1208 42>

Ji

ro

22 2xs 0|8 7t

[

olr

e i

Sz EoA

4
0j2{22] oAS EFAMIR

g 0J4|Z!
saejin@naver.com

(%)

A E

OIS 718 F=2t=]2| 98 25

AHEE ZAF 2R QUEF
OHAB|A|! A1 7

7|E OloIE| S+

—_ - . ’ N i1/ =
¥ ‘- ( ) Iy’
\ J J

[ } (=] - J |- >

A

0Z
A

AF 1R} QIE]

T

OIS 718 F=7tzle] 88 4%

2| AA]

ol

92038 2% 12:38

8.28 % 2% 3:36

8.28% 2% 2110

8.26 3t 27T 910

8268 2% 410

8153 2% 2:03

8NE LF 2:28

8.23t 2% 1:50

818 2¥F 2:28

INELF 2:28

NAVER
DEVIEW
2023

1/

B4E

36

HL

49

AL

50&

60

HE

37

HL

48%

43¢

48

HE

48%




NAVER

5.1 S2H L E DEVIEW

- Apple App Store 2L=2| ¥ M (2021.04)
- Google Play 2021 Best of Awards
=ofe eIV A & =ofl= S EEAE A28 = (2021.12)

SRHILE - AISYIIE
=OE Hi E= SIS




NAVER

52 S2HH # 02 e,

M&= Ol&A of= Al

ZALA171 =5 U= AH|A

CLOVA CareCall with HyperCLOVA

J(1 ..M A
SAILLR?

W|, XtCH X R

0| FEAIZO R, M= 2}
U=, WEEet SO|Lt XHS OFA|H

02178

290K, 10IHL

SX
7|

Ir J

Al-g_l S i

TUHA S =HE A O

[HACZE MF

==
m [

MU R

I-H
2

>
o
rok
|
=
i 0]

-

XHe AH|A 0|2
05%2| SEIRF= A& A
ol &2 MHlA BHEES

w
ﬁ
i
In
N
in
k-

-

Q HUQ? BX|2SIA|H| 2!
HA0| UOHE XEF ARHSHY| Q7

H K

HIEO 2 L5 & Edl=




- VITA
CEAM XS X MY A
- 32 32|00|E{E0| AtBBt D US

- Weverse (1 VLive)

- 238 1=27] 20 MH[A O

da HIC|20| SHSOIMZLICH

ZEA|3t 7 TN L.

ZA

NAVER
DEVIEW
2023

00:0908/08:53 |

< T 0

HAE AE A1t

r,"

M

L J
Al 20[A

AE[A GIPHY




NAVER

5.3 Y4 XS XHEE AH|A DEViEw

ur1051 P & - 8 % N =Rl 69%= ut10:[49 = ® - B % X =4l 69% =
~ & O ~ & O
H|O|H &2 KING LEAR (21012 AS YOU LIKE IT (SELHEE SHHIS)
. KINGLEAR (2/01&) > . ASYOU LIKEIT (XCHE 3tAIR) >
- SMOIA S AFE2 ot A= AHOF Al

2:06 =oum 0:09 9:52

ARONE | BECEE BCERONN | BEC R




NAVER
DEVIEW
2023

A

5.4 B2B A{H]

[P OZHAER STTAH| A

M|
A

0] 2 O

A

Voice EMR A{H]

=

|

L= RN
==




NAVER
DEVIEW
2023

E=m]

- OOl =& X TArL| X352

=

- CH20| Al X



