Chapter 12

Automatic Speech Recognition
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e HTK

Hidden Markov Model Toolkit

e Kaldi
https://github.com/kaldi-asr/kaldi
Hybrid HMM

* Espnet
https://github.com/espnet/espnet
End-to-End Speech Processing Toolkit




e IAA (ASR)
o E I

= ob by
N =~
—
A B .

11



i A ES A

IR AT LA A (W7t (2 AR

H A g 1 N N ) \} H
B, B 702 ] Wordsw_-_smechx
SpeechX__-_Words w

VTR0 0] AL B AR R T R
—plug-in MAP decision rule
W =argmax p(W | X) =argmax P(W)- p(X |W)

WeQ WeQ

— argmax PL(W)- B, (X |W)

WeQ

12



T N AR IR
W =argmax p(W | X) =argmax P(W)- p(X |W)

WeQd WeQd
:arVerTglzaX B-(W)-p, (X |W)
o P(X[W) —— @R (Acoustic Model, AM)

— AW B I AR R IEX A MR
— TGRSR FIT. AR IE EE F]

. P.(W) —— {E=Z A (Language Model, LM)
— (D) &= Ha] 3R 7 21 AL 2R
— T B R IEBEAR AT A ] 58 B B iR 4 A AT R ik

» RIS RAE Q

13



BFEEAWRMS

T

14



ASR|F] J b B B L =N

. FERRRIER

— WA & i @R F T, R AT

7] 1% é&ﬁjaﬁ
* 15 ;ﬁyiiﬁ

A5 A R MM 25

— A T RGBS H S thn-—gramiE 5
PR, R A P A 9 ()

- fRIEHER
— 4 S HMMSE
— AN RIEVE M 25 A

AE S n—gramf A4,  dnfa] )

R R P T L AR

BRI R AR E K, Y R

e HY TR

15



1K

Ruash
T

=
X
Al
;8




] B R ) = 2 A

e HUM: Hidden Markov Model
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* Minimum Classification Error (MCE)
* Minimum Phone Error (MPE)
* Maximum Mutual Information (MMI)
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— Bag of words (multinomial model)

— Multinomial mixture model (mixture model)
— Latent Dirchlet Allocation (Bayesian model)
— N-gram (Markov Chain model)

— Neural network (RNN)
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 Confidence Measure for Speech Recognition:
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o RG4S (System Combination)
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o i1 (%) IE®E (Word Accuracy)
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DARPA ASR Benchmark

HIEARRIES
NIST ST FCRAZES0%, Sl May. ‘09

100%
Switchboard
Meeting Speech
LLLLL L] — 5080
spesth
itehbga gL laF i
- - '.. Mows I in
E?Ehnhh -'\ M s f;.- abilc 10X
] ik e
. \ B3 #) TS Fisher (UL
32 ' gy News English 1X
- 1 Mews English unlimited ]
= 10% ) =
o l Hews English 10X
Ll
g ﬁ v\) E[J
SWHEFR

mh AN
ﬁﬂiiiﬁian‘n be of Hulgan Erro iﬁ%‘iﬂ%ﬂ 50%12\1:
BIIA 2l
96% 98%

© Woss Maes 11390 T15a1 11952 11593 11594 1 1935 11806 | 1987 | 19867 1988 2000 20011 2002 4003 2008  Zoeh 2008 2007 2008  Z00% iﬂ_mr

hote ol
Bhondoerds omel Tedwn clagy




