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® Microsoft switchboard system ® CHIiME-Challenge®%
- EIEEE , ERERR/N - PRGBS , AR | TiEE
- Native English Speaker « BERYRImMEIREE
- ZIEHAYERD RS - IESEREANIEIEL
- ZERGRMIERS - ZERZME

Siri Google Now Cortana Echo
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— Variability —

Accents Noise

Dialect Side talk

Style Reverberation
Emotion

Head phone
Land phone
Speaker phone
Cell phone
Coarticulation
Reduction
Pronunciation
Hesitation

Interactions between these factors are complicated and nonlinear



GritE R
W = arg max P(W|O) = arg m‘%*{p(O\W)P(W)

W = arg max p(A|0)p(O|L) P(LIW) P(W)

Speech Waveforms Acoustic Model

Recognised

Front End Processing Recognition (Inference) Hypothesis

Lexicon Language Model



SRR -p(A|O)
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a sequence of feature vectors.

ie. p(A|O) = 4(A,A(O))

. BHHENE—MEEANEE , ie. p(A|O)=i(A,A(0))
- [HEERXR , BEREBEEHER
- ARIBEESEEMBIEXER

> HARE : RIERRmAHHRIE

> RBIER] : fods ( pitch ) BB ESEHIRE



mAFRE-p(O|L)

PFERE—MEREE | BRI LSRN EE SIS A RRE.

- EFIRBRRKEINRIAZ—,
o HERERpO|LBPZBEARNES RS , 18X, &1, F. 14,
. Hidden Markov Model(HMM)Fa&T/REl &R | I 55%A.

HMM#IAAR— PN EEANBIRRSEEN , AL — AT RRESINHEEERY | &
BRI | FEMBCNSHRIRESFY , BIEER. 875, 1a.



FHREEI-p(L|W)

SR AR SR [ T 2.

- BEEFEZFEITZEIEN T — T,
. BALARE—MEENAIRE ( deterministic) ,

- EFLUR—MRREZEE ( probabilistic ) ,



IBsi=E-p(W)
IESEEE— MIEERIEE probabilistic model:
- S5|ISEEEZX (EEERHERIER U T—ME ) .
- HREZRTTZERTGEEMY | 552 EZEEEIRTT.

Great wine vs Grey twine

15 S R RERIIE AR5 E B2
> FFXBEHEE

( <s> <one | two | three> </s>)
> FIHESHEE : n-gram ES1EE

P ( wi,wa,...,,Wn)

—

n-gramGEHESREHMMEFREE 2z TEERBIP.
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W = argmax p(A|0)p(O[L) P(L|W) P(W)

RAOELE
o IR vs. S
o SREMS vs. B

« One pass vs. Multi pass
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Feature Acoustic Language

Extraction \Yi[eYo =) Model
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MiEZFE : MS, Google, IBM

SR P, pr————

Switchboard(test set 1) 18.5 27.4
Switchboard(test set 2) 309 16.1 23.6
English Broadcast News 50 17.5 18.8
Bing Voice Search 24 304 36.2
(Sentence error rates)
Google Voice Input 5870 12.3

Youtube 1400 47.6 52.3
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B ZE (CNN ) IR MZE ( RNN ) FAERHSIZMZE (LSTM)
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SwitchboardBiFiEF Rzl ZREHiE
SWB WER(%)
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8
I 6-6 6.3

2011 IBM 2012 IBM 2013 IBM 2014 IBM 2015 IBM 2016 IBM 2016 MSR
GMM-HMM DNN-HMM CNN-HMM  Joint CNN/DNNJoint CNN/DNN/GG+RNN+LSTM ResNet+LACE
+RNN+NNLM +NNLM  +BLSTM+RNNLM

14.5
12.2
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CLDNN FSMNN VDCNN
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¢ IFEERE € ZESHHG
¢ ZERERE & MITERRE

¢ ([LEuElR 0 ...
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« IBF , indp , EEKE...



ToIRIE IR R

RS

STERENIS T (LR 1ERE

* %iﬁ/ ux%l:l Iﬂ%}_‘_ *E;FU

. EIRL

2 PSEI= VeV

° ﬁﬁ)%%*/ \}EF—I X =

Cluster Adaptive Training for Deep Neural Network

Based Acoustic Maodel

Than Ban, Stmbrnd Wombar, (GEF. Forman Uian. Mombar, [FEE, wral B Vi, Spnioor Melombiyr, [EEF

Very Deep Convolutional Neural Networks for Noise
Robust Specch Recognition

Youmomin Jhan, Mivssbew SEIT, Mianguiss L Soabenr Myssbery SO, Tian Tan, Soalver Mosses; [TEE,
o T, rmaas Mipmibes, (EAF

AL 4 S L v

Meural Network Based Multi-Factor Aware Joint
Training for Robust Speech Recognition

Yoo Chan, M [TEF, Thar Tan, Soadew Mamber 81T and Doog Yo Sesbor Mesdbey ALTE
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2012ECUED 2013EBMSR
GMM-HMM DNN-NAT-DP

11.1

2014MSU
DNN-JNAT

RSN
Aurorad

AuroralVER(%)

10.7
10.3
10 9.7
I I I |

2014ENUS 2014@BM
DNN-TVWR  AD-OSN-LRF

2015JSTC
JointEFE-BE

20153BJTU 2016FEU 20163BJTU
DNN-MT-JL MaxCNN-Adpt VDCNN-RNN
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Youtube, BBC, etc
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Multi-Genre Broadcast Data Recognition Challenge

 20155BBCFIEPSRCAEIHIEPRLLE
© APERIUTSIHRE— , BIYKNIBIRTE S

> iI55iR51

> IR A EIERE
> FRiERSST
> BEFEESER
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ZiE = MMESIRER IR/ MEFMEE IR

BANREXNERFRSH
» ZEEIARPARIBableitkl , SXEIDARPARIGALEItX
- FEER , ZREEE | 56T KX



REIRRFESZES
RS (%)

EEAHEZSEIAFIHU 62.8

EiERRIEAFSITU 56.5



KiTRERIR
EEH : R RS A
. AR, R, B, IR - AU EEEERA
RIS (A . BWEA. FURE. BB



B REER

© EERAPEREEYCR SRERRE © BERFESHEEBYCIEL D



1. HEEREXEARE

2. igE AR xR

CONTENTS BEXRR=V gt

4. B ENEERE




« 9 XERIEEHFRAE (14t% , IBM , IDIAP , SRI, CRIM , F/RigTE T AS#BUT ,
ETEKXRS, FTREEREKKE , BEAF(LEBAEK))

o 13 AMZOEFRLIEAR (3. #E. Hmt. =E. ek, Fe $E)
. 2011%&5%LIk , FTEEE#820,000,5Z0E X E43|FH10002)%



Kaldif4F = 58200
(%=1
FTEAC+ +HRERNETIRAIFRLES
FEEETINE RS CHRESRAIFRLES
ER S S ERY BRI FARE XA T Em A FHISEIR fIFE
Kaldi=HTK+SRILM+QUICKNET+RNNLM+HTS......
A1)
W FR T ZRAETER, Apache 2.0,
FARAE : MIT, CMU,JHU, Cambridge, THU, SITUZ
TIPSR - MS, Google, IBM, FacebookZ
WKHE 7B MEFRAITUERR R




HTK-Hidden Markov Model Toolkit

HEUHARFRR , F—MESRAIFRLR
Speech recognition & speech synthesis
- ANSI C, 4005 TaHISZHY
105 ZE/MAF , 50002X5|F

« A5 (1989-)
> 1995, V1.5:HMM
> 1999, V2.2:MLLR,MAP
> 2000,V3:VTLN,HLDA
> 2009,V3.4.1:MPE,Hdecode

ATt R G B SE E N ISTAIDARPATEIRIE 22
g NEEIRpEEIL205 , E2lIDeep LearningRYHil



HTK-V3.5

HTKV3.5-2015F%%0

- B MEEMIAS S

- BETFRELMNERNEIENAN

o ETHEZMERILERIM)IGRR
« Release soon: CNN,GRU,LSTM

{ERHTK-V3. 5N RSEA1S 7 S MEFR PSS
2014 - IARPA-BabelBZ . 5016 : IARPA-BabelTiZ
2015 : IARPA-Babeli@ZE



CUED-RNNLM

QA , 20155 K7

- CUDAHTIIIZRT 5%
» Class/Full output
» Minibatch training with GPU

o RIS IZFFOH AN
> Standard CE / VR / NCE

- RNNLMBE&EMNHA

- RNNLM5SHTK3.5&Kaldify&4s

> Lattice rescoring
» Support HTK lattice directly
» Support Kaldi lattice

- FARYSAEFNeEE Recipe
- BT AMMEHIRNS N EERRS



Deep Learning Toolkits

LA

TensorFlow



Computational Network Toolkit
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