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Large Vocabulary Audio-Visual Speech Recognition Pervasive Speech recognition

>Pervasive deployment of speech will require better
Chalapathy Neti & Gerasimos, totamniaros recognition in degraded acoustic conditions:
IBM T. J_ Watson R 'esearch Center High noise ("speech babble") e.g.

Yorktown Heights, NY 10598 V Military applications

V Automobiles

-Motivation -/ Video Games & Interactive televistonj U
*AJV speech recognition architecture Whispered Speech
-Visual feature extraction -Privacy

-Audio-visual fusion *Lombard speech
-Results High-noise conditions

-Challenges and conclusions S peech pathology

Audio-Visual speech recognition is a key enabler

Audio-visual speech recognition: architecture

IBM's ANV speech effort
History (wwneosrearechibm~com/AVSTG) Visa Reo of Visual Vsa

- ~~~~ ~ ;ý Ab= 3yu l lotz.> Interest Features
-lod the it-U Workshtop team on ANV spoech teoungitiote. 2000( rL Sram gxtractio (e~g OCT) Moduel

- AVSTG departnment founned in 2001 t
- Taught on ionvited ELSNET tutorial nn ANV spoech recognition (Proene 2001),f

Highlightsldifferentiaiors of oar work v a 04. ipnthenis
- One ofa okind database for AV LVCSR
- Stao-of-tie-ont audijo ASR sob-vtern (LYCSR) Joint * C

-Folly antomatod visual front end Model rc
*Mottironotoi-ofnod-etecion 

-er

-Sob-phonetic vinual speech module Audio Aodio
Audio ~ Features Adi

- Phone-level awnvouronont A/V fusion Sra esr
~iStreamdttriug.o o epts Model

- Multiple dontoin explorotion

*Vi-o udap.tion te.on dnuonna.
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Visual Front-End ..I i-e t lt . .RA.' I

*Multiresolution face detection:1rxilxs
Search far skin-tone pixels 44 trL,

Search image pyramid across scales & locations. A-6. rld cro i
_-Each scquare mmx region is considered as a face

Hierarchical, pixel based approach,
using WDA and PCA. * lii'Sr- /1 n-o

oin~ '1' It-ft- ODA/, xi
NIRIx T IM ,).

bce' Ix dy-W1

5-level pyramid with face detector at each level

0~ nll mvi tl~xslrr 111dM trOilAS AV-AS ,

Audio-visual Fusion T7echniques rlixxxx

" Feature fusion j\ 1  z' L~I--&sxsx~xdtsx-nr'xxxyrsii

-Enhancement approach 0:5'- A-A !;~. 3i A, lst

- Dincriminant fusion St___ 3*v--.Phii- is-riI x-h-norx trsri 1 1MgMI
(H-iLDA) ' -- 5nsxnrnn. idI)

"* State Synchronous ~cii*Si-iMticuirriiiirs_
Multistream HMM AV~u-iI xsdv r iolml- ZMtMtxxsrs

- Allows weighting decisions Yiildxxxsstisulxviixnlx Il if.PsT~

"* Phone synchronous MIX otif sr A,.) insveilrlxs htnu-xs. o 5cr-c xrisi-nrls

Multistreamn HMM Piirtrx vxii nsi-h, Minmiixi- lid-li-sn xlc WElt
Mrixsx ilxnixxx r-in l(CEl txrlxlx ks GPDO

-Allows asynchroxy within a -t
5

einsn nisy ufniiu- xxpennnixcAiA-hhxii

phone
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IBM VVAV databases

L\'CSR

lgn- fis-fl.k~r VCrId,

290 sujet Experiments on Digits
-70 hrs. continuous speeh,

10.400 wiord vocabo es
* Digits

- O0sutrJecis
- 8 46 hrs. continuous speech. I I

word vocaibularv

*Database Formal
- Frontal face color video,

70
4

x480, 30 liz. MPFG2
-16 kit'l6botpcmn

Fusion Techniques Results - Summary
Effective gain of 10 dB @i 10 dB SNR (relative to mismatched audto)

IBM \'VAV daiUrb- digit, Effective gain of 10 dB Ca 10 dB SNR (relative to matched audio)
T- Soa 0,, 8i'1.,
Tr- 50Vk t~04-(thr, 0OXWM1 imomA 1AC
H- frrorT-cir-i7irr511 rrx Pd lrn'Mbi0u Digits Task i-ea tivm

- ~ Train in clean

Test in noise

5' J-"h&O n". - - -Mismatched

-. ~ ~ ~Audio- + israut
as O 0(50Train in nois .Ir.

as acri -- iii ' -. ~ eti noisse -o

Test in e - --------u- -

MCIALtYa Nrat' RItXO UR~tit An Matched tA 1 ltto ATOrn.

Audio + visual GAM"MRTOMM."
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Results: LVCSR

IBM VVAV LVCSR database2
- Traiccicg (261 spta-. 35 Ins) W V~tA

-Test (26 spkc.7 2.5h.)- S1.c~ et~~tz

- Vocabatfars 10 400 words

Experiments on LVCSR p-, 11EG
NOISE: "Speech-babble" ae; 'ý"

HJ ~ ~ M&AT NORA0(O.

Results: Human .vs. Machine Challenges
IBM VVAV data

-IBM VVAV LVCSR database - - adtc .iuk-p

-Training (261 spkec. 35 tces) '- fdtcSPc atteat.

-Tesl (26 spbas- 2.Sbc)- SL Frotat Face taacforntt backgeroundc

-Vcbcle t~~ ssds - Unitr,,, tihting
-Fractal face video. 704,480t 9 Broadcast Video data

piet.K MPEG2 - Ada

-NOISE: 'Speech-babble" M'W-wq - -- p-tn~tt 1 ,rc
A" .Addittrnti-m-1,,arsic cheanet,etc.

Audio-ASR i1Ateac - untiorrntlighting
*Automobile data

AV-ASR -Audi.

Audio- human ZZZ2u.t ...cntacecc aýprech f- rd. - it
a~'ttt~y~ - Vidra

AVhma Pc-utfr rarat, cagtving Cdtcacgtcn

AV-human ~ ~ ~ WWA To' No Nc-attctt ttgtttt Cctitat

Super-human performance below 7dB SNR
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Conclusions

* Consistent and significant gains for all audio conditions
* Significant performance gains in "speech-babble" noise

- Effective gain of 10 dB @ 10 dB SNR for digits

- Effective gains of 7.5 dB @ t0 dB for LVCSR

"* Significant gains in relatively clean environments
- 62% relative gain for digits (0.75 -> 0.28)

- 8%forLVCSR

"* Super-human performance at high-noise levels
"* Asynchrony modeling helps for digits
"* Further research required in visually challenging domains
"* Visual adaptation is a promising approach

- Upto 67% relative improvement in visual speech recognition
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Who ? What ? Where ? How ? Meetings

Perceptually Aware User Interfaces

Alex Waibel

June 11, 2002
Interactive Systems Laboratories

Carnegie Mellon University
University of Karlsruhe

http://www.is.cs.cmu.edu

Email: waibel(a)cs.cmu~edu

Inttractive Systenms Labs ttoctis Ssstms Labs

Meeting Browser - -- Interpreting Human Communication

"Why did Joe get angry at Bob about the budget?
Need Recognition and Understanding

of Multimodal Cues

S'+ •1"" I • Verbal: Visual

SSpoeech -Identity

-- - -Words Gestures
"." - I• •Speakers Body-language

I- Eoton -Tmack Face, Gaze.Ps
I I IIGenreI I u 

5 ~a~ 5  
I Ln 5,ug -Facial Expresin

I ISummaries -Focus ofAtteto
i . ,r ' -Topic

•'d..... • -, .... ... .......... . •,, • -• - Handwriting

0ultmoda Speec Interactiio Systems Labs 0
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Human Interaction
* People ID- Who? Main Challenge and Goal

- Speaker ID. Face ID

- Type: Dominant. Submissive. etc.

- Relationship: Family. Friends. Colleague

* Speech and Discourse - What ? Robustness in Real-Life Situations
- Speech: Transcript

- Discourse States (Speech Acts. Topics). Games. Turn Taking

- Discourse Types and Genres (Negotiation. Chatting. Lecturing)

* Emotional State. Affect - How ?
- Angry. Happy. Sad. Afraid:... Busy. Nervous. Relaxed

- Discourse Style: Sloppy. Formal. Colloquial

* Localization and Speaker and Focus of Attention - Where ?
- Speaker Localization

- Focus of Attention TrackingV
týanteratie S) siems Labs tnteraci- Sssterns Labs

Visual Challenges Acoustic Challenges

Low quality • * • • Sloppy Speech Acoustic Scene Analysis

• Noise • Cross Talk

*Reverberatton *Distant Mic

Illumination

Head pose _ _ __ _

Occlusion

Ineracti- Sstems nLbs 0Intmee Systemns Labs
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Where ? Tracking People

" Face Tracking (Visual)

" Sound Source Localization (Acoustic)

"* People Tracking (Visual)

"* Behavior and Movement Models

Tracking People

IeIntive Systems Labs 0Iteractive Systems Labs 0

From Tracking to Modeling ActivityTracking Multiple People

WWI Inteaie S stems Labs ..... er0actase iveSv Labs
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Real-Time Face Tracker Real-Time Face Tracker
Three Types of Models have been employed

*skin-color model to register the face
*motion model to estimate image motion
*camera model to predict and compensate for camera motion (pan. tilt, zoom)

The Face Tracker
- tracks a persons face while person is
freely moving (e~g. walks, jumps.
sits down and stand up)
*Framerate : 30+ framsp secon~d
using a low end wo rkstation (P000)

or Pentium 11 266 P.0m'r H

Using a Panoramic Camera Pose Tracking by Modeling Shape
linage: 1 ters: 523 Tirne74 94559

Cyclovision's ParaCam -4

Camer ViewPanoramic View
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Face and Pose Tracking What ?
- Large Vocabulary Speech Recognition

- Issues:

* Sloppy Speech

* Distant Microphones

* Mismatch in Vocabulary

• Other Languages

- Many Other Aspects: Topic Detection, Named Entity, Translation,
Discourse.

Multimodal Dialog
FaceTracing - Fuse Speech, Pointing. Gesture, HandwritingEl Pa-Tilt-Zoom - Fusion Usually at Semantic Level

E31 Panor.n.a , GazeTracking - Audio-Visual Speech
- Combine Speech and Visual Info

Interactive Systems Labs Interactive Systems Labs

From Read Speech to
Conversational Speech Transcribing Speech in Meetings

- Wall Street Journal Dictation Run-On Transcription of Meetings

r eMismatched Recording Conditions- Broadcast News Database -Rmt irpoe
-Remote Microphones

- Transcription and Information Retrieval on News Casts - Cross-Talk

Multilingual Speech Recognition - Recording Always oa
0o- Noise

- Switchboard & Callhome - Multiple Spemkers

Ln - Human to Human Telephone Speech * Mismatched Speaking Style:

o s and Discussion Database - Spontaneous and Conversational
-Meetings Human to Human Speech

- NewshourT(gh) - Emotional Speech * Three Tasks:

- Crossfire (9h) Mismatched Language and Vocabulary - Newshour

- Special Ideosynchratic Topic - Crossfire
Group Meetings - Group Meetings

.tttivo S)stens Labs 0 Interactive Syslrms Labs
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Recognition of Audio-Visual Speech:
Conversational Speech (When nAcsic Processing isnot Good Enough)

Duchowsi. M nke Breler Meir. aibel
60 - CASSPW93. ICSLt"94, !CASSP*95.

II M-rtiss
so0 Nlrling F!

o3 Cn-str.
* ~ U N-shotaur --

40
30.

109

lsss-aris S~st-ss Lab, Intcsocsrse Sessems Labs

Visual Preprocessing Audio-Visual Recognizer
grayvalue modification -example histogram: f (p) = T(f(p)) k,= A. /rjpa + A,. hy-p5.

-~f(p) original grayval tc I= 0 A
- T modification function Faue

/~~~~~1 -~ ~ nwgayau . What Features to Use?

Fusion Level
6* Feature Vector

Phone Streams

O- Fusion Methods
~ fV - *Trained Weights

- - Entropy Weights
- -lm. ISNR Weights

nls-asss Ss-ns Lobsjs ntnsscmctsc Sstcsss Labs0
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Experiments Audio-Visual Fusion

*Task: Continuous Letter Spelling Bacost,. osty mgmyle-I OLEDA OPCAi
- Difficult. but smaller Vocabulary

*Speaker dependent D----

audio-visual results

*Fusion by Entropy Weights60
*LDA Front End
*Phone Level Fusion

cleasn acoustic 16 dB wttit 8dB white soise
noise

taterative Systems Labs Itoseacie Systems Labs0

Fusion Weights and Noise Who ?

K.-M- Phb-, t,.. Once we have found the Face

*Face ID

-Problems: Occlusion
*Speaker ID

- Problems: Distant Mics, Noise, Jamming Noise
- Phonetic Speaker ID, Qin ling

tnteractisve Systems Labs L W Itemesise Systems Labs
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People Identification: Challenges How ?

Low quality • * Detect Emotional State

- Happy, Angry. Sad. Afraid

- Distress, Busy. Relaxed...
Illumination • Techniques:

- Acoustic: (Polzin. 1999)

Prosody: Intensity, Pitch. Rhythm.
Head pose J Language: Words and Expressions Used

- Visual: (Cohen)

Occluston •Facial Expressions

Inieric S. stems Labs Inicracirse Systems Labs

Emotion: Acoustic Information Emotion: Language Information

Lexical metaphors
Son ofa bitch!S, ? -. , - AGsjmle

* *Connotation-loaded lexems
You're a spoiled rotten little brat'

___.....___ _ i "" •Intensification
" We ain't got the slightestf., idea what happened...

That makes me very very mad ...
(n.e S1_e 1-lercf,)

"Mte s, .ai---- -- 0 c Systems Labs 0
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Performance Comparison To Whom ?
(M ovies) • Focus of Attention Tracking

Verbal and Non-Verbal Information - R. Stiefelhagen, PUI'98, Humanoids'01, PhD Thesis'02

- Who is addressee of an utterance?

O.9os - Who is someone making talking to ?
0.7 - What is a human user attending to ?
0.6

0s5 Observation:
0.4 - FoA is a Psychological State, can only be infered or
0.3 'guessed' from correlates
0.1o k - Both Observed User and Target are important:

0 Sd A.9ry Pose, Eye-Gaze

H . Possible Targets: Noise, Movement, Faces, Speech

Interacti Stams Labs t-cive Systms

Focus of Attention Tracking Conclusion

- Complete Model of Human Communication is Needed
- Include all modalities
- Include different not only what was said, but also:

who, where, to whom, how...

- Challenges:
- Robust Processing of Component

- Proper Level and Method of Fusion
- Robust and Dynamic Fusion of Useful Clues

VARlnatsve 5Stymms Labs 0a W-tatocte Svas Labs0
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Where We Started...
[1993/1994]

Joint Audio-Visual Speech Recognition Input Video Output Video

and CMU Audio-Visual Speech Data Set (Low Frme Rate)IaeWrig(ghFm )

Prof. Tsuhan Chen aeLp

Carnegie Mellon UniversityanPoios

Thanks to Dr. Simon Lucey and Jie Huang Audio! Mpig ot Shapes moth)

Tsuhan Chen

Lip-Reading Audio-Visual Speech Data Set
*Thanks to Intel - Lip parameters extracted

*78 isoiated words 10 times - Noises
Vido Date/time/month/day/etc. - Gaussian white/pink noise,

Input Vie Audio: 44.8 kHz, 16 bits car, factory (Noise-X 92)

-Video: 30/60Hz, 720-640 - Babble/arosstalk
- Lombard Effect

TrauingFnso nhextsu 
a C e

Multimod SEetrcht eogtoiWrsop20



Face Tracking Lip Tracking

__'a,__<__"If__a Modeling color distribution of
mouth pixels

*Gaussian mixture
*Deformable template

Tsuhan Chen Tsuhan Chen

Customers... Fusion Techniques
"Signal Processing for Media Integration," ICASSP 2002
"* Coupled HMM for Audio-Visual Speech Recognition, Nefian et al., Intel r L -----
" Visual Speech Feature Extraction for Improved Speech Recognition, Al )

Zhang, Mersereau, Clements, Georgia Tech p(O",IW
"* Audio-Visual Speech Modeling Using Coupled HMM, Chu, Huang, UIUC----------------

Others ii -

California State University Queensland University of Technology Vd- -

Chunghwa Telecom Lab, Taiwan National Tsinghua University P(0, I W
DongYang University, Korea National University of Singapore lFabbrica Servizi Thersatci, Italy Norwegian Competing Center, Norway
ITT Bombay, India Shanghai JiaoTong University, China ________

Instituto Teceologico de Buenos Aires Washington University Eairly ~ Middl Late
0n2.com integration [int'egration integration

(Ell MI (LI)
Tsahan Chen Tsuhan Chen
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Middle Integration (MI) Lombard Effect
a Multistream HMM o Feedback

SVoice changes with background noise

'* * Lip movement changes too

-. :.. *Data set
/ /4

*/ .

Weak Strong

Tsuhan Chen Tsuhan Chen

Product Rule vs. Sum RuleResult (For Speaker Identification)

Weak9 L bo.srd BT.,f 0Go,,g Lonb-rd Efftot

70
0 .5 0 05

vi90l A.A doe AA

Tsuhan Chen Tsouhan Chien
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Product Rule vs. Sum Rule Quick Recap
a Asynchronous MI (LI) has more freedom than

synchronous MI (El) -*Better performance
a Product rule is better in Bayesian sense, but

sum rule is more robust to mismatch

a Robustness to weighting
Product rule fails a . Need to be careful about Lombard Effect
"dramatically in large ,,
train/test mismatch. a Key to multimodal fusion

I Hybrid provides good * To model dependency between audio and visual
performance in all signals
contexts. "To dampen independent audio and visual noises

Tsuhan Chen Tsuhan Chen

Visual-Assisted Speech Enhancement

Filter Perlbrn-nn Revilts

25

a 20L

Input Video a N
Beyond Multimodal ASR... E

S0i
Tracking

.28 -18 .79 207121221321 421 521 621

Adaptive
Filterinvg

Audio Cleaned Audio

Tsuhan Chen Tsuhan Chen
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Multimodal Biomnetrics Data Collectfion

Face:e

Senno Finenpierprintmcode

Sony* a 50 Iujcswt 0 mages each ng-

- Imag size: ab9u240140

Mirphn 10 images each eye S
Tsuhan clon
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Multimodal User Interfaces
Fingerprint and Iris Images [CMU-GM Lab]

Airbag Deployment Control
Face/Eye/Hand Tracking: Mirror/whee/panellneat adjustment

Dniver-Vehicta Interfaces
Cognitive Overflow Study

Driver D and Encyption:
Securtiafty, USE,-Peeec

Interview Video

Tsuhan Chen

Demo Vehicle Demo Vehicle

Tsuhan Chen Tsuhan Chen
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FaceCa m/Gestu reCa m

"'Visual is notnos-re

Tsuhari Chen

CMU PIE Database

Challenges...

Pose/Registration

Illumination

Expression

Tsuhan Chen Tsuhan Chen
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Pose Variation Illumination Variation

c25 co9 c31 •22 illumination conditions with background light

co7• 21 illumination conditions without background lightImmgmmml
Tsuhan Chen Tsuhan Chen

Conclusions Related Forums
"* Database is essential a IEEE Multimedia Signal Processing (MMSP) Technical

* Need to consider Lombard Effect Committee, 1996-
a Proceedings of IEEE, Special Issue on MMSP, 1998

"o Fusion is important a IEEE MMSP Workshops
* We can learn from acoustic ASR; we can - Princeton 1997, Los Angeles 1998, Copenhagen 1999, Cannes

perhaps lead ASR 2001, St. Thomas 2002
a IEEE International Conf. on Multimedia and Expo. (ICME)

" Confidence estimation is important * New York 2000, Tokyo 2001, Lausanne 2002, Baltimore 2003

" Visual channel is not noise-free a IEEE Transactions on Multimedia, March 1999"
SSpecial issues: networked multimedia 2001, multimedia database

2002, multimodal interface 2003

Tsuhan Chen Tsuhan Ohen
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Advanced Multimedia Processing Lab

Please visit us at:

http://amp.ece.cmu.edu

Or, please email me at
tsuhan@cmu.edu

Tsuhan Chen
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