Recognition and
Understanding of Meetings




We spend a lot of time
IN meetings
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Why study meetings!?

® Natural communication scenes

® Multistream - multiple asynchronous streams of data
® Multimodal - words, prosody, gesture, attention

O Multlparty soual roles individual and group behawours
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Why study meetings!

® Meetings offer a great arena for interdisciplinary
research

signal processing
speech recognition

language and discourse processing
HCI
Social psychology
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AMI

® Understanding human communication in meetings
® The AMI corpus

. Addrssm challgn es in mteractlve enylronments
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Recording multiparty
Interaction
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® [wo-party interacti




AMI Corpus

® Multimodal multichannel meeting recordings

® /0h ‘scenario-based’ meetings
® 30h‘non-scenario’ (real) meetings
°

|10h W|th remote part|C|pants (and using meetlng browsers)
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Headset mic
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Scenario meetings!?

® Scenario - team designing a remote control
® Each participant has a role (eg project manager)

® Roles stimulated by real-time email and web content
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AMI corpus example




AMI Corpus

® Multimodal multichannel meeting recordings

® /0h ‘scenario-based’ meetings
® 30h ‘non-scenario’ (real) meetings

® |Oh with remote participants (and using meeting browsers)

® Manual annotations
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Video labelling in NXT

File Annotate Wiews

= MITEYWideo player o —
B Ao A - action-layer
|Guerhead

[ standing up ] [ no action
lacation
action

action
] Emovinglacation
action UMNFIMISHED ]

F .

Ltart: 4724

Target: moving location
End: 475

Comment: --

Delete Edit Camment

typed e - entering
typed | - leaving
typed U - standing up
typed d - sitting down
typed m - moving location
typed Ll - unconzidered action

v Sync Text Areas
typed n - no action

time: Q00755 zkip: |5

+ 2w +3x +4x




Dialogue act labelling

File  “Wiewr Help

_,?' Tranﬂcrlptlun

1510093 sync. 44 Dka':.-' Requeﬂ Supp-:ur't {Euervhl:udy read':.-' :> ? Llh Ithmkthe first
thing we do iz introduce ourselves wi|f|  Adjacency pair
1510093 sync.324:0: Inform: <Okay = .
15100%a. sy nc.229:C; [vacalsound]
15100%a.2ync.326:00 Inform: <l think =0 =
15100%a.sync.3258:0: eah , that's a good plan | Type.. | POS

1510093 sync.6A: and Ewer":.-'bn:nd':.-' = name and what your function iz ¥ S0 maybe we start : . =

with you ¢ Target... D: I think so

1510093 =vnc. 1546 Okay . Weah, Dialogue-act: <mY fame iz Francina = . And I'm uh e Infarm
an user interface [disTmarker] MYy (mmmsmmmm e e e e s o R jbility s user
interface . And my rale is to desigi Acknowdedgment

1510093 sy nc. 8.4 Mm-hmm . IFfarm =

1510093 =y nc. 104 Mm-hmm . Ok
[5100%a.sync.330:0: And I'm the n Requests

k
]
b
Luggests ]
b
k
k

£ Edit Adjacency Pairs

SOUFCE. . A BEverybody ready
; e Request Support

=¢ Set Camment

Mews. .
out hioweta sell them -

151009 sync. 128 Mm-hmm . An Adjan:enn:'g.-' Pairs
1510093 sync.332:0: My name is E ]

1510098 sync. 144 Okay . Social-Affective Acts 1510053, adjacency-pairs. 1.
1510093 sync.231:C: Yeah . U I'm T trial designer and -- Request Zuppon

my rezpanszibilities are uh um um | e asailine : zound] --- P05

technical-functional designs and spemflcatln:ms of uzserinterface and dealing with uzer

interface dezign .

[5100%9a.zyvnc. 1624 Wery good . And as you already knowe| am Betty . | am the project 510093 adjacency-pairs. 2
manager for today . Sowhy don't we ook at the presentation [vocalsound] 1o see what -— REequest Support

wee really are supposed to do .

1510093 sync. 33400 Okay .

1510093 =ync. 184 [vocalzound] Um .

1510093 =y nc. 204 [vocalsound] Yez y opening , acquaintance , tool training . Well , the -

tools are, |think , we already [disfmarker] | gueszs the tool iz really our [disfmarker] the £ Edit Dialogue Acts
computer, as far az | can see .

[5100%a.syvnc.336:00 Mm-hmm . Dialogue act

1510093 =yvnc. 218 Uhwe get ins each of us will get instructions and we'll take it from Agent: B

there . Project plan, that fallz under the same heading pretty much . Um , | dan't think

we have any great discuzzion at this point . dm . DA type: =hnohnez=
1510093 =ync. 3380 Mo . k :
15100%a. =y nc. 235 Here iz what thiz thing zhould be . Thiz thing we are gonna um uh Do text: my name iz Francina
dezign ub iz a newremote control . Ukb zhould be original [vocalzound] , trendy , and ,

of course , userfriendly . Addresszee:;

1510093 sync.340:0: Mm-himm .

[5100%a.=yvnc.342:0: [wocalsound] - Reflexivity:

I OO0 s FE-0 - To mmaeho wonwnmmms malba coamo motas of that

AEsEssments

=f Set Comment

#® Delete!




($d dact)($t da-type)($h head):($d>%t) &
NOdS ($t@name="bck") & ($d # $h) & ($d@who=

$h@who) & ($h@type= "concord S|gnal")




Gesturing while speaking







Multimodal Recognition

Speaker diarization
Multi-camera tracking

Activity discovery

Head pose and visual focus of
attention

Multi-view face detection and
recognition

Gesture and action recognition




Speech Recognition
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“ASR Complete” problem

® Transcription of conversational speech
® Distant speech recognition with microphone arrays

® Speech separation, multiple acoustic channels
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AMI-ASR

® Jeam from Sheffield, Idiap, Brno, and Edinburgh

® Acoustic preprocessing and enhancement depends
on mic conditions

® |ndividual headset mics (IHM)
® Multiple distant mics / mic array (MDM)
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BEAMFORMER

beamformer
beamformer.

Basic system

PLPCMNCVN 0.

cmnevn
cmnevn.PLP.env

Speech/non-speech ;
segmentation

PLP/MFCC features

ML trained HMM/GMM
;
system (122k 39D Gaussians)

decode-juicer-fast_PLP_CMLLR4_50kLM09_M 1sys07.env
forwardfea-sbn forwardfea-vplp-hidaM1
forwardfea-SBN.env forwardfea-vplp-hldaM 1.env
sbn

PSBNMERGE_0_D

50k vocabular

VCRBEGEN_0_D

codevtin-crbe
codevtinSPH2CRBE.env

Trigram language model

ADAPT-CMLLR4-FM

Weighted FST decoder

JU-M1-CMLLR4_0_ D

decode-juicer-fm1-cmlir
decode-juicer-fast_FM1_M1-cmlir4.env




Additional components

® Microphone array front end

® Speaker / channel adaptation
® Vocal tract length normalisation (VTLN)
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Mic-2

N )
N

.7

Mic array frontend

.7

Noise

—>>

Reduction

—>>

Beam-
Forming

Channel

delays

Speech/Non-Speech
Segmentation

————————

Single
channel
audio
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Agglomerative clustering

e

Speaker-segmented speech




Mic array frontend

f=1000
90 1

f=2000
90 1

F

—
Noise

Reduction
Mic-2 |le— —»| Beam-
Forming
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O O

O

Agglomerative clustering

e

Speaker-segmented speech




Discriminative features

® |ntensive amount of work on discriminative feature
transforms (eg (H)LDA, fMPE)

® Posterior-based features from MLP phone classifiers
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L CRC features

Split Context ANN architecture

Class

I!- | half Hamming AV P8 probabilities
| DCTO-11 AT estimations
|ll i _ N
0 : e

Karafiat, Grezl, Burget, Cernocky



Results (RT07, IHM)

B HLDA-PLP

357 ] HLDA-PLP + LCRC

30..

251

20..

WER /%

15..

10..

MPE fMPE fMPE+MPE

Training



Results (RT09, MDM)

RTO9 evaluation, mic array

UEdin-1 UEdin-2 Idiap-1 Idiap-2 NIST-1 NIST-2 NIST-3

Meeting Recording



WER /%

60 =

50..

40 T

30..

20..

10 -

Results (RT09, MDM)

RTO9 evaluation, mic array
B Including overlapping speech

B Non-overlapped segments only

UEdin-1

UEdin-2

Idiap-1 Idiap-2 NIST-1

Meeting Recording

NIST-2

NIST-3






Meeting Segmentation

® Automatically segment meeting at different levels

® dialogue acts

speaker

it
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Meeting events

® Combine feature streams (speech, video,
handwriting) to predict events in meetings

® Pilot study detectlon of meetlng actions from a set
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Multimodal features

® |nformation is spread across individuals, modalities,
sensor outputs

® Four sets of features:

50 Prosody (FO rate of speech energy)
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Baseline model

® Define an HMM for each meeting action

® Each hidden variable generates the entire set of
features (early integration)

® Gaussian mixture model pdf

AH-I

444

(nnan mnnn)mnnnwl



Baseline results

® Measure using Action Error Rate (based on
sequence of correct actions

Spkr Turn Feats 55.1%




Multistream dynamic
Bayesian network (DBN)

Meeting actions decomposed as
sequences of hidden subactions

Multiple streams of subactions

Richer hidden structure,
distributed state representation

Feature streams processed
independently and
asynchronously




Multistream DBN results

® Results on same task using 3-stream DBN, with 5
subactions per stream

® Counter enhancement is a way to model action
duration




Summarisation

® Motivations

® shield users from 30% WER transcripts!
® decision audit, and other meeting review applications

® (real-time) summarisation for collaborative environments

® Extractive summarisation

ased on usual IR measure
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Evaluating summarisation

® | ow correlation between ROUGE and human
judgements

® Subjective decision audit evaluation

° ° [ ]
® Comparing summarisation-based browsers to find why a
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Summary-based browser

= Jrerret |e=nl|m=m
Experiment control

Start Experiment | End Experiment

AMI Meeting ES2008a | AMT Mee‘hna ES2008b | AMI Meeting ES2008: | AMI Meeting ES2008d | Typing tab |

media control

0:11:28 n £
ES2008a transcription extractive summary
SO TITS JUST SIMPIEr JUST TO JUST TUrN arsund ThE | _V _ ITSEIT , and | TRINK Tat s [dISTMarker] Ir 55 7 ; P ; : o
J PIET] ] > g : ] et | Ul — especially , like you know if I'm watching T_V_ | have have to have three separate 2|
we're gonna make a remote control , it should actuall\,f work for what it's doing . ; pESbEek: =) NA% Snes =
ME: Yeah ID - | agree with having too many remotes around .
'.Yeah : ID — What's important for me, | guess , is that it's easy to use

ID - And one thing | particularly like is if you are not um sort of moving it around to ¢
ID - but | know in my residence right now the the television you sort of have to walk :
ID — and | think that's if we're gonna make a remote control , it should actually work
ME — like are there some remotes that don don't require like batteries

PM: [laugh] Mm-hmm .

: So [disfmarker]
ME: What about like batteries and things like that, like are there some remotes that don don't
require
ME: like batteries or do all remotes require batteries 7
PM: [other] Um | would imagine all of them , but we could [disfmarker] but it's possible we
could use like a lithium battery um that would last a lot longer than like double A_s . Um like

PM - it seems we have a little bit of a conflict over um to uh combining all the remotg
ID - but that just has your major buttons for that work for everything , you know volh

ME - so it's like if you're locki if you're trying to get the T_V _ on that's , you know , li
ME - all the whatever else we have programmed into it it's all just in its separate plac

tho those are the batteries that are used in a lot of um M_P_ three players now and that kind . 2 3 : : R : ; S ¢ =
SEihing U - | 0 ID —and if um if you'd save the more complicated functions maybe for separate remo
L) . . - & > >
o : PM - so maybe have like cne remote that has the main functions on , off , channel ch:
ST o . g ; ; PM - 'cause you're gonna m need those special functions occasionally .
: Yeah , something that doesn't [disfmarker] X Z Sl s ) § ‘
ME: Mm—hmm = PM = Um but not necessarily on the m the normal remote .
: : Ul — are we designing a remote control for a television only
ME: Mm—-hmm , g F e s e Rl S S (G AR
SN Ul — Um or should we just stick to just stick to having television television related bu
: ! - : Fd : 3 e ME — | mean , if it if we're taking it just new product a new television remote control
M: Um . Okay, it seems we have a little bit of a conflict over um to uh combining all the S 2 == = iR SRAT i ]
T Ul — So we should maybe we should assume that i tit's just a television that we're wi —

remotes cont together versus having f five different remotes ., So um like you said you don't Y

. . = = : ; ' o Ul -1 mean I suppose it would be nice to have play |nr| anr’l IQ:ECL.'I’I an-’! stop buttuns o
like having all the buttons on one on cne remote , and yet you don't wanna have five remotes . e HE e S s A o S T e S N I 5 e R e A R R b Mt S e od
So how do we work with that ? ~| 4] | 3 |




Decision audit evaluation

® Finding factors leading to a decision is a challenging
task for users
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Browsing a recording

touch okay done

the reason its a dark on the other
side

a little test kind of the way first

because they swallow but will be
recorded on this side

not just start explaining on this
ervasive computing

that you cannot separate the the
context in contents

just before to meetings so its just

tll virtual okay one of the powerful

we started to work with them and we

sync Time Line

™

v

time . ||

70:00 71:00 72:00 73:00

w
N

Sync Transcript

Segment Excision

E:

.. it is an a device for those and users but somebody has to create the content that has the one for the device and
then find out the possibilities and um so here and probably making this device for both a bit the same time the so that's uh
that's one
situations will be different rerun the one yeah................... s a student of your role..................... S0 what
advertisement mediocre big might be great solution that's.. so commented beyond that are you have an issue issue which
is say you want to create a device that and rebels real world interactions with digital content and that suggests that the
content that people interact with it'll virtual okay one of the powerful things that we just case is that the content also is in
the real world not just oracle going to doesn't just use crystal as a way to navigate the database of historical curiosities but
actually the places you are the town and the real things you see around you are connected to the things you get from the
digital sources yes but i think the role of the real world is is is larger than the issue because
it's not written and then an interface it is also point of the content but yes very but uh yes so i have the first interaction
vision we discourage but i think we'll skip that because it's it is just what we we we've talked about um
..
is maybe a context vision..

RS . with the need any of opinion or feedback going to rewrite rewrite a prototype more examples in it was to
uh already set the better structure nico incorporate feedback kind of two presented with a nice uh document i will clear a
lot of the publication proposal we talked about um so refined is interaction vision and then by the hope to goal finally to the



The AMI Hub

% \ speech

recognition

focus of
attention ‘
gesture
recognitio
face
tracking
slide change

detection

remote
browser

foreign data
EXporter> | ‘e.g. NITE XML

«— pJ0od3ad e

foreign data —( :
E-g- T Importer

MySQL




Content linking

BACLD: real-time document and webpage retrieval

File Select View Help

Next update in 8 | seconds! Update Freeze
J.Tmnscript | H Meeting documents [
the look-and-feel de5|gn =| J* Conceptual Design Meetu

Presevitator] ISt youl Once tats ¢ Conceptual Design Meetin
right well we made three different TTITE

rotate and i guess we'l start with & Current possibilities on con
with this one um we have our ¢ Agenda: Detailed Design meet]
colours not uh-huh are not text but OOl S st S 2 i
this is the general Title:Current possibilities on components
= __ e £ 7 mLast modified:25. janvier 2010

| Found keywords } e ‘Match context: buttons are applicable. Note that if you use
- || =l 'WEe g rubber double curved case vou mustuse rubber push buttons.
bUttOn case C h | p [ ﬁ Forthe electronics we canuse a simple a regular or an advanced
ﬁchip on print... are experts on push

d eS i g n ¢ Apple Mouse

¢ Banana

energy |atex & Abstract factory pattern
& Wikipedia:Reference desk/Archi

MM

< I | [»]|
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Meeting recording (2010)
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Commodity mic arrays




Ambient spotlight

Mail File Edit View Mailbox Message Format Window Help Mon 11:52 Ambient Spotlight
= - _
Fri 23 Sat 24 Sun 25 Mon 26 Tue 27 ¢ . * Macintosh HD
q b 14:00: AMI c... 10:00: sspne... 11:30: JAST...

15:00: meeti...
17:00: demo...

~
i docs browse  11:30:00 - 11:30:26: Like there for a red eye movements

docs browse  11:30:26 - 11:30:48: Frame rate stuff coming out of this you woul
docs browse  11:30:49 - 11:31:54: As long as the format in which we pick it up
1. Project Summary docs browse  11:31:55 - 12:24:17: whatever region you define as the region of t
Joint-Action Science and Technology docs browse 12:24:18 - 12:45:56: Uh yeah because the the synchronisation the
Jocuments docs browse  12:45:57 - 12:53:11: Scoring shape overlap no problem Nothing is
' ’ Top Linked Documents docs browse  12:53:12 - 12:54:20: | will have to go down here so um well what v
docs browse  12:54:21 - 12:54:55: So it do you know what holiday you might wz

E| P docs Browse™ 12:54:56 - 12:57:35: Okay v

>
[E]
v Update on JAST Final Reporting
( > — o
Reply Reply All Forward Print To Do .

Ruud Meulenbroek <= = —— " Show in Mailbox
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Joint Action Science and Technology < s =

To: All

Date: 11 August 2009
Concerns: Final Reporting
Deadline: None

Dear all,

| hope you all have had (or are still having) a nice, relaxing summer break.

Just wanted to let you know that the updated versions of the reporis
(periodic and final management and activity reports) + other required
documents (aufits, form C, overview of funds distribution) have been sent
to the Project Officer earlier today. The submitted versions of the reports




Conclusions

® The AMI corpus is a great resource
http://corpus.amiproject.org

® Combining multiple features / models is important

® Meeting speech recognition - high WERs, we need
yet more advances in S|gnal processing, acoustic
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Challenges

® Dealing with data from natural communication
environments: multisource / multimodal / multiparty

® Adaptation, unsupervised learning
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Thank you.




