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Abstract
At ATR, we are collecting and analysing meetings'data using a table-topsensordevice consistingof a small 360-cegree camera

surroundedy anarrayof high-quality directionalmicrophons. This equipmentprovidesa streamof informationabou the audioand
visual everts of the meetingwhich is then processedo form a representatiomf the verbaland non-werbalinterpersonahctiity, or

discourseo w, duringthe meeting.In this paperwe shav thatsimpleprimitivescanprovide arich sourceof information.

1. Intr oduction
Several laborataies around the world are now collecting

and analysing “meetings data” in an effort to automate

someof thetranscription searchandinformation+etrieval
processeghat are currently very time-consming, and to
produceatechnola@y capalte of tracking ameetingin real-
time andrecoding andannotaing its maineverts. Onekey
areaof this researchs devotedto identifying andtracking
the active participantsin a meetingin order to maximse
efciency in datacollectionby proeessinginactive or non
participating membaes differently. [1, 2, 3,4, 5, 6, 7, 8].

At ATR we arenow completirg the secondyearof athree-
year SCOPEfunded projectto collect and analyse such
data. This paperrepats an analysisof materialcollected
from one suchmeetingin termsof spealer ovellaps and
con icting speechurns. Our goalis to deternine whether
it is necessanto track multiple participarns, or whether
processingcanbe constraind by identifying the domirant
memter(s)alone. Theresultsshav thatin a clearmajor
ity of the casespnly onespealeris active atary time, and
that the number of overlappirg turns, whentwo or more
psrticipans are actively engagd in speakilg at the same
time,amoun to lessthan15%of themeeting This encou-
ageausto pursudutureresearcipy focussingourresource
on identifying the single main spealer at ary giventime,
ratherthanattemptingto monita all of the speechactiity
throughaut themeeting

Thesecondartof thepapershovsthatachangin spealer
might be predcted from the amouwnt and types of body
movement. Thesemovementsare spealerspeci ¢ andnot
uniform, but systematicallyincreasein the time immedi-
ately before onsetof speech. By observimg the bodly
movementf the participants, we canform an estimateof
whois going to speaknext, andprepae to focus our atten-
tion (i.e., therecordng devices)accodingly.

2. Categoriesof Speeh Activity

We have regularly beenrecading our montHy project
meeting, whereresearchresultsand projectplanring are
discussedio provide a databasef natural (non-acted/o
role-playing speectandinteractioninformation.

The numkber of membes attendirg eachmontHy project
meetingcan vary betweenfour andtwelve. Participatian
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Figure 1. Thecameras-g/e view of ameeting(top), show-
ing the anndated movement data for three participarts
(D,l,L) usingthewavesurfervideo plugin (bottom)

is voluntary, but sincethe researchs beingcarriedout by
threeteamsat differentlocatiors (ATR, NAIST, andKobe
University) the meeting provide an essentiafocus-mint
for coordnatingtheresearclactuities.

All meetingsarerecorded on both video andaudiq using
pumpose-hilt equpmentthathasbeendescriled elsavhere
[9, 10, 11]. All visible body-movementsof the participarts
(hea, hands, andtorso)areannotatedrom obsenation of
thevideorecodings,topic changsarenoted andthe cat-
egories of speechactvity are taggedby humanlabellers
working interactvely with thedata.



Table 1: Topicsthat aroseduring the July meeting,with
durations,shawving thedivision betweerresearchecentred
andtechnol@y-certreddiscussions

id topic secomls
t-02 progress-ugate(s1) 45
t-09 progress-ugate(s2) 205

t-015 progress-ugate(s3) 64
t-023 progress-ugate(s8) 76
t-012 self-introduction(s5) 191
sub-total (738)
t-06 data-taggingesults 15
t-08 data-preparation 157
t-010 tanktops-angskin-tones 142
t-014 equipmat-settings 82
t-016 NAIST resposibilities 119
t-018 reportingprocedues 160
t-020 KobeUni. resposibilities 58
t-024 kinematics 148
t-029 chamelea-eye-lens 564
t-022 translation 11
t-027 choice-d-camera 7
sub-total (1306)
total 2044

The speechs not yet beingtranscibed verbatim, but tags
are assignedoer topic and per activity type. We consider
it necessaryo distingtish (i) “on-topic” speechfrom (ii)
“persmal” speechandalso(iii) “backchannelutterances”
and (iv) “laughter”. We had also proposed(v) “yes” and
(vi) “no” asrelevart cateyories, but our expeliencewith an-
notatirg thesefurther two typesof speechevent suggests
that they will not be easily recogisableusing automatic
processing,and we currently limit our taggingof speech
actiity to typesi-iv above.

3. Overlapping Speeh

This paperrepats the resultsof an analysisof one such
meeting Eight memters were presentat the meeting,
which was held at NAIST in July 2006. They included
theresearchdirecta (s1),two teamleaderqs3,s8) two re-

searches (s2,s4)two admiristrative assistantgs6,s7)and
a guestresearchr visiting from Irelard (s5). An obserer
was alsopresentto moritor the recordngs. The statistics
of speechactvity repatedbelow clearlyre ect the differ-

entrolesof the participants,andthe importance(in terms
of time devotedto each)of the varioustopics.

Topics of discussion(seeTable 1) included(a) progress-
upcates(appro. 36%)whereonespealer tendedto domi-

nate,with the othes listeningandaskingoccasionabjues-
tions, and(b) techrical topics (appox. 64%), wheremore
memiersbecane involvedin thediscussions.

There were 2513 different “speecheverts” in the meet-
ing, which lasted appoximately 45 minutes altogeher.

Here, a speecheventis de ned asa block of continwous
speechbouwndedby a cessationf speechactiity, from one
spealer, asindicatedby "+' = startand™-' = endmarkersin

the columrs of gure 2. A brief silenceafter a burst of

speechs markedby the™-' label.
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Figure 2: A sampleof the audiolabelling showing three
catagyoriesof speeclsctiity: o=opirion, or pulic speech,
p=private or persoml speech,and b=baclkchannelutter

ances.A "+' indicatesonsetof speaking, *="' contiruation,
and’-' cessatiorof speech.Thetime in secondf each
event is shavn on theleft, andabsoluteime on theright

Table2: Countsof speecteventsperparticipant

sl s2 s3 s4 sb | s6 | s7| s8
759 | 587 | 106 | 127 | 522 | 64 | 75 | 138

The distribution of everts per spealer is shovn in Table
2. Tables3 and 4 detail the typesof speechactvity and
timesspenton eachperspealer. Meaneventduratianis 0.7
second (sd=0.8), with the longestrecorded evert being
17 second. The 25th quantileof evert duratiors is at a
quater of asecongandthe75that1 second.Therewerein
addtion 1730pointsthroughait the meetingduring which
no-onespole.

Bothtotal utterancecourts andoverall speakingimesindi-
catethatsl (the projectleade}, ands2 (a guestresearchr
expertin graphics processingdominadedthe meeting It is
alsoevidernt from tables2 & 3 that s5, the obserer, also
took an active part in the discussion. The admiristrative
assistantspole leastatthis researcthasedmeeting



Table 3: Utterane timings for eachparticiparn for three
categories of activity: O; on+opic talk, P: private talk, B:
baclchannelutterarces. All timings arerourdedto whole
second.

sl | s2| s3|s4| s5 | s6| s7 | s8
0| 344| 32|49 |47 (212 |27 |22 | 44
5 7 - 4 | 14 | 5|30 2
64 |11 2 (10| 17 | 3 | 2 | 1
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Table4: Numberof everts for eachspeakiig type

backhannel
207

private
196

laugh
406

on-togc
2110

Thecourt of participansactively speakingluring eachturn
is given in Tableb. It shavsthatby farthe majoiity of turns
aresingle-speadir events. It is 6.5 timesmorelikely that
ary given utterancewill be single-sgaler, andonly 15%
likely thatmorethanonespealer will be active. Thereis
only a 7% chanceof morethan2 pe@le speakingat any
time in this meetingof 8 researchex. These gures may of
coursebeculturespeci ¢, andevenmeeting-spci c.

It might be supposedhat backdannelscortribute to the
majoiity of ovedapping utterancesbut a court of single-
spealer backchanné utterarces(n=134) versts a court of
multi-spealer, overlapping backchanné utteranes (n=74)
shaws this not to be the case. If we exclude from this
s1's ovellapping backctannelsto s2 (n=19) then the ra-
tio becanes55:134 andit is 2.5 timesmorelikely thata
bakdannelutterancewill be spolenwithout ovedap.

Table5: Numbe of participantsactive ateachturn

two | three | four
291 | 15 1

solo
2000

silent
1730

4. Speech& Movement

It hasoften beenobseved (e.g.,[12, 13, 14]) thatpeople
move morewhenthey speak.To deternine whetherthese
two typesof actity had any useful correlation, we also
examined the physical actity of all participants thatwas
visible to the camera. We looked both at actiity prior to
speakilg, and at actiity while speaking Sinceall were
seatedarourd a table, this studyis limited to upper-body
movement.

Figure 1 shows the multi-tiered annotatio that we usefor
labelling body movementswhich areapparento a human
obsever whenviewing the 360-degreecameraoutpu. In
addition to a speeckrelatedtier, separatdiersareavailable
for “head”, “hands”, “body”, and"“other”, wherethe last
canbe usedfor comgdex gesturs suchas“play with pen-
cil’, “scratchhead’, “ x glasses”;'stroke beard”,etc.

For this paper we simply courted the numker of active la-
belsat eachmoment of time and catggorisedthemasfol-
lows: “Motion 1”: only one body part is moving (e.g.,
the heador a hang, “Motion 2": two body partsmoving
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Figure 3: Risingamouwntsof bodly movementfor 3 partici-

partsacrossaperiad of 16 second prior to onsetof speech.
Two spealersshowv apeakof activity afew second befae

speakilg. Here"H” representtheadmovement,“T” repre-
sentshandmovement,'B” represets body movement.and

“E” representsparticulargestues(seetext for details). The

rightmostcolunn shows onsetof speechandthe leftmost
sumsall movementssincelastspeeclevert.

(e.g, headandhard, or two hands), “Motion 3": threebody

partsmoving (e.g.,headandhandandbody), and“Motion

4" four or more body partsmoving. The datafrom three
spealers (thosecircledin the gure) werethencompaed
for the periadsimmedately prior to onsetof speech.Fig-
ure 3 clearly shavs arise in the amoun of actiity asthe
persm prepresto speak.However, we canseeindividual
differencesandit appeasthattwo spealersreacha peakof
activity shortly before speaking while the third contines
to increaseaupto the onsetof speech.

We canalsonotedifferercesin partsof the body moved:
Participant I, for examge (the centreportion of gure 3),
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Figure 4: Number of major body partsthat move while
speakilg. Non-overlap indicatesthat the spealer spole
while remainirg relatively still. Participantl (cente) dif-
fersin moving morethanthe othertwo.

appearsto move his headmuch more thanthe othess (as
indicatal by the white pottion of the bars). Figure 4 pro-
videsabrealdown of thetypesof actiity perparticipan. It

shavsthatfor all spealers, theoccurianceof speecthaving

nooverapwith body movementaccouts for lessthan20%
of the total speakingtime. It alsoshaws that spealersbe-
have differertly; with all spealers moving 2 or morebody

partsat least50% of the time, but one spealer (the centre
colunm) moving 3 or more body partsmore than 50% of

thetime while speaking.

5. Discussion

The above analysisof the audiodatashows thatin a clear
majoiity of the cases,only one spealer is active in ary
given turn. This implies that we will only lose a small
amount of relevart informationif we limit our processing
to the singlemostdonminantmemtler at any onetime. This
will corsiderablyredwcethework-load of the processing.
Furthemore, from an exanmination of the video data, we
con rmed that peope do tend to move more when they
speak,andfound thatthereis a steadyrise in the amount
of movementof all participarts particdarly in the 10to 15
second precedhg the onsetof speech.

Fromthetwo above ndings,we concluethatit is feasible
to designtechnolay, basedn thevery simplepresencer
absencef speecmoiseandmovementin thevideosignal,
thatwill beableto detectandtrackthe spealersin sucha
meetingsituation.However, it will require developmentof
separatéechnol@y to beableto determinghereactionsof
the other participantsto ary particdar utteranceor topic.
Thisremainsasfuture work.
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