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Abstract
At ATR, we are collecting and analysing`meetings'datausing a table-topsensordevice consistingof a small 360-degreecamera
surroundedby anarrayof high-quality directionalmicrophones. This equipmentprovidesa streamof informationabout theaudioand
visual events of the meetingwhich is thenprocessedto form a representationof the verbalandnon-verbal interpersonalactivity, or
discourse�o w, duringthemeeting.In this paperweshow thatsimpleprimitivescanprovide arich sourceof information.

1. Intr oduction
Several laboratories around the world are now collecting
and analysing “meetings data” in an effort to automate
someof thetranscription, search,andinformation-retrieval
processesthat are currently very time-consuming, and to
produceatechnology capable of tracking ameetingin real-
timeandrecordingandannotating its mainevents. Onekey
areaof this researchis devotedto identifying andtracking
the active participantsin a meetingin order to maximise
ef�ciency in datacollectionby processinginactive or non-
participatingmembers differently. [1, 2, 3, 4, 5, 6, 7, 8].
At ATR we arenow completing thesecondyearof a three-
year SCOPEfunded project to collect and analyse such
data. This paperreports an analysisof materialcollected
from one suchmeetingin termsof speaker overlaps and
con�icting speechturns. Our goal is to determine whether
it is necessaryto track multiple participants, or whether
processingcanbeconstrained by identifying thedominant
member(s)alone. The resultsshow that in a clearmajor-
ity of thecases,only onespeaker is active at any time,and
that the number of overlapping turns, when two or more
psrticipants are actively engaged in speaking at the same
time,amount to lessthan15%of themeeting. Thisencour-
agesusto pursuefutureresearchby focussingourresources
on identifying the singlemain speaker at any given time,
ratherthanattemptingto monitor all of thespeechactivity
throughout themeeting.
Thesecondpartof thepapershowsthatachangein speaker
might be predicted from the amount and types of body
movement.Thesemovementsarespeaker-speci�c andnot
uniform, but systematicallyincreasein the time immedi-
ately before onset of speech. By observing the bodily
movementsof theparticipants,we canform anestimateof
who is going to speaknext, andprepare to focus our atten-
tion (i.e., therecording devices)accordingly.

2. Categoriesof Speech Activity
We have regularly been recording our monthly project
meetings, whereresearchresultsandprojectplanning are
discussed,to provide a databaseof natural(non-acted/no
role-playing) speechandinteractioninformation.
The number of members attending eachmonthly project
meetingcanvary betweenfour and twelve. Participation
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Figure 1: Thecamera's-eye view of a meeting(top), show-
ing the annotated movement data for three participants
(D,I,L) usingthewavesurfervideoplugin (bottom)

is voluntary, but sincethe researchis beingcarriedout by
threeteamsat differentlocations (ATR, NAIST, andKobe
University) the meetings provide an essentialfocus-point
for coordinatingtheresearchactivities.
All meetingsarerecorded on both video andaudio, using
purpose-built equipmentthathasbeendescribedelsewhere
[9, 10, 11]. All visiblebody-movementsof theparticipants
(head, hands, andtorso)areannotatedfrom observation of
thevideorecordings,topic changesarenoted, andthecat-
egories of speechactivity are taggedby humanlabellers
working interactively with thedata.



Table 1: Topics that aroseduring the July meeting,with
durations,showing thedivisionbetweenresearcher-centred
andtechnology-centreddiscussions

id topic seconds
t-o2 progress-update(s1) 45
t-o9 progress-update(s2) 205
t-o15 progress-update(s3) 64
t-o23 progress-update(s8) 76
t-o12 self-introduction(s5) 191

sub-total (738)
t-o6 data-taggingresults 15
t-o8 data-preparation 157
t-o10 tanktops-and-skin-tones 142
t-o14 equipment-settings 82
t-o16 NAIST responsibilities 119
t-o18 reportingprocedures 160
t-o20 KobeUni. responsibilities 58
t-o24 kinematics 148
t-o29 chameleon-eye-lens 564
t-o22 translation 11
t-o27 choice-of-camera 7

sub-total (1306)
total 2044

Thespeechis not yet beingtranscribed verbatim, but tags
areassignedper topic andper activity type. We consider
it necessaryto distinguish (i) “on-topic” speechfrom (ii)
“personal” speech,andalso(iii) “backchannelutterances”
and(iv) “laughter”. We hadalsoproposed(v) “yes” and
(vi) “no” asrelevant categories,but ourexperiencewith an-
notating thesefurther two typesof speechevent suggests
that they will not be easily recognisableusing automatic
processing,and we currently limit our taggingof speech
activity to typesi-iv above.

3. Overlapping Speech
This paperreports the resultsof an analysisof one such
meeting. Eight members were presentat the meeting,
which was held at NAIST in July 2005. They included
theresearchdirector (s1),two teamleaders(s3,s8),two re-
searchers (s2,s4)two administrative assistants(s6,s7)and
a guestresearcher visiting from Ireland (s5). An observer
wasalsopresentto monitor the recordings. The statistics
of speechactivity reportedbelow clearly re�ect thediffer-
ent rolesof the participants,andthe importance(in terms
of timedevotedto each)of thevarioustopics.
Topics of discussion(seeTable 1) included(a) progress-
updates(approx. 36%)whereonespeaker tendedto domi-
nate,with theothers listeningandaskingoccasionalques-
tions,and(b) technical topics(approx. 64%),wheremore
membersbecame involvedin thediscussions.
There were 2513 different “speechevents” in the meet-
ing, which lasted approximately 45 minutes altogether.
Here, a speech-event is de�ned as a block of continuous
speech,boundedby acessationof speechactivity, from one
speaker, asindicatedby `+' = startand`-' = endmarkersin
the columns of �gur e 2. A brief silenceafter a burst of
speechis markedby the`-' label.

0.72 .|.|.|.|. |.|.|.|-p 938.49
0.78 .|+o.|.|. |.|.|.|.| 939.27
0.23 .|=o.|.|. |.|.|.|+p 939.51
0.47 .|-o.|.|. |.|.|.|=p 939.99
1.4 .|.|.|+p. |.|.|.|-p 941.39
0.75 .|.|.|-p. |.|.|.|.| 942.15
0.04 .|.|.|+p. |.|.|.|.| 942.2
0.82 .|.|.|-p. |.|.|.|.| 943.02
0.55 .|.|.|+p. |.|.|.|.| 943.58
0.58 .|.|.|-p. |.|.|.|.| 944.16
1.04 .|.|.|.|. |.|.|.|+b 945.21
0.15 .|.|.|.|. |.|.|.|-b 945.37
0.18 +o.|.|.|. |.|.|.|.| 945.55
0.92 =o.|.|.|. |.|.|.|+p 946.48
1.32 -o.|.|.|. |.|.|.|=p 947.8
0.01 +o.|.|.|. |.|.|.|-p 947.82
0.39 -o.|.|.|. |.|.|.|+p 948.21
0.21 .|.|.|.|. |.|+b.|=p 948.42
1.25 .|.|.|.|. |.|-b.|-p 949.68
0.03 +o.|.|.|. |.|.|.|+p 949.72
2.3 -o.|.|.|. |.|.|.|=p 952.03
0.95 .|.|.|.|. |.|+o.|-p 952.98
0.29 .|.|.|+p. |.|-o.|.| 953.27
0.89 .|.|.|-p. |.|.|.|.| 954.17
0.65 +o.|.|.|. |.|.|.|.| 954.82
0.41 =o.|.|+p. |.|.|.|.| 955.24
1 -o.|.|=p. |.|.|.|+p 956.24
1.2 +o.|.|-p. |.|.|.|=p 957.45
0.03 =o.|.|.|. |.|.|.|-p 957.49
1.75 -o.|.|.|. |.|.|.|.| 959.24
0.07 +o.|.|.|. |.|.|.|.| 959.32
0.08 -o.|.|.|. |.|.|.|.| 959.4
0.41 +o.|.|.|. |.|.|.|.| 959.82

Figure 2: A sampleof the audio labelling, showing three
categoriesof speechsctivity: o=opinion, or public speech,
p=private or personal speech,and b=backchannelutter-
ances.A `+' indicatesonsetof speaking, `=' continuation,
and`-' cessationof speech.The time in secondsof each
event is shown on theleft, andabsolutetimeon theright

Table2: Countsof speecheventsperparticipant

s1 s2 s3 s4 s5 s6 s7 s8
759 587 106 127 522 64 75 138

The distribution of events per speaker is shown in Table
2. Tables3 and4 detail the typesof speechactivity and
timesspentoneachperspeaker. Meaneventduration is 0.7
seconds (sd=0.78), with the longest recorded event being
17 seconds. The 25th quantileof event durations is at a
quarterof asecond, andthe75that1 second.Therewerein
addition 1730pointsthroughout themeetingduring which
no-onespoke.
Bothtotalutterancecountsandoverallspeakingtimesindi-
catethats1(theprojectleader), ands2(a guestresearcher
expert in graphicsprocessing) dominatedthemeeting. It is
alsoevident from tables2 & 3 that s5, the observer, also
took an active part in the discussion. The administrative
assistantsspoke leastat this research-basedmeeting.



Table 3: Utterance timings for eachparticipant for three
categories of activity: O; on-topic talk, P: private talk, B:
backchannelutterances. All timings areroundedto whole
seconds.

s1 s2 s3 s4 s5 s6 s7 s8
o 344 32 49 47 212 27 22 44
p 5 7 - 4 14 5 30 2
b 64 11 2 10 17 3 2 1

Table4: Numberof events for eachspeaking type

on-topic backchannel private laugh
2110 207 196 406

Thecount of participantsactivelyspeakingduring eachturn
is given in Table5. It showsthatby farthemajority of turns
aresingle-speaker events. It is 6.5 timesmore likely that
any given utterancewill be single-speaker, andonly 15%
likely that morethanonespeaker will be active. Thereis
only a 7% chanceof morethan2 people speakingat any
time in this meetingof 8 researchers. These�gures mayof
coursebeculture-speci�c, andevenmeeting-speci�c.
It might be supposedthat backchannelscontribute to the
majority of overlappingutterances,but a count of single-
speaker backchannel utterances(n=134) versus a count of
multi-speaker, overlappingbackchannel utterances(n=74)
shows this not to be the case. If we exclude from this
s1's overlapping backchannelsto s2 (n=19) then the ra-
tio becomes55:134, andit is 2.5 timesmorelikely that a
bakchannelutterancewill bespokenwithout overlap.

Table5: Number of participantsactiveateachturn

silent solo two three four
1730 2000 291 15 1

4. Speech& Movement
It hasoften beenobserved (e.g., [12, 13, 14]) that people
move morewhenthey speak.To determine whetherthese
two typesof activity had any useful correlation, we also
examined the physical activity of all participants that was
visible to the camera.We looked both at activity prior to
speaking, and at activity while speaking. Sinceall were
seatedaround a table, this study is limited to upper-body
movement.
Figure1 shows themulti-tiered annotation thatwe usefor
labellingbody movementswhich areapparent to a human
observer whenviewing the 360-degreecameraoutput. In
addition to a speech-relatedtier, separatetiersareavailable
for “head”, “hands”, “body”, and “other”, wherethe last
canbe usedfor complex gestures suchas“play with pen-
cil”, “scratchhead”, “�x glasses”,“strokebeard”,etc.
For this paper, we simply countedthenumber of active la-
belsat eachmoment of time andcategorisedthemasfol-
lows: “Motion 1”: only one body part is moving (e.g.,
the heador a hand), “Motion 2”: two body partsmoving
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Figure3: Risingamountsof bodily movementfor 3 partici-
pantsacrossaperiod of 16secondsprior to onsetof speech.
Two speakersshow apeakof activity a few seconds before
speaking. Here“H” representsheadmovement,“T” repre-
sentshandmovement,“B” representsbody movement,and
“E” representsparticulargestures(seetext for details).The
rightmostcolumn shows onsetof speech,andthe leftmost
sumsall movementssincelastspeechevent.

(e.g., headandhand, or two hands),“Motion 3”: threebody
partsmoving (e.g.,headandhandandbody), and“Motion
4”: four or more body partsmoving. The datafrom three
speakers (thosecircled in the �gur e) werethencompared
for theperiods immediately prior to onsetof speech.Fig-
ure 3 clearly shows a rise in the amount of activity asthe
person preparesto speak.However, we canseeindividual
differences,andit appearsthattwo speakersreachapeakof
activity shortly before speaking, while the third continues
to increaseup to theonsetof speech.
We canalsonotedifferencesin partsof the body moved:
Participant I, for example (the centreportion of �gure 3),
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Figure 4: Number of major body parts that move while
speaking. Non-overlap indicatesthat the speaker spoke
while remaining relatively still. ParticipantI (centre) dif-
fersin moving morethantheothertwo.

appears to move his headmuch more than the others (as
indicated by the white portion of the bars). Figure4 pro-
videsabreakdown of thetypesof activity perparticipant. It
showsthatfor all speakers,theoccurranceof speechhaving
nooverlapwith body movementaccountsfor lessthan20%
of the total speakingtime. It alsoshows that speakersbe-
have differently; with all speakers moving 2 or morebody
partsat least50% of the time, but onespeaker (the centre
column) moving 3 or morebody partsmore than50% of
thetimewhile speaking.

5. Discussion
Theabove analysisof theaudiodatashows that in a clear
majority of the cases,only one speaker is active in any
given turn. This implies that we will only lose a small
amount of relevant information if we limit our processing
to thesinglemostdominantmember at any onetime. This
will considerablyreducethework-loadof theprocessing.
Furthermore, from an examination of the video data,we
con�rmed that people do tend to move more when they
speak,andfound that thereis a steadyrise in the amount
of movementof all participants particularly in the10 to 15
secondspreceding theonsetof speech.
Fromthetwo above�ndings,weconcludethatit is feasible
to designtechnology, basedon theverysimplepresenceor
absenceof speechnoiseandmovementin thevideosignal,
thatwill beableto detectandtrack thespeakers in sucha
meetingsituation.However, it will require developmentof
separatetechnology to beableto determinethereactionsof
the otherparticipantsto any particular utteranceor topic.
This remainsasfuture work.
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