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Abstract. In this paper, we report on the infrastructure we have de-
veloped to support our research on multimodal cues for understanding
meetings. With our focus on multimodality, we investigate the interaction
among speech, gesture, posture, and gaze in meetings. For this purpose,
a high quality multimodal corpus is being produced.

1 Introduction

Meetings are gatherings of people for the purpose of communicating with each
other in order to plan, resolve conflicts, negotiate, or collaborate. Recently, there
has been increasing interest in the analysis of meetings based on audio and video
recordings. In a meeting, the participants employ a variety of multimodal chan-
nels, including speech, gaze, gesture, and posture, to communicate with each
other. Because of the communicative impact of these information sources, they
can be used, for example, to analyze the structure of a meeting or determine the
social dynamics among the participants. To better understand human interac-
tions in a meeting, it is important to jointly examine both verbal and non-verbal
cues produced by meeting participants.

Meetings also challenge current audio and video processing technologies. For
example, there is a higher percentage of cross-talk among audio channels in a six
party meeting than in a two party dialog, and this could reduce the accuracy of
current speech recognizers. In a meeting setting, there may not be the ideal video
image size or angle when attempting to recognize a face. Therefore, recorded
meetings can push forward multimodal signal processing technologies.

To investigate meetings, several corpora have already been collected, includ-
ing the ISL audio corpus [1] from Interactive Systems Laboratory (ISL) of CMU,
the ICSI audio corpus [2], the NIST audio-visual corpus [3], and the MM4

audio-visual corpus [4] from Multimodal Meeting (MM4) project in Europe. Us-
ing these existing meeting data resources, a large body of research has already
been conducted, including automatic transcription of meetings [5], emotion de-
tection [6], attention state [7], action tracking [8, 4], speaker identification [9],



speech segmentation [10, 11], and disfluency detection [12]. Most of this research
has focused on low level processing (e.g., voice activity detection, speech recogni-
tion) or on elementary events and states. Research on the structure of a meeting
or the dynamic interplay among participants in a meeting is only beginning
to emerge. McCowan et al. [4] used low level audio and visual information to
segment a meeting into meeting actions using an HMM approach.

Our research focuses not only on low level multimodal signal processing, but
also on high level meeting event interpretation. In particular, we use low-level
multimodal cues to interpret the high-level events related to meeting structure.
To carry out this work, we require high quality multimodal data to jointly sup-
port multimodal data processing, meeting analysis and coding, as well as auto-
matic event detection algorithms. Hence, we have been collecting a new meeting
corpus supported by the ARDA VACE-II program. This collection will be called
the VACE meeting corpus in this paper.

In rest of this paper, we will discuss our meeting corpus collection approach
and briefly discuss some of the research that this effort is enabling. Section 2
describes the ongoing multimodal meeting corpus collection effort. Section 3 de-
scribes audio and video data processing algorithms needed for corpus production.
Section 4 describes research that this corpus enables.

2 Meeting Data Collection

Our multimodal meeting data collection effort is depicted schematically in Fig-
ure 1. We next discuss three important aspects of this meeting data collection
effort: (1) meeting room setup, (2) elicitation experiment design, and (3) data
processing.

2.1 Multimodal Meeting Room Setup

Under this research effort, Air Force Institute of Technology (AFIT) modified
a lecture room to collect multimodal, time-synchronized audio, video, and mo-
tion data. In the middle of the room, up to 8 participants can sit around a
small, rectangular conference table. An overhead rail system permits the data
acquisition technician to position the 10 Canon GL2 camcorders in any configu-
ration required to capture all participants by at least two of the 10 camcorders.
Using S-video transfer, 10 Panasonic AG-DV2500 recorders capture video data
from the camcorders. The rail system also supports the 9 Vicon MCam2 near-
IR cameras and are driven by the Vicon V8i Data Station. The Vicon system
records temporal position data. For audio recording, we utilized a setup similar to
the ICSI and NIST meeting room. In particular, participants wear Countryman
ISOMAX Earset wireless microphones to record their individual sound tracks.
Table-mounted wired microphones are used to record the audio of all participants
(two to six XLR-3M connector microphones configured for the number of par-
ticipants and scenario, including two cardioid Shure MX412 D/C microphones
and several types of low-profile boundary microphones (two hemispherical polar



Fig. 1. VACE Corpus Production

pattern Crown PZM-6D, one omni-directional Audio Technica AT841a, and one
four-channel cardioid Audio Technica AT854R). A TASCAM MX-2424 records
the sound tracks from both the wireless and wired microphones.

Fig. 2. The camera configuration used for the VACE meeting corpus

There are some significant differences between our video recording setup
and those used by previous efforts. For example, in the NIST and MM4 col-
lections, because stereo camera views are not used to record each participant,
only 2D tracking results can be obtained. For the VACE corpus, each partic-
ipant is recorded with a stereo calibrated camera pair. Ten video cameras are
placed facing different participants seated around the table as shown in Figure 2.



To obtain the 3D tracking of 6 participants, 12 stereo camera pairs are setup
to ensure that each participant is recorded by at least 2 cameras. This is im-
portant because we wish to accurately track head, torso and hand positions in
3D. We also utilize the Vicon system to obtain more accurate tracking results
to inform subsequent coding efforts, while also providing ground truth for our
video-tracking algorithms.

2.2 Elicitation Experiment

The VACE meeting corpus involves meetings based on wargame scenarios and
military exercises. We have selected this domain because the planning activ-
ity spans multiple military functional disciplines, the mission objectives are de-
fined, the hierarchical relationships are known, and there is an underpinning
doctrine associated with the planning activity. Doctrine-based planning meet-
ings draw upon tremendous expertise in scenario construction and implemen-
tation. Wargames and military exercises provide real-world scenarios requiring
input from all functionals for plan construction and decision making. This elic-
its rich multimodal behavior from participants, while permitting us to produce
high-confidence coding of the meeting behavior. Examples of scenarios include
planning a Delta II rocket launch, humanitarian assistance, foreign material ex-
ploitation, and scholarship assignment.

2.3 Multimodal Data Processing

After obtaining the audio and video recordings, we must process the data to
obtain features to assist researchers with their coding efforts or to the train and
evaluate automatic event detection algorithms. The computer vision researchers
on our team from University of Illinois and Virginia Tech focus on video-based
tracking, in particular, body torso, head, and hand tracking. The VCM tracking
approach is to obtain 3D positions of the hands, which is important for obtain-
ing a wide variety of gesture features, such as gesture hold and velocity. The
change in position of the head, torso, and hands provide important cues for the
analysis of the meetings. Researchers on our team from Purdue handle the audio
processing of the meetings. More detail on video and audio processing appear in
the next section.

Our meeting room corpus contains time synchronized audio and video record-
ings, features derived by the visual trackers and Vicon tracker, audio features
such as pitch tracking and duration of words, and coding markups. Details on
the data types appear in an organized fashion in Table 1.

3 Multimodal Data Processing

3.1 Visual Tracking

Torso Tracking Vision-based human body tracking is a very difficult prob-
lem. Given that joint-angle is a natural and complete way to describe human



Table 1. Composition of the VACE corpus

Video MPEG-4 video from 10 cameras

Audio AIFF audio from all microphones

Vicon 3D positions of head, shoulders, torsos, and hands

Visual-Tracking head pose, torso configuration, and hand position

Audio Processing speech segments, transcripts, alignments

Prosody pitch, word and phone duration, energy, etc.

Gaze gaze target estimation

Gesture gesture phase/phrase
semiotic gesture coding, e.g., deictic, iconics

MetaData language metadata, e.g., sentence boundaries,
speech repairs, floor control change

body motion and human joint-angles are not independent, we have been inves-
tigating an approach to learn these latent constraints and then use them for
articulated body tracking. After learning the constraints as potential functions,
belief propagation is used to find the MAP of the body c onfiguration on the
Markov Random Field (MRF) to achieve globally optimal tracking. When tested
on the VACE meeting data, we have obtained satisfactory tracking results. See
Figure 3(a) for an example of torso tracking.

(a) Torso tracking (b) 3D head pose
tracking

(c) VCM 3D hand
tracking

Fig. 3. Visual tracking of torso, head, and hands

Head Pose Tracking For the video analysis of human interactions, the head
pose of the person being analyzed is very important for determining gaze direc-
tion and the person being spoken to. In our meeting scenario, the resolution of a
face is usually low. We therefore have developed a hybrid 2D/3D head pose track-
ing framework. In this framework, a 2D head position tracking algorithm [13]
tracks the head location and determines a coarse head orientation (such as the



frontal view of the face, the side view and the rear view of the head) based on
the appearance at that time. Once the frontal view of a face is detected, a 3D
head pose tracking algorithm [14] is activated to track the 3D head orientation.
For 2D head tracking, we have developed a meanshift tracking algorithm with an
online updating appearance generative mixture model. When doing meanshift
tracking, our algorithm updates the appearance histogram online based on some
key features acquired before the tracking, allowing it to be more accurate and
robust. The coarse head pose (such as frontal face) can be inferred by simply
checking the generative appearance model parameters. The 3D head pose track-
ing algorithm acquires the facial texture from the video based on the 3D face
model. The appearance likelihood is modelled by an incremental PCA subspace.
And the 3D head pose is inferred using an annealed particle filtering technique.
An example of a tracking result can be found in Figure 3(b).

Hand Tracking In order to interpret gestures used by participants, exact 3D

hand positions are obtained using hand tracking algorithms developed by re-
searchers in the Vislab [15, 16]. See [17] for details on the Vector Coherence
Mapping (VCM) approach that is being used. The algorithm is currently being
ported to the Apple G5 platform with parallel processors in order to address the
challenge of tracking multiple participants in meetings. An example of a tracking
result can be found in Figure 3(c).

3.2 Audio Processing

A meeting involves multiple time synchronized audio channels, which increases
the workload for transcribers [18]. Our goal is to produce good quality tran-
scriptions that are time aligned with the audio and visual channels, so that the
words can be synchronized with video features to support coding efforts and to
extract prosodic and visual features needed by our automatic meeting event de-
tection algorithms. For transcriptions, we utilize the Quick Transcription (QTR)
methodology developed by LDC for the 2004 NIST Meeting Recognition Evalu-
ations.

Automatic Pre-Segmentation Since in meetings typically one speaker is
speaking at any given time, the resulting audio files contain significant portions
of audio that do not require transcription. Hence, if each channel of audio is
automatically segmented into transcribable and non-transcribable regions, the
transcribers only need to focus on the smaller pre-identified regions of speech,
lowering the cognitive burden significantly compared with handling a large undif-
ferentiated stream of audio. We perform audio segmentation based on the close-
talking audio recordings using a a novel automatic multi-step segmentation [19].
The first step involves silence detection utilizing pitch and energy, followed by
BIC-based Viterbi segmentation and energy based clustering. Information from
each channel is employed to provide a rough preliminary segmentation. The sec-
ond step makes use of the segment information obtained in the first step to train



a Gaussian mixture model for each speech activity category, followed by decod-
ing to refine the segmentation. A final post-processing step is applied to remove
short segments and pad silence to speech segments.

Meeting Transcription Tools Meeting audio includes multi-channel record-
ings with substantial cross-talk among the audio channels. These two aspects
make the transcription process quite different from those previously developed
to support the transcription of monologs and dailogs. For meetings, the tran-
scribers must utilize many audio channels and often jump back and forth among
the channels to support transcription and coding efforts [18]. There are many lin-
guistic annotation tools currently available [20]; however, most of these tools were
designed for monologs and dialogs. To support multi-channel audio annotation,
researchers have attempted to either tailor currently available tools or design
new tools specific for meeting transcription and annotation, e.g., the modifica-
tion of Transcriber [21] for meeting transcription by ICSI (http://www.icsi.
berkeley.edu/Speech/mr/channeltrans.html), iTranscriber by ICSI, and XTrans
by LDC.

For our efforts, we have designed a Praat [22] extension package to support
multi-channel audio annotation. We chose the Praat tool for the following rea-
sons: 1) it is a widely used speech analysis and transcription tool available for
almost any platform, 2) it is easy to use, 3) long sound supports the quick loading
of multiple audio files, and 4) it has a built-in script language for implementa-
tion future extensions. We added two new menu options to the interface: the
first supports batch loading of all the audio files associated with a meeting, and
the second enables transcribers to switch easily among audio files.

Improved Forced Alignment Forced alignment is used to obtain the start-
ing and ending time of the words and phones in the audio. Since such timing
information is widely used for multimodal feature fusion, we have investigated
factors for achieving accurate alignments. Based on a systematic study [23], we
have found more accurate forced alignments can be obtained by having tran-
scribers directly transcribe pre-identified segments of speech and by using suffi-
ciently trained, genre matched speech recognizers to produce the alignments. For
meeting room alignments, we utilize ISIP’s ASR system with a triphone acous-
tic model trained from more than 60 hours long spontaneous speech data [24]
to force align transcriptions provided for segments of speech identified in the
pre-segmentation step. The alignment performance given this setup on VACE
meeting data is quite satisfactory.

4 Meeting Interaction Analysis Research

The VACE meeting corpus enables the analysis of meeting interactions at a
number of different levels. Using the visualization and annotation tool Macvis-
sta, developed by researchers at Virginia Tech, the features extracted from the



recorded video and audio can be displayed to support psycholinguistic coding
efforts at University of Chicago and Purdue. Some annotations of interest to our
team include: F-formation [25], dominant speaker, structural events (sentence
boundary, interruption point), and floor control challenges and change. Given
the data and annotations in this corpus, we will then carry out measurement
studies to investigate how visual and verbal cues combine to predict events such
as sentence or topic boundaries, interruption points in a speech repair, or floor
control changes. With the rich set of features and annotations, we will also de-
velop data-driven models for meeting room event detection along the lines of our
research on multimodal models for detecting sentence boundaries [26].

In the rest of this section, we will first describe the MacVissta tool that
supports visualization and annotation of our multimodal corpus. Then we will
provide more detail on the psycholinguistic annotations we are producing. Fi-
nally, we will discuss a new group research effort involving multimodal cues
governing floor control.

4.1 Visualization Tool and Coding Efforts

Visualization of visual and verbal activities is an important first step for devel-
oping a better understanding of how these modalities interact in human commu-
nication. The ability to add annotations of important verbal and visual events
further enriches this data. For example, annotation of gaze and gesture activi-
ties is important for developing a better understanding of those activities in floor
control. Hence, the availability of a high quality, flexible multimodal visualiza-
tion/annotation tool is quite important. To give a complete display of a meeting,
we need to display the multimodal signals and annotations of all participants.
The Vissta tool developed for multimodal dialog data has been recently ported
to the Mac OS X while being adapted for meeting room data [27]. Currently the
tool supports showing multiple angle view videos, as shown in Figure 4. This
tool can display transcriptions and visual features, together with the spoken
transcripts and a wide variety annotations. It has been widely used by our team
and is continually refined based on their feedback.

Using MacVissta, researchers at the University of Chicago are currently fo-
cusing on annotating gesture and gaze patterns in meetings. Gesture onset, off-
set, and stroke are coded, as well as the semiotic properties of the gesture as a
whole, in relation to the accompanying speech. Because gesture is believed to be
as relevant to a person’s communicative behavior as speech, by coding gesture,
we are attempting to capture this behavior in its totality. In addition, gaze is
coded for each speaker in terms of the object of that gaze (who or what gaze is
directed at) for each moment. Instances of shared gaze (or ”F-formations”) are
then extractable from the transcript, which can inform a turn-taking analysis.
More fine-grained analyses include the coding of mimicry (in both gesture and
speech), and the tracking of lexical co-reference and discourse cohesion, which
permits the analyst to capture moments where speakers are negotiating how to
refer to an object or event. These moments appear to be correlated with shared
gaze.



Fig. 4. A snapshot of the MacVissta multimodal analysis tool with multiple videos
shown on the left and gaze annotations shown on the right.

4.2 Preliminary Investigation of Floor Control

Participants in a conversation have different roles in the conversation. The dom-
inant participant, who is responsible for moving the conversation forward, is said
to have control of the floor. In meetings, participants compete and cooperate for
floor control distribution. This information is critical for fully understanding the
structure of a meeting. Investigation of floor control has attracted researchers
from linguistics, psychology, and artificial intelligence for decades [28, 29]. Non-
verbal behaviors play an important role in coordinating turn-taking and the or-
ganization of discourse [30, 29]. Gaze is an important cue for floor control [31, 32].
Near the end of an utterance, the dominant speaker may gaze at an interlocutor
to transfer the control [33]. The interlocutor who is gazed at has the advantage
for taking the floor because he knows that the speaker is conceding the floor
to him/her. Kendon [34] observed that utterances that terminate without gaze
cues more frequently had delayed listener response. Gesture and body posture
are also important cues for floor control decisions. Posture shifts tend to oc-
cur during an utterance’s beginning and ending, as well as at various discourse
boundaries [35]. Pointing at a participant is a direct way to assign the control
of floor to that person.

In the rest of this section, we examine an excerpt of a planning meeting on the
testing of a foreign weapon from the VACE corpus to highlight the importance
of investigating multimodal cues for meeting room floor control investigations.
From the recording done on January 7th 2005, we have extracted a short segment
for processing. Following [10], we used the forced alignment of transcribed words
to obtain speaker activity profiles shown in Figure 5. Using the seating chart in
Figure 2, the five participants are denoted C, D, E, F, and G. We segment the
audio for each speaker into bins 100 msec in length, and if the participant speaks
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Fig. 5. Multimodal activities of participants in a meeting

at any time during this interval, the associated activity value is 1, otherwise 0.
In Figure 5, from top to bottom, the speech activities are displayed as follows:
all participants, G, F, E, D, and C. From the speech activity plot, it easy to
see smooth floor control transitions between 55 to 70 seconds, going from G to
F to E and finally to C. Important additional details of this transition can be
observed from video cues as can be seen in the key frames in Figure 5. In each
video frame, the five participants C, D, E, F and G are arrayed from the left
bottom corner to the right bottom corner. E, the coordinator of the meeting,
sits in the middle of the other participants. C and D were to his right and F
and G are to his left. The key frames shown highlight the importance of gesture
and gaze: (1) G initially holds the floor; 2) F provides G with some additional
information (notice that G turns his head to F); (3) E grabs the floor from G
and F. He first uses his left hand to point to F and G, and then (4) turns his
head to the right and used right hand to point to C and D to give them the
floor; (5) C takes control of the floor and continues speaking. We are currently
defining an annotation specification for speaker floor change.

5 Conclusions

In this paper, we have reported on the infrastructure we have developed to
support our research on multimodal cues for understanding meetings. With our
focus on multimodality, we investigate the interaction among speech, gesture,
posture, and gaze in meetings. For this purpose, a high quality multimodal corpus
is being produced. Each participant is recorded with a pair of stereo calibrated
camera pairs so that 3D body tracking can be done. Also an advanced motion
tracking system is utilized to provide ground truth. From recorded audio and
video, research on audio processing and video tracking focus on improving quality
of low features that support higher level annotation and modeling efforts.
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