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ABSTRACT
We present a video demonstration of an agent-based test bed
application for ongoing research into multi-user, multimodal,
computer-assisted meetings. The system tracks a two person
scheduling meeting: one person standing at a touch sensitive
whiteboard creating a Gantt chart, while another person looks on
in view of a calibrated stereo camera. The stereo camera performs
real-time, untethered, vision-based tracking of the onlooker’s
head, torso and limb movements, which in turn are routed to a
3D-gesture recognition agent. Using speech, 3D deictic gesture
and 2D object de-referencing the system is able to track the
onlooker’s suggestion to move a specific milestone. The system
also has a speech recognition agent capable of recognizing out-ofvocabulary (OOV) words as phonetic sequences. Thus when a
user at the whiteboard speaks an OOV label name for a chart
constituent while also writing it, the OOV speech is combined
with letter sequences hypothesized by the handwriting recognizer
to yield an orthography, pronunciation and semantics for the new
label. These are then learned dynamically by the system and
become immediately available for future recognition.

Figure 1. Two-person GANTT chart scheduling meeting, with tracking.
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out a schedule grid (using sketch-based recognition informed by
an ontologically derived spoken interface — Sect. 2.1, 2.2), then
sketch in task-lines and label them (using speech and handwriting
for dynamic enrollment of new vocabulary — Sect. 2.3), and
finally they designate milestones. The system recognizes the
onlooker’s speech and 3D gesture (using untethered, real-time,
vision-based body-tracking — Sect. 2.4), tracking his gestureaided suggestion to move a milestone over (Fig. 3). The system
also synchronously creates an MS Project schedule (Fig. 2, lower
right), in real-time via a Python AAA agent capable of controlling
applications that expose a COM interface.
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1. INTRODUCTION
The agent architecture of our system significantly extends the
multimodal QuickSet and MAVEN architectures [1] that have
preceded it. Tracked users are now untethered, and the system
now has significant capabilities for dynamic learning of new
vocabulary, contextualized by handwriting, speech, and sketch.

2. SYSTEM OVERVIEW
Our test bed scenario posits two meeting participants at work
before a whiteboard (Fig. 1) creating a project schedule for the
creation and delivery of a demonstration system. They first lay
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Pen gestures on the whiteboard are captured by Charter, an AAA
based multimodal user interface (Fig. 2), and then routed to 2D
sketch and handwriting recognition agents1. Charter extends the
basic parsing architecture of temporally constrained multimodal
integration by maintaining a single chart feature-structure
representation that persists over time, growing and shrinking as
necessary. Charter is also the display mechanism for the
beautified Gantt chart produced by multimodal integration.

2.2 Understanding Conversational Speech
The conversational understanding capabilities of the system build
on and extend CSLI's Conversational Intelligence Architecture
(CIA) [4]. The dialogue manager (DM) — a generic dialogue
management toolkit employed in applications spanning a variety
of domains — is used to process logical forms produced by
Gemini [3], which robustly parses the list of results from speech
1

From Natural Interaction Systems: http://www.naturalinteraction.com

recognition. In this multimodal setting, the toolkit was enhanced
to produce multiple hypothesized interpretations of an utterance
in context (expressed as knowledge-base updates), which are
passed to the multimodal integrator, facilitating mutual
disambiguation of input modes [1]. Figure 2 shows several
hypotheses produced by a single utterance (upper right). An
utterance may attach to multiple nodes on the tree of dialogue
moves [4], which is pruned once one of the hypotheses is
confirmed — as well as potentially augmented — by integration
with other modalities (middle right).

Figure 2. Charter sketch input/display (left), hypotheses (top left & right)
from speech processing, confirmation (right), MS Project (lower right).

The toolkit also features a conversational history browser that
shows both the meeting’s transcription and the history of the
chart, thus visualizing the causal relationship between multimodal
actions and chart modifications. Search capabilities make it
possible to answer queries such as: “Who moved the March
deadline to May?”

2.3 Dynamic New Vocabulary Enrollment
We have augmented CMU’s Sphinx2 speech recognizer both to
function as an agent in our AAA architecture and to optionally
use an embedded Recursive Transition Network (RTN) grammar.
The grammar writer can specify the contextual location of
licensed out-of-vocabulary (OOV) word occurrences. At run-time,
when those spoken contexts arise, OOV words are recognized as
sequences of phones constrained by the use of a syllabic subgrammar. These phone sequences are then mapped to
orthographies using a sound-to-letter module [5]. If semantically
interpretable handwriting occurs co-temporally then the letter
string hypotheses from the handwriting recognizer (along with
their associated letter-to-sound strings) are paired with the OOVbased orthographies using an edit distance measure. The highest
scoring orthography, pronunciation and semantic-hypothesis tuple
is then dynamically enrolled in the system becoming immediately
available for future utterance recognition at author-specified
points in the grammar.

2.4 Vision-based Body-Tracking
The location and pose of the persons in the meeting is estimated
using a vision system, which uses a stereo camera calibrated with
respect to the other devices in the scene (e.g. whiteboard). The
stereo camera provides input for a real-time, untethered visionbased tracking algorithm that estimates the body pose of the user
in the field of view (Fig. 3).

The vision-based tracking technique is described in [6]. In brief,
the approach consists of fitting a 3D articulated CAD model to the
3D reconstruction of the scene provided by the stereo camera. The
3D CAD model only consists of the upper body parts (head, torso,
arms, forearms), Fig. 3.
More precisely, a
fitting error function
is defined as the
Euclidean distance
between the 3D
CAD model and
scene reconstruction
(this
framework
allows the use of
flesh color models
for tracking head
and hands). For
further robustness,
the 3D CAD model
Fig. 3. Vision-based body-tracking in support
is constrained to
of 3D deictic gesture recognition.
only certain configurations (e.g., person standing and facing approximately towards
the white board). The fitting error function and the model
constraints are put into a Quadratic Programming problem that is
solved in an efficient way, thereby allowing real-time tracking.
To determine what the user is pointing at, the object state of the
system is maintained in a Feature Structure Database (FSDB),
which can resolve queries across types very quickly. When the
tracked user says, “Move that milestone to the end of year one,”
and co-temporally the system recognizes a deictic 3D pointing
gesture, then a proximity query on the point of intersection with
the whiteboard yields a ranked list of possible object references.
A cross product of that object list and ranked speech
interpretations yields an object de-referenced command that is
tracked and implemented by the system.
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