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Abstract. We are interested in the challenging scientific pursuit of how
to characterize human activities in any formal meeting situation by track-
ing people’s positions with a computer vision system. We present a hu-
man activity recognition algorithm that works within the framework of
CAMEO (the Camera Assisted Meeting Event Observer), a panoramic
vision system designed to operate in real-time and in uncalibrated en-
vironments. Human activity is difficult to characterize within the con-
straints that the CAMEO must operate, including uncalibrated deploy-
ment and unmodeled occlusions. This paper describes these challenges
and how we address them by identifying invariant features and robust
activity models. We present experimental results of our recognizer cor-
rectly classifying person data.

1 Introduction

Recognizing human activity is a very challenging task, ranging from low-level
sensing and feature extraction from sensory data to high-level inference algo-
rithms used to infer the state of the subject from the dataset. We are interested
in the scientific challenges of modeling simple activities of people who are par-
ticipating in formal meeting situations. We are also interesting in recognizing
activities of people as classified by a computer vision system.

In order to address these challenges, our group is developing a physical aware-
ness system for an agent-based electronic assistant called CAMEO (Camera
Assisted Meeting Event Observer) [1]. CAMEO is an omni-directional camera
system consisting of four FireWire cameras mounted in a 360o configuration,
as shown in Figure 1. The individual data streams extracted from each of the
cameras are merged into a single panoramic image of the world. The cameras
are connected to a Small Form-Factor 3.0GHz Pentium 4 PC that captures the
video data and performs image processing.
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Fig. 1. The CAMEO system consists of a set of FireWire cameras arranged in a
panoramic fashion and a small-form-factor PC

The panoramic video stream is scanned for human activity by identifying
the positions of human faces found in the image. We make the assumption that
people can be recognized in the image based on the location of their face. To be
able to recognize people’s activities within any meeting scenario, the challenge is
to find appropriate features in terms of face positions without a global coordinate
system. Low-level features are extracted from the raw dataset and are modeled
as the observations for the recognition methods. The range of all possible human
activities is reduced to a small discrete set.

We successfully solve this problem by two main contributions: (i) the identifi-
cation of robust meeting features in terms of relative displacements; and (ii) the
application of Dynamic Bayesian Networks (DBNs) to this problem, extending
their use from other signal-understanding tasks.

2 Related Work

We use DBNs [2] to model the activities of people in the meetings. DBNs are
directed acyclic graphs that model stochastic time series processes. They are a
generalization of both Hidden Markov Models (HMM) [3] and linear dynamical
systems such as Kalman Filters. DBNs are used by [4] to recognize gestures such
as writing in different languages on a whiteboard, as well as activities such as
using a Glucose monitor. Our system infers body stance and motion by tracking
the user’s face in a cluttered and general background rather than attempting to
track the hands, which is difficult to do in general.

In [5], finite state machine models of gestures are constructed by learning
spatial and temporal information of the gestures separately from each other.
However, it is assumed that the gestures are performed directly in front of the
camera and that the individual features of the face and hands can be recognized
and observed without error.


