Robust, real-time people tracking in open environments using integrated stereo,
color, and face detection. ‘

T. Darrell, G. Gordon, J. Woodfill, H. Baker, M. Harville
Interval Research Corp.
1801C Page Mill Road
Palo Alto CA 94304
trevor @interval.com

Abstract

We present an approach to robust, real-time person
tracking in crowded and/or unknown environments using
multi-modal integration. We combine stereo, color, and face
detection modules into a single robust system, and show an
initial application for an interactive display where the user
sees his face distorted into various comic poses in real-time.
Stereo processing is used to isolate the figure of a user from
other objects and people in the background. Skin-hue clas-
sification identifies and tracks likely body parts within the
foreground region, and face pattern detection discriminates
and localizes the face within the tracked body parts. We
discuss the failure modes of these individual components,
and report results with the complete system in trials with
thousands of users.

1 Introduction

The creation of displays or environments which pas-
sively observe and react to people is an exciting challenge
for computer vision. Faces and bodies are central to human
communication and yet machines have been largely blind to
their presence in real-time, unconstrained environments.

To date, research in computer vision for person tracking
has largely focused on exploiting a single visual processing
technique to locate and track features of a user in front of the
display. These systems have often been non-robust to real-
world conditions and fail in complicated, unpredictable vi-
sual environments and/or where no prior information about
the user population is available.

We have created a visual person tracking system which
achieves robust performance through the integration of mul-
tiple visual processing modalities—stereo, color, and pat-
tern. Each module can possibly track a user under optimal
conditions, but have, in our experience, substantial failure
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modes in unconstrained environments, as discussed below.
We have, however, found that the failure modes between
these particular modules are substantially independent, and
by combining them in simple ways, we can build a system
which robustly tracks users’ faces in general conditions in
real-time (in excess of 15Hz).

In the following section we describe each of these com-
ponent modules as well as the framework within which they
are integrated. We will then describe an initial application
of our tracking system, an interactive video mirror. Finally
we will show the results of our system as deployed with
naive users, and analyze both the qualitative success of the
application and the quantitative performance of the tracking
algorithm.

2 Person tracking modules

Three primary modules are used to track a user’s head
position: stereo depth estimation, flesh-hue color segmenta-
tion, and intensity-based face pattern classification. Depth
is estimated from multiple fixed cameras and allows easy
segmentation of a user in an open and unknown environ-
ment. An intensity-invariant color classifier detects regions
of flesh tone on the user and is used to identify likely body
part regions. Finally, a face detection module is used to
discriminate head regions from hands, legs, and other body
parts. Knowledge of the location of the user’s head in 3-D
is then passed to the application; we show examples of a
face distortion program in the following Sections. Figure 1
shows the output of the various vision processing modules
on a scene with a single person present.

2.1 Silhouette extraction via dense stereo
processing

Video from a pair of cameras is used to estimate the dis-
tance of people or other objects in the world using stereo





















