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Abstract

This paper addresses the problem of people detec-
tion in dynamic environments in real-time and the
extraction of typical motion patterns. The need for
estimation of peoples movements with a mobile robot
is essential for many applications in the field of ser-
vice robotics. One key prerequisite for a machine
to interact intelligently with people is its ability to
recognize humans and their behavior. This paper
presents an approach for tracking people in dynamic
environments and to determine their behavior.

1 Introduction

Essential for a tracking system which operates in dy-
namic environments and interacts with people is its
robustness. The system has to be robust with respect
to continuous changes of the appearance of objects
and the environment. Changes of lighting conditions
must not affect the tracking performance. In addi-
tion the system has to be able to evaluate whether
the conditions are adequate for object tracking and
which method and configuration match best to the
current situation. Another requirement is that the
system be able to cope with temporal occlusion of
the object by static or dynamic parts of the environ-
ment. For an intelligent interaction with people in
the environment it is necessary to be able to track
multiple objects concurrently in real-time and to de-
termine their behavior. And of course the system
should operate in real-time.

We tackled this problem using a bunch of different
tracking procedures. Two of them, both relying on
spatial knowledge are presented. In the first ap-
proach people are recognized by means of spatial and
color information which is acquired by a multi sensor
system consisting of a laser range finder and an om-
nidirectional color camera. Spatial knowledge is used
to partition the scene into subparts which are consid-
ered in the tracking process. The color distribution
of each of these subparts is analyzed and depending

on the distribution an appropriate tracking proce-
dure is chosen. To provide robustness in different
scenarios color and range information is fused.

The second approach solely relies on spatial infor-
mation [1]. Objects are extracted from laser range
finder images applying simple heuristics to partition
the scene into primitive parts. Correspondences be-
tween successive scans are established by network op-
timization techniques.

The estimated trajectories are used to extract ba-
sic motion patterns like straight motion, wandering
around aimlessly, entering a queue or just waiting
for something. A tree structured vector quantization
is applied to the persons trajectories to restrict the
number of elementary movements. A time series of
the quantization results is fed into an un-supervised
classification stage which acquires a representation
of characteristic motion patterns.

The main topics in this article are fusion of omnidi-
rectional vision with range information provided by a
laser scanner, color segmentation of omnidirectional
images, object tracking and prediction of object tra-
jectories.

1.1 Related Work

Different approaches for tracking of persons can be
divided into methods based on moving cameras and
methods which rely on stationary cameras and sta-
tionary background.

Much work on tracking systems for stationary
cameras originates from virtual reality applications
where persons move in front of a stationary back-
ground. Typically these systems segment images us-
ing frame differencing [5].

These approaches are not suitable for tracking on a
mobile robot since figure-ground separation can not
be accomplished by simple image differencing. Wren
et al. [6] represent a person by a collection of colored
blobs. These blobs and the scene background are
modeled by a three dimensional normal distribution.



