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Abstract

This paper introduces a real-time method for tracking
hands through image sequences. Our method combines ef-
ficiently calculated color likelihood maps with a modified
version of the Maximally Stable Extremal Region (MSER)-
tracker. The proposed algorithm allows to robustly track
hands through image sequences and additionally provides
accurate hand segmentations per frame. Experimental eval-
uation proves the high accuracy of the segmentation results
and a first application for human-computer interaction is
presented.

1. Introduction

Hand tracking is an important problem in the field of
human-computer interaction. The recognition of hand mo-
tion and gestures can potentially be used for interacting with
computers in a more intuitive way and has versatile appli-
cations as e. g. for sign language recognition or controlling
computer games.

Tracking hands is a very challenging problem because
the hand presents a motion of 27 degrees of freedom (DOF),
21 for the joint angles and 6 for orientation and location
[11, 10]. Wu etal. [15] showed that applying PCA allows
to approximate the state space by 7 DOF due to the corre-
lation of joint angles. But still most tracking methods have
substantial problems with e. g. out-of-plane rotations, scale
changes, self-occlusions or segmentation accuracy. Further-
more most applications require a real-time tracking perfor-
mance.

In general two different approaches for tracking hands
can be distinguished: model-based or appearance-based.
Model-based methods as e. g. [15, 12, 11, 4] use a 3D model
of the hand and try to estimate the current hand state by
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matching the model to the observed image features. There-
fore, the problem becomes a search problem in a high di-
mensional space. Appearance based methods try to to ex-
tract the hand state solely by analyzing appearance based
image features as e.g. in the particle filtering framework
proposed by Isard [5] who also showed applications to hand
tracking. Particle Filtering maintains multiple hypotheses
of the current object state and provides impressively robust
tracking results. Unfortunately the computational complex-
ity of particle filter increases exponentially with the number
of dimensions of the state space.

In this paper we introduce an appearance based ap-
proach. The main idea of the method is to combine a state-
of-the-art interest point tracker with efficiently calculated
color likelihood maps. Such a combination allows to per-
form a repeated figure/ground segmentation in every frame
in an efficient manner. Thus, in addition to robust tracking
results also accurate hand segmentations can be provided.

The outline of the paper is as follows. Section 2 de-
scribes the novel tracking method in detail, introducing how
efficiently calculated color likelihood maps can be passed
to the Maximally Stable Extremal Region (MSER) tracking
algorithm. Section 3 demonstrates the high accuracy of the
segmentation results on different test sequences and shows
a first application for human computer interaction by ana-
lyzing simple hand gestures. Finally Section 4 draws some
conclusions and gives an outlook on future work.

2. Tracking method

We propose a tracking method which is a combina-
tion of efficient color likelihood calculation and the Max-
imally Stable Extremal Region (MSER) tracker proposed
by Donoser and Bischof [1]. In Section 2.1 we show how
color likelihood maps are efficiently calculated by compar-
ing multivariate Gaussians with the Kullback-Leibler dis-
tance. Section 2.2 summarizes the MSER-tracker and de-
scribes the modifications which allow to use the likelihood
maps as input for providing accurate hand segmentations in
each frame.









Figure 2. First example for tracking a hand through a video sequence.

Figure 3. Second example for tracking a hand through a video sequence.

Figure 4. Human computer interaction by the proposed tracking method. A simple gesture recogni-
tion allows to use the tracker for controlling the mouse pointer and activating mouse-clicks.



