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Abstract

This paper explores the use of multisensory information fu-
sion technique with Dynamic Bayesian networks (DBNSs)
for modeling and understanding the temporal behaviors of
facial expressions in image sequences. Our approach to
the facial expression understanding lies in a probabilistic
framework by integrating the DBNs with the facial action
units (AUs) from psychological view. The DBNs provide a
coherent and unified hierarchical probabilistic framework
to represent spatial and temporal information related to fa-
cial expressions, and to actively select the most informative
visual cues from the available information to minimize the
ambiguity in recognition. The recognition of facial expres-
sions is accomplished by fusing not only from the current
visual observations, but also from the previous visual evi-
dences. Consequently, the recognition becomes more robust
and accurate through modeling the temporal behavior of fa-
cial expressions. Experimental results demonstrate that our
approach is more admissible for facial expression analysis
in image sequences.

1. Introduction

A facial expression is indeed the human behavior. It often
reveals not only the nature of the deformation of facial fea-
tures, but also the relative timing of facial actions as well as
their temporal evolution. It is clearly of interest for human-
computer interactions and human behavior analysis that an
automated facial expression recognition system can recog-
nize the facial actions, yet modeling their temporal behav-
ior so that various stages of the development of a human
emotion can be visually analyzed and dynamically inter-
preted by machine. More importantly, it is often the tem-
poral changes that provide critical information about what
we try to infer and understand human emotions that possi-
bly link to the facial expressions. One interesting aspect of
this work is to model such dynamic behaviors and momen-
tary intensities of facial expressions.

1.1. Previous Work

Approaches in facial expression analysis are generally dis-
tinguished as spatial analysis and spatio-temporal analysis.
The major works on spatial analysis for facial expression
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recognition have focused on using Neural Networks (NNs).
More recently, Gabor wavelet [1], and rule-based [2] have
also been attempted. A common limitation of these works
is that the recognition bases on static cues from still face
images. We focus on how to model the temporal behav-
iors of facial expressions from dynamic appearances in an
image sequence. Consequently, this sets our work signifi-
cantly apart from the above approaches.

There have been several attempts to track and recognize
facial expressions over time [3]-[7]. The current works
on the spatio-temporal analysis for facial expression under-
standing, in our view, have the following shortcomings: 1)
facial motion information is obtained mostly by computing
dense flow between successive image frames. Flow esti-
mates are easily disturbed by the variation of lighting and
non-rigid motion, and also sensitive to the inaccuracy of im-
age registration and motion discontinuities; 2) facial tempo-
ral information usually takes from three discrete expression
states in an expression sequence: the beginning, the peak
and the end of the expression. The facial movement itself is
not measured. Hence, this can not reflect the temporal evo-
lution and the momentary intensity of an observed expres-
sion, which are indeed more informative in human behavior
analysis; 3) besides HMM, most of proposed methods lack
the sufficient expressive power to capture the temporal be-
haviors exhibited by facial expressions. HMM can model
uncertainties and time series, on the other hand, it lacks the
ability to represent induced and non-transitive dependen-
cies. However, a facial expression is induced not only by
its temporal information, but also by a great number of AU
combinations and transient cues, which are non-transitive;
4) the issue of the occlusion in facial expressions has not
been directly addressed by the existing works.

1.2. Overview of Our Approach

The following constitutes the framework based on which
our approach is developed: 1) Facial Motion Measurement:
the measurement of facial motion is through tracking of fa-
cial features by simultaneously using an active Infra-Red
(IR) illumination and Kalman Filtering. The pupil positions
detected by using IR illumination are used to constrain the
detection and tracking of other feature positions so that the
facial motion can be accurately measured under large varia-
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