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Abstract

Image sequence based object tracking is a fundamental problem for computer
vision research and has been widely studied. The main goal of visual tracking is
to imitate the motion sensibility of physical visual system, empower the machine
with the ability of perceiving the object motion and their relations in the scene
and provide an important way for image sequence understanding. Visual tracking
technique has many applications, such as video surveillance, video analysis,
video indexing, video based motion analysis and synthesis, motion-based human
identification. After more than 40 years’ development, visual tracking technique
has made great progress especially in the past ten years. However, practical
experience has shown that visual tracking technologies are currently far from
mature. A great number of challenges need to be solved before one can
implement a robust visual tracking system for commercial applications.

Under the framework of sequential Monte Carlo filtering algorithm, this
thesis try to get insights on some key issues in visual tracking with application
scenarios on face and human tracking. Some important technologies and
solutions are studied which are necessary for robust and practical tracking
systems, especially concentrate on how to model the object appearance variation,
how to model and estimate the object complex dynamics, how to combine low
level and high level motion estimation methods to enhance tracker robust and
sfficiency. The main contributions of this thesis can be concluded as follows.

1) An algorithm for oniine modeling and adapting discriminative object
appearance model is proposed. How to model the appearance of the object is
one of the key factors determining the performance of a visual tracking
system. Practical experience shows that feature selection strategy and how to
model features fundamentally determine the robustness and computational
complexity of a tracker. This problem has been extensively studied by many
researchers. However, it is still one of the biggest difficulties to prevent the
tracking technique into tical applicati An adaptive appearance model
with online updating process is proposed. The algorithm considers both
object appearance and its relevant background when constructing object
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model. The constructed model encodes the difference between the object and
background dynamically. Therefore, during the tracking process, the
discriminability of the updated model is guaranteed basically. Compared with
one of the state-of-the-art tracking algorithms, Mean Shift, experimental
results show that our algorithm performs better on publicly available test
sequences.

An algorithm for modeling and estimating complex object dynamics by
integrating multiple models is proposed. Due to the limitation of
computational resource, tracking algorithms are almost based on local search
methods to find object motion state. Therefore, predicting the object future
positions according to its motion trajectory is one of the key factors to
determine the algorithm efficacy. How to model these complex dynamics is
the bottleneck of these kinds of tracking tasks. This thesis proposes a
fi k to model and

plex motion by incorporating multiple
motion models. Based on the proposed framework and aim to solving two
kinds of complex motions, two new variations of sequential Monte Carlo
fitter are proposed, termed as multi-model switching sequential Monte Carlo
filter and multi-model cooperation sequential Monte Carlo filter respectively,
by combining the proposed framework with the standard sequential Monte
Carlo filter. Experimental results show that the proposed algorithms perform
better than standard sequential Monte Carlo filter and simultaneously lower
the computational burden.

A facial “feature tracking algorithm by combining optical flow and specific
description model is proposed. Facial feature tracking is one of the classical
applications of local feature based motion perception. Tracking facial feature
is also a challenging problem. Existing facial feature tracking algorithms can
be categorized into two kinds: specific description model based and optical
flow based methods. The thesis prop to bine the optical flow based
and specific model based methods under the sequential Monte Carlo filter to
salve the facial feature tracking problem. The classical KLT feature tracker is
improved with the scale space theory. Based on the fine initial conditions
constrained by improved KLT tracker, mouth description model is employ for

those deformable features and the searching process of sequential Monte

SV

Abstract

Carlo filtering algorithm can be accelerated significantly. Considering
remained tracking errors, subspace conmstraint on motion trajectories of all
features is furtherly adopted to iteratively refine tracking results. Compared
with original KLT tracker, experimental results confirm the effectiveness of
the proposed method on facial feature tracking task.

Three proposed novel ideas in the thesis are try to solve two basic
probelems in visul tracking research: object appearance modeling and object
dynamics description. The first idea proposes to dynamically modeling ‘the
difference between foreground/background, which make it different from most
exsiting visual tracking algorithms. The second and third ideas try to describe
object dynamic explicitly from the motion model or implicilty from discrite
feature points’ motions respectively. Therefore, the three proposed algorithms are
somewhat complementary and can be choosen for different application scenarios.

Keywords Visual object tracking, sequential Monte Carlo filtering algorithm,
online feature selection, motion modeling, optical flow based tracking
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