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ABSTRACT

With the development of the modern science and technology and the awakening
concern on security issues from people, video surveillance systems have become
popular and found their applications in both our daily life and the manufacturing.
However, the traditional video surveillance systems have many disadvantages such as
the lack of intelligence and automation, the need for long-term monitoring and
assistance from people, and the difficulty in content retrieving. Therefore, the
importance of intelligent video surveillance technoloy, which is a novel research field
concerning subjects as Image Processing, Pattern Recognition and Computer Vision,
1s now recognized by not only the academic world, but also by the whole industry and
the adaministrative department. Moving object detection and tracking are the two core
parts of the intelligent video surveillance technoloy, and they usually act as a
fundamental step for higher level visual tasks. In this thesis, the object detection and
tracking algorithms for video surveillance systems with fixed cameras are studied. We
present two detection algorithms and a multiple target tracking algorithm, the
contributions are sumarized as follows:

(1) A Kernel Density Estimation algorithm in srgb color space is proposed for
object detection. In the following noise reduction and binary mask enhancement step,
the estimated density value and the Markov Random Field are utilized within the
framework of Bayes' Theorem to improve the binary detection mask iteratively.

(2) An illumination-robust background-foreground object detection method
"spkmeansEM" is presented in this paper. It has two attactive features: First,
spkmeansEM is not only resistant against the interference of the shadows, but also can
exclude effects of highlights. Second, unlike most of other algorithms that can handle
unstable illuminations, the proposed algorithm does not need to design an additional
procedure to extract shadow regions or highlight areas. We eliminate most of
dispersed noise and enhance the contours of foregrounds in the detection result via
iterative bayesian decision making, with the information of Gausian Mixture Model of
the background.

(3) When using spkmeansEM to estimate the parameters of Gaussian Mixtures,
we have discovered some general rules on finding maximum likelihood estimation of

the Multivariate Normal Mixture (Gaussian Mixture Model), and this discovery

II
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further became a theoretical breakthrough. We first prove that the Titterington's online
EM algorithm and the other online EM variant using sufficient statistics are feasible
for updating the parameters in Multivariate Normal Mixtures under streaming data.
Then the equations for parameter updating are derived respectively. The two types of
online EM variants can be used in many other fields where statistical techniques may
apply.

(4) A multiple target tracking algorithm that can cope with occlusions is
proposed. We first complete the theoretical support for this approach, and then use
K-means algorithm to solve the merge and split problem of targets during occlusion.
Finally, by applying Kalman filtering process, satisfying target tracking results can be

obtained.
Key Words: intelligent video surveillance systems, Kernel Density Estimation,

background modeling, EM algorithm, object detection, object tracking, Markov
Random Field, Multiple Hypothesis Tracking
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