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With the “safe city” plan, video surveillance systems are gradually covering all crucial
places and the surveillance data generated would increase hundreds of times. The traditional
video analysis based on eye monitoring can not satisfy the need brought by such rapid
increasing data. Therefore, intelligent video surveillance becomes more and more necessary.
One of the most important functions in intelligent surveillance system is separating target
objects from background, which is usually utilized through background subtraction.

Although background subtraction technology has been researched more than a decade, it
remains confronted with many severe challenges, one of which is the foreground detection in
crowded scenes. In such scenes, most foreground objects keep still, which leads to
inefficiency of the traditional background subtraction algorithms, such as GMM, KDE, etc,
because they can only detect moving foreground objects. Eigenbackground method can detect
motionless objects, where several eigenbackgrounds are used to reconstruct the background.
However, when the scene becomes crowded, some foregrounds may be absorbed into the
eigenbackgrounds, leading to severe miss detections and false alarms. In order to solve this
problem, selective eigenbackground methods are proposed in this thesis. The main
contributions can be summarized as follows:

Firstly, this thesis presents a block-level eigenbackground algorithm based on best
eigenbackground selection, where the original video frame is divided into blocks and each
block is processed independently. Through this blocking strategy, the foreground proportion
in the training samples and the spatio-temporal complexity of the algorithm are significantly
reduced. Moreover, in order to introduce the foreground information into the background as
less as possible, the algorithm selects the best eigenbackground for each block to reconstruct
its background, rather than using all the eigenbackgrounds in the traditional eigenbackground
method. Experimental results show the performance of the proposed algorithm exceeds those
of some states-of-arts on crowded scene dataset.

Secondly, to improve the eigenbackground method furthermore, this thesis proposes a
pixel-level selective eigenbackground algorithm based on virtual frame. On one hand, clean
pixels are selected from the video to construct “virtual frames”, which contain no foreground
objects. With virtual frames as training and update samples, the stability and the purity of the
eigenbackground model are raised significantly. On the other hand, in the detection stage, the
best eigenbackground is selected for each pixel to reconstruct its background value, thus each
pixel can get the best background reconstruction result. Experimental results show that the
background subtraction performance is further raised with the proposed algorithm.

Thirdly, background subtraction technology is applied in video analysis and video



encoding, where two intelligent surveillance systems based on background subtraction are
developed and evaluated. The first one is the event detection system “eSur”, which includes
the subsystem “eSur_Person” oriented to person surveillance and “eSur_Vehicle” oriented to
traffic surveillance. Particularly, “eSur Person” is used in the TRECVID-SED evaluation,
where we got outstanding results. The second system, “SmartCam”, is a video encoding and
decoding system based on background modeling, which includes the software implementation
and partial hardware implementation. In this system, background modeling is applied in video
encoding. Experimental results show that the encoding bit rate is greatly reduced under the
same video quality.

In summary, this thesis studies the background subtraction in crowded scenes and makes
a preliminary exploration of its application in intelligent surveillance system. Tentative

experimental results demonstrate the feasibility and effectiveness of the work in this thesis.
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