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Abstract

The explosive growth in the amount of multimedia information necessitates the
development of content-based video indexing and retrieval techniques. Recently,
sports video content analysis has become a hot research area. This research work’s
main objective is to automatically extract high-lights pieces from a video sequence for
users quickly browsing and enriching them with different represent forms. Although
great progress has been achieved in the past ten years, the successes of some systems
can not satisfy users’ requirement and is far from the research target.

This paper focuses on some key technologies in soccer video analysis and 3D
scene reconstruction, in order to make them more robust and applicable. The main
work includes the following three points: 1) automatically detecting playfield. This
technology is commonly used in soccer video analysis and 3D scene reconstruction; 2)
moving objects detection and tracking. In sports videos these objects are ball and
players; 3) 3D scene reconstruction based on monocular broadcast video. The main
novelties consist of the following points:

1. We propose a new algorithm for playfield color detection based on intrinsic
image. As a key technology in sports video analysis, it is affected by shadow
heavily. The proposed algorithm can overcome the problem. The algorithm first
detects dominant color in the color histogram for a sequence. Since similar
surface’s intrinsic image has symmetrical distribution along the right projection
direction, the camera sensor can be calibrated. As the projection direction directs,
the algorithm justifies whether the second dominant is the playfield color by their
intrinsic image distribution. Moreover, when the shadow regions and non-shadow
regions are determined in playfield, the camera’s sensor can be fined calibrated
by maximize the similarity of the two regions’ intrinsic image distribution.
Experiment show that the algorithm can detect playfield colors even including
shadow.

2. We propose an adaptive playfield detection algorithm. Based on the detected
playfield color, the algorithm exploits GMM to model these colors distribution,
whose parameters are updated by incremental expectation maximization
algorithm. This method not only improves the detection results, but also reduces
the memory requirement in training processing. Experiments show the method
acquires better results than the methods using histogram or GMM.

3. We propose the named sequential data association strategy for multiple objects
tracking. Multiple objects tracking is puzzled by occlusion. As the players are on
a plane, a player’s image is on lower part in the image if he has small scene depth.
As the strategy suggests, the data association is performed in the sort ascending
of the player images’ vertical position. Compared with traditional joint
probability data association, this method reduces the searching space. The method
improves the tracking efficiency and almost acquires the optimal solution in the
sense of Bayesian. More, we propose a new appearance model, which reinforces
the foreground and strains the background. For ball detection and tracking, we



analyze the relationship between detection and tracking in the view of
experiments.

4. We propose a new method for estimating the players’ and ball’s 3D position
information from monocular broadcast video. For players, the homography
between image and playfield is used to estimate their positions. For ball, by
analyzing the geometry relation between ball, its “virtual” shadow and camera
position, we derive the formulas for estimating flying ball’s 3D position.
Moreover, we propose a method to predict the flying plane if it can not be
determined from images. This method designs a new cost function, which arrives
at the minimum when the predicted flying plane is reasonable. This method has at
least two merits. One is that it can estimate the flying ball’s position without
referring to other object with known height; the other is that only one assumption
Is made, the camera is fixed a position.Experimental results are satisfying.

The mentioned technologies have been used for exciting event detection and 3D
cartoon generation for high-lights piece. The methods for playfield detection and
objects detection and tracking can be applied to other sports video analysis.

Keyword sports video analysis, playfield detection, multiple objects tracking, 3D
reconstruction



