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Abstract:  Central to 3D computer vision are tasks such as stereo reconstruction, 3D tracking, 

Structure and Motion, etc. Although there exist solutions to these problems, they tend to use 

context either heuristically or incorrectly when applied to scenes with rich, natural structures. 

Therefore, a rigorous study of the geometric context is crucial. The key message in this talk is 

such an analysis based on differential geometry. And it is demonstrated within powerful inference 

algorithms. In the first part I describe a frame based geometric analysis for stereo vision, and 

propose a set of differential geometric constraints for both curve matching and surface dense 

stereo. The derived differential geometric consistency in effect exploits the correct geometric 

context for stereo, and has resulted in much improved feature-based and surface dense stereo 

algorithms for complex natural scenes. In the second part I study geometric context for 3D edge-

based tracking, and propose a unified representation for both fixed model edges and occluding 

contours. This immediately advances state-of-the-art edge-based 3D tracking algorithms to 

handle occluding contours. Finally, in the third part, the geometric context is studied for the 

problem of motion estimation (in the form of affine epipolar geometry). Once again, it reveals 

that critical information is actually available and suggests a novel, globally optimal solution. 

Although shown with specific problems in 3D computer vision, the underlying analysis of 

geometric context is also applicable to related fields such as computer graphics, human-computer 

interaction, and medical image analysis. 
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