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Abstract
This thesis investigates motion estimation and compensation techniques for high efficiency motion-compensated predictive video coding.  Two goals set for this research are the specific aspects involved in very low bitrates and a high degree of compatibility with the conventional block-based approaches.

The behaviour of a hybrid coder is analysed highlighting the specific qualitative and quantitative characteristics of the motion information at very low bitrates. It is stressed that, above a particular accuracy limit, more advanced motion models are required to achieve prediction improvements.

The inherent inability of conventional block matching to handle complex motion and inner-block motion field discontinuities, as well as the limitations resulting from occlusion phenomena, are identified as potential sources for enhancement.

Spatial transformation motion estimation is formulated as a convenient solution to overcome the complex motion modelling issue. Quadrilateral Matching and Mesh-Based techniques are shown to significantly improve the prediction quality for small and moderate motion, at the expense of increased complexity. Techniques for complexity reduction and large motion description are proposed. They are based on a hierarchical decomposition of motion, on directional features extracted from the texture of the difference frame, and on simplifications of the regular search patterns and pixel interpolation operations.

An overlapped spatial transformation motion model is developed, which combines complex motion modelling with the compensation for motion discontinuities occurring within the blocks. These discontinuities increase the prediction error and are responsible for undesired blocking artifacts. The prediction performance of the model is further improved by including temporal motion vectors in a framework of three-dimensional overlapped warping prediction. This increases the ability to exploit spatio-temporal multihypothesis motion compensation and minimises occlusion effects by gathering information from multiple frames. For selected image areas, three-dimensional overlapped spatial transformations can achieve a more than 50% reduction in the prediction error energy, when compared to the conventional block matching technique.
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