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Abstract
The thesis investigates the digital encoding of images for video compression at very low bit rates. It is shown that motion estimation with geometric transformation or 'warping' can be efficiently employed in interframe codecs to compensate complex motion. Unlike the traditional motion estimation algorithms that only compensate translational motion, the warping process enables very accurate matching of non-uniform changes between video frames. Using this method, motion vectors themselves can be sufficient to code a few frames of head-and-shoulders video sequences at very low bit rates. It is shown how the additional computational complexity can be reduced to an affordable degree for practical implementation by adopting fast search algorithms and scanline techniques. The correlation among the motion vectors of the corners of adjacent quadrilaterals can also be exploited for further reduction of the overhead bit rate.

However, long sequences of images cannot be encoded with motion vectors alone. Despite the fractional pixel accuracy of the geometric transform motion compensation some errors do accumulate. This effect causes less impairment than that of the traditional block matching algorithm (BMA); it is smoother and the shape contours are well defined, hence it is easier to encode. The self-similarity of these contours can be capitalised by encoding them with a fractal coding (FRC) method. For further efficiency, this coder is combined with a discrete cosine transform (DCT) module to speed up the fractal decoding process and to improve further the image quality.

In order to reduce the motion compensation overhead, the video coder described is implemented in a subband coding system. The biorthogonal filter banks employ B-Spline filters, which were used because of their their polynomial local properties and their high energy compaction into the lower frequency band. For low bit rate image coding, only the information content of this band is used for the reconstruction of the image.

Finally, it is shown that geometric transform motion estimation using both the previous and future predicted frames (bidirectional) can further improve the motion estimation accuracy. Since the predicted errors of the bidirectionally motion compensated frames do not need to be encoded, the image quality of the predicted frames can be improved or the bit rate reduced. The performance of the coder is evaluated with a series of test images at various bit rates ranging from 16 to 64 kbit/s.
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