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Abstract

Dense correspondence estimation is widely used for many image processing
applications. For example, it is applicable in video signal processing for the
computation of the motion field used for temporal de-interlacing, motion com-
pensated frame-rate conversion or temporal super-resolution. In computer
vision it is predominantly used for scene understanding. For instance, esti-
mated correspondence vectors are used to reconstruct observed 3D objects
and motions or to detect and track moving objects. In these two fields of
image processing, two different estimation approaches which were indepen-
dently developed are used. In video signal processing, block matching motion
estimation, a discrete search for small similar patches in adjacent frames, is
usually used. In contrast, in computer vision differential optical flow esti-
mation is used in most applications that require dense correspondence fields.
This latter approach has a strong mathematical background and tries to find
pixel-wise correspondence vectors that optimize an image model based global
energy functional.

In this thesis, the characteristics of the two correspondence estimation concepts
- block matching and differential optical flow - are analyzed and compared, and
specific strengths and weaknesses are outlined. Both approaches have specific
advantages for applications they were designed for, but also drawbacks that
limit their applicability for advanced scenarios. The two approaches show
complementary strengths, such that a combination of the two concepts seems
to be a promising approach to achieve correspondence vector fields that meet
the requirements of advanced applications. Both methods show weaknesses
when it comes to estimation of precise vector fields with steep transitions at
motion boundaries. This thesis proposes to increase the adaptivity of block
matching and optical flow method and to combine the two approaches in a
common framework that will exploit their complementary advantages. Two
separate methods for block matching and differential estimation are developed
with respect to enabling a combination of the two methods. Weights known
from adaptive vector field filtering are integrated into each developed method,
such that both approaches show high adaptivity to image structures and mo-
tion boundaries. Afterwards, a concept for combining the two methods in a
common multi-scale framework is proposed. The two methods are alternately
applied over multiple scales, such that the estimation results are increasingly
refined with each processing step. Adaptive vector field postprocessing steps
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are then further integrated into the framework to reduce remaining outliers
and achieve an even higher precision at motion boundaries. In this context,
a histogram-based method for jointly filtering horizontal and vertical vector
field component is proposed. Resulting vector fields of the proposed concept
are qualitatively and quantitatively evaluated and compared to current state-
of-the-art methods. The proposed method achieves high ranks in a current
benchmark for optical flow methods.




