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ABSTRACT

The presented thesis work deals with several mathematical and practical aspects of
the monocular pose estimation problem. Pose estimation means to estimate the po-
sition and orientation of a model object with respect to a camera used as a sensor el-
ement. Three main aspects of the pose estimation problem are considered. These are
the model representations, correspondence search and pose computation. Free-form
contours and surfaces are considered for the approaches presented in this work.
The pose estimation problem and the global representation of free-form contours
and surfaces are defined in the mathematical framework of the conformal geomet-
ric algebra (CGA), which allows a compact and linear modeling of the monocular
pose estimation scenario. Additionally, a new local representation of these entities
is presented which is also defined in CGA. Furthermore, it allows the extraction of
local feature information of these models in 3D space and in the image plane. This
local information is combined with the global contour information obtained from
the global representations in order to improve the pose estimation algorithms. The
main contribution of this work is the introduction of new variants of the iterative
closest point (ICP) algorithm based on the combination of local and global features.
Sets of compatible model and image features are obtained from the proposed local
model representation of free-form contours. This allows to translate the correspon-
dence search problem onto the image plane and to use the feature information to
develop new correspondence search criteria. The structural ICP algorithm is de-
fined as a variant of the classical ICP algorithm with additional model and image
structural constraints. Initially, this new variant is applied to planar 3D free-form
contours. Then, the feature extraction process is adapted to the case of free-form
surfaces. This allows to define the correlation ICP algorithm for free-form surfaces.
In this case, the minimal Euclidean distance criterion is replaced by a feature corre-
lation measure. The addition of structural information in the search process results
in better conditioned correspondences and therefore in a better computed pose. Fur-
thermore, global information (position and orientation) is used in combination with
the correlation ICP to simplify and improve the pre-alignment approaches for the
monocular pose estimation. Finally, all the presented approaches are combined to
handle the pose estimation of surfaces when partial occlusions are present in the
image. Experiments made on synthetic and real data are presented to demonstrate
the robustness and behavior of the new ICP variants in comparison with standard
approaches.




