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Point cloud alignment plays an important role in computation vision and related fields such as robotics
and computer graphics. Given a source point cloud and a target one, point cloud alignment aims at
recovering the rigid spatial transformation between them to make their poses as similar as possible
After the alignment procedure, the estimated transformation can straightforwardly help to solve the
fundamental pose estimation problem encountered in various applications such as autonomous driving and
3D reconstruction. Moreover, the aligned point clouds appear to be an ideal data format for varying
high-level recognition tasks such as object classification and detection.

Given the importance of point cloud alignment, various solution methods have been developed in the past
decades. Despite such decade-long studies, we realize that there still exist some fundamental problems
that are shared by distinct existing algorithms, preventing the alignment accuracy from being further
improved. Consequently, the advances of the down—-streaming pose estimation and recognition tasks are
also hindered. Motivated by this fact, in this thesis, we present detailed analyses and solution
methods to mitigate such shared problems, hoping to push the pose estimation and recognition accuracy
one step further

In Chapter 2, we tackle the problem that the relations between the existing geometric and probabilistic
alignment algorithms developed for pose estimation are not well studied. These two types of approaches
are dominant in solving the point cloud alignment problem but have been developed independently so far,
making their respective merits not sharable. As a solution, we present a unified framework by
leveraging the knowledge from information geometry to explain them. Our unified explanation makes the
respective merits of these two classes of algorithms mutually commutable, leading to more accurate
alignment and pose estimation results.

In Chapter 3, we simultaneously solve two problems that existing alignment algorithms may present
infeasible point—wise correspondences and suffer from outliers, diminishing the pose estimation
accuracy. While the recently raised research topic of shuffled linear regression can perfectly solve
the infeasible estimation problem, it still cannot effectively handle outliers in point clouds. As a
solution, we present a generalized version of the shuffled linear regression problem. Our proposal can
not only theoretically guarantee that the estimations are always feasible, but also introduces
effective robust estimation tools to reject outliers. Various applications show the effectiveness of
our proposal.

In Chapter 4, we analyze in detail the ambiguity problem of principal component analysis when applied
to intra—category alignment, which is a popular pro—processing step in deep learning-based point cloud
recognition tasks. We show that its associated number of ambiguities is not sufficiently recognized in
existing works. Moreover, we empirically find that sufficient identification of the ambiguities can
lead to conspicuous performance improvements on varying recognition tasks, and such improvements are
particularly visible on challenging real-world point clouds.
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