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With the technological advancement of computing environments supported by high-speed
network infrastructures, more and more digital 3D objects have been widely available on the
Internet. This makes it possible to use 3D objects for a variety of applications including
entertainments, manufacturing industries, virtual reality, and medical simulation. In general,
unlike text and image data, creating a 3D object from scratch and retrieving a desired 3D
object from a collection of 3D objects tend to be time-consuming. At the same time, a complex
3D object tends to be verbose and consumes a large storage space. It is essential to manage
and re-use a collection of 3D objects effectively. Therefore, there is a great need for the
technology to efficiently retrieve similar 3D objects by using a shape as a query.

The main objective of this dissertation is to investigate similarity search techniques for 3D
shape objects with superior search performance. The key element to efficient similarity search
for 3D objects is the extraction of good features that best describe dominant intrinsic 3D
shapes, insensitive to initial position, orientation, and size. To cope with these requirements,
we propose four different kinds of feature vectors for a 3D object; Multi-Fourier Spectra
Descriptor (MFSD), Dense Voxel Spectrum Descriptor (DVD), Depth Buffered Bag-of-Visual
Words (DBoV), and Local Feature Correlation Descriptor (LCoD). We demonstrate through
comparative experiments what characteristics each of these feature vectors have and how
different each of them behaves in terms of shape locality and search performance.

Although our proposed feature vectors can capture a wide range of 3D shapes and bring us
high search performance, they are inherently high dimensional. There is a strong possibility
of redundancy existing within each feature vector, which might make the search performance:
degrade unintentionally. To alleviate this problem, a method for removing redundancy by data
compression is highly expected. This is where a dimensionality reduction technique comes in
to reduce the dimension of a feature vector, while preserving the essential information
latently embedded in high dimensional space as much as possible. We propose two novel
dimensionality reduction techniques which we call Linear Diffusion Projection (LDP) and
Local Metric Preserving Projection (LMPP), respectively. LDP preserves the transition
probability between data in high dimensional space, while LMPP preserves the metric
information represented distance between data in high dimensional space. Through
comparative experiments by reducing the dimension of our proposed feature vectors, we
demonstrate that both LDP and LMPP exhibit high search performance compared to
previously known classical methods such as Principal Component Analysis.

For further improvement with respect to search performance, we propose Globally
Enhanced Manifold Ranking (GMR). GMR has its root in Manifold Ranking (MR), a ranking
algorithm for capturing nonlinear structure of the data distribution assuming that the data
can be locally represented by a manifold in high dimension. With GMR, we formulate the idea
of MR for retrieving a 3D shape from a collection of 3D objects, and augment the idea by
considering a global structure among data. Through comparative experiments, we confirm
that the search performance can be improved.




