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Abstract

In this dissertation, I review my research in computer graphics and interactive techniques on different
aspects that are related to user-integrated 3D exploration and manipulation of acquired surfaces. In
particular, I address three research questions, and show concrete use cases and applications for acquired
surfaces from the cultural heritage domain.

First, what is an appropriate representation for the 3D surface data coming from the acquisition
that makes it possible to effectively process and analyze the surface? I focus on representations that
are point-based and defined locally, in order to be scalable while being globally consistent, which may
take into account prior knowledge about the surface. In particular, I present a surface representation for
non-structured point clouds that integrates user-specified sharp features, and a surface representation
that assumes the surface to be locally developable. Moreover, I present a representation that is suitable
for the multi-scale analysis of point-sampled surfaces.

Second, what is an efficient interaction technique for exploring and manipulating the surface? I focus
on 3D user interaction, and in particular tangible user interfaces, that give a physical form to digital
information, ideally in combination with a display in 3D space so that the action and perception space
coincide. More specifically, I present a tangible user interface for geoscientists for the selection of cutting
planes, a tangible user interface for the virtual reassembly in archeology that makes the manipulation
of the fragments accessible, and an interaction technique in spatial augmented reality where surface
characteristics are displayed on real-world objects.

And third, can we derive an integration of the latter two aspects to define an interaction technique
that is driven by the surface characteristics? Motivated by a concrete project about acquisition and
reassembly of cultural heritage that I have coordinated, I show two examples, an interaction technique
for the semi-automatic geometry-driven reassembly of fractured archeological objects, and an interaction
technique in spatial augmented reality that makes it possible to inspect geometric properties directly on
the real-world objects themselves.

Finally, I present the research topics that I am currently working on and that I plan to address
in the future. These topics concern the integration of optics and computer graphics, and especially a
spherical multitouch display that can be built at low cost with off-the-shelf components, a spatial optical
see-through display, the use of light guides for displays and acquisition, as well as the pedagogical use of
interactive computer graphics for improving the understanding of complex phenomena.



