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Abstract of Thesis

Deformation is an essential property of objects that provides important information regarding the structure
of an object.People interact with deformable objects, e.g, a doctor analyzes patients blood flow to diagnose
symptoms, and an engineer inspects the straight or load of an elastic object.Thus, visualization of deformation
is required in several fields.Considering the current visualization technology, visualizing deformation is

limited to ordinary screens that restrict interaction

Spatial augmented reality (AR)yrefers to the technique that enables computer generated graphics to be projected
directly onto a physical object through light-projection image.The projection images can dramatically create
a realistic appearance over the objects.Consequently, users can interact with virtual content in a real space
This could improve user experience and support important investigation/implementation tasks, e.g, medical care
and various design applications.Although spatial AR has several advantages, few studies have investigated

integrating deformation visualization in spatial AR

This thesis explores the spatial AR for deformable objects and makes the following contributions.First, I
introduce a deformation estimation approach for spatial AR using an infrared-based vision system.The proposed
infrared-based tracking technique solves the limitations of feature requirements that are difficult to realize
for projection surfaces, which are typically uniform matte white surfaces.The proposed deformation estimation

technique is demonstrated through a practical user study

Second, I demonstrate spatial AR for deformable objects to control the apparent motion of fabric.I investigate
the effectiveness of changing the apparent motion to modify the perceived stiffness of fabric.Through a

psychophysical study, I confirm that changing the apparent motion of fabric affects the perceived stiffness
In addition, I derive a perceptual model that can manipulate user perception of stiffness and evaluate this

model with various fabrics material in the different setup.

Finally, I investigate the use of a light-projection image to modify the perceived haptic softness of an elastic
object by changing the visual appearance of a target object’ s surface and a user’ s body. Through a psychophysical
study, I determine that a projected visual effect that changes the surface appearance of a hand and the
deformation appearance of a touched object can significantly influence perceived softness.Similar to my
previous studies, I derive a perceptual model and build a prototype system that can manipulate user perception

of softness of various elastic objects
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