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Abstract of Thesis

Augmented Reality (AR) is a technology that displaying virtual information directly into real-world
environment, has been wildly applied in many fields, such as entertainment, manufacturing, or education. In
recent year, AR has been explored to help the impaired people, e.g. visually impaired, hearing impaired. I have
developed AR to support hand impaired persons in human-computer interactions (HCI) and computer-mediated
communication (CMC).

Hand tremors are featured with involuntary shaking of hands, reduce level of hand capability to
perform intentional activities. With widespread use of computers and touching panel, typing or touching
becomes very common interactive way to access devices. However, it is difficult for trembling hands to type or
touch devices, especially which having small densely placed targets, like keyboard. Traditional approaches that
help trembling hands exist some limitations, including body burden, muscle fatigue, non-application of ordinary
device, and rarely solve the problems of HCI and CMC of trembling hands. Therefore, in this thesis, I investigate
approaches to facilitate individuals to use their trembling hand to directly interact with ordinary devices. I focus
on two critical issues of hand tremors in HCI and CMC, develop AR to enhance individual with tremors in
keyboard typing and reaching, and makes the following contributions.

First, I investigate an approach of virtually stabilizing hand tremors and develop a projection AR
system to support trembling hands to type ordinary keyboard directly. The approach includes stabilizing the
images of hand tremor and virtually replacing physical keys, which helps the AR system estimate steady finger
positions and ensures typing output. I have demonstrated that the AR system as well as the approach effectively
support trembling hands to correctly type with ordinary physical keyboards under the condition of hand tremor
movements. I have demonstrated that the approach has versatility and scalability for different interactive
platforms and system environments, e.g. it is developed to gain stabilized virtual hand gestures in the AR
system of chapter 3, and to steady the movement of projection based extended hand in chapter 4.

Second, I propose optical see-through augmented reality system that visually stabilizing hand tremors
to make individuals visually perceive their trembling hand to be stable. Under the system, individuals with hand
tremors can feel they use a steady hand in interaction. The approach is synchronization and mixed reality
between trembling hand and stabilized virtual hand with certain intensity ratio to produce a realistic typing
experience of using steady hand. I calibrate different intensity ratios between virtual and real hand and
investigate the best ratio that both promote tying performance and the proprioception of mixed hand. The
approach shows a novel way, different from traditional physical suppression to make trembling hands stable in
HCI, has advantage of no harm to user hands.

Finally, to facilitate individual suffering from hand tremors as well as body tremors to interact with
objects exceeding hand reach range, I develop a projection AR technology — “Extended Hand (EH)” for hand
tremors. In particular, I investigate some methods, including “distance stabilization” , “touching area analysis
” , and “combination” , which reduce the effect of inevitable magnified trembling touches and make the
movement and gesture of projection extended hand to be steady. Through practical experiments, I demonstrate

that the proposed approach can promote trembling hands to control EH steadily.
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