Foveation Techniques and Scheduling Issues in Thinwire Visualization by Ee-Chien Chang

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy Department of Computer Science New York University May, 1998

Approved:

Professor Chee Yap Research Advisor

© Ee-Chien Chang, All Rights Reserved, 1998

To my family

Acknowledgments

Firstly I wish to express my gratitude to my advisor, Professor Chee Yap. Without his encouragement, support, guidance and the occasional prodding, none of this would have been possible.

In addition, I would like to acknowledge with gratitude Professor Stéphane Mallat for his invaluable advice and help in all matters involving wavelets.

I would also like to thank Professor Eero Simoncelli and other members of my thesis committee for their suggestions and patience.

Special thanks to all my friends who make my stay in New York City a very memorable one.

Lastly, I am grateful to the Department of Computational Science, National University of Singapore for providing financial assistance for my studies here.

Contents

Dedication iii

Acknowledgments iv

1 Introduction 1

2 Foveation 6 2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2.1.1 Physiological Aspect of Foveation . . . . . . . . . . . . 7 2.1.2 Applications of Foveation in Computer System . . . . . 9 2.2 Space-Variant Resolution . . . . . . . . . . . . . . . . . . . . . 14 2.2.1 Foveation Operator . . . . . . . . . . . . . . . . . . . . 14 2.2.2 Operator Matrix of Foveation . . . . . . . . . . . . . . 20 2.2.3 Approximating the diagonal entries . . . . . . . . . . . 23 2.2.4 Bounds on the entries . . . . . . . . . . . . . . . . . . 26 2.2.5 Boundedness of T^{fov} . . . . . . . . . . . . . . . . . . . 37 2.2.6 Approximation of Foveation . . . . . . . . . . . . . . . 45 2.2.7 Transmission Scheme . . . . . . . . . . . . . . . . . . . 53 2.3 Weighted Distance . . . . . . . . . . . . . . . . . . . . . . . . 59 2.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . 59

2.3.2 Weighted Norm in One Dimension . . . . . . . . . . . 67 2.3.3 Weighted Norm in Two Dimensions . . . . . . . . . . . 71 2.3.4 Bit Allocation . . . . . . . . . . . . . . . . . . . . . . . 71 2.3.5 Transmission Scheme . . . . . . . . . . . . . . . . . . . 72 2.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

3 On-line Scheduling with Level of Service 79 3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 3.2 Problem formulation and definition . . . . . . . . . . . . . . . 82 3.3 Examples of Managers . . . . . . . . . . . . . . . . . . . . . . 86 3.3.1 Competitive ratio of Greedy . . . . . . . . . . . . . . 89 3.3.2 Competitive Ratio of EndFit . . . . . . . . . . . . . . 93 3.3.3 Competitive ratio of ArbFit . . . . . . . . . . . . . . . 99 3.4 Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 3.5 Comparing Greedy with EndFit . . . . . . . . . . . . . . . . . 106 3.6 Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

4 System Design and Implementation 112 4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 4.2 Transmission scheme . . . . . . . . . . . . . . . . . . . . . . . 113 4.3 Client-side component: Part one . . . . . . . . . . . . . . . . . 114 4.3.1 Features . . . . . . . . . . . . . . . . . . . . . . . . . . 114 4.3.2 Translation of mouse movement . . . . . . . . . . . . . 116 4.4 Client-side component: Part two . . . . . . . . . . . . . . . . . 117 4.4.1 Data Structure . . . . . . . . . . . . . . . . . . . . . . 117 4.4.2 Coordinating various activities . . . . . . . . . . . . . . 120 4.5 Server-side component . . . . . . . . . . . . . . . . . . . . . . 122

4.6 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . 123 4.7 Remarks and Future works . . . . . . . . . . . . . . . . . . . . 124

A 126 A.1 Schur’s Lemma . . . . . . . . . . . . . . . . . . . . . . . . . . 126 A.2 Multiresolution analysis . . . . . . . . . . . . . . . . . . . . . 127 A.3 Regularity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

B 130 B.1 Sparse representation for 0-1 Mask Pyramid . . . . . . . . . . 130 B.2 Sparse representation for image pyramid . . . . . . . . . . . . 130

Bibliography 131