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Abstract 

Ray-tracing is one of the best rendering techniques for the creation of high quality 

and realistic computer synthesized 2D images of the 3D world. It has been successfully 

applied in many graphics packages. However, while the technique renders realistic im

ages by simulating the behavior of real light rays, a ray tracing algorithm also imposes 

a heavy computational burden. As the most time-consuming part of a ray tracer is 

to check the intersections between imaginary rays and object surfaces, an efficient al

gorithm is crucial. Thus, many efficient acceleration algorithms have been invented. 

Bounding volume techniques are the most popular among the many acceleration tech

niques for ray/ object intersection testing. Although a few bounding volumes have 

been proposed, spheres are the simplest. In this thesis, two ray /sphere intersection 

algorithms, i.e. the traditional algebraic solution and the efficient geometric solution, 

are first discussed. Then, a new ray tracing algorithm is introduced that features a 

fast ray/sphere interaction. By homogeneously transforming the definition world to a 

ray, the new algorithm simplifies the expensive 3-D surface intersection problem into 

a 2-D enclosure check. The speed-up of image rendering is derived theoretically in the 

thesis from complexity analysis and is also demonstrated in an implementation with 

experimental results. 

ii 



Acknowledgments 

I would like first to express my thanks to my two supervisors Prof. Xiaobu Yuan 

and Prof. Paul Gillard for their interest, financial support, guidance and patience 

during my studies at Memorial University of Newfoundland. Without their help and 

supervision, it would be impossible to give the thesis its current quality. 

I would also like to thank other professors at Department of Computer Science who 

taught or helped me: Prof. Caoan Wang, Prof. Jian Tang, Prof. Siwei Lu and Prof. 

John Shieh. 

Special thanks are due to staff members who have helped me in one way or another. 

Finally I thank those graduate students who provided encouragement and assis-

tance. 

111 



Contents 

1 Introduction 

2 Ray-'fracing Processing 

2.1 

2.2 

Physical Theory . 

The Algorithm . 

3 Survey of Ray Tracing Acceleration Techniques 

3.1 

3.2 

Introduction . . .. 

Bounding Volumes 

3.3 Hierarchical Bounding Volumes(HBV) 

3.4 An Algorithm With HBV 

3.5 

3.6 

3.7 

Theoretical Analysis of Bounding Volume Optimization 

Approximate Convex Hulls . . ...... . 

Predicting the Effectiveness of a Hierarchy 

3.8 Constructing A Hierarchy ... 

lV 

1 

4 

4 

6 

10 

10 

12 

13 

14 

17 

20 

22 

25 



4 Two Current Ray /Sphere Intersection Testing Techniques 

4.1 

4.2 

Algebraic Solution 

Geometric Solution 

5 A New Algorithm 

5.1 From Intersection to Enclosure Check 

5.1.1 

5.1.2 

Coordinate System Transformation 

Point-Circle Enclosure Check 

6 Complexity and Comparison 

6.1 

6.2 

The Complexities 

A Comparison .. 

7 Implementation 

7.1 Understanding the Functionalities of Rayshade 4.0.6 

7.2 

7.3 

Understanding the source code of Rayshade 4.0.6 

7. 2.1 

7.2.2 

Data Structure 

Algorithm .. 

Experimental Results 

8 Conclusion 

v 

27 

28 

31 

35 

36 

37 

42 

44 

46 

49 

51 

51 

54 

55 

55 

58 

65 



List of Tables 

6.1 The Number of Operations to Calculate T 47 

7.1 The Results of Experiment . . . . . . . . . . . . . . . . . . . . . . . . . 59 

V1 



List of Figures 

2.1 Direct and indirect rays that travel from the light source to a pixel 5 

2.2 Ray tracing as a tree. . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

3.1 A procedure for intersecting a ray with a collection of objects organized 

in a bounding volume hierarchy. Procedure 'Intersect' and function 'In

tersecLB' hide many of the low-level details. . . . . . . . . . . . . . . . 14 

3.2 An optimization which results from shrinking the distance interval as

sociated with a ray whenever an intersection is found. The contents of 

volume V2 need not be tested against this ray if the intersection with 

object 0 1 is found first. . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

3.3 A comparison of three different types of bounding volumes for the same 

primitive object. Each presents a different cost/fit ratio. (a) Bounding 

sphere. (b) Axis-aligned bounding box. (c) Oriented bounding box. . . 19 

Vll 






























































































































































