COMPSCI 715  Problem Sheet 3, 2003.

Accelerated Ray Tracing
Due: Thursday 14 August, before the lecture.

1.
A scene consists of 10,000 small diffuse spheres uniformly distributed over a cubical scene volume. There are two light sources, both located at the top of the space.  A 1000 x 1000 pixel image of the whole scene volume is being ray traced and it turns out that roughly half of the pixels are the “background” colour (because the primary ray misses all the spheres). Assuming the cost of ray tracing a scene is entirely due to ray-object intersections, each taking 200 nsecs, estimate the time to render a single image under the following circumstances:
(a)
The ray tracer is of the unaccelerated “brute-force” variety, like that studied in 372.

(b)
The  ray tracer uses a 100 x 100 vista buffer, with no other acceleration techniques.

(c)
The ray tracer is as in (b) but also has a light buffer around each light source, with each face being “pixelated” into a 100 x 100 grid.
(d)
There is no vista buffer or light buffer, but a 10 x 10 x 10 “spatial enumeration” method is used.

(e)
There is no vista buffer or light buffer, but a 100 x 100 x 100 “spatial enumeration” method is used.

For each part, show your working and state any additional assumptions you make.

[ 10 marks ]

2.
The calculations in 1(d) and 1(e) suggest that the higher the level of subdivision in a spatial enumeration method the better. Why is that not the case?
[ 2 marks ]

3.
Find out what acceleration methods are used in the POV ray tracer (www.povray.org). Explain what steps you took to find out the answers and quote your sources, web page URLs, etc.
[ 6 marks ]

4.
You are provided with a ray-tracer (based on the one used in 372 this year) that displays a scene of reflective spheres and shiny but non-reflective cylinders. It has been (partially) modified to use a BSP tree as a spatial subdivision method. However, as provided to you the maximum number of objects allowed in a single leaf node is set greater than the total number of objects in the scene so the BSP “tree” that it builds is just a single leaf. Furthermore, the code to intersect a ray with a non-leaf-node isn’t yet written. Write that code, alter the program so that it builds a “proper” tree, and measure the performance gain. Experiment with more complex scenes. Discuss your results.

Further details and instructions for this question will be found in the ReadMe.html file included in the zip archive (coming soon to a web page near you).
[ 12 marks ]

Handing in and Marking
Write your answers neatly and in ink on A4 paper. Hand in your program code for question 4 to the assignment drop box BEFORE the lecture. Bring your written answers plus relevant portions of program listings to the lecture.
This assignment is worth 3.5% of your grade for the course.
