Homework CS116 due Friday 03/05/01

1 Ray-tracing

1.1 Introduction

The goal of this project is to implement a simple version of the well known ray-tracing
algorithm. This technic is widely used to generate synihetic pictures and allow to simulate

lot. of very complex light, reflection and refraction effects (ef. figure 1).

The main idea is to associate to cach pixel of the sereen a virtual rey and to compute

which objects in the scene intersect this ray (ef. figure 2).




1.2 Description of the algorithm

For the first version, we will nol implement reflections or relractions, just visualizing

opaque objects.

1. Open a window
2. loop thought all pixels :

(a) compute the associated ray A ;
(b} compute the first intersection with an object of the scene

(¢} draw the color ;

3. wail for a key-press.

The objects will have to be either @ a sphere of a given color, location and size, or a
“infinite chess board” | which is horizontal, and is defined by its height, the two colors and
the size of the squares.

1.3 Some maths
1.3.1 Paramcterization of a ray

A ray is defined by its origin (zg, Yo, 20) and its direction (v., vy, v;). The coordinates of
the points that belong to it are of the form (x4 + Avg, yo + Avy, o + Avy) with A € Ry

Given the location of the observer (x,,1y,, z,), and the location of three corners of the
screcn @ upper-left at (zy, 1, 2,), lower-left at (xs, 4, 22) and lower-right al (x5, y, 23),

the size of the screen w b and the pixel (x,, ¥ ), we want to estimate the ray’s parameter.

The pixel's P coordinates in the scene (x, y, 2) are estimated with linear interpolation.
Let's define ¢ — 32 and 3 — 1 — ¥ we have

r — X3+ o(zy — xa) + Mz — 22)
§ v = wmtalym—w+ 8w —wn)
r = mtolzn— )+ )

Y
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Thus, the ray as for origin the observer’s location (i, ¥, 2,) and for direction (z —=x,, y—

Yo, Z — Z5)-

(X1.¥1.Z1)

1.3.2 Sphere

A sphere is defined by Lthe location of its center (2., Yo, 2), its radius r and ils color. The
2

pixels that belongs to it verify (z — x0)* + (y — w)® + (2 — 20)* — %
A ray has either zero, one or two intersections with a sphere. By substituting the coordi-
nates of the point of the ray into the sphere’s equation, we obtain a quadratic equation
in A.

1.3.3 Chess board

A “infinite” chess board is defined by its height i the size of the squares [ and two colors
cyp and cz. A ray meets such an object if its direction goes down (ie. vy < 0). In such
a case, the coordinates of the intersection points can be estimated by computing A such
that y, + Avy, — g The color of the met point will be ¢ if .ﬂﬂl{ﬂ?]l.ﬁiﬂ[i‘l’%}l = and e if

not.



