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How Does One See?

Let’s start at the very beginning.

Ask your 5-year-old self how vision works.
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What is Ray Tracing?

Let’s start at the very beginning.

Brainstorm!

Albrecht Dürer: Underweysung der Messung mit dem Zirckel

und Richtscheyt in Linien Ebenen unnd gantzen corporen. 1525.
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What is Ray Tracing?

Let’s start at the very beginning.

Definition-y:

▶
▶
▶
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First Ray Casting
1

Arthur Appel, 1968

1
Arthur Appel: Some techniques for shading machine renderings of solids. In Proc. Spring Joint Computer Conf., 1968.

DOI: 10.1145/1468075.1468082
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First Recursive Ray Tracing
1

J. Turner Whitted, Bell Labs, 1980.

1
Turner Whitted: An improved illumination model for shaded display. In Commun. ACM, 23(6), 1980.

DOI: 10.1145/358876.358882
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How Does Ray Tracing Work?

p0

d

Image Plane

l

Light Source

x0
x1
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What Data Types Do We Need?

Rays:

▶

r(t) = p0 + t · d , t > 0, ∥d∥ = 1
Direction

Distance

Origin

Points on Ray

d

p0

r(t)

Vectors:

▶

d =
[
dx dy dz

]⊤
Points:

▶

p0 =
[
p0x p0y p0z

]⊤
Normals:

▶

n =
[
nx ny nz

]⊤

Colours:

▶

I =
{
Ir Ig Ib

}⊤

Transformation Matrices:

▶

M =

m1,1 . . . m1,4
.
.
.

.
.
.

.

.

.

m4,1 . . . m4,4


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How to Generate Rays?

Ray:

▶

r(t) = p0 + t · d

▶

Through Pixel pp

Image Plane:

▶

Width: w

▶

Height: h

▶

Focal Length: f

▶

In world units. Not in pixels.

Camera Coordinate System:

▶

Side: s

▶

Up: u

▶

Gaze: g

f

w

h

p0

d

Image Plane

s

u

gpp
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How to Generate Rays?

Image:

nx

ny

0 1 2 3 4

0

1

2

3

[
−1 −1

]⊤

[
+1 +1

]⊤

Pixel:

[
2 1

]

Sample:

[
2, 5 1, 5

]

Camera:

f

w

h

p0

d

s

u

gpp

[
−1 −1

]⊤

[
+1 +1

]⊤

Canonical

Screen Coordinate System:

[−1,+1]2

Further Data Type:

▶

2D Pixel/Sample Position: p =
[
px py

]⊤
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Find Intersections

p0

d

x0
x1

Set Theory:

▶

Ray: set R of all points r(t) on ray

R =
{
r(t)

∣∣ r(t) = p0 + t · d, t > 0
}

▶

Sphere: set S of all points x on sphere centered at c with radius r

S =
{
x
∣∣ ∥x− c∥ = r

}

▶

Intersections: intersection of ray and sphere

X = R ∩ S , i.e.: X = {x0,x1}
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Determine Pixel Color

If intersection:

▶ compute colour at intersection

▶ local illumination

▶ reflection

▶ transmission / refraction

If no intersection:

▶ determine background colour
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Summary

▶

History

▶

How It Works

▶

Data Types

▶

Ray Generation

▶

Intersections

▶

Pixel Colour
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Prof. Dr. Tom Vierjahn

▶ # tom.vierjahn@w-hs.de

Visual Computing

▶ � https://vc.w-hs.de

▶ � VisualComputingWH

▶ Å Visual Computing WH

▶ ø @VisualComputingWH@vis.social
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