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Raster Displays

Discretization
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Improving rasterization:

1. Increase resolution;
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Improving rasterization:

1. Increase resolution;
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CRT - Cathode Ray Tube
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Physical implementation - origins

Electron beam zig-zagging over a
fluorescent screen.
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Physical implementation - consequences

= Origin in the top-left corner of the screen
= Axis system directly related to pixel count

Not the coordinate system we expected...
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Frame rate
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PAL: 25fps

NTSC: 30fps (actually: 29.97)
Typical laptop screen: 60Hz
High-end monitors: 120-240Hz
Cartoons: 12-15fps

Human eye:
‘Frame-less’

Not a raster.

How many fps / megapixels is ‘enough’?
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Generating images

Rendering:

“The process of generating an image from a 2D or 3D model by means of a computer program.”
(Wikipedia)

Two main methods:

1. Ray tracing: for each pixel: what color do we assign to it?
2. Rasterization: for each triangle, which pixels does it affect?
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Vector Math
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Vector Math

Vectors
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Vectors

A unit vector is a vector
with length = 1:

vl =1

A null vector is a vector
with lenth = 0, e.g.

inR?: v

Il
o

A vector can be normalized by

[

dividing it by its magnitude:

e d
.
umit ™ g

Can we normalize

every vector?
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Vectors

A 2D vector (x,,y,) can be
seen as the point x,, y, in the
Cartesian plane.

A 2D vector (x,,y,) can be
seen as an offset from the
origin.
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S e e e I
e et o R

|C——
_
| ——

\[o] =F

Positions and vectors in R?
can be both represented by
3-tuples (x, y, z), but they
are not the same!
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Vectors

The sum of two vectors in R?,

= (v, Vy,..,V,) and

co W)

———————e

B g
S

is defined as:

v4+w=

\

————— -

(v, +wy, v, +w,, ... ,v; + W)

‘S iy S —

Example:

4,1) + (1,2) = (5,3)

Vector subtraction is
similarly defined.

Vector addition is commutative (as can be easily seen from the geometric interpretation):

41) + (1,2) = (53) = (1,2) + (41).
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Vectors

The scalar multiple of a d- | | | i / Two vectors ¥ and w are

: dimensional vector v is | ! | 1 i parallel if one is a scalar
) defined as: / multiple of the other; i.e.:

e AV = (Avy, v, .., Avy) / there is a A such that v = Aw.

= true; ] 1 T
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e change the /ength of a vector.
s : i E i
et It can also change the direction | | 5 |
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Vectors

Parallel vectors are called
linearly dependent.

If they are not parallel, vectors
are linearly independent.

A special case is when two
vectors are perpendicular to
each other; in this case, each
vector is the normal vector of
the other.

In R? we can easily create a

normal vector for (v,, v,):

———————e

n=(-v,v,)

Question: does this also

work in R3?
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Bases

We can use two linearly

independent vectors to
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Vector Math

Bases
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Bases

‘Any pair of linearly independent
vectors form a 2D basis”:

The Cartesian coordinate system is
an example of this.

In this case the vectors (1,0) and
(0,1) form an orthonormal basis:

———————e

R e

R e

e e e T e

R [T R it e e

The vectors are orthogonal

to each other;

The vectors are unit

vectors.
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Bases

A coordinate system can be /eft
handed or right handed.

Note that this only affects the
interpretation of the vectors; the
vectors themselves are the same in
each case.
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Dot product

Given vectors @, 1 and v, we
know that:

d=Ai+ 2, ¥

We can determine A, and A,
using the dot product™

*: AKA inner product or scalar product
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v and w is defined as:
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Dot product

The dot product projects one
vector on another.

If @ and U are unit vectors, we
can calculate the angle between
them using the dot product:

A=cosX=1uU-d

or, if they are not normalized:

-
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COS X = ————
Il llal
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Projecting a vector on two
linearly independent
vectors yields a coordinate
within the 2D basis.

> U

This works regardless
of the direction and scale
of  and ¥, and also in R?.
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2D Transforms
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Cross product

The cross product can be used to
calculate a vector perpendicular

to a 2D basis formed by 2 vectors.

[t is defined as:
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The cross product is only defined

<
S|

yt3 factor = diffuse *

st weight = Mis2( directPdf, bed
3t cosThetaOut = dot( N, L );

INVPI

E * ((weight * cosThetalut

sndom walk
rive)

yt3 brdf « SampleDiffuse( diffuse, N

srvive;
pdf;

H
' =E * brdf * (dot( N, R ) / pdf);

3an = true-*

in R

<



INFOGR - Lecture 2 - “Graphics Fundamentals”

2D Transforms
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Colors
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Color representation

Computer screens emit light in three colors: red, green
and blue.

By additively mixing these, we can produce most colors:
from black (red, green and blue turned off) to white (red,
green and blue at full brightness).

In computer graphics, colors are stored in discrete form.
This has implications for:

= (Color resolution (i.e.,, number of unique values per
component);

= Maximum brightness (i.e., range of component values).
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Color representation

The most common color representation is
32-bit ARGB, which stores red, green and
blue as 8 bit values (0..255).

Alternatively, we can use 16 bit for one
pixel (RGB 565),

or a color palette. In that case, one byte is
used per pixel, but only 256 unique colors
can be used for the image.
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Color representation
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True color (24bit)
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Color representation

Using a fixed range (0:0:0 ... 255:255:255) places a cap on the
maximum brightness that can be represented:
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Colors

Color representation

For realistic rendering, it is important to use an internal color
3 representation with a much greater range than 0..255 per color
component.
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