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What are Computer Graphics &
Visual Computing?

graphics

Scene %
description

>

Computer Image analysis &
computer vision
Digital
image : >
Computational

‘ ‘ Computational

? | ? photography
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Image processing

displays




Computing without graphics

“HediaCenter:\Music’ —rec i
PSsContainer —and $_.Extension —match *wmaimp3’ > i
property length —sum

P C:N> Goc-Chaldlcen
where < —not 5

Measure-Object min -

5491275 21563887
777090

in inus
[Property : Length
serx | Format-List

[Ps C:\> Get—UniObject CIM_BIOSElement : select hiosux, manx,

[B10SUersion : (TOSCPL - 6048008, Uer 1.BBPARTTEL>

Manufacturer = TOS
SerialNunber : MB21116H

IPS C:\> ([uniSearcher]@’
33 SELECT < FRON CIM_Job

[>> WHERE Priority
3 '©>-got 1 Format-Custon

1205 ManagenentObjectitroot\oiny2\Wind2 PrintJob

Docunment = Monad Manifesto — Public
Jobld
JohStatus
x = User
Prioriey - 47
84 102708
Epeon Seylus COLOR 740 ESC/P 2, 6

33 fr3sUrl ¢ heepi//blogs medn.congpocrshel1/rss ooy
< Ihiny = Laalitouinbisce Gyaiin Noe Went12snt> Taun nans exiny Sras
\5> $blog.rss.channel.iten | select title —first 3

hat’s Coming In PowerShell U2
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Computing with graphics
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http://www.youtube.com/watch?v=o17MF9vnabg
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http://www.youtube.com/watch?v=97egUiMlLZM




Real? Virtual?

Visual Turing Test



World’s first mixed-reality system that passed a visual Turing test at Cambridge









http://www.youtube.com/watch?v=q4V9GYjA1pE
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Course Structure

Background

What is an image! Resolution and quantisation. Storage of images in memory. [|
lecture]

Rendering

Perspective. Reflection of light from surfaces and shading. Geometric models.
Ray tracing. [2 lectures]

Graphics pipeline (real-time rendering pipeline)
Polygonal mesh models. Transformations using matrices in 2D and 3D.

Homogeneous coordinates. Projection: orthographic and perspective.
Rasterisation. [2 lectures]

Graphics hardware and OpenGL

GPU APIs.Vertex processing. Fragment processing. Working with meshes and
textures. [| lectures]

Human vision, colour and tone mapping
Colour perception. Colour spaces. Tone mapping [2 lectures]



Course books

¢ Fundamentals of Computer Graphics

Shirley & Marschner
CRC Press 2015 (4™ or 5% edition)

[FCG 8.1/9.1] — reference to section 3.1 in the 4™
edition, 9.1 in the 5% edition
¢ Computer Graphics: Principles & Practice
Hughes, van Dam, McGuire, Sklar et al.
Addison-Wesley 2013 (3™ edition)
¥ OpenGL Programming Guide:
The Official Guide to Learning OpenGL Version
4.5 with SPIR-V

Kessenich, Sellers & Shreiner
Addison Wesley 2016 (7™ edition and later)

Fundamentals

COMPUTER GRAPHICS

PRINCIPLES AND PRACTICE




Introduction to Computer Graphics

4 Background

+ What is an image!
+ Resolution and quantisation
+ Storage of images in memory

4 Rendering
4 Graphics pipeline
4 Rasterization

4 Graphics hardware and OpenGL
4 Human vision and colour & tone mapping
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What is a (digital) image?

* A digital phOtOgraph? (“JPEG,,)
4 A snapshot of real-world lighting?

From computing
perspective
(discrete)

Image

— T~

2D array of pixels

From mathematical
perspective
(continuous)

2D function
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Image

2D array of pixels

In most cases, each pixel takes 3 bytes: one for each red, green and blue

But how to store a 2D array in memory!?

row-major column-major interleaved, row-major
Nc':l 0 Nc-l
0 N,-1
0 —_ 0
s N Il I I} 1 1 1 1 1 n 7
s — == ” ” l’ l’ ” " " ” 0 D D D —I—--l- A —1
S i -[- ] 1 ] 1 ] 1 ! ] & % /—{ |
—_ - - = 1T ’I ll ll Il ‘l 'l 'I 'I A T /'/_{ —~
N,-1 S S - N,-1 ' N.-1 A EAE 222 7




Pixel (Plcture ELement)

4 Each pixel (usually) consist of three values describing the
colour

(red, green, blue)

4 For example
(255, 255, 255) for white
(0, 0, 0) for black
(255, 0, 0) for red

17



Pixel formats, bits per pixel, bit-depth

4 Grayscale — single color channel, 8 bits (| byte)
4 Highcolor — 2'¢=65,536 colors (2 bytes)

Sample Length: 5

Channel Membership: Red Green Blue

|
Bit Number: 1514 13121110 9 /8 7 6 5 4 3 2 1 0

RGBAX R.G.B. A X
Sample Length Notation: 5.6.5.0.0

4 Truecolor — 2% = 16,8 million colors (3 bytes)

4 Deepcolor — even more colors (>= 4 bytes)

Sample Length: 2 10

10 10
Channel Membership: None Red Green Blue

o
Bit Number: 31 30 29 28 27 26 25 24 23 22 21 20191817 161514 13121110 9 & 7 6 /5 4 3 2 1 0
RGBAX

R.G.B.A. X
Sample Length Notation:

10.10.10.0.2

18



Color banding

4 If there are not
enough bits to
represent color

4 Dithering (added
noise) can reduce
banding

8-bit gradient

8-bit gradient,
dithered

24-bit gradient
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What is a (computer) image?

* A digital phOtOgraph? (“JPEG,,)
4 A snapshot of real-world lighting?

From computing
perspective
(discrete)

Image

— T~

2D array of pixels

From mathematical
perspective
(continuous)

20

2D function




Image - 2D function

4 Image can be seen as a function I(x,y), that gives intensity
value for any given coordinate (x,y)
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Sampling an image

4 The image can be sampled on a rectangular sampling grid
to yield a set of samples. These samples are pixels.
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What is a pixel? (math)

4 A pixel is not AEEE

a box H EE
a disk e
a teeny light hox!

4 A pixel is a point
it has no dimension
it occupies no area
it cannot be seen
it has coordinates

4 A pixel is a sample circle!
23

From: http://aroups.csail.mit.edu/araphics/classes/6.837/F01/Lecture05/lecture05.pdf
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Sampling and quantization

Physical world is described in terms of continuous quantities
But computers work only with discrete numbers

Sampling — process of mapping continuous function to a discrete
one

Quantization — process of mapping continuous variable to a
discrete one
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