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Computing without graphics Computing with graphics



Photorealistic Graphics



http://www.youtube.com/watch?v=o17MF9vnabg


http://www.youtube.com/watch?v=97egUiMlLZM


Perceptually Realistic Graphics



Visual Turing Test



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





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


Course Structure
✦ Background

◆ What is an image? Resolution and quantisation. Storage of images in memory. [1 
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. [1 lectures]
✦ Human vision, colour and tone mapping

◆ Colour perception. Colour spaces. Tone mapping [2 lectures]
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Course books

✦ Fundamentals of Computer Graphics
◆ Shirley & Marschner

CRC Press 2015 (4th or 5th edition)
◆ [FCG 8.1/9.1] – reference to section 3.1 in the 4th 

edition, 9.1 in the 5th edition
✦ Computer Graphics: Principles & Practice

◆ Hughes, van Dam, McGuire, Sklar et al.
Addison-Wesley 2013 (3rd edition)

✦ OpenGL Programming Guide:
The Official Guide to Learning OpenGL Version 
4.5 with SPIR-V
◆ Kessenich, Sellers & Shreiner

Addison Wesley 2016 (7th edition and later)
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Introduction to Computer Graphics

✦ Background
◆ What is an image?
◆ Resolution and quantisation
◆ Storage of images in memory

✦ Rendering
✦ Graphics pipeline
✦ Rasterization
✦ Graphics hardware and OpenGL
✦ Human vision and colour & tone mapping



What is a (digital) image?
✦ A digital photograph? (“JPEG”)
✦ A snapshot of real-world lighting?

Image

2D array of pixels 2D function

From computing 
perspective
(discrete)

From mathematical
perspective
(continuous)
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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?
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Pixel (PIcture ELement)
✦ Each pixel (usually) consist of three values describing the 

colour
(red, green, blue)

✦ For example
◆ (255, 255, 255) for white
◆ (0, 0, 0) for black
◆ (255, 0, 0) for red
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Pixel formats, bits per pixel, bit-depth
✦ Grayscale – single color channel, 8 bits (1 byte)
✦ Highcolor – 216=65,536 colors (2 bytes)

✦ Truecolor – 224 = 16,8 million colors (3 bytes)
✦ Deepcolor – even more colors (>= 4 bytes)

✦ But why?
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Color banding
✦ If there are not 

enough bits to 
represent color

✦ Dithering (added 
noise) can reduce 
banding

19



What is a (computer) image?
✦ A digital photograph? (“JPEG”)
✦ A snapshot of real-world lighting?

Image

2D array of pixels 2D function

From computing 
perspective
(discrete)

From mathematical
perspective
(continuous)
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Image – 2D function
✦ 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
✦ 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)
✦ A pixel is not 

◆ a box
◆ a disk
◆ a teeny light

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

✦ A pixel is a sample
From: http://groups.csail.mit.edu/graphics/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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