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Module Aims

	1. To introduce the basic concepts and terminology of computer graphics.

2. To develop understanding of representations and techniques used in computer graphics.

3. To extend the students’ basic mathematical skills to encompass the representation and manipulation of 3D geometry.

4. To apply the students’ programming skills to the generation, manipulation and display of 2D and 3D images using graphics APIs such as DirectX or OpenGL.

5. To explain techniques for increasing the realism of 3D graphics, such as texturing, lighting and shading.

6. To examine computer architectures supporting high-performance graphics.


MODULE Content

	Computer graphics are a vital part of modern multimedia applications, but are highly resource intensive.  This module explores the mathematics, algorithms and hardware that attempt to meet the demands of real-time rendering of two- and three-dimensional computer graphics. It will introduce the basic principles of 2D computer graphics, and also describe the mathematical concepts needed to represent 3D geometry. The methods to realise 3D scenes in real-time are introduced through the use of graphic libraries. These fundamentals are built upon to produce more complex and realistic 3D graphics using textures, materials, shading, lighting and animation.

Graphics Hardware

A survey of graphics hardware, graphics libraries, hardware emulation
Computer architectures for graphics (GPUs, graphics pipelines, graphics/system memory, display architecture)
2D Graphics

Basic 2D geometry: points, lines, polygons and circles
Windows and clipping
Rendering: Pixels; colour and colour spaces; palettes; anti-aliasing; sprites
3D Graphics

Basic 3D geometry: points, lines, polygons, planes and spheres; meshes, normals; position and vector manipulation
Three-dimensional transformations: translation, rotation, scaling; combining transformations
Material properties: Diffuse, specular, and transparency (alpha) components; textures, texture mapping and UV coordinates
Lighting: parallel, point, and spot lights; colour; attenuation
Projection from 3D to 2D: parallel and perspective; cameras
Back-face culling, clipping and depth buffers
Polygon rendering: Vertex/face colours; lighting and shading; texturing and texture blending; alpha-blending
Graphics Programming using an API

Comparison of APIs: DirectX, OpenGL, Java3D

Preparation of 3D artwork: creating simple 3D objects; conversion of existing 3D objects
Initialisation: loading/preparing 3D geometry; positioning cameras and lights; preparing a window
Rendering: instantiating objects; back buffer rendering and swapping
Advanced topics: pixel and vertex shaders, animation




Learning Outcomes

	On successful completion of this module a student will be able to:

	1
	Explain the architectures used to support computer graphics. 



	2
	Investigate and evaluate graphics algorithms.


	3
	Render 3D scenes using a modern graphic API .


	4
	Prepare and convert artwork for use in their 3D scenes.



	5

	Understand the 3D transformations and coordinate systems used to build 3D scenes. 



	6
	Manipulate lighting and material properties of rendered 3D objects.



	7
	Use relevant mathematical techniques (e.g. vector and matrix operations) to manipulate graphics objects.




Teaching and Learning Strategy

	Concepts will be introduced from a programming viewpoint and illustrated practically.  

To help students acquire the ability to understand existing algorithms and to gain the experience required to devise their own, the students will be introduced to several key graphics algorithms to illustrate the balance between complexity, efficiency and effectiveness.  Working in small groups, they will then research and explain an algorithm to their colleagues.

Students will be expected to learn and apply mathematical techniques such as: algebraic manipulation (basic transformation of equations); analytical geometry (equations for line, circle, plane and sphere); vector representation and algebra (addition and multiplication, dot product, cross-product); matrix representation and manipulation (addition and multiplication); simple trigonometry (sine, cosine). These concepts will be introduced and applied in a graphics context and plentiful worked examples and exercises will also be provided.

Lectures will present concepts illustrated with examples, and will be used to direct student reading and research in to relevant topics.  Tutorials will be used to reinforce the topics covered in the lecture but will also allow the student to examine and evaluate potential approaches to topics introduced in the lectures.

Practical classes will be used primarily to develop the necessary skills for a graphics developer.  Practical classes will be used to study the approaches taken by different graphic libraries. Students will develop simple applications that illustrate the material presented in the lectures.

A graphics engine will be used as a development platform for the more advanced graphics topics. The engine will provide a support framework allowing the students to concentrate on particular graphics topics. The engine itself will be studied to some degree as an example of practical graphics development.



INDICATIVE Class Contact

	Lecture: 1 hour weekly (total 24 hours), Tutorial: 1 hour weekly (total 24 hours), Practical: 1 hour weekly (total 24 hours)




INDICATIVE Assessment
	

	Number of Assignments
	Assessment
	Weighting %
	Type/Duration/

Wordcount (indicative only)
	Learning Outcomes being assessed

	1
	Coursework
	50%
	Investigate and implement graphics algorithm(s)


	2-7

	1
	Examination
	50%
	2 hours


	1-7


Module Pass Requirements

	To pass the module, the student must achieve an overall weighted average of at least 40% with a mark of at least 30% in both examination and coursework components.



Bibliography and Learning Support Material

	Indicative Bibliography and Learning Support Material

Support Material

On-line lecture notes, tutorial worksheets and practical exercises

Recommended Books, Journals
Foley, J. D., van Dam, A., Feiner, S. K. & Hughes, J. F. (1995), Computer Graphics: Principles and Practice (2nd edition), Addison-Wesley
F. D. Luna (2003), Introduction to 3D Game Programming with DirectX 9.0, Wordware Publishing Inc.
Hearn, D. & Baker, M. P. (2003), Computer Graphics with OpenGL (3rd edition), Prentice Hall
Internet Links

www.gamasutra.com

www.gamedev.net

www.microsoft.com/windows/directx/default.aspx

www.opengl.org

fly.cc.fer.hr/~unreal/theredbook/

wiki.java.net/bin/view/Javadesktop/Java3D 
(all accessed February 2007)
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