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Computer Graphics 



Computer Graphics

•The study of creating, manipulating, 
and using visual images in the 
computer.



Computer Graphics Areas

Modeling

Rendering Animation

User Interaction

Virtual Reality

Visualization

Image 
processing

3D scanning

Computational
photography

2D images



Computer Graphics

• Computer graphics deals with all aspects of creating images 
with a computer

• Hardware

• Software

• Applications



Basic Graphics System

Input devices Output deviceImage formed in FB



The Programmer’s Interface

• Programmer sees the graphics system through an interface: the 
Application Programmer Interface (API)



Object Specification

•Most APIs support a limited set of primitives 
including

• Points (1D objects)
• Line segments (2D objects)
• Polygons (3D objects)
• Some curves and surfaces

• Quadrics
• Parametric polynomial

• All are defined through locations in space or 
vertices



Example (OpenGL 1.X)

glBegin(GL_POLYGON)
glVertex3f(0.0, 0.0, 0.0);
glVertex3f(0.0, 1.0, 0.0);
glVertex3f(0.0, 0.0, 1.0);
glEnd( );

type of object
location of vertex

end of object definition



Modeling – Software Package



Rendering – ray‐tracing software

• Povray ‐ www.povray.org
•



Dampftraktor

Wilesco Dampf 
Traktor D 40 MS

Redering ‐ LuxRender

Cornell Box by A-
man rendered to 
approximately 100k 
s/p



Displayer & Framebuffer



Raster Graphics

• Image produced as an array (the raster) of picture elements (pixels) in 
the frame buffer

(179, 161, 153)



Color space and Filters



Display Technologies

CRT LCD





Caves and Fish Bowls



Head‐Mounted Displays

Sony VR Oculus Rift

Htc vive



Evolution 



Wire‐Frame

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Coloring 

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Hidden Surface Removal



Constant Rendering 

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Facet Shading 

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Smooth Shading

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Correct Highlight

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Texture & Shadow

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Reflection

Shutterbug: Copyright 1990 Pixar  - Rendered by Thomas Williams and H. B. Siegel using Pixar's  RenderManTM



Rendering pipeline



Following the Pipeline: Transformations

• Much of the work in the pipeline is in converting object 
representations from one coordinate system to another

• World coordinates
• Camera coordinates
• Screen coordinates

• Every change of coordinates is equivalent to a matrix transformation 



Clipping

• Just as a real camera cannot “see” the whole world, the virtual 
camera can only see part of the world space

• Objects that are not within this volume are said to be clipped out of the 
scene



Rasterization

• If an object is visible in the image, the appropriate pixels in the frame 
buffer must be assigned colors

• Vertices assembled into objects
• Effects of lights and materials must be determined
• Polygons filled with interior colors/shades
• Must have also determine which objects are in front (hidden surface removal)



Shading

• Shading refers to depicting depth perception in 3D models or 
illustrations by varying levels of darkness. 



Global Illumination

Cornell box Test scene by Luxrender



Photo image of
the real scene

Non‐photorealistic Rendering



Applications



Major Applications

• Video games
• Cartoons
• Visual effects
• Animated films
• CAD/CAM
• Simulation
• Medical imaging
• Information visualization



Computer Graphics is about Movies!



Games are OK here



Graphical User Interfaces (GUIs)



Visualization

• http://d3js.org/



Medical Applications



Reference



Textbooks



Reference



Resource

• http://www.opengl.org

• OpenGL software implementation 
• http://www.mesa3d.org/

• http://nehe.gamedev.net/
• Computer Graphics Paper Collection

• http://kesen.realtimerendering.com


