
EE 4702 
3D Graphics Modeling

Instructor: Xin Shane Li (xinli@lsu.edu)

Course Email: ee4702fall2010@gmail.com

Lectures: Mon/Wed/Fri 1:40pm – 2:30pm
149 EE Building

Office Hours: Mon/Wed   2:30pm – 5pm
313 Electrical Engineering Building
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Course Synopsis
What is it about?

An advanced computer graphics course
Concepts, theory, algorithms, techniques, programming in  
Graphics and Geometric Computing

To understand, represent, render, analyze, and manipulate 3D shapes

Topics:
Basic Computer Graphics pipeline 
Geometry for 3D Computer Graphics
3D Geometric Modeling
Basic OpenGL programming, 3D Graphics
Geometric Processing
Applications of visual and geometric computing



Workload
A fun course, and you will learn a lot
reading and programming work

4 homework 
1 course project
1 mid-term presentation, 1 final presentation for the 
course project
No exam

Start early on your homework and projects
Come and discuss your course project; start early

Grading is generous



Grading
Attendance (10%)
Course Project (45%)

Midterm Presentation (13%)
Final Presentation + Demo (12%)
Final codes + 1-Page Report (20%), 

Homework (45%)
Homework 1 (10%)
Homework 2 (10%)
Homework 3 (12%)
Homework 4 (13%)



Prerequisites
basic linear algebra, calculus 
self-learning: 

c/c++ and OpenGL 
paper reading (for the course project)

presentation
Midterm presentation: algorithm of the course project
Final presentation: you implementation of the course 
project + demo

programming 
starter codes will be provided in C++ (for programming 
homework)



What is Computer Graphics?

It looks like a swirl. There are smaller swirls at 
the edges. It has different shades of red at the 
outside, and is mostly green at the inside. The 
smaller swirls have purple highlights. The green 
has also different shades. Each small swirl is 
composed of even smaller ones. The swirls go 
clockwise. Inside the object, there are also red 
highlights. Those have different shades of red 
also. The green shades vary in a fan, while the 
purple ones are more uni-color. The green shades 
get darker towards the outside of the fan …

The creation of, manipulation of, analysis of, and interaction with pictorial 
representations of objects and data using computers.    

-- Dictionary of Computing

A picture is worth a thousand words.
- Chinese Proverb



Why Computer Graphics?
1) To Digitize the world CAD/CAGD/CAM save the 

cost
2) Dominant form of computer output visualization 

help see scientific phenomenon better
3) To study/measure images or shapes Geometric 

modeling and processing, vision help 
understand/analyze the geometries around us

4) And many more…



Movies
If you can imagine it,  it can be done with Computer Graphics!
CG has been changing Special Effects in the Movie Industry 
(Billions of dollars spent )



Video Games
Important driving force
Focus on interactivity
Try to avoid heavy computation 
and use various CG tricks

Age of Empire II 

Quake IV

Starcraft II



Computer Aided Design
Significant impact on the design 

process:
Mechanical, electronic design 
(entirely on computer environments)
Architectural and product design 
(migrate to computer environments)

Interactive design/visualization assist modeling
Simulating their behavior in the virtual environment

http://www.research.digital.com/wrl/projects/magic/magic.html


Medical Applications
Aid in clinical analysis/diagnosis
Virtual medical training and 
educations



Scientific Visualization
Scientific data 
representation
Picture vs. stream of 
numbers
CG Techniques: contour 
plots, color coding, constant 
value surface rendering, 
custom shapes

Display of a 2D slice through the total electron 
density of C-60; Created by Cary Sandvig of SGI



Scientific Simulation

Electromagnetic potential field Computational Fluid Dynamics (CFD)

Courtesy of Mark Toscinski and Paul Tallon



Navigation, Urban Security…

Google Earth



Navigation, Urban Security…

simulate/visualize/predict the propagation of 
airborne contaminants in virtual Manhattan



Virtual Reality
CAVE, Interactive modeling



Virtual Reality
CAVE, Interactive modeling
Virtual walkthroughs (training 
pilots, surgeons…)



Textile/Cosmetics Industry
Fashion design
Real-time cloth 
animation
Web-based virtual 
try-on applications



Computer Art
Digital Painting 
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Computer Art
Digital Painting, Digital Sculpting



Computer Art
Digital Painting, Digital Sculpting, Digital Calligraphy 



And more …
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3D Graphics Pipeline

3D Model 
Acquisition

Range images, 
Point clouds

Geometric 
Modeling and 

Processing

Digital geom. processing
Multi-resolution modeling

…

Animation, 
Rendering, 

Visualization

Ray tracing
Texture synthesis

Appearance modeling
Physics-based simulation

…
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Geometry Shapes & Images
3D Display



Creating 3D Digital Models
Manual strategy 

interactive manual modeling
sketch-based modeling

Laser ranger, or camera
Mathematical description
Sweeping

http://www.youtube.com/watch?v=e2H35SlLmUA
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Triangular Mesh
Surface shapes can be triangulated

Polygonal approximation of surfaces:

Any 2D shape or 3D surface (2-manifold) can be approximated 
with locally linear polygons.  To improve (visual or numerical 
approximation quality), we only need to increase the number of 
edges
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Tetrahedral Mesh
Solid shapes can be tetrahedralized

Polyhedra approximation of solid geometric data

Any 3D volumetric data (3-manifold) can be approximated with 
locally linear polyhedra.  To improve (visual or numerical 
approximation quality), we only need to increase the number of 
edges
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How to Represent Triangular Meshes?

Vertex table

V1 (x1,y1,z1)

V2 (x2,y2,z2)

V3 (x3,y3,z3)

V4 (x4,y4,z4)

V5 (x5,y5,z5)

Face table

F1 V1,V3,V2

F2 V1,V4,V3

F3 V5,V1,V2
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How to Represent Triangular Meshes?
Example: a female face mesh with 10k triangles
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How to Represent Triangular Meshes?

A common data structure for geometric processing: 
Half-Edge structure

Concepts and algorithm will be 
discussed shortly

Full implementation will be 
provided 

Get familiar with it (will be 
our starting point in future 
projects)
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How to Render Triangular Meshes?

From next class, we’ll start to learn:

How to use OpenGL for rendering triangular meshes?



Representation of 3D Objects
Polygonal Representation

Triangle mesh
Quadrilateral mesh

Constructive Solid Geometry (CSG) Representation
Space Subdivision Technique
Implicit Function Representation
Spline Function
Other Methods

GC (Generalized Cones, Generalized Cylinders)
Skeleton Representation
Spatial Decomposition (Spherical harmonics, Zernike…)
Overlapping Spheres



Representation of 3D Objects
Polygonal Representation

Triangle mesh
Quadrilateral mesh

Constructive Solid Geometry (CSG) Representation
Space Subdivision Technique
Implicit Function Representation
Spline Function
Other Methods

GC (Generalized Cones, Generalized Cylinders)
Skeleton Representation
Spatial Decomposition (Spherical harmonics, Zernike…)
Overlapping Spheres

How do we choose a representation?

the nature of the object
the particular geometric processing we 

want to apply
the application



Polygonal Mesh
Objects a net/mesh of planar polygonal facets

can represent an object to an accuracy that we choose

Pro: A ubiquitous representation in Computer Graphics
Easy to generate and process
With effective algorithm for rendering (machine-oriented rep.)
Other rep. (CSG, splines, voxels…) mesh before rendering)

Con: accuracy
Faceted rep. VS curved surfaces : usually arbitrary
Constructing methods matter : mesh quality
…



Polygonal Mesh
Quad-Mesh
Triangle Mesh

A Mesh = {Vertex Positions, 
Connectivity, 
Additional Attributes}



Polygonal Mesh
Quad-Mesh
Triangle Mesh

A Mesh = {Vertex Positions, 
Connectivity, 
Additional Attributes}

Vertex Normal,  Edge length, face area, any scalar/vector fields…



CSG Representation

Polygonal Mesh machine-oriented representation
CSG user-oriented representation

store the “logic of the shape”
A CSG modeling system
= {building blocks, Boolean operations}

{union, subtract, intersect}

Widely used  in 3DMax, Maya… as 
their modeling scheme: 

Support user-intervention
Good for simple shapes



Space Subdivision Representation
Not explicitly represents 
the geometric object
But consider the space the 
object occupy

Widely used for complicated 
scenes that need faster 
processing and lower accuracy

e.g. Collision detection in realtime
simulation or animation

an octree rep.
= a hierarchical tree built 

by sequential subdivision 
of occupied cells



Implicit Representation

Usually Compact

Good for modeling shapes with 
closed-form expression

Good for processing with 
topological changes

Simulation
Reconstruction (Hole-filling)
…



Spline

Exact analytical rep.
Support interactive shape editing
Compact rep.

Major modeling techniques in 
CAD
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Resources

What math is important for Computer Graphics?  (by Greg Turk)

Reference books (not required) :
1. OpenGL Programming Guide (the Red Book)

http://www.glprogramming.com/red/
2. 3D Computer Graphics 

by Alan Watt. Addison-Wesley.
3. Computer Graphics: Principles and Practice

by James Foley, Andries van Dam, Steven Feiner, John 
Hughes. Addison-Wesley.

To do research in CG:

Welcome to drop by my office for discussion, or check my 
webpage:     www.ece.lsu.edu/xinli

http://www.cc.gatech.edu/~turk/math_gr.html
http://www.glprogramming.com/red/
http://www.ece.lsu.edu/xinli
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