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Course Synopsis 
 What is it about? 

 An advanced graduate CS/CE course 
 Concepts, algorithms, techniques, tools in 3D Geometric 

Computing for Computer Graphics and Vision 
 Research oriented: exams , projects 

 Topics: 
 Graphics pipeline overview 
 Basic OpenGL and Graphics programming 
 Analyzing and Processing 3D Shapes  
 Applications of Discussed Technologies in Graphics, 

Visions … 
 
 



Workload 
 A fun course:  

 You will learn algorithms and methodologies for 
manipulation 3D objects,  

 Do C/C++ programming 
 Develop your interactive Graphics User Interface 

(GUI) 

 Need substantial reading and programming work 
3 homework projects  
 1 final project + presentation 

 Start early on your homework and projects 
 Grading is generous 



Grading 

 Attendance (10%) 

 Final Project (40%) 
 Demo + Presentation (25%) 
 Codes + Report (15%) 

 Homework (50%) 
 Warm-up (8%) 

 Homework 1 (14%) 

 Homework 2 (14%) 

 Homework 3 (14%) 

 A: >75; B: >55; C: >40 



Prerequisites 

 Understand basic linear algebra, calculus, data 
structure 

 Be familiar with C++ programming (for most 
assignments, starter codes and solutions will be 
provided in C++) 

 Self-learning:   
 We will cover OpenGL a little bit but you will learn 

them mostly by yourself 

 You will team-up to read and implement a paper for 
your final project 

 



Questionnaire 

1) List your background courses/knowledge related to 
graphics/visualization. Have you done any related 
projects? 

2) Are you familiar with C/C++ and object-oriented 
programming? What projects have you done? How 
many lines of codes have you written? 

3) What is your main goal for taking this course (e.g. to 
learn the knowledge, pursue a career in this area, or 
related to your current research …) 

(Part of the warm-up assignment: 4%) 



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. For Visualization: 
 Enable people to describe, share, and summarize their datasets 

(models)  
 We are effective in processing images: about 50% of the brain neurons 

are associated with vision 
 

2. But more: 
Recent innovation in 3D acquisition technology has enabled highly accurate 
digitization of complex 3D objects! 
 Analysis, Processing, and Simulation: Numerous scientific disciplines, 

(e.g. medicine, neuroscience, mechanical engineering, and astrophysics) 
rely on the analysis and processing of such geometric data to 
understand intricate geometric structures and facilitate new scientific 
discoveries. 

 Design and Manufacturing: We are experiencing a revolution in digital 
manufacturing technology. Novel materials and robotic production will 
soon allow the automated creation of complex physical artifacts from a 
digital design plan! 

 
studied and widely used in many applications… 



Movies 
 CG has been changing Special Effects in Movie Industrial (Billions of 

dollars spent ) 

 Need to be realistic and physically natural (simulation of objects, 
motion, and natural phenomena…) 



Video Games 
 Important driving force 

 Focus on interactivity 

 Try to avoid computation and use various CG tricks 
(simplification, texture mapping…) 

Age of Empire II  Quake IV 



Computer Aided Design/Manufacturing 

Significant impact on the design 
process: 

 Mechanical, electronic design  
(entirely on computer environments) 

 Architectural and product design  
(migrate to computer environments) 



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 
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Navigations, Urban Security… 

Google Earth 
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Virtual Reality 

 CAVE, Interactive modeling 
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Virtual Reality 

 CAVE, Interactive modeling 

 Virtual walkthroughs (training 
pilots, surgeons…) 
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Textile/Cosmetics Industry 
 Fashion design 

 Real-time cloth 
animation 

 Web-based virtual try-
on applications 
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Computer Art 
 Digital Sculpting 
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Computer Art 
 Digital Sculpting, Digital Painting  
 
 



21 

Computer Art 
 Digital Sculpting, Digital Painting, Digital Calligraphy  
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And more applications… 
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3D Graphics Pipeline 

3D Model 

Acquisition 

Image Reconstruction 

Model Repair 

Geometric 

Modeling and 

Processing 

Digital Geom. Processing, 
Shape modeling 

… 

Animation & 

Rendering 

Ray tracing,  
Texture synthesis, 

Appearance modeling 
… 
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Geometry Shapes vs Images 



3D Digital Model Acquisition 
 Direct 3D sensing technologies 

 Computer tomography 
 Magnetic resonance imaging 
 3D laser scanning 
 Ultrasound 
 Radar 
 Microscopy 

 Manual Constructions 
 CSG/CAD software: 

http://www.youtube.com/watch?v=nMxCsmj-
heI&feature=related 

 Sketch based modeling: 
http://www.youtube.com/watch?v=e2H35SlLmUA 

 Vision-based Reconstruction from Image Sources 
 From images, videos… 

http://www.youtube.com/watch?v=nMxCsmj-heI&feature=related
http://www.youtube.com/watch?v=nMxCsmj-heI&feature=related
http://www.youtube.com/watch?v=nMxCsmj-heI&feature=related
http://www.youtube.com/watch?v=e2H35SlLmUA


Geometric Modeling and Processing 
 How to represent 

geometric data? 
 The natural of the 

objects 
 The intended geometric 

tasks/applications  

 Geometric algorithms on 
3D models 

A typical geometric processing pipeline 

Geometric 

Models 

Geometric 

Algorithms 

Objects (2D, 

3D, …) 

Actions 

 Find appropriate representation  

 Develop efficient operations 



Representation of 3D Objects 
 Explicit (parametric) Representations 

 Polygonal (triangle, quadrilateral…) meshes 

 Splines, Subdivision Surfaces 

 Spatial decompositions 

 Medial axis representations  … 

 Implicit Representations 
 The zero set of a scalar-valued function  

    i.e. a shape  

 Strengths and Weaknesses of a representation: 
 Evaluation: important for rendering 

 e.g. computing the surface normal field 

 Query: important for shape modeling, analysis, simulation… 
 e.g. computing the distance from a point to a surface, checking inside/outside 

 Modification: important for simulation, deformation, animation 
 e.g.  modifying the geometric shapes or topology 
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Resources 

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

Textbooks and Reference books (not 
required) : 

1. OpenGL Programming Guide (the Red Book) 
 http://www.glprogramming.com/red/ 
2. 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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Questions? 
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Triangular Mesh 
 Geometric shapes can be triangulated 
 
 
Polygonal approximation of surfaces: 

Any 2D shape or 3D surface (2-manifolds) 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 widely-used data structure:  
  Half-Edge structure 

Concepts and algorithm will be 
discussed soon 
Full implementation will be 
provided  
Get familiar with it (will be 
our starting point in future 
projects) 
Your warm-up project is to 
compile it and run it 
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How to Render Triangle Meshes? 

In the coming weeks: 

How to use OpenGL to render triangular meshes: 


