COURSE DESCRIPTION

Department and Course Number:  CSC 471
Course Coordinator: Chris Buckalew

Course Title:  Introduction to Computer Graphics
Course Credits:   4.0

Current Catalog Description:

Graphics software development and use of APIs for 3D graphics. The graphics pipeline, modeling, geometric and viewing transforms, lighting and shading, rendering, interaction techniques and graphics hardware.  3 lectures, 1 laboratory. Prerequisite: CSC/CPE 353 or CSC/CPE 357
Textbook:

Edward Angel, "Interactive Computer Graphics”, Addison-Wesley

References:

OpenGL Architecture Review Board , “OpenGL Programming Guide”, Addison-Wesley
Course Goals:

The student will gain a working as well as a theoretical knowledge of CG hardware and algorithms, as well as experience in the use of a major toolkit (currently OpenGL).  The course is taught from a tool builder’s point of view; very little in the way of using CG applications is taught.

Prerequisites by Topic:

General data structures knowledge (arrays, trees, queues, lists) and proficiency in object-oriented high-level language such as C++ or Java.

Major Topics Covered in the Course:

The graphics pipeline (4.5 hours)

1. Geometry front end

2. Raster back end

Modeling objects  (3 hours)

1. Points, lines, and polygons

2. Other shapes

3. Surfaces of revolution

4. Extruded surfaces

5. Constructive Solid Geometry

6. Bezier curves

Modeling transformations  (3 hours)

1. Translation, rotation, and scale

2. Composition of transformations

3. Hierarchical modeling

4. Trivial clip of objects

Illumination (2.5 hours)
1. Diffuse and specular reflectance  (1.5 hours)

2. The Phong lighting model  (.5 hours)

3. Fast cosines and normals  (.5 hours)

Projection  (1.5 hours)

1. Perspective and parallel

2. The viewing transformation

Clipping to the screen  (1.5 hours)

1. Sutherland-Hodgeman clipping

Scan-conversion of primitives  (1.5 hours)

1. Scan-converting polygons

2. Scan-converting points and lines  

Hidden-surface removal  (1.5 hours)

1. Z-buffering

2. Other methods: Painter's, Warnock's algorithm, and BSP trees

Shading  (3 hours)

1. Flat shading

2. Gouraud shading

3. Phong shading

4. Raytracing and radiosity

5. Texture mapping

Perception (3 hours)

1.    The human visual system (1.5 hours)

2.    Color systems: RGB cube, HSV, YIQ, CIE  (1.5 hours)

Fractals  (1.5 hours)

1. Theory - fractional dimension

2. Random fractal surface generation

Laboratory Projects:   (specify number of weeks on each)

Students have both short laboratory assignments due the day they are assigned as well as longer out-of-class programming assignments.  The short lab assignments for Fall 2007 included the following:

1. Introduction to scene-graph APIs using OpenGL.  Students must modify a simple OpenGL model to change sizes, shapes and colors of objects.

2. Building a scene.  Students must build a scene containing specified shapes in certain locations.

3.  Introduction to transformations.  Students must create a complex shape requiring the application of several different types of transformations.

4.  Real-world reflectance.  Students are given four real world objects (a copper penny, an anodized bolt, a plastic wirenut, and a painted bolt-head) and they must modify the appearance attributes of four synthetic objects to make them look like they are made of the same material.  This lab always surprises students with its difficulty.
5.  Hierarchical modeling.  Students must build a hierarchical model and animate it using a key listener event handler in OpenGL.

6.  Timer events.  Students must implement a four-state machine that simulates a traffic light with a walk/don't walk sign.  This serves as an introduction to animation in general, as the same timer events are used to make changes to the scene for successive animation frames.

7.  Different types of lights.  Students use a Directional light, several Point lights, and two Spotlights to illuminate an object in OpenGL.

8.  Key and mouse callbacks.  Students implement these in order to change the scene with keystrokes and mouse button presses.

9.  Texture mapping.  Students must implement different types of texture mapping on the same object.

The out-of-class assignments typically take two weeks each.  These are the assignments for Fall 2007:

1.  Model a simple scene using OpenGL.  The scene must contain several different primitive types and appearances.

2.  Build 2D transforms from scratch using plain C++ (not OpenGL.  Students must implement homogeneous coordinate affine transforms for translation, rotation, and scaling and demonstrate the resulting algorithms by loading the transforms into OpenGL.

3.1.  Build a sphere primitive from polygons.  

3.2.  Illuminate the sphere vertices using the Phong lighting model.  Students must color the vertices without using OpenGL’s illumination facilities.

4.  Build a complex hierarchical hand model that animates using keystrokes.  The model must be hierarchical in order to work.

5.  Build a fractal landscape generator using a recursive algorithm.  Extra credit for altitude shading, water, or block edges.

6.  A final project of the student’s choice; it must include animation or interaction.  Many students implement a game.

Estimate CSAB Category Content:

	Category
	Core
	Advanced

	Data Structures
	
	.5

	Algorithms
	
	2.0

	Software Design
	
	.5

	Computer Organization and Architecture
	
	.5

	Concept of Programming Languages
	
	


Oral and Written Communications:
Every student is required to submit at least 0  written reports (not including exams, tests, quizzes, or commented programs) of typically _____ pages and to make  0 oral presentations of typically      minutes duration.  Include only material that is graded for grammar, spelling, style, and so forth, as well as for technical content, completeness, and accuracy.

Social and Ethical Issues:
Please list the topics that address the social and ethical implications of computing covered in all course sections.  Estimate the class time spent on each topic.  In what ways are the students in this course graded on their understanding of these topics (e.g., test questions, essays, oral presentations, and so forth)?

1.0 hours is spent discussing some of the potential hazards of Scientific Visualization, a tool by which scientists analyze their data and models.   These hazards involve knowing or unknowing slanting of data to support certain conclusions.  Students are not graded on this material.

Theoretical Content:
Please list the types of theoretical material covered, and estimate the time devoted to such coverage.

Linear algebra theory is applied to transformations, particularly rotations.   (.5 hours)

Color and human visual perception theory is applied to shading and animation issues (1.5 hours)

Problem Analysis:
Please describe the analysis experiences common to all course sections.

Most analysis and design work is associated with the six programming projects.  Students must design and implement solutions to the labs listed above.  Many students implement functionality over and above what is assigned,

sometimes resulting in quite good but lengthy programs. Students also analyze the resource requirements of the Computer Graphics pipeline: how much it requires in terms of floating point operations and memory accesses for typical average-case loads.  This is a very important calculation in the design of graphics hardware and low-level software.

Solution Design:
Please describe the design experiences common to all course sections.

All sections of 471, regardless of instructor, assign similar laboratory and out-of-class assignments.
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