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Chapter 1 — Digital Data Representation and Communication

1.1. Introduction

1.1.1. The Approach of this Book

1.1.2. Where to Begin

1.2. Analog to Digital Conversion

1.2.1. Analog versus Discrete Phenomena

1.2.2. Image and Sound Data Represented as Waveforms

1.2.3. Sampling and Aliasing

1.2.4. Quantization and Quantization Error

1.2.5. Signal-to-Noise Ratio

1.3. Data Storage

1.4. Data Communication

1.4.1. The Importance of Data Communication in Digital Media

1.4.2. Analog Compared to Digital Data Communication

1.4.3. Bandwidth

1.4.3.1. Bandwidth as Maximum Rate of Change in Digital
Data Communication

1.4.3.2. Bandwidth of a Communication Channel in Terms of
Frequency

1.4.4. Data Rate

1.4.4.1. Bit Rate

1.4.4.2. Baud Rate

Basic Concepts of Digital Media
(worksheet on quantization error, SNR,
bandwidth, and baud rate)

1.5. Compression Methods

1.5.1. Types of Compression

1.5.2. Run-Length Encoding

Run-Length Encoding (programming
exercise and worksheet)

1.5.3. Entropy Encoding

Entropy Encoding (interactive tutorial
and worksheet)

1.5.4. Arithmetic Encoding

Arithmetic Encoding (interactive tutorial
and worksheet)

1.5.5. Transform Encoding

1.5.6. Compression Standards and Codecs

1.6. Standards and Standardization Organizations for Digital Media

1.7. Mathematical Modeling Tools for the Study of Digital Media

Visualizing Waveforms in MatLab
(interactive tutorial)

Visualizing Waveforms in Maple
(interactive tutorial)

1.8. Vocabulary

1.9. References

1.9.1. Print Publications

1.9.2. Websites
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mailto:burg@wfu.edu
http://www.cs.wfu.edu/~burg/nsf-due-0340969/textbased/Chapter1CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/1DWaveformsMatLab.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/1DWaveformsMaple.htm
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Chapter 2 — Digital Image Representation

2.1. Introduction

2.2. The Digitization Process for Bitmapped Images

Modeling 2D Waveforms for Digital
Images in MATLAB (interactive)

2.2.1. Pixels, Bitmaps, and Pixmaps

2.2.2. Sampling, Sampling Error, and Aliasing

2.2.2.1. Sampling and Sampling Error

2.2.2.2. Frequency in Digital Images

2.2.2.3. The Discrete Cosine Transform

Discrete Cosine Transform (interactive
tutorial, worksheet, programming
exercise, and mathematical modeling
worksheet)

2.2.2.4. The Nyquist Theorem, Aliasing, and Moiré Patterns

Aliasing from Undersampling of Digital
Images (interactive tutorial and
worksheet)

2.2.2.5. Aliasing in Rendering

Aliasing in Rendering (interactive tutorial
and worksheet)

2.3. Color Perception and Representation

2.4. Color Models

Color Models (interactive tutorial,
worksheet, and programming exercise)

2.4.1. RGB Color Model

2.4.2. CMY Color Model

2.4.3. HSV and HLS Color Models

2.4.4. Luminance and Chrominance Color Models

2.4.5. CIE L*U*V*, CIE L*a*b*, and Perceptual Uniformity

2.4.6. Color Management Systems

2.5. Vector Graphics

2.5.1. Geometric Objects in Vector Graphics

2.5.2. Specifying Curves with Polynomials and Parametric Equations

2.5.3. Interpolation, Approximation, and Continuity in Curve-
Generating Algorithms

Curves in Vector Graphics (interactive
tutorial and worksheet)

2.5.4. Natural Cubic Splines

2.5.5. Hermite Curves

2.5.6. Bézier Curves

2.6. Algorithmic Art

Algorithm Art; Self-Similar Spirals
(interactive demo)

Koch Snowflakes (programming
exercise)

Mandelbrot and Julia fractals (interactive
demo and programming exercise

2.7. Vocabulary

2.8. References

2.8.1. Print Publications

2.8.2. Websites

® More learning aids will be linked here as they are completed.



http://www.cs.wfu.edu/~burg/nsf-due-0127280/textbased/Chapter2CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/2DWaveformsMatLab.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/DCT.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/DCT.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/DCTWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/DCTAlgorithm.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/DCTAlgorithm.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/ModelingDCT.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/ModelingDCT.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Aliasing.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AliasingWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/AliasingInRendering.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AliasingInRenderingWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/VectorGraphics.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/VectorGraphics.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/VectorGraphicsWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/spiral.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/KochSnowflakeProgrammingAssignment.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/KochSnowflakeProgrammingAssignment.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/MandelbrotFractal.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/MandelbrotFractal.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/MandelbrotFractal.htm

Learning Aids*

Chapter 3 — Digital Image Processing

3.1. Working with Image Files

3.1.1. File Types

3.1.2. Bitmap Image Compression

3.1.2.1. Choosing File Types and Compression

3.1.2.2. LZW Compression

LZW Compression (interactive tutorial,
worksheet, and programming exercise)

3.1.2.3. Huffman Encoding

Huffman Encoding (interactive tutorial,
worksheet, and programming exercise)

3.1.2.4. JPEG Compression

JPEG Compression (interactive tutorial,
and worksheet)

3.2. Reducing Bit Depth

3.2.1. Indexed Color

Octree Algorithm for Indexed Color
(interactive tutorial, worksheet,
programming exercise, and creative
thinking exercise)

3.2.1.1. Popularity Algorithm

3.2.1.2. Uniform-Partitioning Algorithm

3.2.1.3. Median-Cut Algorithm

3.2.1.4. Octree Algorithm

3.2.2. Dithering

Dithering (interactive tutorial, worksheet,
and programming exercise)

3.3. Resampling

3.4. Filters and Convolutions

Convolution Masks (interactive tutorial
and worksheet)

3.5. Histograms

3.6. Curves

3.7. Vocabulary

3.8. References

3.8.1. Print Publications

3.8.2. Websites

* More learning aids will be linked here as they are completed.



http://www.cs.wfu.edu/~burg/nsf-due-0127280/textbased/Ch3CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/LZW.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/LZWWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0127280/worksheets/LZWCompression.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Huffman.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/HuffmanWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0127280/worksheets/HuffmanEncoding.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/JPEG.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/JPEGWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Octree.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/OctreeWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/OctreeWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/OctreeThinking.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/OctreeThinking.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0127280/interactive/Dithering.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/DitheringWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0127280/worksheets/Dithering.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Convolutions.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/ConvolutionWorksheet.pdf
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Chapter 4 — Digital Audio Representation®

4.1. Audio Sampling and Quantization

4.1.1. Audio Waveforms

4.1.2. Audio Aliasing

Audio Aliasing (interactive tutorial,
worksheet, and mathematical modeling
exercise)

4.1.3. Audio Quantization

4.1.3.1. Amplitude and Decibels Distortion and Noise

Decibels (worksheet)

4.1.3.2. Distortion, Noise, and Signal-to-Noise Ratio

Basic Audio Concepts in Practice
(worksheet)

4.1.3.3. Audio Dithering

Audio Dithering (interactive tutorial and
mathematical modeling exercise)

4.2. Digital Audio Data Communication

4.2.1. Pulse Code Modulation (PCM)

4.2.2. Streaming Audio

Streaming Audio (worksheet)

4.3. MIDI Sound Files

MIDI (worksheet)

4.3.1. MIDI vs. Sampled Digital Audio

4.3.2. The MIDI Standard

4.3.3. How MIDI Files Are Created, Edited, and Played

4.3.4. MIDI for Non-Musicians

4.3.5. Musical Acoustics and Notation

4.3.6. Features of MIDI Sequencers and Keyboards

4.3.7. MIDI Behind the Scenes

4.3.7.1. Types and Formats of MIDI Messages

4.3.7.2. Transmission of MIDI Messages

4.3.7.3. Synthesized Sound

4.4. Vocabulary

4.5. References

4.5.1. Print Publications

4.5.2. Websites

®> More learning aids will be linked here as they are completed.
®The table of contents for this chapter is still undergoing revision.



http://www.cs.wfu.edu/~burg/nsf-due-0127280/textbased/Chapter4CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/AudioAliasing.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AudioAliasingWorksheet.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/ModelingAliasing.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/ModelingAliasing.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AirPressureAmplitude_to_dbSPL.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AdobeAuditionWorksheetChapter4.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/AudioDithering.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AudioDithering.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/WorkingWithMIDIWorksheet.pdf

Learning Aids’

Chapter 5 — Digital Audio Processing®

5.1. Digital Audio File Types

Digital Audio File Size and Data Transfer
Rate (worksheet)

5.2. Digital Audio Compression

5.2.1. DPCM, and ADPCM

5.2.2. p-Law Encoding and Non-Linear Companding

p-law and A-law encoding (interactive
tutorial and mathematical modeling
exercise)

5.2.3. Implementing pu-Law Encoding

5.2.4. Perceptual Encoding

Perceptual Audio Encoding (interactive
tutorial and worksheet)

5.2.5. MPEG Audio Compression

5.3. Audio Transforms and Filters

The Fourier Transform (interactive
tutorial, worksheet, and programming
exercise)

5.4. Other Types of Audio Processing

5.4.1. Setting Gain in Recording

5.4.2. Boosting

5.4.3. Stretching

Audio Stretching (interactive tutorial and
worksheet)

5.4.4. Flange and Reverb

Audio Processing with Adobe Audition
(worksheet)

5.5. Vocabulary

5.6. References

5.6.1. Print Publications

5.6.2. Websites

"More learning aids will be linked here as they are completed.

® The table of contents for this chapter is still undergoing revision.



http://www.cs.wfu.edu/~burg/nsf-due-0340969/textbased/Chapter5CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/DigitalAudioFileSizeAndFileTransferTime.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Mu-Law.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/interactive/Mu-Law.htm
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/NonlinearCompanding.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/NonlinearCompanding.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AdobeAuditionWorksheetChapter5.pdf
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Chapter 6 — Digital Video Representation™

6.1.Capturing Images, Sound, and Motion

6.1.1. Motivation

6.1.2. Video Recording, Capture, and Display

6.1.2.1. Analog Video Recording and Display

6.1.2.2. Digital Video Recording, Capture, and Display

6.2 Video Industry Consortia and Standards

6.2.1. The First Video Standards: NTSC, PAL, and SECAM

6.2.2. Recent Television and Video Standards and Organizations

6.3. Properties of Video

6.3.1. Frames and Fields

6.3.2. Aspect Ratio

6.3.3. Color Sampling and Color Signal Transmission

6.3.4. Resolution and Bandwidth

Video Bandwidth (worksheet)
Amplitude Modulation (mathematical
modeling exercise)

6.3.4.1. Resolution of Analog Video

6.3.4.2. Bandwidth of Analog Video

6.3.4.3. Resolution of Digital Video

6.3.4.4. Bandwidth and Bitrate of Digital Video

6.4. Digital Television and HDTV

6.5. Streaming Video

6.6. Vocabulary

6.7. References

6.7.1. Print Publications

6.7.2. Websites

° More learning aids will be linked here as they are completed.
1% The table of contents for this chapter is still undergoing revision.



http://www.cs.wfu.edu/~burg/nsf-due-0340969/textbased/Chapter6CS.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/VideoBandwidth.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AmplitudeModulation.pdf
http://www.cs.wfu.edu/~burg/nsf-due-0340969/worksheets/AmplitudeModulation.pdf
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Chapter 7 - Digital Video Processing™

7.1. Digital Video File Types

7.2. Timecodes

7.3. Frame Rate Conversion

7.4. Deinterlacing

7.5. Digital Video Compression

7.5.1. Vector Quantization

7.5.2. Spatial Versus Temporal Compression

7.5.3. Motion Estimation

7.5.4. Constant Versus Variable Bit Rate

7.5.5. MPEG Compression

7.5.6. Comparison of Codecs

7.6. Streamed Video

7.7. Video Communication and Network Issues

7.7.1. Transport Protocols

7.7.2. Quality of Service

7.7.2.1. Data Rate

7.7.2.2. Latency

7.7.2.3. Synchronization

7.7.2.4. litter

7.8. Digital Video Conferencing

7.9. References

7.9.1. Print Publications

7.9.2. Websites

1 |_earning aids will be linked here as they are completed.
12 The table of contents for this chapter is still undergoing revision.




Learning Aids™

Chapter 8 — Multimedia Programming™*

8.1. Visual Programming and its Metaphors

8.2. Event-Based Programming

8.2.1. Triggers and Order of Events

8.2.2. Graphic Updates

8.3. Program Design Structure in Event-Driven Multimedia Programming

8.3.1. Where Functions Reside in the Overall Program

8.3.2. Alternative Approaches to Design

8.4. The Object-Oriented in Multimedia Programming

8.5. Memory Usage in Multimedia Programming

8.6. Program Efficiency in Multimedia Programming

8.7 A Comparison of Programming Constructs and Styles in Director and Flash

8.8 Vocabulary

8.9 . References

8.9.1. Print Publications

8.9.2. Websites

3 Learning aids will be linked here as they are completed.
' The table of contents for this chapter is still undergoing revision.




