























trajectories in 2D space. EyesWeb’s extensive vision affordances make it highly
recommended for students.

The most sophisticated toolkits for computer vision generally demand greater
familiarity with digital signal processing, and they require developers to program in
compiled languages like C++ rather than languages like Java, Lingo, or Max. The Intel
Integrated Performance Primitives (IPP) library, for example, is among the most general
commercial solutions available for computers with Intel-based CPUs. The OpenCV
library, by contrast, is a free, open source toolkit with nearly similar capabilities and a
tighter focus on commonplace computer vision tasks. The capabilities of these tools, as
well as all of those mentioned above, are continually evolving.

Processing includes a basic video library that handles getting pixel information
from a camera or movie file as demonstrated in the examples included with this text.
The computer vision capabilities of Processing are extended by libraries like Myron,
which handles video input and has basic image processing capabilities. Other libraries
connect Processing to EyesWeb and OpenCV. They can be found on the libraries page of
the Processing website: www.processing.org/reference/libraries.

Conclusion

Computer vision algorithms are increasingly used in interactive and other computer-
based artworks to track people’s activities. Techniques exist that can create real-time
reports about people’s identities, locations, gestural movements, facial expressions, gait
characteristics, gaze directions, and other attributes. Although the implementation of
some vision algorithms requires advanced understanding of image processing and
statistics, a number of widely used and highly effective techniques can be implemented
by novice programmers in as little as an afternoon. For artists and designers who are
familiar with popular multimedia authoring systems like Macromedia Director and
Max/MSP/Jitter, a wide range of free and commercial toolkits are also available that
provide ready access to more advanced vision functionalities.

Since the reliability of computer vision algorithms is limited according to the
quality of the incoming video scene and the definition of a scene’s quality is determined
by the specific algorithms that are used to analyze it, students approaching computer
vision for the first time are encouraged to apply as much effort to optimizing their
physical scenario as they do their software code. In many cases, a cleverly designed
physical environment can permit the tracking of phenomena that might otherwise
require much more sophisticated software. As computers and video hardware become
more available, and software-authoring tools continue to improve, we can expect to see
the use of computer vision techniques increasingly incorporated into media-art
education and into the creation of games, artworks, and many other applications.

Notes

1. http://mechanism.ucsd.edu/~bill/research/mercier/2ndlecture.pdf.

2. http://www.fundacion.telefonica.com/at/rlh/eproyecto.html.
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3. http://homepage.mac.com/davidrokeby/sorting.html.

4. http://www.bureauit.org/sbox.

5. http://www.wired.com/news/culture/0,1284,64720,00.html.
6. http://www.christian-moeller.com.

7

. http://www.mellesgriot.com/pdf/pgi1-19.pdf.

Code

Video can be captured into Processing from USB cameras, IEEE 1394 cameras, or video
cards with composite or S-video input devices. The examples that follow assume you
already have a camera working with Processing. Before trying these examples, first get
the examples included with the Processing software to work. Sometimes you can plug a
camera into your computer and it will work immediately. Other times it’s a difficult
process involving trial-and-error changes. It depends on the operating system, the
camera, and how the computer is configured. For the most up-to-date information, refer
to the Video reference on the Processing website: www.processing.org/reference/libraries.

Example 1: Detecting motion
// Quantify the amount of movement in the video frame using frame-differencing
import processing.video.*;

int numPixels;
int[] previousFrame;
Capture video;

void setup(){
size(640, 480); // Change size to 320 x 240 if too slow at 640 x 480
video = new Capture(this, width, height, 24);
numPixels = video.width * video.height;
// Create an array to store the previously captured frame
previousFrame = new int[numPixels];

void draw() {
if (video.available()) {
// When using video to manipulate the screen, use video.available() and
// video.read() inside the draw() method so that it's safe to draw to the screen
video.read(); // Read the new frame from the camera
video.loadPixels(); // Make its pixels[] array available

int movementSum = 0; // Amount of movement in the frame
loadPixels();

for (int i = 0; i < numPixels; i++) { // For each pixel in the video frame. ..
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color currColor = video.pixels[i];
color prevColor = previousFrame[i];

// Extract the red, green, and blue components from current pixel

int currR = (currColor >> 16) & OxFF; // Like red(), but faster (see p. 673)
int currG = (currColor >> 8) & OxFF;

int currB = currColor & OxFF;

// Extract red, green, and blue components from previous pixel
int prevR = (prevColor >> 16) & OXFF;

int prevG = (prevColor >> 8) & OxFF;

int prevB = prevColor & OXxFF;

// Compute the difference of the red, green, and blue values
int diffR = abs(currR - prevR);
int diffG = abs(currG - prevG);
int diffB = abs(currB - prevB);

// Add these differences to the running tally

movementSum += diffR + diffG + diffB;

// Render the difference image to the screen

pixels[i] = color(diffR, diffG, diffB);

// The following line is much faster, but more confusing to read
//pixels[i] = Oxff000000 | (diffR << 16) | (diffG << 8) | diffB;
// Save the current color into the 'previous' buffer
previousFrame[i] = currColor;

// To prevent flicker from frames that are all black (no movement),
// only update the screen if the image has changed.
if (movementSum > 0) {
updatePixels();
println(movementSum); // Print the total amount of movement to the console
¥
¥
}

Example 2: Detecting presence

// Detect the presence of people and objects in the frame using a simple
// background-subtraction technique. To initialize the background, press a key.

import processing.video.*;

int numPixels;
int[] backgroundPixels;
Capture video;

void setup() {
size(640, 480); // Change size to 320 x 240 if too slow at 640 x 480
video = new Capture(this, width, height, 24);
numPixels = video.width * video.height;
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// Create array to store the background image
backgroundPixels = new int[numPixels];

// Make the pixels[] array available for direct manipulation
loadPixels();

void draw() {
if (video.available()) {
video.read(); // Read a new video frame
video.loadPixels(); // Make the pixels of video available

// Difference between the current frame and the stored background
int presenceSum = 0O;

for (int i = 0; i < numPixels; i++) { // For each pixel in the video frame. ..
// Fetch the current color in that location, and also the color
// of the background in that spot
color currColor = video.pixels[i];
color bkgdColor = backgroundPixels[i];

// Extract the red, green, and blue components of the current pixel’s color
int currR = (currColor >> 16) & OxFF;

int currG = (currColor >> 8) & OxFF;

int currB = currColor & OxFF;

// Extract the red, green, and blue components of the background pixel’s color
int bkgdR = (bkgdColor >> 16) & OXFF;

int bkgdG = (bkgdColor >> 8) & OxFF;

int bkgdB = bkgdColor & OXFF;

// Compute the difference of the red, green, and blue values
int diffR = abs(currR - bkgdR);
int diffG = abs(currG - bkgdG);
int diffB = abs(currB - bkgdB);

// Add these differences to the running tally
presenceSum += diffR + diffG + diffB;
// Render the difference image to the screen
pixels[i] = color(diffR, diffG, diffB);
// The following line does the same thing much faster, but is more technical
//pixels[i] = OxFF000000 | (diffR << 16) | (diffG << 8) | diffB;

3

updatePixels(); // Notify that the pixels[] array has changed

println(presenceSum); // Print out the total amount of movement

}
¥

// When a key is pressed, capture the background image into the backgroundPixels
// buffer by copying each of the current frame’s pixels into it.
void keyPressed() {

video.loadPixels();

arraycopy(video.pixels, backgroundPixels);

}

558 Extension 3: Vision



Example 3: Detection through brightness thresholding

// Determines whether a test location (such as the cursor) is contained within
// the silhouette of a dark object

import processing.video.*;

color black = color(0);
color white = color(255);

int

numPixels;

Capture video;

void setup() {
size(640, 480); // Change size to 320 x 240 if too slow at 640 x 480
strokeWeight(5s);
video = new Capture(this, width, height, 24);
numPixels = video.width * video.height;
noCursor();
smooth();

void draw() {
if (video.available()) {
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video.read();

video.loadPixels();

int threshold = 127; // Set the threshold value

float pixelBrightness; // Declare variable to store a pixel's color

// Turn each pixel in the video frame black or white depending on its brightness
loadPixels();
for (int i = 0; 1 < numPixels; i++) {

pixelBrightness = brightness(video.pixels[i]);

if (pixelBrightness > threshold) { // If the pixel is brighter than the

pixels[i] = white; // threshold value, make it white
} else { // Otherwise,
pixels[i] = black; // make it black

¥

}
updatePixels();

// Test a location to see where it is contained. Fetch the pixel at the test
// location (the cursor), and compute its brightness

int testValue = get(mouseX, mouseY);

float testBrightness = brightness(testValue);

if (testBrightness > threshold) { // If the test location is brighter than
fill(black); // the threshold set the fill to black

} else { // Otherwise,
fill(white); // set the fill to white

}

ellipse(mouseX, mouseY, 20, 20);

Extension 3: Vision



Example 4: Brightness tracking

// Tracks the brightest pixel in a live video signal
import processing.video.*;

Capture video;

void setup(){
size(640, 480); // Change size to 320 x 240 if too slow at 640 x 480
video = new Capture(this, width, height, 30);
noStroke();
smooth();

void draw() {
if (video.available()) {
video.read();
image(video, 0, 0, width, height); // Draw the webcam video onto the screen

int brightestX = 0; // X-coordinate of the brightest video pixel
int brightestY = 0; // Y-coordinate of the brightest video pixel
float brightestValue = 0; // Brightness of the brightest video pixel

// Search for the brightest pixel: For each row of pixels in the video image and
// for each pixel in the yth row, compute each pixel's index in the video
video.loadPixels();
int index = 0;
for (int y = 0; y < video.height; y++) {
for (int x = 0; x < video.width; x++) {
// Get the color stored in the pixel
int pixelValue = video.pixels[index];
// Determine the brightness of the pixel
float pixelBrightness = brightness(pixelvalue);
// If that value is brighter than any previous, then store the
// brightness of that pixel, as well as its (x,y) location
if (pixelBrightness > brightestValue){
brightestValue = pixelBrightness;
brightestY = y;
brightestX = x;
¥

index++;

// Draw a large, yellow circle at the brightest pixel
fi11(255, 204, 0, 128);
ellipse(brightestX, brightestY, 200, 200);
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Resources

Computer vision software toolkits

Camurri, Antonio, et al. Eyesweb. Vision-oriented software development environment. http://www.eyesweb.org.

Cycling’74 Inc. Max/MSP/Jitter. Graphic software development environment. http://www.cycling74.com.

Davies, Bob, et al. OpenCV. Open source computer vision library. http://sourceforge.net/projects/opencvlibrary.

Nimoy, Joshua. Myron (WebCamXtra). Library (plug-in) for Macromedia Director and Processing.
http://webcamxtra.sourceforge.net.

Pelletier, Jean-Marc. CV.Jit. Extension library for Max/MSP/Jitter. http://www.iamas.ac.jp/~jovano2/cv.

Rokeby, David. SoftVNS. Extension library for Max/MSP/Jitter.
http://homepage.mac.com/davidrokeby/soft VNS.html.

Singer, Eric. Cyclops. Extension library for Max/MSP/Jitter. http://www.cycling74.com/products/cyclops.html.

STEIM (Studio for Electro-Instrumental Music). BigEye. Video analysis software. http://www.steim.org

Texts and artworks

Bureau of Inverse Technology. Suicide Box. http://www.bureauit.org/sbox.

Bechtel, William. The Cardinal Mercier Lectures at the Catholic University of Louvain. Lecture 2, An Exemplar.

Neural Mechanism: The Brain’s Visual Processing System. 2003, p.1.
http://mechanism.ucsd.edu/~bill/research/mercier/2ndlecture.pdf.

Fisher, Robert, et. al. HIPR (The Hypermedia Image Processing Reference).
http://homepages.inf.ed.ac.uk/rbf/HIPR2/index.htm.

Fisher, Robert, et al. CVonline: The Evolving, Distributed, Non-Proprietary, On-Line Compendium of
Computer Vision. http://homepages.inf.ed.ac.uk/rbf/CVonline.

Huber, Daniel, et al. The Computer Vision Homepage. http://www-2.cs.cmu.edu/~cil/vision.html.

Krueger, Myron. Artificial Reality II. Addison-Wesley Professional, 1991.

Levin, Golan and Lieberman, Zachary. Messa di Voce. Interactive installation, 2003.
http://www.tmema.org/messa.

Levin, Golan, and Zachary Lieberman. “In-Situ Speech Visualization in Real-Time Interactive Installation
and Performance.” Proceedings of the Third International Symposium on Non-Photorealistic Animation and
Rendering. Annecy, France, June 7-9, 2004. http://www.flong.com/writings/pdf/messa_NPAR_2004_150dpi.pdf.

Lozano-Hemmer, Rafael. Standards and Double Standards. Interactive installation.
http://www.fundacion.telefonica.com/at/rlh/eproyecto.html.

Melles Griot Corporation. Machine Vision Lens Fundamentals. http://www.mellesgriot.com/pdf/pgii-19.pdf.

Moller, Christian. Cheese. Installation artwork, 2003. http://www.christian-moeller.com.

Rokeby, David. Sorting Daemon. Computer-based installation, 2003.
http://homepage.mac.com/davidrokeby/sorting.html.

Shachtman, Noah. “Tech and Art Mix at RNC Protest.” Wired News, 27 August 2004.
http://www.wired.com/news/culture/o0,1284,64720,00.html.

Sparacino, Flavia. “(Some) computer vision based interfaces for interactive art and entertainment installations.”

INTER_FACE Body Boundaries, issue edited by Emanuele Quinz. Anomalie no. 2. Anomos, 2001.

http://www.sensingplaces.com/papers/Flavia_isea2000.pdf.
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Code Index

This index contains all of
the Processing language
elements introduced
within this book. The
page numbers refer to
the first use.

! (logical NOT), 57
I= (inequality), 52
% (modulo), 45
88 (logical AND), 57
() (parentheses)

for functions, 18

for precedence, 47
* (multiply), 44
*= (multiply assign), 49
+ (addition), 43
++ (increment), 48
+= (add assign), 48
, (comma), 18
- (minus), 44
-- (decrement), 48
-= (subtract assign), 48
. (dot), 107
/ (divide), 44
/= (divide assign), 49
/* */ (comment), 18
// (comment), 17
; (semicolon), 19
< (less than), 51
<= (less than or

equal to), 52

= (assign), 38
== (equality), 52

for String objects, 109
> (greater than), 51
>= (greater than

or equal to), 52

[1 (array access), 301

2D arrays, 312

arrays of objects, 406
{} (braces), 53

and variable scope, 178
|| (logical OR), 57
# (hex color), 93

703

abs(), 241
alpha(), 338
ambient(), 533
ambientLight(), 533
append(), 309
arc(), 124
arraycopy, 310
Array, 301

length, 304
atan2(), 243

background(), 31
beginRaw(), 531
beginRecord(), 607
beginShape(), 69
bezier(), 30
bezierVertex(), 75
blend(), 351
blendColor(), 352
blue(), 337
boolean, 38
boolean(), 106
brightness(), 338
byte, 38

byte(), 106

camera(), 531
Capture, 556
ceil(), 49

char, 38, 102
char(), 106

class, 395

Client, 567

color, 38, 89
color(), 89
colorMode(), 91
constrain(), 237
copy(), 353

cos(), 118
createGraphics(), 614
createImage(), 362
createWriter(), 423
cursor(), 213
curveVertex(), 74

day(), 249

degrees(), 117
directionallight(), 536
dist(), 238

draw(), 173

ellipse(), 30
ellipseMode(), 34
else, 55

else if, 56
endRaw(), 531
endRecord(), 607
endShape(), 69
exit(), 422
expand(), 309
extends, 456

false, 38
£i11(), 32
filter(), 347
float, 37
float(), 106
floor(), 49

for, 61
frameCount, 173
frameRate(), 173

get(), 321
green(), 337

HALF _PI, 117

height, 40
hour(), 245
HSB, 89
hue(), 338
if, 53
image(), 96
int, 37
int(), 107
key, 225

keyCode, 227
keyPressed, 224
keyPressed(), 232
keyReleased(), 232

lerp(), 81
lightSpecular(), 536
line(), 27
loadFont(), 112
loadImage(), 96
loadPixels(), 356
loadStrings(), 428
loop(), 235



map(), 81

mask(), 354

max(), 50

millis(), 248
min(), 50

minute(), 245
month(), 249
mouseButton, 212
mouseDragged(), 229
mouseMoved(), 229
mousePressed, 212
mousePressed(), 229

mouseReleased(), 229

mouseX, 205
mouseY, 205

new
for arrays, 303
for objects, 399
nf(), 422
noCursor(), 213
noFill(), 33
noise(), 130
noiseSeed(), 131
noLoop(), 178
norm(), 80
noSmooth(), 33
noStroke(), 33
noTint(), 97

Object, 107, 395

PFont, 112
PI, 117
PImage, 96
pixels[], 356
pmouseX, 208
pmouseY, 208
point(), 25
pointLight(), 536
popMatrix(), 134
pow(), 80
print(), 20
println(), 20
PrintWriter, 423
close(), 423
flush(), 423
println(), 424
pushMatrix(), 134
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quad(), 29
QUARTER PI, 117

radians(), 117
random(), 127
randomSeed(), 129
rect(), 29
rectMode(), 34
red(), 337
redraw(), 235
return, 194
RGB, 89
rotate(), 137
round(), 50

saturation(), 338
save(), 368
saveFrame(), 369
saveStrings(), 422
scale(), 138
second(), 245
Server, 567
set(), 324
setup(), 177
shorten(), 309
sin(), 118
size(), 24
with P3D, 528
with OPENGL, 528
with PDF, 607
smooth(), 33
specular(), 536
split(), 429
splitTokens(), 430
spotLight(), 536
sq(), 79
sqrt(), 79
str(), 107
String, 103
length(), 108
endsWith(), 108
equals(), 109
startsWith(), 108
substring(), 109

toCharArray(), 108
tolLowerCase(), 109
toUpperCase(), 109

stroke(), 32
strokeCap(), 33
strokeJoin(), 33
strokeWeight(), 33
super, 456

text(), 112
textAlign(), 115
textFont(), 112
textLeading(), 115
textSize(), 114
texture(), 536
textWidth(), 116
tint(), 97
translate(), 133
triangle(), 27
true, 38

TWO_PI, 117

updatePixels(), 356

vertex(), 69
void, 187

width, 40

year(), 249



Index

This index contains mostly
people, software, artwork,
and programming
languages. For topics,

see the table of contents
(pp. vii—xvii); for code, see
the Code Index.

1:1 (Jevbratt), 566

3M Corporation, 553

3 Stoppages Etalon (Duchamp), 127
7-11 Email list, 563

AARON, 218
Aesthetics and Computation
Group (ACG), xxiii, 682
Achituv, Romy, 549
ActionScript, 158,166, 522-523, 565,
680-681, 686—-687, 689, 691
Adair, Sandra, 384
Adobe, 4,169, 683
Adobe After Effects, 166, 327,
379,387
Adobe Flash, 157-158, 165-166,
267-268, 275, 278, 327, 436,
564-565, 624, 629, 642,
680-681, 683, 686, 701
Adobe Flash Lite, 624, 681
Adobe Garamond (font), 112
Adobe Illustrator, xxiii, 30, 77,166,
143, 217, 271, 273, 607-608, 683
Adobe Photoshop, xxiii, 95, 166,
268, 276, 347, 355, 360, 384,
387-388,391-392, 607-608,
611, 683
Adobe Premiere, 391-392
Adobe Streamline, 166
AAC (Advanced Audio Coding),
585
AITFF (Audio Interchange File
Format), 585-586, 699
Aldus PageMaker, 605
Alexander, Ryan, 380
Alias Maya, 379, 387-388, 537, 680
AltSys, 170
Andrade, Laura Hernandez, 4
Apple Ile, xxiii
Apple Audio Units (AU), 501

705

Apple Computer, 3,111, 537,
585,699

Apple Logic Audio, 503, 591

Apple Mac G3, 383

Apple Mac G4, 383

Apple Macintosh (Mac), 9-11, 95,
111-112, 169, 205, 227, 367, 383,
521,568-569, 574, 604, 639, 665,
682, 685

Apple Mac Mini, 639

Apple Mac OS, 264, 435, 665-666,
681

Apple Mac OS X, 16,170, 435, 645,
649, 684

Apple QuickTime, 367, 383-384,
387-388

AppleScript, 681

Arduino, 521, 633, 640, 641, 645-646,

648-649, 681, 685

Arp,Jean, 127

Ars Electronica Festival, 618

ART+COM, 498

ASCII (American Standard Code for

Information Interchange), 102-103,
226-227, 549, 565, 664—-668, 670,
691,699

Athena, 387

ATI, 537

AT&T/Bell, 564

Audacity, 501

AutoCAD, 217, 529, 537

Autodesk 3ds Max, 268, 276,
391-392, 537

AutoDesk Revit, 537

AutolLISP, 522, 681

Autonomedia, 564

Avid/Digidesign Pro Tools, 591

AVR (Atmel), 640

awk, 517, 684

Babbitt, Milton, 580-581

Bach, J.S., 581

Bailey, Chris, 581

Balkin, Amy, 267

Baran, Paul, 564

Barr, Alfred, 291

Barragan, Hernando, 633

BASIC, xxiii, xxiv, 152, 264, 522,
604-605, 640, 642, 681

BASIC Stamp 2 (Parallax), 640

BasicX—24 (NetMedia), 642

Bass, Saul, 327

Baumgirtel, Tilman, 564

Bauhaus, 149

BBC Acorn Archimedes, 264

Beach Culture, 605

Beethoven, Ludwig van, 581

BEFLIX, 315, 681

Bell Laboratories, 315, 580581, 604

Bentley Systems
GenerativeComponents, 537

Berliner, Emile, 579

Berlow, David, 170

Bernard (ak a Flip 1), 508

BIAS Peak, 591

BigEye, 554

Binary Runtime Environment for
Wireless (BREW), 625

Binary space partition (BSP), 527

Binder, Maurice, 327

bitforms gallery, 164, 166-167, 525,
547, 603, 633

Bittorent, 571

Blackwell, Lewis, 605

Blender, 276, 576

Blinkenlights (Chaos Computer
Club), 618

Blonk, Jaap, 511

Bluetooth, 619, 621-622, 624, 641,
645, 683

Blyth, Steven, 512

Boids (Reynolds), 295, 473,
475,497

Boole, George, 38, 61, 669

Boolean algebra, 38

Boulez, Pierre, 581

Braitenberg, Valentino, 473-474

Brakhage, Stan, 413

Brecht, Bertolt, 564

Brooklyn Academy of Music
(BAM), 515-516

Brown, Robert, 295

Brownian motion, 295

Brunelleschi, Filippo, 525

Bunting, Heath, 563-564

Bureau of Inverse Technology,
548, 634

Burke, Phil, 592

Burton, Ed, 263-264, 413, 499

Byrne, David, 581



C, 7,264, 515-517, 522-523, 592, 640,
642, 682-685, 693, 697

C++, 264, 271,383, 507-508, 511-512,
515-516, 522-523, 555, 592, 599,
640, 679, 681-682

CAD (computer-aided drawing
software), 217, 526, 537-538

Cage, John, 127, 579

CalArts School of Art, 564

California Institute of Technology
(Caltech), 388,549

Cameron, Dan, 387

Campbell, Jim, 549

Carmack, John ,525

Carnegie Mellon University, xxi

Carnivore, 566, 568-569

Carson, David, 605

Cascading Style Sheets (CSS), 93

CCRMA Synthesis ToolKit (STK),
592

Chang, Zai, 6

Cheese (Méller), 549

Cho, Peter, 257,327

CIA World Fact Book, 267

Citron, Jack, 315

CityPoems, 617, 624

Chuck, 592, 682

Cloaca (Delvoye), 461

Clash of the Titans, 387

Close, Chuck, 606

CODE (Petzold), 648

Cohen, Harold, 218

Columbia-Princeton Electronic
Music Center, 580

Commodore C-64, 272

Commodore VC-20, 272

Common Lisp, 592

Complexification.net, 6,157

Computational Beauty of Nature,
The (Flake), 469

Computers and Automation, 603

Computer Clubhouse, 680

Computer Lib / Dream Machines
(Nelson), 3

Computer Vision Homepage
(Huber), 552

Coniglio, Mark, 512

“Constituents for a Theory of the
Media” (Enzensberger), 564

Conway, John, 461, 463, 467-468,
475

Cook, Perry, 592

Cooper, Muriel , 327

Cope, David, 581

CorelDRAW, 608
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Cosic, Vic 563—-564

Costabile, Sue (SUE.C), 503-504

Craighead, Alison, 618

Crawford, David, 316

Crystal Castle, 525

Csikszentmihalyi, Chris, 507-508,
634

CSIRAC, 580

Csuri, Charles, 217

Cuba, Larry, 1,315

Cullen, Mathew, 379-380

CV.Jit, 554

Cybernetic Serendipity, 101, 603

Cycling '74, 554, 592

Cyclops, 554

Dada, 149-150

Davies, Char, 526

Davis, Joshua, 564565

Deck, Barry, 112

Deleuze and Guattari, 564

Delvoye, Wim, 461

De Mol, Gerry, 275

Design By Numbers (DBN), xxiv,
552—523, 682

Designers Republic, The, 605

Dextro, 316

Dialtones (Levin et al.), 617-618

Digidesign, 587,591

Dine, Jim, 606

DJ I, Robot Sound System, 506-509

Dodgeball, 617, 624

Domain Name System (DNS), 566

DrawBot, 169, 682, 684

Drawing with Computers (Wilson),
152, 217, 604

Drawn (Lieberman), 413

DuBois, R. Luke, 579

Duchamp, Marcel, 127, 633

Dunne, Tony, 634

Diirer, Albrecht 525, 612

DXF, 520, 529-531

Dynabook, 3

Eagle, 272

écal (école cantonale d’art de

Lausanne), 271

Eclipse, 571, 625

ECMAScript, 681, 683

Edelweiss Series (Maywa Denki),
634

Edgerton, Harold, 295

Edison, Thomas, 579

Eighth Istanbul Biennial, 387

Eimart, Herbert, 580

Electronic Arts, 585

ELIZA, 101

Emacs, 516

Emigre, 605

End of Print, The (Blackwell), 605

Endless Forest, The (Tale of Tales),
274-277

Engelbart, Douglas, 205

Eno, Brian, 581

Enron, 268

Enzensberger, Hans Magnus, 564

EPS, 606

Euler’s method, 7,494

Every Icon (Simon), 565

Evolved Virtual Creatures (Sims),
295

Experiments in Art and
Technology (E.AT.), 633

Extend Script, 683

Eye magazine, 605

Eye Catching (Steinkamp),
386-389
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