
 6

Contents      

 SECTION I. SUPPORTING ARGUMENTS   

 Chapter 1.    Introduction p.14 
Expanding the Problem p.16 
Expanding the Contributions p.19 

A Future Three-Dimensional Design/Technology Practice p.19 
My Artistic and Aesthetic Vision p.22  
The Portfolio of Expressive Computing Objects p.23 
Smart Textiles: Materials and Processes p.27 

Conclusion p.30 

 Chapter 2.    An Oeuvre? p.31 
The Question Concerning Art p.32 
What’s in a Demo? p.35 
Utopian Visions of Technology p. 38 
Expressive Objects p.39 
Everyday and Approachable p.40 
Multiples p.41 
Materials and Meaning p.43 
Functional Ornament: A Modern/Post-Modern Tension p.45 
Conclusion: Bad Materials p.47 

 Chapter 3.    Physical Computing Technology:  A Future Artistic Medium and Form p.49  
Beyond Chips in Boxes p.49 
Software as a Model for an Expressive, Computing Medium p.51 

Plasticity, Shapeability and Expression p.53 
Direct Manipulation of Real Materials p.54 
An Intimate Relationship Between Form and Computation p.55 

Can Hardware become an Expressive, Computing Medium? P.55 
Sculpted Computational Objects: Properties and Materials p.56 

A Closer Look at Commonly-Used Computing Materials p.58 
Raw Materials p.59 



 7

Prefabricated Materials p.59  
Structured Materials p.60 

Where Do Physical, Computing Materials Belong? p.60 
More Rigid than Stone p.61 
Fixed and Rigid, Electrical and Mechanical Connections p.63 

Conclusion p.63 
Chart of the Properties of Computational Objects p.65 

 Chapter 4.    A Sculptural Perspective p.66 
The Unshapeable, Unsculptable and Persistently Square p.68 

Square Displays and the Pictorial Tradition p.71 
Shapeability p.72 
Shaping in Industrial Design p.72 
Shaping in the Fine Arts p.74 

The Direct Manipulations of Real Materials p.75 
More on the Decorative/Industrial Arts p.78 

Ramifications p.79 

 Chapter 5.    Related Work p.82 
Robotics as Computational Assemblage p.82 

Tim Anderson, Painting Machines p.84 
Stellarc, Robotics and the Body p.85 
Ken Goldberg, Tele-Garden p.86 
Plastic Manipulation vs. Assemblage p.86 
Dave Small and Tom White, Stream of Consciousness p.87 

Meaning and Materials in Sculpture p.88 
Joseph Beuys, Materials Before Form p.89 
Merit Oppenheim, Fur-lined Tea Cup p.90 
Symbolic Materials in Practical and Interactive Computing Objects p.92 

Product and Industrial Design p.93 
Apple Computers p.94 
Durrell Bishop p.95 

Human Computer Interface and Tangible Computing p.98 
Hiroshi Ishii, Various Works p.98 



 8

Brygg Ullmer, Strata p.99 
Electronic Musical Instruments p.100 

Musical Controllers p.101 
Stand-Alone Instruments p.102 
Michael Waisvisz, Crackle Synthesizer p.103 
Michael Waisvisz, The Hands p.104 
Dan Truman and Perry Cook, BOSSA, Bowed Sensor and Speaker Array p.104 
Curtis Bahn, Bubbaball p.105 
Laurie Anderson, Interval Research and Bob Bilecki, Talking Stick p.106 

Conclusion p.106 

 Chapter 6.  Future, Smart and Sculptural Computing Materials  p.108 
Design Properties of Sculptural and Active Computing Materials p.108 
Smart or Multi-Functional Computing Materials p.110 

The Materials of an Acoustic Violin p.111 
The Materials of its Physical, Computing Counterpart p.112 
Small is Not Enough p.114 

Networked Computing Materials p.115 
Amorphous Computing, J. Sussman p.116 

The Potential of Structured Computing Materials p.117 
How My Portfolio of Projects Fits In? p.117 

 
SECTION II. THE DESIGN PORTFOLIO 

 Chapter 7.    Introduction to the Design Portfolio  p.119 
Motivating Design Work in Tod Machover’s Brain Opera, 1996 p.120 

Talking Trees p.122 
Rhythm Tree Pads p.123 
Digital Baton p.124 

 Chapter 8.    Triangles as a Networked, Computing Material  p.127 
Overview of the Triangles p.127 

How They Work p.128 
Why Three Sides? p.129 



 9

As A Macroscopic Material p.129 
Integrated Connector Design p.130 

First Generation p.131 
Second Generation p.132 
Triangles Applications p.133 

Galapagos; An Interactive Web-based Narrative p.135 
Cinderella 2000: An Audio Comic Book p.139 

Character Triangles p.140 
Text Bubble or Information Triangles p.141 
Event Triangles p.142 

Narrative Conclusions p.142 
The Digital Veil, Ars Electronica, 1997 p.144 

Working Notes on Images, Sounds and Associations p.146 
Toy Search p.149 

Conclusion p.149 

 Chapter 9.  Early Smart Textiles Projects p.151 
Why Textiles? P.151 
The Electronic Fashions p.154 

Firefly Dress and Necklace p.155 
Electronic New Year’s Eve Ball Gown p.159 
Serial Suit p.160 

 Chapter 10.  Projects in Fabric Sensing: p.162 
Spanning Fashions, Musical Instruments and New Physical Interfaces p.162 

Piecework Fabric Keypad p.164 
Musical Jacket p.165 
Embroidered Keypad p.169 
Electronic Tablecloth p.171 

 Chapter 11.  Early Embroidered Musical Instruments p.175 
Introduction to Embroidered Musical Instruments p.175 

Physical Interdependency in the Embroidered Musical Instruments p.176 
From the Generic to the Specific: Timeline of the Embroidered Musical Instruments p.178 
Embroidered Musical Instruments as a Smart Materials System p.179 



 10

Early Embroidered Musical Instruments p.181 
Squiggle Ball 1 with Composite Thread p.182 
Squiggle Ball 2 with 100% Non-Continuous Stainless Steel Thread in Bobbin p.184 
Diamond Ball 3 with 100% Non-Continuous Stainless Steel Thread in Bobbin p.186 
Circle Ball 4 with 100% Non-Continuous Stainless Steel Thread in Bobbin p.187 
Circle Ball 5 with Wrapped Thread p.188 
Generic Ball 6: A Design Control Object p.189 

 Chapter 12.  Shaped Embroidered Musical Instruments p.192 
As Musical Instruments p.192 

Music Shapers in Tod Machover’s Toy Symphony p.193 
Squeeziness and Shapeability p.195 
Quick Demo, Commercial Toy or Practiced Instrument? P.197 
A Natural Squeezing Style and Intimacy Sensing p.200 

As Sculpted Computational Objects p.202 
A Relationship Between Physical Form and Music Software p.202 
A Hands-on Design Process p.204 
A Few Essential Textile Advances p.206 

Shaped Embroidered Musical Instruments p.209 
Sound Sculpture Pyramid p.209 
Melody Butterfly p.215 
Melody Tube p.217 
Big Ring p.220 

 

SECTION III. THE TECHNICAL STORY 

 Chapter 13.  Complex Impedance Sensing p.224  
Introduction to the Technical Story p.224 
 Overview of the Sensing p.226  

A Simple Capacitive Model p.227 
Grounding Issues p.228 

What is Pressure in the Embroidered Instruments? p.229 
Black Art Sensing Factors p.229 



 11

Test Circuits p.231 
Design Implications of Sensing Model p.235 

Large Sensors for the Precise Control of a Limited Number of Musical Parameters p.236 
Small Sensors for Intuitive Exploration of Numerous Interdependent Musical Parameters p.236 

Software Filtering p.237 
Beyond the Resistive Element p.237 

Frequency Response Across Skin and Fabric Electrodes p.238 
Conclusions p.241 

 Chapter 14.  Defining Sewability and Flexibility in Yarns p.243 
Background p.245 
Introduction to Flexibility in Textile Materials p.247 
Machine Sewing p.249 
General Characteristics of Machine Sewable Yarns p.250 

High Tensile Strength or Tenacity p.251 
Moderate % of Elongation at Breakpoint p.251 
Denier of ~Under 400 p.252 
Smooth Surface Finish p.253 
High Flexibility p.253 

Curl Test for Flexibility of Yarns p.255 
1) Bending or Curling the Yarn p.256 
2) Reloading the Yarn p.257 
The Final Analysis p.258 
Individual Yarn Results p.259 

More on Flexibility in Fibers p.260 
Flexibility in Conductive Fibers and Yarns p.263 
Sewing with Conductive Yarns p.264 

Specific Yarn Analysis p.266 
Metal Wrapped or Gimped Yarns p.266 
Stainless Steel Yarns p.267 

Staple or Stainless Steel Yarns p.268 
Yarns with Continuous Stainless Steel Filaments p.270 

 Chapter 15.  Materials Index p.271 



 12

Stainless Steel Fibers p.271 
Materials List p.272 

Gimped Thread, Wrapped with Metal Foil p.272 
Metallic Silk Organza p.273 
Conductive Hook and Eye Fasteners (Velcro) p.274 
Stainless Steel and Polyester Blend, BK50/2 p.275 
100% Continuous Stainless Steel p.276 
70-100% Non-Continuous Stainless Steel p.276 
Nylon Wrapped with Continuous Stainless Steel p.277 
Mechanical and Electrical Knot Tying Braid of 100% Continuous Stainless Steel Core Wrapped with BK50/2 

p.277 
Snaps, Zippers, Earring Backs, and Other Mechanical Fasteners p.278 

 Chapter 16.  Sewing Process Timeline p.279 
Expansion of the Sewing Time-line p.281 

Piecework Circuit Elements Sewn from Metallic Silk Organza p.281 
Composite Stainless Steel Thread, (BK 50/2) Passes Through Needle of Commercial Sewing Machine p.282 
High Impedance Circuit Elements Designed in CAD Environment and Embroidered on Commercial Machine 

with Composite Stainless Steel Thread, (BK 50/2) p.282 
Electrode Impedance Reduced by 10X by Using Composite Stainless Steel Thread, (BK 50/2) in Bobbin 

p.283 
Electrode Impedance Reduced by Improved Stitch Pattern and Continuous Stitch Path Between Objects 

p.283 
Electrode Impedance Dramatically Reduced by Using 100% Non-Continuous Stainless Steel in Bobbin, but 

Causes Short Circuits Between Close Elements p.285 
Electrode Impedance Dramatically Reduced by Nylon Wrapped with 3 Continuous Stainless Steel Fibers in 

Bobbin without Sewing Problems p.285 
Sensing Stability and Resolution Improves when Electrode Area and Density are Increased p.286 
Tying a Knot Creates a Simultaneous Mechanical and Electrical Connection with a Twine of Continuous 

Stainless Steel Core Wrapped with Stainless Steel and Polyester Composite Thread (BK 50/2) p.287 
Contour Underlay Stitch Decreases Electrode Stiffness p.288 
Contour Stitch Overlay Decreases Stitch Density and Increases Conductivity p.288 

Chapter 17. Conclusion p.290 



 13

Summary p.293 
A Proposal for Future Design p.293 
A Personal Artistic Vision p.294 
Proof is in the Projects p.295 
Technical Innovations p. 298 

Further Inquiry p.297 
Art and Design p.300 

Physical Form and Computation p.300 
A Process for Exploring Physical Form and Computation p.301 

Future Materials p.304 
Smart Textiles p.304 
Future Sculptural Smart Computing Materials p.305 

Future Computational Objects p.311 

Design Appendix. The Big Thing p.313 
Description of The Big Thing p.314 

List of Kit Components p.315 
Description of Components p.315 

Islands p.315 
Chunks p.316 
Poking Area p.316 
Operator Poles p.317 
Stack Connectors p.317 
Stretchy Connectors (Conductive Bungee Cords) p.317 
Feather Sensors p.318 

Implementation of Big Thing p.318 
Overall Schematic of Big Thing Infrastructure p.318 
Physical Chunk Design p.320 
Chunk Communication and Electronic Design p.320 
Bungee Cord Sensors p.323 

Bibliography p.325 
 
 


