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Computers Everywhere
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Bridging the Physical and the Digital

paper and electronic at the same time

the bits and the atoms
belong together



Device Ensembles

achieves a total effect greater than
the individual



Ensemble Interaction

A physical-digital ensemble interaction is a human-
computer dialogue that takes place across multiple
tools (physical and digital), possibly leveraging
multiple input modalities and output media.




Ensemble Interaction

A user employs a sender device to initiate an
action that is executed on the receiver device.

Sender

. & ~“ Receiver



.as.. Background

~. motivation, inspiration, investigation

7y Projects
ButterflyNet, Interactive Gigapixel Prints, Sensing Notebook

.o g Prior and Future Work

taxonomies, physical-digital primitives, ensembles toolkit



Interviews and Observations
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We observed that...

Transformation

Capture is (relatively)
easy, but...




Current tools

Pens & Paper Notebooks
Cameras

Spreadsheets

Coin Envelopes

Laptop & Desktop Computers

Sensors

GPS Devices
GIS Software

Printers
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Physical/Tangible Digital

Pens & Paper Notebooks
Cameras
Spreadsheets
Coin Envelopes
Laptop & Desktop Computers

Sensors

GPS Devices
GIS Software

Printers
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Different Advantages

® Paper Notebooks [Robust, o “Battery”, ...]

% Computers [Search, Storage, Sharing, ...]
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® Paper Notebooks [Robust, oo Battery, ...]

& Computers [Search, Storage, Sharing, ...]




1) Augment paper with digital affordances
(and vice versa).

2) Use both digital and physical devices in
concert.
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Digitizing Pen Technology
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The Ensemble Interactions



Ensemble Interaction

A user employs a sender device to initiate an

action that is executed on the receiver device.

Sender

. & ~“ Receiver
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Ensemble Interactions
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Manipulate

Associate Transport
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Graphical Ul Select...
[Foley & Wallace 1974] LI .
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Ensemble Select

- Subsumes F&W's G l
Pick & Button 9‘%&;)8 e
* Choose |tem(3) ITu:rp St':'riesq[h,

World b

« constrain movement

. query for results i BT e iouet:

23



Manipulate X*“

Graphical Manipulate
Subsumes F&W's

- Locate

(Manipulate X,Y,Z,...)

- Valuate
(Manipulate Values)

April 2006
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Ensemble Manipulate  |gHEtEe
- Move/Flick/Drag T
- Navigate
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Transport

Capture
Print
Send

Retrieve

Copy

Move




4. Background

motivation, inspiration, investigation

7y Projects
' ButterflyNet, Interactive Gigapixel Prints, Sensing Notebook

.o g Prior and Future Work

taxonomies, physical-digital primitives, ensembles toolkit
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Tools and techniques to help tield biologists
collect, organize, and share
their research content.
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ButterflyNet System
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Ensemble Interaction1 ¥~ - o

Associate

notes @ 4:43p - | R I photo @ 4:44p

Automatic Association
Notes + Photos associated by Time

31

'



Ensemble Interaction 2 ¥*~ - o

Associate

A 1 1
S 11 Ron Yeh - UserStudy - utterfyNet EEx
Mor 24 N May1  mays

September 21

Manual “Hotspot” Association
Notes + Photos associated by Inked Gesture
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Ensemble Interaction 3%~ -« o

Associate

Manual “Visual Specimen Tag” Association
Notes + Photos + Specimens associated by 2D BARCODE
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ButterflyNet Browser
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Ensemble Interaction 4 f~ ~ ¥

Manipulate

March

Navigate by Pen & Paper Notebook
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Experimental Design

10-min Tutorial
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Requests

v

andwriting Recognition
GPS Integration

Support for audio &
other content types
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Field Biologists at JRBP/Stanford
Anthropologists at Intel Digital Home Group

Will Soon Be Used By:
Cancer Researchers at Stanford

NASA Researchers

and more... y




ButterflyNet contribution

Leverages ensemble interactions to provide
rich browsing of notes with automatically
and manually associated research content
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Mission Statement

Design and Develop...
1) visualizations tor large, paper-based displays

2) techniques for interacting with them.






Paper + Digital Affordances!

- | ntermittent Output

W e T
\H' €Y -

Lk ezt . Print a Visualization on a Wide-format Printer

. Input
N\ o
- Digital Pen Technology

Real-Time Output
- Mobile Device :
 « Nearby Display (LCD or Laptop)
- Projected Overlay
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Ensemble Interactions 7:

Transport

Progressive Information Disclosure
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Select Transport

Ensemble Interaction 6

Photo Browsing and Tagging
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Mampulate

Ensemble Interaction 7

Architect Navigates a 3D View for Client
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GIGAprints contribution

Augment large paper surtaces with
digital content (on mobile device,
projector...), to provide visual context,
collaboration, and mobility.



Camera Locations

N

A

0 125 250

Meters

he Sensing Notebook

onfigure and Manipulate Sensor Networ
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Field Sciences
Industrial Monitoring
Digital Home

...and more

Photos from
[Crossbow, USC, VATech, UCLA]




A Desktop Interface (Tiny DB)

Ouery 0 806 || Sersor Netuork Topalogy & Tuery Constructor @6 ®

[ Graphical Interface [ Text Interface |
Sample Period 1024 - Send Query

Time vs. light Available Attributes Projected Attributes Display Topology
Magnet Demo

4 6 8 10 12 14 16

Time (s)

light - Reset Graph Clear Graph
Resend Query ¥ TRIGGER ACTION |Sounder (500ms) ~| [JLog to Database

A Programmer’s Interface (Mate)

buffer data;
data[o] = light();
send(data); | Route the data to a collection point



Our Goal

Provide a learnable yet efficient interface for
configuring and querying sensor networks.

As these wireless sensors tend to be deployed
outside, use an ensemble of a mobile device (e.g,,
phone) and a portable paper surface (e.g.,
notebook) to communicate with the sensors.

This is work-in-progress! ©
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Select

Ensemble Interaction8 -,

Select and Transport Live Field Data
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Ensemble Interactiong t~ " ¥&

Manipulate

Camera Locations

N

A

0 125 250

Meters

Configure Sensor Networks via Gestures
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sagey Background

motivation, inspiration, investigation

Projects
ButterflyNet, Interactive Gigapixel Prints, Sensing Notebook

.o g Prior and Future Work

taxonomies, physical-digital primitives, ensembles toolkit
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Graphical User Interface Primitives

[Foley and Wallace 1974] [Myers 1990]

- Pick - Menu
- Button - Move-grow
- Locator - New-point
- Valuator - Angle

- Text

e Trace
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Tangible User Interfaces

Framework from Ullmer, Ishii, and Jacobs

MCRit (MCRpd)

Like Model-View-Controller, except
Controller split between
Intangible (Physical) and Tangible (Digital)
Representations

LN AN i
| control —  view physical
a AR

. 7 PNEAE
digital
model

(a) interaction model of GUI: {b) interaction model of TUI:
MVC model (Smalltalk-80) MCRit model

Fig. 9. MVC and MCRit interaction models.



Paper-Digital Integration

‘Wellner 1993]

‘Guimbretiéere 2003]
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Physical-Digital Toolkits

Papier-Macheé
. [Klemmer et al. 2004]
* vision, passive
d.tools
- [Hartmann et al. 2006 (TR)]
- tethered, active
Phidgets
. [Greenberg & Fitchett 2001]

. tethered, active




Anoto Software Tools

Paper Buttons for Pre-Detined Actions
- With a Synchronization Step

Ink/Forms-Based Capture

Ink-Sample Level Abstraction
- OK for Programmers

- Wrong level for Most Designers and End-Users



We propose...



Duet: Paper-Digital Ensembles
Toolkit

Interactions
. Select
- Manipulate )
. Associate R O A | ilad,

- Transport

\

Support lterative Design
[Design = Prototype =2 Test 2 Analyze]
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Our Target Users

Designers
- Visual Authoring of Paper-Digital Interactions
- WOz Testing
- GUI to Facilitate Analysis of User Tests

Programmers
- Java & Python-Based Toolkit
- Event-Based Architecture

- Abstract Away “Dealing with Ink Samples on Paper”
Users (End-User Programming)

» Programming by Example

- Visual Authoring

65



Defined and Motivated
Ensemble Interactions

Three Projects
Demonstrating Them

Proposing Toolkit Support
for Paper-Digital Ensembles
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