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* Building interactive physical systems with software and hardware that can integrate
digital information with everyday physical objects.

Physical Computing

* Tangible Interfaces

Adding sensor technogies to electronic devices — the physical input can control

graphical or audio output.

* Ubiquitous Computing

Integrating computer elements into analog devices, to enter our everyday objects.
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Prototyping

* Prototyping decreases: Development cost

Development time
Reduces errors
Helps improve and evaluate the design & usability

Hardware toolkits

* Are connected to the software.

» Usually consist of sensors, actuators and displaying technologies.

» Popular toolkits — Arduino, Phidgets, Lego Mindstorms, Smart Its, Calder toolkit, ...
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User Groups

» Sketching software is interesting to different user groups, which have different goals,
and therefor need different toolkits.

* Programmers

* Designers

* Domain experts

* Non programmers
* Children

« Visually programming is a good way to enable the users, with a low technical
understanding.
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Papier Maché
o Developed by university of Stanford, Berkeley, and Washington since 2004
o Free and runs on Java, Phidgets for RFID, and is supported by Eclipse

* No hardware or connection knowledge required - ease everybody to use Papier
Machée.

 Abstracts input, which is tracked by a camera, tagged with barcodes, or RFID tags.
* Mapping the input into application behavior for tangebile user interfaces.

* Once an Object is detected, it will behave in the way it was authored.
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Papier Maché

Current Phobs Vision input (Video Camera)

@ CJ RFIDReaders
0} RFID Reader: ...
W} RFID Reader: 1027
@ [ visionPhohGeneratars
% B VisionPhohGenerator: {Video Camera)
Bounds([227, 64, 255, 89); Size[334]; Hue[173], Sat[r7)
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@ [ BarcodePhohGenerator: (Videa Camera)
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TagPhoh AudioClip

VisionPhobGenerator. (Video Camera) Visual Analogues (JPanel) for JPanel
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Association Map
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Barcode Display

Decoded Value = 04777675130
Message0.wav Length: 3.75 Position: 0.0

dio Clip: Message0.wav Length: 3.75 Position: 0.0
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o Developed by the Stanford university since 2006
o Free, editor as a Eclipse plugin, own hardware but Wiring and Arduino board can be

d.tools

connected and the Phidgets interfaceKit.

* Prototype digital cameras, MP3-players, and mobile phones.

» Workbench connected to hardware setup, which builds the device.
» The devices behavior is authored in the workbench.

» Offers Design-Test-Analyse mode for the prototype.
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Java - map3.d - Edlipse SDK
e Edt Navigate Search Project Run Window Help

9~ | & v - |[peson  Test | Analyze ||| Hardware Coupled | Statechart Zoom: [100% .

[E map3.dve 2 = B[ [1) state3java

[ [J) stated.java ] [J) states.java ] [3) states.java ] [3) state7.java ] [J) states.;

Java

] [J] state.java

[3) state2.java 3 = |m

l @import java.awt.Robot;[] ﬂ
public class State2 extend: jca
ac public void enterState

try {
Robot r = new Robot():
r.keyPress (KeyEvent.VK
} catch (Exception e) {}

a } public void update (String h
called when a new event comes

}

4 | ;lJ il

[C] Simple Button Navigation

.

344 d.tooks Asset Library 23\ Package Explorer

Images ¥ Refresh directory
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Source: Hartmann et al. (2007)
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o Developed by the university of Stanford in 2006

Exemplar

o Corresponds to d.tools hardware interface.
o Free and works as a Eclipse plugin.

* Shows the sensor data from the hardware interface in a window.

» The data can be filtered and used for other applications, or the data can be turned into

discrete events.
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Exemplar

_ Exemplar X

~Incoming Data

ladcO
fadcl

ladc2

ladc3

ladcs

ladcé

fadc?

~Filter for fadcO

[/] Scale Y-Axis

[~ Invert Signal (x=-x)
Scale [0..1..2]

From: (¢ Center

Offset

[¥] Smooth

Amount of smoathing

»

kel

Signal Yisualiations

Time scale:

K|

d Jadco

Event Type: ITh"EShOId Pattern I Output continuous values to: INone vl

Source: http://hci.stanford.edu/research/exemplar/ (10.01.2010)
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Mouse mode: ¢ Drag (% Draw

timeout

Events for fadcO

. Bent foutt v || Reset |

Remove |
Reset |

Mame: Send as:
Extended Jout3 v

Add

Overview of all events:

[=)-Events for Sensor fadcO
E] Event Bent - outputs to: foutl
© - Marked Region
Event Extended - outputs to: jout3
[=)-Events for Sensor fadc3
. LEvent TiltLeft - outputs to: fkey/left
. Event TiltRight - outputs to: fkey/right
B Events for Sensor fadc4

-Event Foot Pedal - outputs to: fkey/enter
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Quartz Composer

o Developed by Apple, since Mac

Interpolation

OS Xv10.4 ,,Tiger“, Xcode- | ‘ Il O Start Value  Result O
development environment as visual iy
programming tool for processing i

and dlSpIaylng information. [ ' Bl © Interpolation

ing envi
* Programming environment for 3D IO Capture image 0fl0 Input — Output 0SSR

and animation graphics.

» Patches are base processing
units, that produce and execute
results.

Source: http://developer.apple.com/graphicsimaging/quartz/quartzcomposerfordashboard.html (10.01.2010)
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O Enable

O X Position
QY Position

O Z Position

O X Rotation

O Y Rotation

O Z Rotation

O Width

O Height

O Depth

O Front Color
© Front Image
O Left Color

O Left Image

O Right Color
© Right Image
© Back Color

© Back Image
O Top Color

© Top Image

O Bottom Color
© Bottom Image
O Blending

O Depth Testing
O Face Culling
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IStuff Mobile

o Developed by the RWTH Aachen in 2007
o Works with Smart-Its sensors.

» Enables to build new mobile phone applications and interactions.

« Communicates with visual programming environment — using a reversion of the
Quartz Composer.

* Build new sensor based interfaces with existing mobile phones, by adding new
hardware.
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@ Quartz Composer Flle Edit Editor Viewer Window Help

_- Weather-Test.qtz - Viewer

06 Weather-Test.qtz - Editor
C— = ¢
The library is used to Search inUbeaien Cromebaco | Wiy o P
A Clip Library =
select which compo-
Category  AName
. Iseuft Phidgets interface Kit
nents are used in the o s
. iseutf idgets Servo Moto.
-.....—@m. B
composition. = e,
ISeuff SmartitsSensor
Iseuff String Comparer
1Seuff Sweep
ISeuff Teleolntro PWM Dut
Modifier Color to HSL
Madifier Color to RGB
Madifier Color Transformarion
Modifier Image Texturing Matnx
madifier String Case
Madifier String Companents.
Madifier String Scanner !
Madifier String Trancate  \
Madifier Structure dex Member %\
Madifier Structure Key Member 3
Numeric Conditional
. Numeric Counter
Numeric Legic
The workspace is e __ toge
Numeric Range
where components e ———
. QCplugins iTunes
are linked together to N S—
ey Renderer Clear
form a composition. ; :
weep
A patch thar recieves mation of a mobile
phone
[4 E——————————

e
o= . -
Inspector Viewer ,‘ ‘. _ 170 C

The preview window is
[ e live. The 3D animation
Light Rain immediately shows the
— impact of the designer’s
i changes.

Sat
Mostly Sunny

(&) — Inspector 9
Svemio: | <tien o Beahings The inspector window
@  ignore Event D (Listen to everything) .
—— allows the designer to
s adjust parameters and

P Show advanced connection options

settings of the

O- different library com-
ponents used in the
composition.

Source: Ballagas et al. (2007)
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NETLab toolkit

o Developed by the college for design in Pasadena in 2007.
o Free and based on Flash, uses Arduino

ClinContral

: '
« Made for designers and —r et

students SoundControl soundOn ®
» Control motors or video I~ i < S
projections with sensors, T © N—

\

in analogl 123
0

ch 1 num 7 value 123

MidiOutputNote connect ®

slides, etc.

255max

on from 600 to 900
ch 1 note 64 vel 127

digital1 1023

DigitalOutput connect ® dmx 512

‘In counter m‘

out make 0 1

out 250

Source: http://newecologyofthings.wik.is/NETLab_Toolkit (14,02,2010)
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EduWear

o Developed by the university of Bremen in 2007.
o Uses Arduino for Switches, LED s and actuators, and textile technologies

 For children
» Adding functionality to cloth.
* Programming visually with ,Amici*

" ey ap Seve @ LI~ W@ S Oepn W om0
o e

- =
g - -
i
=
e

Ov-—-)' ’n

" < 24 S

Source: Reichel (2007)
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EsprantoSDK

_ : o Developed by people from Philips and SeriousToys,
Graphical editor published in 2009.
o Sensor and actuator based applictation.

» Different programming layers for different user-groups.
* Assists lerning effects to rise in programming layer.

Macro
programming

Legacy

ESPranto kernel .
programming

programming

language

Byte code
ESP runtime environment
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EsprantoSDK

 Graphical layer with puzzel

pices. o
Wait for
Play '-i‘y Mee ¥
* Translated into macro code. repeat (waitFor Cow;

play Moo)

|

repeat (waitFor Pig;
play Oink)

|

repeat (waitFor Sheep;
play Mee)

Source: Herk et al. (2009)



Outlook

* Becoming more portable to other architectures.
* Visual programming enables a larger user group.
* No ,universal“ toolkit.

» Sketching software is becoming more important.
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