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The Shared Phidgets toolkit supports developers
when building rapid prototypes of
distributed physical user interfaces.
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Vision of Ubiquitous Computing

“Next comes ubiquitous computing,
or the age of calm technology,
when technology recedes into the
background of our lives.”

e Y ]
Mark Weiser,
Xerox PARC
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Vision of Ubiquitous Computing

“Next comes ubiquitous computing,
or the age of calm technology,
when technology recedes into the
background of our lives.”

“[..] its highest ideal is to make a computer

so embedded, so fitting, so natural,
that we use it without even thinking about it.”
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Tangible and Physical Interfaces

2

Typical Graphical Physical and Tangible
User Interfaces User Interfaces
Desktop Computer World will be Interface
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Hiroshi Ishii,
langible Media Group, MIT




Definitions

> Physical and tangible user interfaces

> Information appliances vs. personal (mobile) devices
> Rapid prototyping and development cycle

> Developer support vs. end-user programming
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Previous Research Projects

Tangible Bits HomeNote ActiveHydra mediaBLOCKS
[Ishii and Ullmer, 2001] [Sellen et al., 2006] [Greenberg and Kuzuoka, [Ullmer and Ishii, 19971
2000]

Gate Reminder StickySpots Marble Answering Machine LumiTouch
[Kim et al., 2004] [Elliot et al,, 20071 by Durell Bishop [Chang et al, 2001]
[Crampton Smith, 1995]

Digital Family Portrait ambientROOM
[Mynatt and Rowan, 2001] [Ishii and Ullmer, 2001]
[Consolvo et al., 2004]

Pad Prototype LiveWire
[Weiser, 1996] [Weiser and Brown, 1996]
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Motivation

> Difficult to integrate physical hardware and build network
> Usually only local connected information appliances
> Single prototypes vs. iterative design cycle
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Related Work: Toolkits
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Runtime Platform and Infrastrictie CO m m 0 n C h a ra Cte ri Sti CS:

Hide hardware acorss

Addingfremoving hardware dynamicalby .

» Hardware integration

(plugfeplay)

Integrate distributed networking layer

Flexible runtime reconfiguration

> Object-oriented programming

Facilitate extensions and inbegration of oustom

hardware (e.g., plug-in based)

Development and Prototyping Support

Development library and OOP cancepts

Event-driven architecturs

Software proxy objects for hardware components
(e.f JavaBeans, NET)

Drawbacks:
Visual wser interface representations of hardware

» Partially only for local hardware, and
P & = not specifically designed for
distributed architectures

High-lewel abstractions [ events

Metadata integration

Seamiless integrabion ivto development bools (e,

infrastructure exploration as IDE plug-in}

Development Ulilities (Monitoring, Controlling, Debugging, 5 > Exp e rt kn OWI Ed ge n eed ed
Infrastructure explorer / observer | [ | n ]

= » High-level assemblies

Application / appliance observer and control

Event visualisations (e.g.. netwoark) n

Testing and debugging support n n

(e~ Wizmd of Oz simulations, test cases)
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N PIERERS

1. Hide hardware implementation and provide shared access
2. Address low threshold and high ceiling imyers et al, 2000]
3. Provide utilities for exploration and control

4. Support testing and debugging of distributed hardware and
information appliances

5. Build extensible architecture
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Building Prototypes

Physical Hardware

Fd
I Feedback
Mofor

sraphic LCD

=

Nicolai Marquardt — Diploma Thesis Defence

Implemented Software
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Shared Phidgets Toolkit

Runtime Platform Developer Support Utilities
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Architecture Overview
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Architecture Overview

Developer
Support

Runtime
. Platform
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Architecture
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Architecture

UNTIME PLATFORM
ITH SHARED

RUNTIME PLATFORM
WITH SHARED DATA
SPACE
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Architecture

DEVELOPMENT UTILITIES
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Runtime Platform

Runtime Platform
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Physical Components

[Greenberg and Fitchett, 2001]
[Phidgets Inc., 2008]

Pressure Vibration

o

Distance Motion
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Physical Components

Pressure Force Vibration : ) )

Temperature  Light Distance Motion

5D ‘s

v e

Switches RFID Reader and Tags

N

ey

Accelerometer Slider Control

[Greenberg and Fitchett, 2001]
[Phidgets Inc., 2008]
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Physical Components

[Greenberg and Fitchett, 2001]
[Phidgets Inc., 2008]

5D ‘s

v e

Pressure Force Vibration ‘ ) ) .
Switches RFID Reader and Tags
-
gy
Temperature Light Distance Motion Accelerometer Slider Control

OUTPUT
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Physical Components

[Greenberg and Fitchett, 2001]
[Phidgets Inc., 2008]

5D ‘s

v e

Switches RFID Reader and Tags

Pressure Force Vibration ) )

S

Temperature  Light Distance Motion Accelerometer Slider Control

OUTPUT

Colour Graphic Text
LC Display LC Display

Nicolai Marquardt — Diploma Thesis Defence  Bauhaus-University Weimar, Cooperative Media Lab



Data Model

[Boyle and Greenberg, 2005]

E Controller

Hardware A

Hardware A
Data Model

Hardware B
Data Model

<

Shared Data Space

over the Network EI Controllers

reag
e

Hardware B
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Hardware Data Model

Servo Hardware

Connection and

availability

Servo motor P A
position (between

0 and 180 degrees) €<====

Connector plug-in
and device driver

-0 oo e

InterfaceKit and
Sensors

Motion sensor and
light sensor

-:------

Root Path

Device \ Serial

— \metadatalowner

Chris

- \version 2.00 Device
= =P —— \attached true Properties
—— \attacheddate 3/28/2006 9:39:41 PM
Rl \servoposition\0 90 .=
eeee===—— \setservoposition\0 90 e
— \motorcount 1 i
| \metadatallocation  Home Hallway [ S

— \metadata\llip

136.159.7.123

Colour Graphic
LCD

Displayed image 4— .

-:!-
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—— \metadata\keywords appliance private static i =
— [...] 5(.
— \metadata\geolocation [Longitude:55.328462...] :
— \metadatalappliance HomeAwarenessAppliance
— \metadata\rfidtag 12ffb1864c¢
— \interfacekit\2501
i . \sensor\0 %5 _ -
* - \sensor\1 744 SOmmancs ;
— ] <«
L \graphiclcd\3011
I S _ Status and
\setimage <binary> ==
\transition none -(.
[...]

«-

..:b-

Weimar, Cooperative Media Lab

PHYSICAL HARDWARE DEVICE SHARED DATA MODEL TOOLKIT API

................................................................

Servo Object

Methods, Tk,

Properties,
Events
A 2 N N N J
InterfaceKit Object
-ee ) Methods, .i.:
Properties, :ii
A N N N N ] Events
GraphicLCD Object
— ') Methods, I
cheea Properties, Ei
Events i




Hardware Data Model

—  \servo18
B | \version 200
pPeoesgdea= )i' \attached true Properties .
_— .. \attacheddate = 3/28/2006 9:39:41PM
bd DXL 2 — \servoposition\0 90 -
cosclensas 9 ==« — \setservoposition\0 90 Sommancs 2|
| — \metadatallocation | Home Hallway
Looloo * — \metadata\owner Chris g
' — \metadatallip 136.159.7.123 §
—— \metadata\keywords  appliance private static -
] <«
—— \metadata\geolocation [Longitude:55.328462...] :
—— \metadata\appliance HomeAwarenessAppliance
— \metadata\rfidtag 12ffb1864c
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Hardware and Appliance Data Model

> Path expressions to access the hardware data model directly:

/sharedphidgets/servo/?/setservoposition/?/
/sharedphidgets/*/sensor/0/
/sharedphidgets/*/metadata/geolocation/
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Hardware and Appliance Data Model

> Path expressions to access the hardware data model directly:

/sharedphidgets/servo/?/setservoposition/?/
/sharedphidgets/*/sensor/0/
/sharedphidgets/*/metadata/geolocation/

> Appliance data model:

/appliance/<guid>/appliancename
/appliance/<guid>/timestamp

Sticky Spots
20/10/2007 04:56:45

/appliance/<guid>/ip 192.168.178.20
/appliance/<guid>/components/<cid>/type = rfid
/appliance/<guid>/components/<cid>/serial = 2967
/appliance/<guid>/components/<cid>/externalserial = 2967

/sharedphidgets/rfid/2967/
20/10/2007 05:22:07

/appliance/<guid>/components/<cid>/path
/appliance/<guid>/components/<cid>/timestamp

4?2
True

/appliance/<guid>/processing/<subpathil>
/appliance/<guid>/processing/<subpath2>
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Developer Support

Developer Support
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Development Support

Connector
Hardware
and Plug-Ins

Plug-in A

Shared Data
Space

Plug-in B
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Development Support

Development using the Shared Phidgets .NET Library

Development with Direct Access
— to the Shared Data Model
Ven

Subscriptions » Efficient and powerful access
* Advanced knowledge about the hardware and the
shared data model necessary

Shared Data
Space
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Development Support

Nicolai Marquardt — Diploma Thesis Defence

Development using the Shared Phidgets .NET Library

Event
Subscriptions

Q

—  Hardware
Shared Data Proxy Objects

Space \

Development with Direct Access
to the Shared Data Model

Efficient and powerful access
Advanced knowledge about the hardware and the
shared data model necessary

Application Development with
Hardware Proxy Objects

Encapsulated API: properties, events, methods
Individual implementation for each hardware type
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Development Support
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Development using the Shared Phidgets .NET Library

Event
Subscriptions

Q

— Hardware
Shared Data Proxy Objects
Space

Q

Hardware
Proxy Objects

Development with Direct Access
to the Shared Data Model

Efficient and powerful access
Advanced knowledge about the hardware and the
shared data model necessary

Application Development with
Hardware Proxy Objects

Encapsulated API: properties, events, methods
Individual implementation for each hardware type

Hardware Proxy Objects
® and Interface Skins

Interface Skins » Debugging and testing

« Exploration, for beginners
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Interface Skins
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sharedohidgeteriertacaki/ G frenzarl 0 System. 32
sharedphidgecs interfacekit/5 e foutputid Faise System Booiean
haredphidgattert aoeld 48 EtoutpULES Faisa System. Boolean
o System 02
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sharedphidaetsntertacelit/3465 Anp d 3 False System. Boolean

famached True

Jeharadphidgatsiintart aoeldt T458 isatoutpuULE Falsa
interfac iz etoutp s Falss
#SharedphidgetsAnterfacekit 33468 fattacheddate 2102007 13:2208

it False
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sSharedphidgatsterfacekit 33465 Anput/D False
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21105007 13:21536

Tore
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True System Boslean
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fsharedphidgetsirfiddSZ EEEE e =
fsharedphidgetsnterts) *You can madify the existing dictionary entry and save it in the shared
Isharedphidgetsiimterfa i
dictionary.
ssharedphidgatsinarta
Isharedphidgetsinteria
Path: [ 33465/ outputscount
Jeharadphidgets/rTidioz
Isharedphidgetsiinterfa Allow changes of the dat type
Isharedphidgetsifidi52
Isharedphidgetsinterta Value: [ DataType Integer
Jeharadphidgetsnterta
Jeharedphidgats ntart & e s ﬂ
Sappliancasih2075726-C © Sting =
Isharedphidgetsiteria
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7appliancesbI0?5710-2
Ieharedphidgetsintarta
75726.C

IsharsdphidgstsirfidsSz Cancel Save
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True Syctem Boolean
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Delete.
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Interface Skins
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}

Path: 33465/ outputscount
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Allow changes of the dat type
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IsharedphidgetsAnterfacekits33405/sansorf1

01
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Delete.
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Interface Skins
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Utilities

Appliance 1 Appliance 2
4 ¥.. Y A M
B el AV \
Hardware Hardware Hardware P
Proxy A Proxy B Proxy C .
(API) (API) (API)
v v L 2 Y
Shared Data
Space Hardware Hardware Hardware Hardware
P Model A Model B Model C Model D
(Network)
A A A

®© @
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Utilities

Observe appliances

Appliance 1 Appliance 2 Appliance + Reconfigure (change
Level hardware connections)
+ \iew processing events
A ¥, Y Ak P J
| 4 e AW |
Hardware Hardware Hardware B e View current hardware status
Proxy A Proxy B Proxy C | Hardware T
(API) (API) (API) ',‘ Level - Initialise hardware
« Explore hardware capabilities
v v 2 ¥
Shared Data » Review hardware data model
Space Hardware Hardware Hardware Hardware Network and events
P Model A Model B Model C Model D Level ,
(Network) + View and change metadata
A A A A
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Simulations

Appliance 1 Appliance 2 -
.
| |
A ¥ Y AM -
,-" . -’ dn ™
r' L u
’ -~ :‘ | |
J -
- A AV .
Hardware Hardware Hardware :
Proxy A Proxy B Proxy C n
(API) (API) (API) u .
- Wizard of
- Oz Controls
|

Simulated

v ¥ v v
Shared Data & S Hardware D
Space Hardware Hardware Hardware Hardware
P Model A Model B Model C Model D ]
(Network) Simulated
A A 4 4 Hardware C
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Simulations

Appliance 1 Appliance 2 -
.
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- Wizard of
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|

Simulated
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Shared Data < S Hardware D
Space Hardware Hardware Hardware Hardware
P Model A Model B Model C Model D ]
(Network) Simulated
A A A A Hardware C

Simulation
Recording
and
Playback
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Utilities: Visualisation

Events
and Data Flow

Metadata and
Regions

Geographic Groundlayer
and Overlay Tiles
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Utilities: Visualisation
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Map Explorer
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Model

Shared Dictionary
Data Space

Detailed View and Control:
Components, Events, Graphs

AT

Events
and Data Flow

‘Q Dynamic Mappings

Appliances

Appliances and
Connections

. -

Map Cruncher

Components

Metadata and
Regions

Virtual Earth

GIS Groundlayer
and Overlay Tiles
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Implementation Overview

» Microsoft Windows platform (2000, XP, = | 1
Vista, Server 2003, Server 2008) —

» NET framework 2.0

» Language: C# (supported are furthermore

J#, Visual Basic, and C++) ; |

> Integration into VisualStudio IDE
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Plug-in Architecture

«interface»
«interface» IPluginHost
IPlugin 1 |[+AddComponent(in type : string, in serial : string) : ConnectionHandle
+Load(in IPluginHost : Actuator) : bool +RemoveComponent(in type : string, in serial : string) : bool
+Unload() : bool +SetComponentShared(in type : string, in serial : string, in shared : bool) : bool
+Start() : bool 1 +UpdatePluginList()
+Stop() : bool +GetSetting(in xpath : string, in default : string) : string
+Notify(in path : string, in value : object) +PutSetting(in xpath : string, in value : string)
+Description() : string . $
+Messagelog() : string 0..
+Version() : string I
+IsStarted() : bool '
+ShowOptionsDialog() 1 I Connector
JAN |
| l
—————— I— — — — — I
| i 1Ly
. | '
ConcretePlugin A Concrete Plugin B

Shared Dictionary

1 I ConnectionHandle 1 1

+ID : string
+Serial : string . 1
1.7 1.7 +Type : string
+IsAttached : bool 1
+|sShared : bool

+Notify(in substring : string, in value : object)
+RemoveComponent()

Compor-lent A1 Component A 2

* Subscription
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Developer Library

System.ComponentModel.Component ConnectionSingleton 1 | [SharedDicionars
>
1 +Getlnstance()
VAN : +
1 1
0.* 0.
DeviceDescription ConnectionManager ConnectionManagerSkin
BaseComponent t —
id : stri -type : string
:Icclje;f?(:tglggescri tion =>_serial : int 0.+
- 1 1 |‘metadata : object
NN

1

UniversalSkin

ConcreteComponent A ConcreteComponent B ConcreteComponent <n>
0I .*
1 1 1 1
0. 0.* 0.* 0.* 0.* 0.x
«interface» ComponentControlSkin A| [ComponentGraphSkin A ComponentControlSkin B ComponentControlSkin <n>
IComponentSkin e
+BaseComponent()
JAN
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IDE Integration

Templates: |

Yisual Studio installed

—
| :-=.C‘j i':‘ Cﬁ
Windows Class Libr
Application
My Templates

SharedPhidget BEEIGURSl
S = e- Template

Appliance project
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Toolbox
= charedp
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0¥ Accelerometer

<0F AccelerometerSkin
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0¥ DeviceContainer

{a DeviceManager

{a DeviceManagerSkin

<F DeviceSelection

'ﬁ DictionaryManager
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Visual designer
integration
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Tutorials and
examples

Shared Phidgets AddIn

AddHatdwnCmenllndd Dictionary Subscription |

Phidget InterfaceKit, Serial: 93624,

— Interface Kit - Senaltt 9362
~ Outputs | 1~ Inputs—

o 0
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e 2
3
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rz
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| Wiew Interface Skin

IDE infrastructure
exploration

w W*E

— GSM Gateway - Mot Attached ——————————— [/
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Statug

Connection I

Signal Strength: I

Phone Modet |
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—Tags Controls
Activate Artenna
=
3 0
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IDE Integration

Shared Phidgets AddIn m ared gets Appliance E
Connect Detads

Add Hardware Component IAdd DbtionurySubsc:blionl

— GSM Gateway - Mot Attached ——————————— [/
Phidget InterfaceKit, Serial: 93624, Overview | Events | Send Messages |
Status
— Interface Kit - Seriallt 9362
Connection: I
~ Outputs | [~ Inputs—
o 0 Signal Strength I
V1 1 Phone Modet |
v 2 2
r 3 3  RFID - Not Attached B
714 4 —Tags Controls
eI
5 L5 rtemnalLED
I” | Extemal LED
r B B " Evtemal Outout
f_ ? ? Histary: Clear List

| Wiew Interface Skin & . & .

IDE infrastructure IDE code framework
exploration generator
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Utilities

&) Explorer

=10 x|

I walua

Oata Type

fappliancesiadeh POT6-21 de-4A00-21ed- Y04 259d 1 703 d registeredcompan. ..
f=haredphidget = fcolordisplay 501 1fversion
fzharedphidget=/accelerometen G234/ acceleration
f=haredphidgets/accelerometenTo3dfaccelaration

f=haredphidget sfcolordisplay 301 1/metadatalgealocation
fzharedphidget=/rfid/G906/attached

f=haredphidgetsieolordisplay M420600metadatadyealocation
fappliancesrfadehvf6-01 de-4560-81e3-7 0425941 703d/ /geolocation
f=haredphidget = faccelerometer/ 63 d/attached
f=haredphidget=/accelerometenTE34hrersion

fappliancesidbdedd69-0e3f-4723d-2d 16-b43f 92035 T dfappliancename
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f=haredphidgetsfoolordisplay 501 1 et

f=haredphidget = /HidA906 v ersion

f=haredphidgetsfeolordisplay 4011 /attached
f=haredphidget=fcolordisplay 301 1/set ket

f=haredphidget = faccelerometen 634 metadatalgelocation
f=haredphidget=iealordisplay 2011 imetadatadocation

f=haredphidget = fcolordisplay 501 1/attacheddate
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fappliancesd6ded969-0a3f-47 2d-2d 16-b43f 920357 dfregisteredcompaon. ..

fappliancesd6ded969-0a3f-47 2d-2d 16-b43f 920357 dfregisteredcompaon. ..
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Falzse
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-0.0005
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Utilities

] Explorer

Connected Connection. ..

il Ph -“t-lalrdmarel rom tnt: 7634 n
get Accelerometer { ) Shared
Crictionaty
= Device List Metadata M anual RFID |
fappliances/adeSTA 681 de-4560-5 E
(sharedphidaetsolordisplayiani | [ Hardware Component Manager Update | (215 ;
fzharedphidget = faccelerometen o - - - etz
tsharedphidgets /accelerometers76 Device Type | Serial | ttached | wersion | Loc... | Ow... | Key... | Components
fsharedphidget =fzolordisplayw3011 rfid G306 True 200 Wel..  Mic.. | the..
yelizlizel tebla sinle A EElly accelerometer 7634 True 10 Wei..  Mic.. | the.. E
fzharedphidget sfeolordisplay /420E .
iappliancesfadefTaTEh-G1 de-d560-5 colordizplay 401 True 472 Appliance
‘sharedphidget =/accelerometen 7o colordizplay 3011 True 1.06 Wl  Mic.. | the.. Instances
Ehafdphid,%%t:z;;:ﬁm;iig '3= colordizplay RO11 True 472
lIances -Lleg.at- d . . . .

raEEnancesfdﬁqedgﬁ!a-neaf-nwad-: interfacekt 15372 Tue 510 Wl  Mic.. | the.. E]
fappliancesidfided A69-0a3f-47 8- Map
f=haredphidget = finterfacekit 1537 Yizsaleation
fappliancesrfadeh P oT6-01 de-4a60-£
fappliancesfaded T of6-0f de-J550- ERER

fappliancesidbdedA69-0a21-472d-¢
Eharsdpnidpss ooz sl phidget Accelerometer, Serial: 7634, Location: Weimar, Germany
f=haredphidget = /HidA906/metada
fzharedphidget = finterfacekit 1537
f=haredphidget = fcolordisplay 2011
f=haredphidget s finterfacekit1 537
fappliancesidbdedA69-021- 472 d-¢
fappliancesiadoeh P OTG-81 de-JAE0- ¢
f=haredphidget = fcolordizplay 5011
f=haredphidget = ridAA06 v ersion
fzharedphidgetsfeolordisplay 401 1
f=haredphidget = fcolordizplay 3011 T
f=haredphidget=faccelerometen o
f=haredphidget=sfeolordisplay 3011
fappliancesidbdedA69-0e 3f-473d-¢
f=haredphidget = fcolordisplay 5011
fappliancesiadea T AT6-81 da-JAE0- 2
fzharedphidget=Anterf acekit 2945
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fzharedphidgetsicolordizplay401 1

— Accelerometer - Seriall 7534 EF[=17
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Az 1. -0.4005 ID.DEEI 3:
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Sensitivity Presets;

High M edium Lo
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Utilities

Key
."appliances."aﬂicuﬁ?ﬁfEi-3f4e-4ﬁﬁlil-E
f=haredphidget = fcolordizplay 5011
fzharedphidget = faccelerometen o
f=haredphidgets/accelerometen7o
f=haredphidget =fcolordizplay L3011
f=haredphidget = /rid/A906/attache
fzharedphidget sfeolordisplay /4208
fappliancesrfadehvath-0f de-4a60-
f=haredphidget = faccelerometento
f=haredphidget s/accelerometeno
fappliancesfidbdedA69-0e 3f-473d-i
fappliancesidbdedA69-0e3f-473d-1
fappliancesidfided A69-0a3f- 47 8-
fzharedphidget = finterfacekit 537
fappliancesrfadeh P oT6-01 de-4a60-£
fappliancesiadea T AT6-81 de-JAE0- ¢
fappliancesidbdedA69-0a21-472d-¢
f=haredphidget = fcolordisplay 5011
f=haredphidget = /HidA906/metada
f=haredphidget = firterfacekit 1537
f=haredphidget = fcolordisplay 2011
f=haredphidget s finterfacekitA 537
fappliancesidbdedA69-021-472d-¢
fappliancesiadoeh P OTG-31 de-JAE0- £
f=haredphidget = fcolordizplay 5011
f=haredphidget = ridAA06 v ersion
fzharedphidgetsfeolordisplay 401 1
f=haredphidget = fcolordizplay 3011
f=haredphidget = faccelerometen o
f=haredphidgetsfeolordisplay 201 1
fappliancesidbdedA69-0e 3f-473d-i
f=haredphidget = fcolordisplay 5011
fappliancesiadea T AT6-21 da-JA00- ¢
fzharedphidget=Anterf acekit 2945
fappliancesrfadeh 7 oT6-0f de-4a60-£
fappliancesiadoea T AT6-81 de-JAE0- £
fzharedphidgetsicolordizplay401 1

Drewice List b et

Hardware Companent b an

Device Type
rfid
accelerometer

colordizplay
colordizplay
colordizplay
interfacekit

Phidget Acceleror

&) Explorer

liance:
Photo Timeline

=10 x|

Connected

Connection...

Shared

Fppliance Mame

| 1P Address

| Global Unique 1D

Crictionary

Tom Gross- Demo
Photo Timeline

IJzed Hardware Companents

Device:
Serial:

Status:

Dewvice:
Serial:

Status:

192 168.178.20

169.254.2 2

™ Event Log

didedd69-0a3f-4784-3...
a4eiTH1G6- 31 de-45G60-5 ..

Hardware
Coriponents

Appliarce
Inztanoes

Color Display
3011

Attached

Change Senal:
3011

W

Applhy

El
Map

Vimaleation

Phidget Accelerometer
7634

Attached

Change Seral:

7h34

W

Apply

Phidget InterfacekKit

Detached

Change Seral:

W

Apply

Phidget RFID Reader
306

Attached

Change Seral:
E30E

W

Apply
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Key
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Visualisation

Interfa in - Phidget Interfacekit (2501) _ o
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Simulations
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Case Studies

» Evaluation by applying the
toolkit for rapid prototyping

5 el » Utilised in two HCI courses as
[ well as academic and
A\ iIndustrial research labs
// AEPLUNGE

» 10 thesis case study
iInformation appliances
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Case Studies

» Tangible digital media

» Location-based messaging

» Ambient displays and awareness

» Location-dependent object controller
» Augmented map

> Assigning digital metadata

» Sensor processing

» LumiTouch reimplementation
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Discussion

> Applicability of the toolkit

> Ease of use and low threshold

> Advanced programming and high ceiling
> Performance, scalability, latency, reliability
> Usability of tangible user interfaces
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Future Work

> Further evaluations: developers, end users
> Library extensions: hardware, filters, skins
> Sensor data processing: high-level events
> Utilities and visualisation: history, advanced interaction
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© ® o @©

> Introduction of tangible user interfaces
Motivation and research overview

> Requirements

Concept: Runtime Platform, Development Library, Utilities

> Implementation details

Using connector, library, utilities

> (ase studies and prototyping

Discussion
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