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Abstract 1 Introduction

In this paper we provide a framework that enables t@ming is and always was ubiquitous and pervasive:
rapid development of applications using non-standatdildren play card games on long travels in the back
input devices. Flash is chosen as programming l@®at of the car, teenagers use their high-end personal
guage since it can be used for quickly assemblisgmputers and business people play with their highly
graphical applications. We overcome the difficultiesophisticated mobile devices - as is stated_in [Nie05]
of Flash to access external devices by introducingkifling time is the killer application and gaming cer-
very generic concept: The state information generataihly is designated for this purpose.

by input devices is transferred to a PC where a pro-|n this paper we present a general concept for rapid
gram collects them, interprets them and makes thgmdtotyping games that reach out in the physical world.

available on a web server. Application developers c@ur focus is on non-standard input techniques using
now integrate a Flash component that accesses the gaigsically embedded controllers. We concentrate on
stored in XML format and directly use it in their app”-prototyping devices beyond mouse and keyboard as

cation. We show two examples, one from a pervasiyg think that special purpose devices are much more
gaming background and one from an installation in @fteresting and suitable to gaming.

office setting. We provide a general architecture for communica-

tion between input and output devices and applications

using existing standards and protocols. The data, es-
Keywords: Design, Experimentation, Human Fageecially sensor data, representing the physical states
tors, Pervasive Computing, Input Device, Output Def the input device is transferred to a server where
vice, Sensors, Game Controller, Playful Computingit is made available to applications. The actual sen-
sor data is provided in human readable form coded in
XML. The server is a lightweight web server that can
Digital Peer Publishing Licence be accessed via the HTTP protocol which is available
Any party may pass on this Work by electroni¢ in a great variety of programming platforms and lan-
means and make it available for download underguages.

the terms and conditions of the current version  on the gaming application side, we demonstrate
of the Digital Peer Publishing Licence (DPPL). the integration of novel input devices in Macrome-
The text of the licence may be accessed and | dia Flash. This multimedia authoring tool and the
retrieved via Internet at programming language ActionScript offer great flex-
http://www.dipp.nrw.de/ . ibility and possibilities to integrate all kinds of media

First presented at the Workshop PerGames 200%sound, graphics and movies). This platform has also
held at PERVASIVE 2005, extended and revisetheen widely accepted for small-scale applications, es-

for JVRB pecially games. We therefore provide a Flash compo-
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nent that entirely hides the complexity of the data réput Devices Since the invention of the computer
trieval, pre-processing and transfer to the applicationouse, a great varity of input devices has been devel-
The Flash programmer can easily and directly accegsed. Most input and interaction devices are not as
the values delivered by the input device as local vageneral as the mouse and hence, they are of great value
ables. No special knowledge of the input device like specific domains.
design, electronic layout or hardware used, is neededRecently, research and industry focus on interac-
by the application programmer. These facts are cotions by directly observing movements or gestures
pletely hidden and shielded. of users and translating them into interaction events.
However, this kind of processing needs an augmen-
. tation of the users’ environment or the users them-
2 Programming Beyond the Desktop ggjyes: Examples are presented in [VRIC99],[MAS04]
. . and [RekOL].
The focus of. traqlltlonal programs and espeCIa}lly Our approach differs from this in that we augment
games has primarily been on running thes_e app_"%%sting objects or appliances that people have already
tions on standard desktop computers, mobile devic St used to and know their affordances. We then aim

and game _consoles. Such devices unify input and ¥ an easily understandable way of translating inter-
put (e.g. in the case of a standard PC mouse, k%}é

board and e ith th ¢ ction with these devices into actions and events inter-
oard and screen). Even with the emergence of mu fetable by applications. By matching the affordance

player games and later on intemet based online 9% the object with the interaction to perform, we can

ing_platforms, the compgter screen and speakers f&-q, e that users will quickly be able to start using
main the only output devices (besides force feedbqﬁlé application in the intended way;

controls) and mouse, keyboard and joystick or CON"pop enhancing existing appliances, we identified

ceptually similar devices like rumble pads or Steeri%%veral different types of sensors that can be cheaply
wheels are still the dominant input devices used. bought and easily integrated:

From this perspective, we see a large potential for
the development of ubiquitous gaming devices. Wee Accelerometers Can be used to detect absolute
think, that this area is another fertile field of research angles with respect to the earth’s gravity field as
which can benefit from rapid prototyping. In recent well as dynamic acceleration along their respec-
works on ubiquitous gaming, novel interaction devices tive axes.
like a torche [GSK 02], a flying jacket/ [RSH02] or
a cushion[[SHKO4] are proposed.

We contribute to this by providing a generic archi-
tecture and implementation for connecting novel and

e Magnetoscopes Can be used to detect absolute
angle with respect to earth’s magnetic field and
relative rotational changes.

non-standard input devices with applications. e Pressure SensorsCan be used to sense whether
users hold or squeeze a device in their hands, put

2.1 New Input and Output Devices it into a pocket or exert pressure to initiate some
action, etc.

The computer domain has largely been dominated by
systems with a relatively large display, capable of® Light Sensors Can be used to decide whether a
showing (fast moving) high-resolution images in full ~ device is putin some bag or left outside; can also
color and spatial sound output of high-quality. On the give information on the time of day and the type
input side a wide range of game controllers and point- Of environment the user is in.
ing devices are available. Most of them are very simi-
lar in function and handling. The keyboard is still the
standard way to enter text and the mouse plays a major
role in interacting with different parts displayed on the
monitor. This is by ho means an exhaustive list as there exist
More recently, camera based approaches have bewmy more types of sensors (temperature sensors, mi-
introduced as generic controllers for games. The Sargphone, or more general, sonic sensors, etc.). How-
EyeToy, e.g., allows interacting in the physical spaeger, the sensors listed above prove to be interesting in
with games on a Playstation[2 [Son05]. our experiments for creating engaging and animating

e Distance Sensors Can be used to measure the
space between two objects or the user and an ob-
ject.
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data from all sensors known to the component. This

i v A | [ Sensor oy | information can then be queried and used by the appli-
woeanl (e Loy IR cation. The Actuator Server on the other hand has alist
b | [asumr | |/ (1 [amuns| | Of actuators, i.e., displays, lights, etc. The application
i ’ ool is then granted access to those via the communication
b ' layer according to the capabilities of the respective de-
vice.

Figure 1: Visualization of the basic architecture. Of course, it is neither needed nor sensible that
every sensor sends its data to the Sensor Server by it-

input devices. In many ways users can interact witgl- In most hardware platforms, those will be col-

devices like a cube[([KSHSD5]) or a chaif ([CohOSfCtGd and sent by a central component. On the other

This can easily be detected and interpreted. and, this approach allows an arbitrary number of sen-
We will show in Sectioi 3]1 how we use a subs&Prs / actuators in the environment to be used without

of the mentioned sensors to capture movements of fg€ding any sophisticated knowledge in hardware or

terest of a user on a augmented IKEA balance cushfginmunication protocols.

([SHKO04Y)).

2.3 Abstraction from the Hardware

Output Devices On the other end of the application,

we observe the trend to use more and different types'@f 2@ccomplish the design goal described in the last
tion, we must provide an abstraction from the avail-

screens and displays for output, depending on the ty{5& _ R
of data that is to be visualized. able hardware. Especially to enable application devel-

We also do not narrow the term output devices ppers and device builders to easily integrate their prod-
mere visual screens, but also include various meand'6fs INto the architecture. In particular, we want to
output devices, e.g., for tactile or haptic output. Sinff@Se the job for people building and integrating hard-
ple occurrences of showing a one bit state can includf&"® components and for game application develop-

e.g., LEDs or switching on and off any appropriate af'S: The field of virtual reality has brought Wi_th it
pliance. some platforms and architectures that use device ab-

Particularly interesting seems to be to use a cofifi@ction. Open Tracker ([RS01]), e.g., bases its track-

bination of distributed large public displays placed 419 framework on XML and defines interfaces to eas-

various points of interest in the environment and smi)f SuPPort different devices. The Virtual-Reality Pe-

private displays visible only to a specific user or gronOheral Network (VRP_N) [THS_Ol] includes a set

of users. Such forms of multi-display game enviroff! Servers that are designed to implement a network-

ments have been suggestedin [MMESO04]. transparent mterface beMeen appllcatlor_\ programs
From an architectural point of view, we treat senso?gd a set of physical devices. In the following we de-

and actuators similar as will be shown in Secfion 2.2C'1P€ how our concept can simplify the development
process of a real world computer application.

2.2 Basic Architecture

. o o ~2.3.1 Support for Device Developers
As is shown in Figur¢ |1, the application is strictly

separated from any issues regarding sensor or acflize first thing to build a new interaction method, in
tor hardware. There is a clear interface to access the sense we use it, is to search for a suitable device
different devices. A realization for that (indicated bgnd then decide upon which sensors can be integrated.
the cloud in Figur¢]l) will be presented later in SeSubsequently these sensors have to be connected to
tion[3. An application needs to send information ®ome hardware platform like Smart-lis [GKBS04] or
output devices and receive information from input d@articles [DKBZ05] that supports retrieving the data,
vices. Communication in these two directions is aidégaybe combine them and send out the information.

by two helpers, namely the Sensor Server and the AcThe task of a device developer is then to enhance the
tuator Server. They are similar in structure in that th&ensor Server to receive the data and make it available
have one or several registered devices with which thiayough a clean interface. Similar actions apply to new
communicate. The Sensor Server for example colleatguators. Basic functionality must be provided to be
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able to control the device. For displays, this may igan be easily validated against, is human readable and
clude writing text, drawing lines and displaying imparsers exist for most applications and programming
ages, for others it might only mean specifying soni@nguages.

color or switching them on or off. The implementation As protocol to access the data, one of the most
of these methods will of course again benefit from avidely supported formats is HTTP. Nearly all applica-
abstraction mechanism that hides the need of sendiiogs or languages that allow some kind of external ac-
sequences of high and low voltages and offers, eggss are capable of reading web pages. The infrastruc-

access to each pixel. ture needed can be found nearly everywhere and it is
particularly easy to create small viewers for prototyp-
2.3.2 Application Programmer ing and testing devices.

Somebody who wants to develop a game or some other
kind of application does not want to have to care at gl Real-World-Interaction

about hardware details, communication protocols etc. Archi d | .
Ideally, he or she does not even need to pay attention rchitecture and Implementation

to the type of input or output device. Much research

is currently done on automatically adapting content {1 €xperiences from previous projects showed that,
be able to display it equally well on a desktop PC,f_Br application developers and designers, the integra-

smaller PDA display and on a mobile phone. giption of non-standard hardware is extremely difficult.

ilarly, using different kinds of input devices that prol® OPen up design options for interaction with the

vide the same amount of information and therefore cBRYSical world, we looked for a solution to easily in-
be interpreted in a similar way should be interchanglgfqr""te novel |np.ut and QUtpUt devices into a program-
able. In our example application (see Secfion 4.1) thi"9 and authoring environment.
game can be controlled by a new interaction device or/Ve chose Flash MX because itis commonly used by
by a standard keyboard. developers and designers. It is suitable for easily and
We are therefore hiding as much of the hardwat&lickly creating games and other small applications
details as possible from the developer providing hifRat are accessible using web technology. Beginning
or her with an already abstracted interpretation of raffjth version 2004, Flash provides an object orientated
sensor values. As an example, consider a simple B4ffgramming language called Actionscript 2.0. We
switch and an accelerometer. The first is either 0 ortiérefore created an Actionscript 2.0 component that
depending on the way it is placed. The acceleromef&n P& incorporated in any Flash application by simple
can convey exactly the same information when us@fR9 and drop. After dragging the component onto the
appropriately. However, the developer will probabl!@sh 'stage’ one has to configure the component by
not be able to decide that so quickly. Therefore, thetglting two parameters: one for a link to the configu-
will be an abstraction and the developer can build orf&fion URI and one for the variables URI on the server

sensor values if not needed. the developer has access to all variables made avail-

able from the component on the main time-line (called
‘root-time-line’ in Flash).

From there, these can be used like every other global
To be able to get this kind of architecture, a middlariable for the application semantics. As has been
layer is needed that is responsible for providing eadiown in the previous sections, all kinds of input de-
ily accessible interfaces to the application and sensizes can be imagined. These produce sensor data in
sides as well as managing the communication betwempletely different ways. The Sensor Server is re-
them. sponsible to convert this data into a specific XML for-

We draw heavily on available standards to ensuret (see Sectidn 3.2). The converted data is then avail-
that the largest possible number of applications canddae to the Flash application. The same applies to ac-
used and that the learning effort for developers is mitwators where the flow of actions is reversed. The ap-
imized. As is described in more detail in Section] 3@ication needs not be running on the same machine or
where our implementation of the layer is shown, waerver, it only needs to know the URI where the XML
currently favor XML as the data wrapping format as file is hosted or generated. Thus, it can read and under-

2.4 Middle Layer
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stand the data from the server. The information flodtl Sensor Hardware Architecture

is illustrated in Figur¢ 2. It is a very powerful mecha-

nism to enable communication between hardware d&e have implemented several sensing devices which

vice and user interface even when those are not in #i@re the same basic hardware architecture. The sen-

same room, building or even country, enabling all sogers are connected to a micro-controller. The micro-

of remote controlled applications. controller is responsible for basic data acquisition and
processing. Via RF, the data is then sent to a base unit
that is connected to a computer in the network.

Sy In one implementation we used the Smart-Its
esiages o, platform [GKBSO04] and attached a custom sensor
O~ o - AN board. The Smart-Its provide a programmable micro-
controller (PIC 18F452) and several analog as well as
digital inputs and outputs. Sensor data can be sampled
at frequencies of several hundred Hertz (if supported
by the sensor). The RF sender can send data at a max-
Figure 2: Setup of the Virrig game application. imum rate of 14400 bps (including overhead for con-
trol, etc.) enabling even those applications that rely on
quick updates. This data is then transferred wirelessly
To be sure that only one device (or, more genertging a transceiver of the type Radiometrix SPM 2-
the correct number of devices) is connected to the s@f83-28. At the PC side, a similar construct is used:
ware, each device is assigned a specific unique ID.Arother SPM module receives the data and communi-
the start of the program, there is a small dialog theates it to the PC via serial line input. From there, it
lets the user choose which of the devices found in tB@n be processed by software as is described in further
environment should be chosen for a particular appiietail in Sectio 312.
cation. Of course, a fixed coupling can also be pro-In a new implementation we used Particles, devices
grammed into the application by removing the dialagmilar to Smart-Its. Particles are developed at TecO,
and filter only those messages which originate frokarlsruhe [DKBZ05]. They are smaller and have more
the device with the specified ID. Since the device IR®phisticated ways of transmitting data (including ac-
could be faked and the RF transmission currently kBowledgment etc.). This change has shown one of the
not encrypted, this does not prevent malicious int&ftrengths of our architecture: since input devices are
ference. Systems which rely on tight security woulskparated from processing and the final application, it
need more sophisticated authentication and authorias been very easy to switch to the new platform. Only
tion mechanisms. the receiving part of the communication server had to

. be adjusted. The data is no longer sent over serial input
It makes sense to enable the coupling of one deV|[§;u

with several programs. This provides different viewset In UDP packets. ,

on one and the same set of sensors. It is also allowedPart from the loose coupling to the used sensor
to connect several software programs with one and actuator hardyvare, thg framework also apstracts
same output device. This implies that changes migfm the actual object that is used as input device and
be overwritten by later messages. Although this migff© Which we embed the sensors. We deliberately
not be desirable in some cases (e.g. when controllﬁﬁ;amhed for ObJec'fs_that are k_nown to most peqple, but
one light), there are many application areas where s@fi N0t yet used as input devices. In this section, two
a behavior is wanted like competitive or collaboratiy@|t ©f the many possibilities we found are presented.
settings. A display used stand-alone or integrated if{iSt: We used an IKEA balance cushion named Vir-
an output device, for example, can easily cope wil§ Shown in Figurg BI[SHKO4]. It is a flat cushion

input from many sources by listing them one after tfBouUnted on a robust hemisphere. Thus, it can be ro-
other and maybe tagging them. tated and tilted in all directions. It is very flexible in

use as the user can sit, stand, kneel or lie onitand it is
In this section, we describe the implementation andry robust, too, as it is designed for use by children. It
focus on sensors. The connection of actuator systerags be seen as a regular cushion or as a toy to practice
is similar. balance.

Serial Server
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e a pressure sensor is used to sense if a user is cur-
rently sitting on the cushion and detect his or her
movements

e a radio transmitter sends the data to a receiver
connected to the PC

The overall hardware architecture is depicted in Fig-
ure[3.

Figure 3: The Virrig input device shown from the side

Transmitter

The digital device we attached inside the hemr Compass Radio Transmifter )))
sphere does not change the affordance or the ph SureR odiimioadi
cality of the cushion. The user still can sit or star |
on it as before, and since we use radio technology S

data transmission there are no cables leaving it, st 18F452
can still be tilted and rotated like before. We sho
how to use the cushion in an edutainment applicati
in Sectior[ 4.1L.

Ballswitch 1| | Baliswitch 2| [ Ballswitch 3 | [ Ballswitch 4

Smart-lts

Figure 5: Hardware architecture of the input device.

As another input device, we chose a small appliance
that is mounted at the doors of many offices, lecture
halls or assembly rooms. It shows the current state of
the room or its occupant. A magnetic pin is placed
on certain spots of a ferromagnetic plate to indicate
whether the person working in that room is in, busy,
out for lunch, etc. We enhanced such boards with mag-
netic switches that recognize where the button / pin is
placed and put a Smart-Its in each of them that com-
municate this state to a central receiver. The applica-
tion is briefly described in Sectign 4.2.

Figure 4: Opened Virrig with the integrated Smart-Its.
3.2 Sensor Server / Communication Server

Inside the cushion, attached to a wooden plate, there
is a Smart-lts (see Figufe 4) with the following comAfter having described the parts connected to the in-
ponents: put device, this section goes into details about the PC

. side of the system. A Smart-Its equipped with a radio
e 4 large batteries are used as power supply; thiseiver is attached to the PC. The Smart-Its receives

ensures that the device needs not be opened e¥gRsor data from the cushion and forwards it to a pro-
for long term user studies and during everyd&¢am called Serial Server over RS232 serial line. The
use Serial Server interprets all received signals and trans-
« 4 ball switches indicate the tilt of the cushion ifO"MS them into XML format. This data is then stored
on aweb server making it available for any application
capable of using the HTTP protocol.
e a compass that shows relative rotational move-The architecture of the receiver is outlined in Fig-
ments as well as the absolute rotation of the cusire[§. As has already been stated, we believe that pro-
ion viding information via the HTTP protocol is one of

8 directions
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the best methods to allow a very high number of difre XML variables file. The XML configuration file
ferent applications as well as programming languaggsecifies the variables for faster parsing in the Flash
easy access to this data. The choice of using XMipplication. The component reads the file so it can
as storage and wrapping format has been made in tlaene and initialize variables and set an interval for the
same sense. A large number of applications and preload rate.
gramming languages inherently support reading and _
writing data coded in XML structures. The fact that <™ Version=
the Qatg is human readable and conveys Some SeMaNHCTYPE eventlist SYSTEM "configdtd” >
tics in its structure and named tags helps to implggonfig>

ment applications using devices for which there is n&interval>

internal knowledge. It also enables the specification <min unit= "sec" value="1" />

of content structure and easy validation of incoming <max unit= "sec" value="3" />

data. The part that generates sensor values as well g§iterval>

the application can therefore rely on a specific DTD™V&'S>

"1.0" encoding="UTF-8"?>

. . <var name="rotation" startvalue="0" />
or schema being followed by transmitted sensor data. _ - c . startvalue="0" />
This dramatically reduces the complexity of imple- _, .. name="right" startvalue="0" />
menting both sides. In our prototypes we did not expe- <yar name="up" startvalue="0" />
rience any significant slow-down using XML instead <var name="down" startvalue="0" />

of, for example, using a file with comma separated val</vars>
ues (CSV). Since, however, some system resources#égenfig>
needed for parsing and processing of XML data, thj .
is not the optimal solution for devices with very Iov}b%g Te_lg' Explanation :

processing power. The first step toward tackling th|<smtervaI> minimal and_maX|maI sensor
problem is to send only that part of the data that reall refresh 'rate |n.seconds'
changed (event based mechanism). Additionally, we s> block with available variables
are planning on making the protocol XML exchange- names, start values and types of

able with any other protocol like CSV or binary for- the variables delivered by the sensor
mats. input device

3.3 Component and Test Application XML Variables File: This file delivers the sensor

. data to the application. Only the variables that have
To explain how to use the Flash component and howo}% PP y
. . ) . Ifferent values from the last update appear so that the
build applications on top of it we provide a small sam- :
o . . . component does not need to read all the variables each
ple application that outlines the basic conceptsinm

re . .
_ e . _lime. This renders the Flash application notably faster
detail. After that, a more sophisticated program is de- PP y

. . . —and also reduces traffic.
scribed for which we plan to undertake user studies to

evaluate some assumptions on the impact of physieakml version="1.0" encoding="UTF-8"?>

interaction in learning applications.
<IDOCTYPE eventlist SYSTEM "vars.dtd" >

Rioceiver | <changedVars senderld="...">
<var name ="rotation" value="30" />
<var name ="left" value="1" />
</changedVars>
Tag Tag Explanation
<changedVars variables whose value changed
<var> names and values of the variables

delivered by the sensor device
Figure 6: Hardware architecture of the receiver.

The component itself requires two input parameters:When the application starts, the first thing for the
the locations (URIs) of the XML configuration file andcomponent is to analyze the configuration file, to set
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up and initialize the variables and to set the minimu
and maximum interval for reading the XML variable
file. Then the application starts reading the variabl
for the first time. From now on it reads the variable
file as often as defined by the minimum interval in tt 2™ Lol
configuration file. It sets the received variables on

the ’root-time-line’. That process is repeated as lol

as the application is running. This is also shown in tl

activity diagram in Figur@]7. For the rare case of se 180°

sors dynamically changing their update interval, ti

configuration file could be read from time to time t

update the minimum nd maximum rate.

%D‘t o

? Figure 8: Screen dump of the test application.
C readconfigile 4 Sample Applications
C readwiah,} names (intialise ) In this section we introduce some applications based
h i on the introduced architecture demonstrating the fea-

(: R S R > sibility of our approach.

changed ..
— — — vanabies ony 4.1 Virrig Race Game

( readvariablesfile < The Virrig Race Game is a game application with the
sensor cushion as physical controller. It is a mixture of
car race and learning program, i.e. an edutainment ap-
plication. The car is controlled by the cushion. Since
every intervall the expected audience will be primary school children,
the whole design is aimed to be interesting for smaller
kids. Depending on the complexity and type of the
[end application] questions, the game is also fun and a nice learning ex-
® periencg for peop'le Qf all aggs. o
) The first step in integrating the cushion into the
framework is to augment the Sensor Server such that
Figure 7: Activity diagram of the Flash component.it converts the sensor values it receives into an XML
tree. Second, the flash component used as described
After programming the component, we implein Sectior 3.B. The flash application can now use the
mented the first test application. This application vifiven sensor values to define its behavior. As one im-
sualizes movements made by the Virrig cushion. Thementation, we designed it the following way: The
application shows the cushion in the center of the winser controls the car by tilting the cushion forward and
dow and indicates tilt and rotation. All possible movdsackward to accelerate or brake and left or right to go
ments of the input device are shown on the screen.irAthat direction, respectively (see Figuirg 10). There
screen dump of the application is shown in Figure &te stop signs on the crossings where a question is dis-
The green ball in the middle represents the Virrig cusplayed (see Figufe 11). In this case, the rotational sen-
ion. The arrow (black triangle in the top right in Figsor (compass) is used to implement a simple selection
ure[§) indicates the rotation sent by the sensor devioeechanism by turning the Virrig. The user then com-
The tiny black lines around the ball show, if painteghits the choice by clicking, i.e. tilting forward. One
red, the activated ball sensors. The text window on tbeuld also think of realizing the this by means of hop-
right is an output window for testing and tracing thping on the cushion as a load sensor is placed directly
correct functionality of the component. below the user in the inner part of the cushion.

C sent variables to _root :)
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sor values. The compass could for example be used
as sensor controlling instead of tilting. It also enables

L ERAINPOWERS E? exchanging the p_artlcular dr_ewce that is prod_ucmg t_he

sensor values or is consuming the software input with

ﬁ .@'mm another device, possibly with another set of sensors /

actuators.

Wie willst du denn steuern? Virrig Tastatur

O aw
v O

um zu starten Enter-Taste driicken, dann gehts los

What is the largest maemmal on earth?

Antworten:

APEd 0O & O

Large Whale Blue Whale Blue Wale

Figure 9: Start screen of the game application. T
user can choose to control the game with a stand
keyboard or with the Virrig.

Figure 11: Screen dump of the quiz window showing a
question on top and three possible answers below. The
one in the center has been selected by the user.

4.2 Room Occupancy System

This application visualizes the occupation of rooms in
a building, e.g. if the room is used for a meeting, a
.‘.' lesson, or is empty (see Figlrg 13). The natural choice
: 9/ ) for controlling such an application is an input device
' placed at the entrance to rooms. This device is very in-
Figure 10: Screen dump of the game application.tuitive to use since a simple version of it can already be
found at many office doors. It is a board with switches
that are activated by magnets (see Figufe 12). The state
The user can continue driving after giving a (potef a room is set by putting a magnet on the sensitive
tially wrong) answer. If the answer was wrong, thgrea of the Hall-effect switch. This data is wirelessly
sign gets transparent until he or she has answeredt@nsmitted per room to the Serial Server. The server
other question. So the memory effect is not that sgollects the information of each room and the appli-
rious but imposes at least some pressure on the usgfon get this information from a specific IP and port
who can now try to answer it again. If the questioffom the HTTP server.
was answered correctly this time, the sign disappearsas can be seen in Figufe |12, the device is also
After all signs have disappeared (i.e. all correct agquipped with four LEDs that serve as feedback when
swers have been given) the race has been successgdlying the magnets but can also be controlled re-
completed. It could be imagined to display a scorfotely. Thus, one could replace the magnets with sim-
board showing the 10 fastest users or those with {hie buttons and the LEDs could show the current state
least number of wrong answers. of the office. This state can then be changed by, e.g.,
The framework makes it particularly easy for devethe same Flash application that shows the state of the
opers to quickly change the interpretation of the setmom. It simply needs to write a specific value coupled
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with those LEDs and the Actuator Sensor takes overrtmment. It allows attaching sensors and indicators di-
pass the commands to the hardware component. rectly to the client or enables them to communicate
with the server via a web-based interface. Adding
functionality of new devices requires writing plug-
ins and changing existing ENI clients or creating new
ones. The programming language needed to support
all features is fixed to be Java. The application of
the proposed architecture is similar to our work, but
oriented towards a collaborative scenario targeted at
group awareness and not for making sensor data of
physical and tangible user interfaces available to ap-
plication programmers as presented in this work.

With iStuff, Ballagas et al.[[BRSB03], present an-
other flexible prototyping platform for explicit, post-
desktop interaction. iStuff allows multiple, co-located
YRers to interact with applications and displays in so-
called augmented environments such as the Stanford
iRoom. As our approach, their system is event-based
and allows dynamic re-mapping of devices to events.

Greenberg in[[Gre02] discusses the problems of
making physical user interfaces available to applica-
tion programmers, which is still a challenging task.
He compares the difficulties for accessing physical
user interfaces to those the first GUI developers had
— building everything completely new from scratch.
By the proposed architecture we show application pro-
grammers a simple way of managing this problem.

Collabolla, presented by Bove et al._[BPWO05], is
a physical interface for arcade games. Players sit on
inflatable balls, so-called Space Hoppers, and by hop-
ping, jumping and rolling control their game charac-
ters. As with the Virrig, the playfulness and the affor-
dances of the physical input device are exploited for
the game controller.

5th Floor RoomOccupancy

tooms:
_—

Roomd:

Room; Room3:
conlerenos o550

Room

Figure 12: Screen dump of the Room Occupation S
tem.

Figure 13: Picture of the Room Occupation Syste .
user interface. g] Conclusions

In this paper we have introduced an approach that
helps prototyping physical interaction. Our focus is
5 Related Work on the support for games. The examples given con-
centrate on physical input devices and their integra-
Tangible User Interfaces (TUIs) have been subjecttton into Macromedia Flash MX. The abstractions pro-
scientific research for a long time. The initial worksided aim at easing the task for hardware develop-
by Ullmer and Ishii [ITU97] and others show the higlers and game developers alike by providing a suitable
potentials of intuitive, physical interfaces for humamiddleware.
computer interaction. Holmquist et al. in [HSUO4] By encapsulating the access to physical devices into
present a comprising overview of recent tangible usecomponent in Flash we see that implementations be-
interfaces. come much simpler. Providing sensors and actuators
ENI (for example used in_[Gro02] is an event ands variables makes their physical distribution transpar-
notification infrastructure using a client-server envent to the developer. The simple way of exchang-
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ing the information via XML and HTTP makes new
developments very simple as developers can use li-
braries already available. For some gaming domains
the proposed solutions has restrictions as the time ERSBO03]
lay between the occurrence of a manipulation in the
real world and availability of the data in Flash can take
up to 200 ms. But even given this time delay games
that need 'immediate’ reaction can be prototyped with
the infrastructure described. Since some applications
are time critical and cannot live with such a delay, we
are currently optimizing data transfer, e.g., letting the
Flash application query for its data directly via TCP

and skip the HTTP server.

We are using this setup in other projects that V{’gohOS]
are running. Especially colleagues and students who
are new to embedded device programming are very

pleased to be able to use devices and sensors wi

BkBez0os]

out having to get deeper knowledge about controlling

them.

Currently we are preparing a version of the Virrig
Race Game to perform a user study with children. In
future work we want to qualitatively and quantitatively
assess the advantages of physical controls for edutain-

ment systems.

[GKBS04]

Another project we are currently working on is con-
cerned with using the same technology of the Virrig
cushion. A similar device called therapy top is used in
professional sport schools for training and convales-
cence purposes. Athletes and patients have to perform
specific exercises defined by professional therapists.

It is very important that these exercises be done cffsre02]
rectly. To support trainees without much supervision
effort, we are developing a training application where
people get immediate audio-visual feedback on their
actions. With the concept we presented the underlyii%rooz]

logic can be realized very quickly.
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