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Abstract— Networked appliances are consumer or household Even though some networked appliances offer additional
devices with a network interface which aIIow_s them to be con- functionality, it is when they are networked that they offer
nected to a (home) network. Networked appliances offer major y,ch greater potential. While some appliances may contain

benefits compared to their conventional equivalent. Softwarees- L . . .
vices can operate upon an array of these appliances to offer value embedded software inside the device, the interworking ef ap

added functionality. In this case the user interface to control tte p!iang‘es and their control by eXte.ma| software servicesiter
appliances will be inadequate. Commonly networked appliances significant added value. So, services can control a number of
may either be controlled using the traditional user interface, such gppliances [1]. For instance, a climate control service may
as switches and buttons on the device, or alternatively using a PC control the heating system, air-conditioning, windowsd air

based interface. Traditional user interfaces often cannot supprt f in the h A it . ide simol
the full functionality offered by the appliance. The PC based ans In e house. Security service may proviae simple

interfaces tend to be too complicated for the average user, nor burglar alarm functionality and may also record the picture
will a PC based interface be suitable in many situations or indeed from the entrance camera. If the owners are not at home it

be available. Therefore a user interface which supports the new may also switch on lights and the stereo at random times to

functionalities and is easy to use is required. ive the impression t rs-bv that som is at hom
In this paper, Anoto functionality enabled pen and paper are give the impression to passers-by that somebody is at home.

suggested as a suitable interface. Pen and paper are well knownB, Deploying Networked Appliances in the Home

to all users and suitable paper forms make it straightforward N ked i ically deol d inside th
to fully control and program networked appliances without a etworked appliances are typically deployed inside the

PC interface. Thus an important barrier to the acceptance of home and are connected to a Local Area Network (LAN). Ap-
networked appliances is broken. Furthermore, the presented pliances communicate using various protocols, such as UPnP
approach can be used to integrate the control ofmultiple (Universal Plug and Play) [2], X-10 [3], IEEE 802.11 [4],

appliances and services. - -
A major challenge to this work has been the integration of Blléeﬁﬁtg [?\}I, ';'Aw éHolTe Autlillo/\fﬁdeo Il;teroperabllltyﬁll,
different network protocols used in the home. The use of an 0SGi &N (Multimedia Home Platform) [7].

gateway has proven a great help to integrate them. This paper
discusses an approach to the integration of pen and paper with O
networked appliances using an OSGi gateway. Because of the use
of an OSGi gateway, the approach is not restricted to controlling
devices which use a specific single network protocol. Rather, the
approach can be used with appliances which communicate using
a wide variety of protocols.
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Networked appliances are consumer devices which contain a
network interface. As such, an increased number of netwlrke
appliances may assume a networked home with an always-on

Internet connection. Examples include fridges, stovegtd, N R
. . El@ § g UPnP Air-conditioner
curtain drawers (puller), security cameras, stereos, avisl T e
Networked appliances are attracting an increasing irteres DD Plaver HAVITY.  Mashing Machine
and the first products are now available off-the-shelf (e.g. , _ _
Mitsubishi NetCommand TVs, VCRs, DVDs). A number of Fig. 1. Appliances in the Home.

industrial trials have been conducted, such as the OnStar

at Home trial launched by the Internet Home Alliance and The home is connected to the Internet. The two domains
involving over 70 homes in the Chicago area, the Teliare connected together by a Residential Gateway (RGW)
Connected Home initiative in Europe, the Net@Home trialith services such as Network Address Translator / Fire-
by France Telecom and Thomson, and Philips’ HomeLab wall functionalities (Figure 1). These provide protectifoom
Eindhoven, the Netherlands. unauthorized access into the home and also a translation of



addresses in the IP format to the format used inside the home. . -
Furthermore, the gateways also host the software services ﬂ'/‘ , e M
which control the appliances. One example of such a gateway ve Motion Semsor _ Lamp Gl
is the Open Services Gateway [8—10] standardised by the Open }' /E““‘““ Puller
Services Gateway Initiative (OSGi). OSGi is a large indabtr o ,

consortium (around 40 major companies are members), which

aims to deliver a platform for providing services over the |VCRSeMCC||Moﬁonservice
lower-level networking standards. OSGi runs on any Java

based system, and may be provided in a set-top box, or a \
standard PC.
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C. OGi (
OSGi offers a set of APIs for managing user services, and |T"m1’- Service ”A“'C"“ Servic |H‘*‘t°r Se""icel Cooker Se”i°4

provides means for device access, configuration management

and user management. OSGi is neutral with respect to the

services it offers. Rather it is concerned with the (remote) >

management of those services (installing, starting, $gpp 5{“ . =213
and updating) without the need to restart the gateway. &gcur ;rnrfﬂn E’
is a prime concern of the initiative. e e Anconditioner g CoOm

The OSGi framework is relatively simple, but offers many
possibilities for service providers. However, the intéresre Fig. 2. An OSGi Framework configuration.
is in its ability to control devices regardless of their urigiag
protocol and to allow their remote control. OSGi uses the
concept of bundles which represent either device drivers
or services. Services offer some particular functionatity Paper discusses how Anoto enabled Pen and Paper can be used
other services or the outside world. Device drivers allow tHO Solve this issue.
communication with physical devices. There is one device
driver for each supported network protocol, such as UPnP orll. USING PEN AND PAPER TO CONTROLAPPLIANCES
X10. Typically, devices announce their existence. For gglam . .
when gl’rl) UPr}:P device is added to the network and aﬂounéésAnOto functionality enabled Pen and Paper
itself, the UPnP driver within the framework listens to the Digital pens and paper enabled with Anoto functionality are
new device on the network and adds a representation ofait extremely easy to use interface to computer applications
to the framework. The newly added device is now availabknoto enabled paper is standard paper with a special pattern
for use by services on the framework. Its appearance is jysinted on it. The dots are 0.3 mm apart. These dots are llight
like another service, albeit with rather low-level functadity. displaced from a grid structure to form the proprietary Anot
Thus other services may use it via the uniform OSGi servigattern. A minute portion of the total pattern uniquely degin
interface. Devices that do not support plug and play caiis position in the full pattern, 60 000 000 square kilomster
be added manually to the framework, e.g., X10 deviceshich is equivalent to an area exceeding that of Europe and
Consequently, the framework may offer a collection of UPnRsia combined.
X10 and other devices and (user) services do not need tolo allow for different applications, a portion of the patter
be aware about the protocol used by a particular device. Fgam be linked to a particular application. Thus the infoiorat
instance, a climate control service may control a X10 cartacan be processed in an application specific way. For instance
puller and an UPnP air-conditioning unit, or a security 88rv when writing on a Post® note, the writing information will
may be triggered by an X10 motion sensor and control a HAYe associated with the Pofit application on the computer.
VCR to record the picture of burglar. Thus OSGi can be se@r, the writing in a diary will be associated with a diary
as the "glue* which links devices (which support differenapplication. Even within a page the writing can be located
network protocols) together. The two examples are shown precisely. If the user ticks a check box or adds an appointmen
Figure 2. for a particular time in their diary, the linked applicatican

One major obstacle in deploying networked appliances ande this information. In other words, the application is Bwva
OSGi is the user interface. OSGi uses a typical computef where the user has been writing on the page. This is very
based interface to configure and remotely control the deviagseful for filling in forms.
and services. This may be a basic command line interface owhile the paper with the pattern allows to identify the
a graphical interface. Both interfaces are largely inadégu application, the pen identifies the user. This way the resbrd
for computer illiterate users and thus are a major barrier wariting in a diary can be associated with the diary applaati
the wider acceptance of the technology. The remaining of tbéthe pen owner’'s PC.
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Fig. 3. An example paper form to control networked appliances

When writing with a digital pen on a paper printed with the This approach allows a user to control any appliances in
pattern, digital snapshots of the pattern are taken (ablbpeb his home from anywhere in the world! Using the pen and
second). That is, the pen records its movement over therpattpaper interface fully hides the computation and processing
with a tiny camera and stores the information in memory iasidnformation by computers from the user. As far as the user is
the pen. Every snapshot contains enough information to mat@cerned no computer use is involved and all they need to
a calculation of the exact position of the pen. The "intellige do is to tick some boxes on a paper form.
in the paper”, derived from the pattern, makes it possible to The paper form and the service provider application can be
perform operations by just ticking a box with the pen. Once@eated using the standard Anoto development kits. In the ne
page is completed the information is transferred to the faobsection the integration with OSGi frameworks is discussed.
phoqe using Bluetc_)oth, from where it is sent on to the _servi%g Integrating the Pen Interface with OSGi
provider. The service provider processes the informatiuth a

commonly sends it to its target destination. An XML language has been defined as the interface between

the service provider application and the service inside the

This technology offers an ideal interface to control nelysGi framework. In the following this service is referred to
worked appliances in the home. All that is required is a papgg "pen service* (see Figure 4).

form which reflects common appliances _in the_home. T_heThe XML reflects the data on the paper form. Figure 5
various rooms of a house are shown with their respectiygoys two such (prototype) XML specifications. The first one
appliances, as are the various actions to control appkancgyecifies that the fan and air conditioning in both the office
To switch on the living room lamp, a user simply ticks jusing kitchen are to be switched on immediately. The second

e example illustrates the possibility of programming a devic

three boxes: "living room*, "lamp”, and "on“. The lamp could
even be programmed to come on and off at certain times if the,ie the lamp in the living room is to be switched on at 6pm

form offered a timeline. An example paper form is depictegnq to pe switched off again at 11:30pm.

in Figure 3. The pen service processes the message, extracting the
For this approach to work, three stages are required. ¥irstlequired device information, i.e., device, location, anticas.

after selecting the desired action on the form the data istra After the message has been received and parsed by the

mitted to a service provider hosting an application which wipen service, it consults the "device location service" tal fin

process the pen data and translate it into a paper independeferences for the devices the user wishes to control (Step

data format (XML). Finally, this information is then sent@o 4 in Fig. 4). In the first example in Figure 5 four different

service in the OSGi gateway of the pen owner’s home. The peevices are named, a fan in the office, a fan in the kitchen,

service locates the desired appliance in the home and tsiggaen air-conditioner in the office, and an air-conditioner lie t

the wanted action. Figure 4 depicts this process. kitchen.



example in Figure 5, the pen service stores the data in a local
database until the time the action is to be carried out. Time pe
service then refers to the location service and sends ti@nact
request to the device as explained above.

Clearly, with the basic example discussed in this paperethe
is an issue that the paper only fits certain homes and hence is
home specific. However, the forms can be designed in a more
generic way. For instance, to program an "Away from home*
service, the paper form does not need to show the available
appliances in the home, but may rather show user profileb, suc
as "work in kitchen" or "go upstairs®. This way the forms can
be kept generic to fit a wide range of homes. However, the

s srvie] ook erie 3\ lﬂ focus of this paper is to discuss the technical issues ieeblv

in controlling appliances with pen and paper rather than how
best to design forms.
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This paper discusses the control of networked appliances.
Fig. 4. Message Flow for Controlling an Appliance with an &n®en.  The existing user interface to configure and remotely contro
these appliances requires a standard computer interféie. T

<Z;m| _ Versiognf‘ll- 0 ?> <?2pr1 | versi gf‘l-lo ?> is particularly unsuitable for the target audience - whish i

<Appl 1 anceCont r ol > <Appl 1 anceCont r ol > H : :

“Roompof i ce</ Rooms <Roompl i vi ngr oomg/ Roons ofter_l mexpen_enced with th_e use of computers. Furthermore
<Rooneki t chen</ Roone <Devi ce>l anp</ Devi ce> the interface is also unsuitable as a computer may not be
<Devi ce>f an</ Devi ce> <Actions/> available while the user is on the move.
<Devi ce>ai r con</ Devi ce> <ON when=1800/ > Thi hat A bled d
<Acti ons/ > <OFF when=2330/ > This paper argues that Anoto enabled pen and paper are a

<ON > </ Acti ons> suitable alternative. All users are used to pen and paper and
</ Acti ons> </ Appl i anceContr ol > hence this interface does not pose a barrier to adoption of

</ I'i anceControl > .
Appli this technology. Also, users on the move are usually able to

fill in a simple paper form. Using Bluetooth and the mobile
network, the data is transferred to a service provider where
it is processed and sent to the user’s home. Here the OSGi

The device location service keeps a database about $feway offers a single point of control to execute the retpie
location of all devices registered with the framework. D© @ppliances inside the home.
vice location refers to the physical location of the apptian Programming a VCR using this technology will be as simple
within the home (e.g. a particular room). The database 3§ ticking a box in the TV magazine against a particular TV
updated when a device is removed or added to the framewdPkogramme. The service provider can derive the identity of
Some protocols carry location information (e.g. X10, altho the user from the used pen and the wanted program from the
provided manually during installation of the device). FoPaper pattern. Thus the corresponding request is sent on to
other protocols, the information about the location is atidéhe OSGi gateway in the pen owner’s home and then onto the
manually, by the service provider. This lack of automatisn networked VCR.
not important as this information only needs to be supplied Besides being a useful technology for controlling appli-
once because household appliances are not frequently mogedes, the pen and paper interface may also be useful for
around. configuring appliances. For instance, service manuals may
If the location service finds entries in its database thatimathave selection boxes printed on the Anoto pattern which
the parameters, it returns references to the corresponadimgen ticked, result in the corresponding device being set-
devices to the pen service (Step 5 in Fig. 4). These refeseng® accordingly. Again the VCR may be a suitable example.
point at the device representations inside the framewofkurthermore, pen and paper may be a suitable tool for service
With these references, the pen service can then carry out éngineers when installing and configuring a central heating
operation on each of the devices. The instruction is imjtial boiler for example. This potentially keeps the costs foiniray
sent to the device representation (Step 6 in Fig. 4), fromrevheservice engineers down and also may shorten the time it takes
it is passed on to the driver of the protocol the physical ckevito install and configure a boiler in the customer’s house.
is using (Step 7 in Fig. 4), and finally across the home networkThe work as presented in this paper has been implemented
to the physical device (Step 8 in Fig. 4). as a prototype application. A video of a demonstration is
If the device is to be programmed as in the second XMavailable [11].

Fig. 5. XML received by the Service inside the OSGi framework.



(1

[2]
(3]
4

[5]
(6]
[7]
(8]

9]

REFERENCES

M. Kolberg, E. Magill, and M. Wilson.Compatibility Issues between
Services supporting Networked Appliances, IEEE Communications Mag-
azine, Vol. 41, No. 11, November 2003.

UPnP, http://www.upnp.org (viewed: 3/25/2004)

X-10, http://www.x10.0rg (viewed: 3/25/2004)

IEEE 802.11, http://grouper.ieee.org/groups/80&tidin.html (viewed:
3/25/2004)

Bluetooth, http://www.bluetooth.com (viewed: 3/286()

HAViI, http://www.havi.org (viewed: 3/25/2004)

MHP, http://www.mhp.org (viewed: 3/25/2004)

Open Services Gateway Initiative: OSGi Service PlatfdiRelease 2),
IOS Press, 2002.

Open Services Gateway Initiative, www.osgi.org (vielv8/25/2004)

[10] D. Marples and P. Kriens, The Open Services Gatewayativie: An

Introductory Overview, IEEE Communications Magazine, D&0D, pp
110-14.

[11] Sysnet and University of Stirling, Video on Controliil\ppliances with

Pen and Paper, http://www.cs.stir.ac.uk/%7Emko/capp.html



