I. INTRODUCTION

This paper focuses on middleware for ubiquitous applica-
tions in N what we call D smart spaces. A smart space is Fig. 1.
a multi-user, multi-device, dynamic interaction environment
that enhances a physical space by virtual services [1]. These
services enable the participants to interact with each other a®gkause this is so easy, there is now a wealth of user generated
other objects in a P2P way in the smart space. The reseagehtent on the internet.
in the area of ubiquitous and pervasive computing has ledConsequently, our approach builds on these technologies.
to many interesting research demos and usage experienggs.reusing the technologies that enable the type of col-
Building on widely spread wireless devices such as phongghorative and social services associated with the Web 2.0
PDAs and other special purpose devices, there is an enormgHenomenon, we enable applications and services in the smart
potential to create new smart space services and applicatiagisace. This means that mobile devices can host web services
However, despite many efforts in industrial and academimd other devices can connect directly, thus enabling a P2P
research [1], [2], [3], [4], [5], the mass market uptake hasetwork. The contribution of the paper is to present such an
been very sluggish. We outlined several reasons for thischitecture and middleware on mobile devices, and to show
in our earlier paper on this topic [14], which include: us@ow it can be realized with current devices and open source
of disruptive/experimental technology; lack of maturity okoftware.
research prototypes; lack of proper development environmentsEarlier approaches like CoolTowr?][ have applied basic
and the fact that most of these systems tend to be owneb architectures to ubiquitous applications based on PDAs.
of a kind verticals optimized for a particular use case aiNe now see the opportunity to use these traditional as well as
research problem. The purpose of this paper is to outline awsw Web 2.0 technologies as a platform for providing services
approach to address this issue: we want to build smart spageubiquitous devices [6], [7]. Recent advances in device
software systems that have a good perspective for mass matkehnologies allow us to bring both the key web standard
adoption. software and development tools to widely deployed personal
While mass market adoption of ubicomp technology hatevices (mobile phones, PDAs). For instance, many mobile
so far been weak, there has been an astounding growthdefices can not only surf the Internet, but can also provide
web-based, Internet applications during the last 15 years. Magib services based on mobile web servers.
recently this has occured in the areas of web services and Web
2.0 [9]. What has enabled this progress is not just the web
browser and the agreement on some key (de-facto) standardd,his section summarizes our Smart Space architecture from
but also a wealth of development tools, content managemghd]. The Smart Space Network (see Figure 1) is based on a
systems and other internet centric tooling. For instance, ewvdecentralized, local, IP-based network which includes devices
end-users can now easily create content on many internet sitex services provided by the smart space owner. These devices

Local IP network with smart devices acting as proxies

II. ARCHITECTURE ANDKEY DESIGNDECISIONS
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IIl. SMART SPACEWEB APPLICATIONS
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As a proof of concept for our smart space concepts, we h

developed middleware services and a few demo applicatic
for the Nokia N800 internet tablet. The N800 is a Linux
based device equipped with a touch screen, a WLAN device Fig. 3. Web portal to smart space

and various end user applications, including a web browser.

The device runs NokiaOs Maemo operating system, which .

is a Debian Linux derived system for which many opeft- Zeroconf Web service

source software packages are available. We have realized aAs discussed in Section Il, the smart space concept depends
implementation of the architecture on the N800 by integratirgn Zeroconf for publishing and discovering services. However
open source packages. The most important of these packagjese Zeroconf is not a very web like technology and since
include: Zeroconf is also not available on all devices, we have chosen

« Avahi This is an implementation of mDNS for linux that';O |r?plerFtent a \_/(\;elé ks)er\zcehyvr_?ﬁpegpa}rm;rlg_ the Z_eroc_onf
integrates seamlessly into Linux. With Avahi installed,me g)nal égg}” F\? y V? t!. SE; t TO f|s selr\;ceAlsl_ i
applications are able to resolve Zeroconf .local ho? sed on (Representative State Transfer) [13]. IS

names. Additionally, avahi includes commandline tool%_l__lf_rllovgépos'[s hand serwccj:es canlbe ob_ﬁ]l_n edllllay ? simple
for discovering and publishing services. on/hosts and /services. This will return

. Lighthttpd + FastCGI enabled scripting languages an XML formatted list of hosts or services known on that

Lighthttpd is a lightweight webserver that can run oﬁje\'i(_:e' Using parameters su;h as type gnq host, the .“SF of
the N800. Using FastCGI, scripting environments su rvices may be bltered. Given a ser.wceld, a description
as Python and PHP can integrate into the webserv _the service can be accessed by doing a HTTP GET of

The web applications discussed below are implementdlf /services/$<sserviceids>$ url. In order to post
in Python on top of the Django framework. services, one simply po_sts_the detallg/t@ervu;es.

o SQLLite This is a so-called embedded SQL databaseThe wel:_) bas_ed publlshlng and discovery is useq by the
that, unlike non-embedded databases, does not reqlﬂ er services in Figure 2. Consequently, our services and

running a separate database server but can be accedd ications are not dependent on Zeroconf directly. This

in-process using a library, which reduces overhead siglakeS it possible to access and run them on devices that do
nibcantly ' ot have Zeroconf simply by accessing Zeroconf through a

o OSGi service container In addition to the web server, websertw;(;c(j)_? adﬁwcbe n tf:e netvxt/r?rk that_ do_es r:ave Z;ergconf
a separate Java based service container is used. gport. ionally, by replacing the service impiementation,

service container is based on the Eclipse Equinox osWf can remove the dependency on Zeroconf entirely.
framework which runs in a Java CDC virtual machine.B. Smart Space Portal

@&  http:/ffoobar.local/ Y e b @&

As can be seen from this small summary, there is someTo the user, the smart space appears to be just a set of
overlap in functionality and room for optimization by removbrowsable web sites. Like normal web applications, these sites
ing packages. The criteria for package selection was merale hosted on web servers. The only difference is that in
availability of software components on the N800 to realize treldition to regular web servers on the internet, there are also
applications and services discussed below and not to provideb servers running on devices in the smart space. Like on the
a fully integrated, one size bts all smart space platfornmternet, a key problem is bnding interesting web pages and
We envision that future smart spaces, similar to the intern@starting® points for browsing. This problem is solved using
will use a much wider variety of software on many devicethe concept of a smart space portal. The portal concept is
in many different compositions and conbgurations. We aileustrated with a screenshot of the N800 browser in Figure 3.
already planning to move beyond the N800 and are considerifige browser is displaying a web page fmobar.local, which
components for Nokia Series 60 phones for example where igeghe Zeroconf name of a N800 device in our lab. The owner
have a port of apache and python available [8] as well as mawilythis device may visit this page at any time by redirecting
interesting native features that are integrated into S60 Pythitve browser to it (e.g. using a bookmark). The web page is
(e.g. access to phone camera; contacts and calendar). dynamically created by a web application running on python
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Fig. 5. UPNnP Browser
Fig. 4. AJAX Chat Application

with its uuid and posts a notibcation message to them (which

and the Django application framework. The implementatiofcludes the feed url).

makes use of the Zeroconf Web service to discover other portailhe screenshot in Figure 4 demonstrates a simple AJAX

websites. chat client based on these services. Users can create a channel
On the page, several links to similar portals on other devicagd subsscribe to existing channels. In the screenshot, a user

are listed as well as links to music, photo and video content §as created a channel and posted a message. The same mech

the local device that the user can choose to share. Additionafijism can be used to implement asynchronous application

the portal integrates a search feature. As can be seen in ffieSSaging.

screenshot, there is an option to search content locally §S \;pnp Media Integration

well as in the smart space. When searching locally, the search | o
service accesses a search engine that we have developed for thethird application we have created demonstrates the con-

N800. This search engine, which is based on ApacheOs Ludd Of bridging discussed in Section 1. Unlike the other two

project, indexes content on the device. This search Servﬁj%pllcanons, this application is currently not fully integrated

is published through Zeroconf web service. When using tH&° the portal. _ ,

second button, the search service works by discovering all thd 19Ure 6, presents an overview of how it works:

search services in the network and aggregating their results. « A control device with UPnP and Zeroconf capability acts
Finally the portal has a few links for latest movies, photos ~as a bridge between the smart space network and UPnP

and music. These links use a predePned query (e.g. mimetype: devices in the network.

audio/mpeg) to search the smart space. The results are ordered The device discovers UPnP devices and exposes them to

by timestamp. A nice use case for this is to browse for example & REST-ful API. Using this API, XML descriptions of

the latest photos taken by people in the smart space at an event. device and service descriptions may be accessed.
« A bridge component uses the UPnP REST API to dis-

C. Chat cover UPnP devices and advertises their REST service
A second application we have realized is a simple, IRC end points using the Zeroconf Web Services

like web based chat client. This client uses a light weight « Finally applications discover the advertised services and

REST based publish-subscribe mechanism that we have im- consume them.

plemented on top of Zeroconf. Similar to the Zeroconf Web |n Figure 5 a screenshot of a AJAX UPnP browser is

Service, this service is also based on REST principles. Chajfisplayed. The application discovers advertised UPnP devices
nels can be created by sending an HTTP Post messageii@ allows the user to browse their description and services.
/smartspace/chat/channel/1/. This results in the |n the screenshot two UPnP devices have been found and the

creation of a message feed which may then be accesseddB¥cription for one of them has been expanded (a UPnP Media
doing an HTTP GET on the feed url, which returns an Atorgerver running on a Nokia N95)

feed with the latest messages in a feed with=1. In addition

to the id, a uuid and a type are advertised for the feed as well. IV. CONCLUSIONS

The uuid is a required Atom beld. Posting a text message toThis paper presents early results from currently ongoing

a feed url results in the addition of the message to the feedkork at Nokia Research Center to create a web based platform
Clients can advertise their interest in channels by publishifigr smart space applications and services. In an earlier article

a notibcation service. The service advertisement includes [4A], we already presented requirements and the key design

attribute to specify the feed uuid. When a message is postddcisions we summarize in Section Il. Our vision is that smart

the feed service discovers all advertised notibcation servicgmmces will extend the current internet onto peopleOs devices
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Fig. 6. UPnP Zeroconf Integration
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