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1 Intro duction

During the course of the past two years we in the Context project [1] have
dewveloped software for Nokia Series60 Smartphones[2], for usein our project.
What started out as data logger, grew later into a presenceservicefor our user
studies and now enablesa range of di erent mobile, contextual applications to
be put together.

As the functionality of the software has grown, so have its potential uses.To
aid the reproducablity of our own results and get the maximum benet from
the work put into it, we have releasedthe software under the Gnu General
Public License GPL [3]. This article is describesthe features, architecture and
possibleapplications of the software so that the researth community can judge
its suitabilit y to their tasks.

2 Features

The prototype software can be usedto senseprocess,store and transfer contex-
tual data as well asto usethis data itself to attach to media or modifying its
behaviour.

2.1 Sensing and mediating

Di erent kinds of contextual variables are available on a mobile phone relating
to userbehaviour, phoneinternal state, the GSM network and external sensors.
The software in its basicform can sense:

Current GSM Cell Id

Bluetooth devicesaround it

GPS data from a Bluetooth GPS receiwer
Phone pro le

Activ e phone application

Phone idle/activ e time

Charger status

Incoming/Outgoing calls
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Incoming SMS

User interaction with the Phonebook and recen call log

Media captured with the device (photos, audio, video, text)

Visualcodes[4] two-dimensionalbarcode recognition via software courtesy of
Michael Rohs and Beat Gfeller
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As the current Cell Id is not very meaningful for many applications, the
Context software can mediate that data into:

{ Selectionof important locations implementing the method described in [5]
{ Naming cells either via a network serviceor by asking the user

2.2 Comm unication with the outside world

Since the original purpose of the software was logging of contextual data and
sincethe phone has quite limited storage spacea robust and automatic upload
of les createdin the phoneis provided. The upload canwork in the background
or triggered by the user, and it can either use the GPRS network or a local
connection (Bluetooth or Infrared).

In addition to the 'as-is' uploading of les, uploads can be annotated with
any and all of the contextual variablesdescribed above. This includesautomatic
or user-cornrolled upload of media captured on the phone, with contextual an-
notation.

In addition to le transfersthe software can sendand receive SMSand MMS,
as well as reacting to incoming/outgoing calls. Di erent actions can be taken
based on the sender/receiver of the SMS, MMS and calls as well as on the
content of the SMS or MMS. For example any mobile servicethat can be used
via text messagegan be incorporated into the software (this is how the network
basedcell naming works).

To build the presenceservicewe usedthe Jabber protocol [6]. The Context
software can sendand receiwe the jabber presencedata. We usea custom XML-
basedpresencedescription to encale di erent aspects (lik e location and phone
pro le) into the Jabber presence.This meansthat any Jabber-enabledsoftware
can be usedto interface with the Context presenceservice.We can also receive
Jabber instant messagesnd act on their content. There is a custom XML mes-
sagethat we useto alert the userthat there is newinformation at a certain URL
available.

2.3 Interfacing with other applications on the phone

Since we wanted to implement a presenceservice, we wanted to integrate the
software with the call-making aspects of the phone. The Context software has
a customizable Phonebook and Recert calls componert that can override the
phone built-in one.

To retrieve information from the internet, Context knows how to shov an
URL with a browseron the phone (both the 6600built-in Opera browser,aswell
asthe Doris browserinstallable on a 7650). The URL in the Jabber noti cation
messagecan then be automatically shown in a browser.



3 Arc hitecture

The software has grown fairly organically from a pure data logger with a few
variables (2 KLOC) into the large collection of di erent features (40 KLOC) it
is today. The original pure publish-subscribe architecture implementation isn't
quite enoughanymore, sowe are in the processof reimplenting it in a Blackboard
architecture [?].

Physically the software consistsof four processen the phone:

{ Context_log: which handlesthe sensing,storing, processingand acting upon
of context data. This is always running in the badkground and handlesalso
most communication with the outside world and the user.

{ Contextbook: is the replacemen Phonebook and Recen calls application.
It usesthe built-in Contact and Log engines,augmerting the userinterface
with presenceinformation.

{ ContextServer: handlescontact with a Jabber server

{ Starter: acts as a watchdog and error logger, starting and restarting Con-
text_log as necessary

The wholeimplementation is donein C++ for the Symbian operating system
[7] for accesdo the native phonefacilities. The result is extremely non-portable,
but Symbian provides maybe the only truly ubiquitous computing platform in
the world.

4 Example applications

The featuresdescribed above can be connectedin many di erent ways. Here we
describe someapplications that have already beenimplemented by us on top of
the basic framework.

4.1 Presence

Somestudies have indicated that asmuch as50% of phone calls fail, in the sense
that they do not reac the intended recipiert or that the recipient did not want

to bereached. Motiv ated by this, we have beenconducting researt into how the

automatically sensablecorntext of the recipient can be usedto facilitate choosing
the time and medium for communicating.

As one of the rst steps,we have built a presenceservicethat can transmit
the values of somecontext variablesto the recipients communication partners,
'‘Buddies'. Figure 1 shows the augmenied Phonebook and the detailed view of
a cortact in that phonebook. The idea is that the potential caller can usetheir
badkground knowledge of the recipient and human cognitive abilities to make
inferencesabout the meaning of the contextual information shovn beyond its
facevalue.

At any time the userwho is publishing presenceinformation canlook at their
own information in exactly the sameway it is shown to others, so they know
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‘ Lontacts Lontacts
[G] 3 Abc

M 1il:a Raento @({}1 Presence info for Mika Raento
Exacturn [1:00) Previous Mar janiemi, HE
location left 10:40 ago
ASIAKASPALYELL Current : Exactum
location for the last 050
andret Current Profile: Meeting
B speaker off
¢ vibrator on
Currently using phone
Options « Back Close

Fig. 1. Phonebook augmerted with presenceinformation

what information they are disclosing. They are also able to disable the service
at any time. These facts do not mean that there are no privacy issuesin the
service,but that is one of the aspectswe are actively studying.

4.2 Sharing of contextual media

Figure 2 showsthe interaction neededfor uploading contextually (and manually)
annotated media from the phone. Notable here is how simple the task is: after
capturing media the upload prompt is displayed, and if the useris happy with
the categorization the media can be uploaded with a single joystick click.

Of coursethe immediate upload and annotation is not unproblematic, asthe
user does not always have the time to do even that simple thing (for example,
they might want to immediately take another photo), but it does facilitate a
range of activities. Most picture-taking studies have shown that people are not
very willing to categorizetheir pictures afterwards, so such an immediate and
easy categorization (especially with the automatic categorization possibilities
from e.g.the location and time) hasvalue.

The photos thus uploaded can be immediately and automatically sharedto
an interest group. The Context software doesnot producenoti cations itself, but
the serner receiving the media can push noti cations to other phonesrunning
Context via Jabber. Aware [8] by John Evansis a server platform that can do
this. Figure 5 shows how the noti cations are shown to the user.

Of coursethe software can be usedfor pure MediaBlogging (lik e PhotoBlog-
ging or Moblogging, but with any media). You can write your own serwer side
scripts, or use Aware. Figure 4 showvs an example MediaBlog from Aware.
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Fig. 2. Easy upload of annotated media

4.3 Information retriev al: Mobile Journey Planner

The Helsinki Metropolitan area Public Transport Journey Planner at http:
/faikataulut.y  tv.f i/ is one of the most successfulFinnish web-basedinfor-
mation services.Ilt works on a mobile web browser as well, but the interaction
has not been designedfor small-screen,low-bandwith devices. The interaction
on e.g.the Nokia 6600goes (best case):

1. Switch to menu, Open browser (8 sec)

2. Open bookmark (opens GPRS connection, fetches page, 45 sec)
3. Key in start and endpoints (30-60 sec)

4. Do seard (15 sec)

for a total of about 2 minutes for a single seard. We've implemented an alter-
nativ e interface, showvn in gure ?? with locally stored endpoints, which enables
the following interaction sequencgbest case):

1. Switch to our app, selectReittiopas (5 sec,opensGPRS in the background)
2. Selectendpoints from list (10 sec)
3. Fetch results (opensbrowserwith URL, fetchespage, 10 sec)

for lessthan half a minute, with much lesswaiting time.

The current implementation just proposesendpoints by frequency It could
be extendedto usethe location instead, learning which endpoints correspond to
which locations. Other location-basedor contextual information retrieval strate-
giescould easily be tested as well.
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Fig. 3. Noti cation of new media

5 Other users

The Context software is already in usein seweral researd projects in Finland
and in the US:

{ The Context project for researt in using context in improving mobile com-
munication

{ Aware - Experimentation and researt into collective publication and syndi-
cation of mobile mediaat Media Lab - University of Art and Design,Helsinki

{ at MIT Media Lab for a study on organizational modeling, social network
analysis, and complex social systems

{ by the Garage Cinema Researt at the University of California at Berkeley
Sdcool of Information Managemen and Systemsfor researt in automatic
annotation and sharing of mobile media

6 Using Context for your research

Many aspects of the software are run-time customizable, and you may be able
to usethe provided binaries for your researt directly. This is especially true if
you want to just usethe features preseried in a di erent social or interactional
context. You can get a ready-made build with installation instructions from
http://www.cs.  hels in ki .f i/ group/context/ latest/.

As the software is licensedunder GPL, you can of coursefreely make changes
to it to suit your needs.The sourceswith building instructions are at http:
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12345678910 11

Packet [8996]

Location
4+ GSM Finland 9000-62125 Casa

Proximity
+ Nameless person 0002ee9f901f

Keywords
+ Diary

sent by = Mika
Thu + 23 + Sep 2004 17:04 GMT

Packet [8836]

Location
+ GSM United Kingdom 52-59201

Keywords
4+ MobileHCI

Who picked that emphasis

sent by = Mika
Fri= 17 4 Sep 2004 04:05 GMT

12 13 14 >>

Packet [8994]
Location
= GSM Finland 9007-39495

Proximity
4+ Nameless person 0002ee9f901f

Keywords
=+ Diary

Jarmo

sent by = Mika
Tue + 21 4 Sep 2004 15:37 GMT

Packet [8821]

Location
= GSM United Kingdom 63-53163 Glasgow
center west

Proximity
= Nokia 6310i [person]

= Nokia 8910i [person]
= Nokia3650 [person]

Keywords
= MobileHCI

Real food

sent by = Mika
Thu = 16 + Sep 2004 16:59 GMT

Fig. 4. MediaBlog

Create feed from current view

Packet [8993]

Location
= GSM Finland 9111-40257

Proximity
4+ Nameless person 0002ee9f901f

Keywords
=+ Diary

Mushrooms

sent by = Mika
Sun = 19 + Sep 2004 09:19 GMT

Packet [8820]

Location
+ GSM United Kingdom 63-53162

Proximity
=+ Nameless person 0002ee9f901f

Keywords
= MobileHCI

Usability

sent by = Mika
Thu + 16 + Sep 2004 15:54 GMT

RSS feed of current view EEA
XML feed of current view EZIH



Fig. 5. The Mobile Journey Planner

IIwww.cs.helsi  nki. fi /group/c onte xt/l atest/ source/.As we are currently
rewriting the structure of the code, we'd like to hear from you if you are going to
be modifying the source so that we can coordinate the changes.Realistically,
to make changesin the system you will needto know basic Symbian C++
programming, but you can ignore a lot of the hard-to-use APIs and build on
top of the framework we have.

The aware server platform is alsoavailable for external use.Contact the aware
group via http://aware.u iah.fi /.

7 Conclusions

As a Symbian Smartphone provides an o -the-self, ubiquitous (as usersin many
courtries always carry a phone with them) computing platform it preserts re-
seardes an unprecederted opportunity to cheap and wide scale experiments
with contextual and/or mobile applications. The Context prototype software
has a humber of features neededin such applications, and provides a coheren
framework for extensions,is available as sourcecode and is already widely used.
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