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ABSTRACT

The role of digital information in everyday life viles out

activities in interacting with the physical and tdigital world.

There is no connection between these worlds thaeaisily

accessible, even though physical objects, persorssreal world
events often have digital counterparts. The physieality is

actually overlaid by an additional virtual or daitayer. As we
are acting in the physical and the digital worlésidesirable that
we can use links that bridge the gap between botideg: In this

paper we describe our approach to narrow this §tpting from

a scenario that shows the demand for such conmective

present an architecture that allows users to bodkrapecific

situations. Based on these contextual bookmarksutez can
request additional digital information. Our firgtopotype enables
the user to bookmark content shown on public digpley taking

photos of the display using a mobile phone. Outesyombines
content analysis of the photo with context inforimatsuch as
position, creation time, etc. in order to form thesis to establish
a link to the digital world. The presented architee will serve as
a flexible solution to find and integrate furtheonoections
between the physical and the digital world.

Categories and Subject Descriptors
H.5.1 [Multimedia Information Systems]: Artificiahugmented,
and virtual realities, H.5.2 [Interfaces and Préséon]: User
Interfaces - Interaction styles; D.2.2 [Softwaregieering]:
Design Tools and Techniques - User interfaces

General Terms
Algorithms, Design, Human Factors

Keywords

Mobile interaction, user interface, contextual bmakk.

1. INTRODUCTION

With the advert of the era of ubiquitous computamyironments,
it has become common for people to have their ovabila

devices (e.g. phones, PDAs, and multimedia playansl) access
the Internet not only at home and in the office &lsb from hot

spots and other wireless networks offering Intero@tnection
outside buildings. All these facilities let us fazdlood of digital
multimedia services through which we interact inhbthe digital
and the real world because physical objects, publents, and
people in the real world could have digital coupgets. For
example, various advertisement posters in traitiost® or bus
stops can also be found on the Internet in a difptan. We can
not only enjoy a film in a cinema in the real wobdt also by
buying and downloading the corresponding file afigital item.
However, today there is no easy accessible link toamnects
physical objects to digital items.

If there is a public event, which we are interestednd we want
to remember, we need to record the information hting down
a memo in a calendar or a personal scheduler iflDA & a
mobile phone, which generates high demands on #aple.
Therefore, this paper proposes a contextual bodkmpproach
that aims at bridging the gap between the real taeddigital
world.

In this paper we introduce the conceptohtextual bookmarkis

the subsequent section. Then, section 3 motivatesapproach
through an illustrative usage scenario describedcti@n 4
describes related work regarding the identificatodrreal-world
objects. Section 5 discusses the architecture npproach and
the current state of our development efforts. Bmadection 6
concludes the paper with further work.

2. CONTEXTUAL BOOKMARKS

We define a contextual bookmark as a combinatioa sfiapshot
of a physical object taken with a mobile device améta-

information about the content related to this ptaisiobject.

According to and extending our scenario describetbv, a

physical object can be a public display, an adsentient poster at
a train station, or an exhibit of a museum. Theananeformation

about the physical object basically results fromteat analysis
and also comprises context information acquiredmfrthe

environment such as time, location or temperatbtethermore,

this meta-information may cover information abobe tuser’'s

preferences and intentions.

A contextual bookmark represents a physical objea digital
form. A user of our system uses his or her persoedhiwearable



device to record and define a contextual bookm@tkrently we
use a Nokia N95 which is one of the most recentecaraquipped
mobile phones that is equipped with additional senge.g. GPS)
for acquiring context information. In a later phalsis device will
be extended by additional input controls (e.g. akkr buttons),
output capabilities (e.g. headphone, see-throughssgk),
wearable storage and various sensors (e.g. adiglemperature
sensor).

The contextual bookmark provides a handle to theerd and the
respective situation, in which it has been recorddwsing the
list of contextual bookmarks on the mobile deviceatdes the
user to exploit services that are related to theeod, in which the
bookmark has been defined. Once the user selecenace
associated with a contextual bookmark, he or she dar
example, access the content of the contextual badkwia the
mobile device or via a nearby output device depandin the
current context and preferences (e.g. public disprd/, radio,
laptop, etc.). Furthermore, the user gains aceessore detailed
information about the content, which was not alddain the
situation in which the contextual bookmark has baéen.

Although our first prototype system is specific Bomovie trailer

bookmark as a useful example, it can also be adapte
contextual bookmarks of various other types of matsobjects

such as posters advertising upcoming events, solaged on the
radio, and even people who were met at a conferende a

business meeting. As such, our approach, insteamosiding a

solution for a single scenario, aims to suppoteailile solution

that enables to integrate various sensor data,anrtggdes, means
of data access, and matching algorithms for diffeseenarios.

3. SCENARIO

This section presents a scenario which shows tlee fer and
usefulness of a mobile contextual bookmark appboat

Jim is on a business trip in Berlin and sits in tthetro. The train
is equipped with small advertising screens; suddehé trailer of
the latest Tarantino movie pops up on the screararifino is one
of Jim's favourite movie writers and he does nohtia miss this
movie again. He points at the screen with his neoptione and
bookmarks the trailer as a movie he likes to see.

During the day, Jim spends endless time in busimesstings
discussing the next release of the company's sahdtais already
late afternoon, when the meetings finish and temithe way back
to the hotel. He updates his digital calendar bsedousiness
meetings are finished for today. The system auticait checks
the cinemas near Jim's hotel and asks him if hesatango to the
movies tonight at 8:30pm to watch the movie he baarked in
the train. Jim remembers that he has an appointwiéme former
class mate tonight and refuses with a sigh.

The next day, Jim is back at home. He takes hislmdbvice and
browses the bookmarks he had taken in Berlin: Tlageesome
sights like Brandenburg Gate, the Berlin Wall anddéral
Chancellery, the presentations of the business@atand some
advertisements he bookmarked to remember. Theadse the
movie trailer he had bookmarked in the train. TheoKmark
provides Jim with a link to download the trailerhéh he watches
the trailer he realizes, that he still had not htwe to watch the
movie. He decides to invite some friends to watoh novie on
his home cinema system. Jim sets up everything, g@he beers

and calls some friends. He selects the bookmarkaawises his
mobile phone to get a license for downloading thavim to his
set-top box. At home, the device retrieves hisqeabmovie pay-
per-view account from his PC, requests a licensen fithe
database and asks Jim to acknowledge the paymentohfirms
and the license is available.

Because some friends were late that night, theplaeady behind
the schedule when they start watching the movi&:50. Jim
selects the movie license; the system automatideifgrmines the
best fitting output screen and downloads the manidighest
quality to the set-top box of his home cinema syst€éhe movie
starts and everyone enjoys watching it. Unfortugatdoe has
another appointment and as they started late heotakeep
watching the movie at Jim's place. Jim acknowleddesing the
license of the movie with Joe. Joe pays a smallfdeehe last
20min to finish the movie on the train with his niebphone.
Joe's device requests the license from Jim's pandedownloads
the last 20 min in lower resolution that fits witke capabilities of
Joe's phone. Joe takes it with him while the rdsthe group
finishes the movie at Jim's place. They all hadeafgtime.

4. RELATED WORK

There have been approaches to record and retngoemation
based on markers or image analysis. However, tlegyimre
external markers tagged on real objects or sophisiil content-
based image analysis. These concepts are not isoffidor
understanding the exact meaning of media itemsclwhisers
really want in the current context. Some projeeisted to our
contextual bookmark approach are presented inoflening.

Hansen et al. introduce the term “mixed interactgpace” to
distinguish camera-based interaction from otheesypf sensor-
based interaction on mobile devices [1]. Indeed;sjal space
plays an important role in camera-based digitaramttion that is
controlled by both movement and orientation of abiteophone
in the space. But there are many ways for mobilenph to
interact with their environment, especially withrda situated
displays. Ballagas et al. classified more than Ifferént

interaction techniques using various communicatemhnologies
and interaction paradigms [2]. Concurrently, Adistt al. have
established a detailed comparison table between fotential
commercial technologies for physical selection [3}hich

comprise Visual Code, IrDA, RFID and Bluetooth.

However, Rukzio et al. note that there is venjditupport to
build such kind of systems [4]. Hence, they presamt
architecture named “Physical Mobile Interaction rResvork”
which is based on existing standards such as th& JdaMicro
Edition (Java ME) and the Contactless Communicafih The
authors plan to support all relevant interactiathtéques between
the device and the object by providing abstractidos the
programmer, hiding technical details of the comroation.

Attaching markers to real world entities makesasgible to find
corresponding digital entities. Simple implemerttas of this
approach are barcodes developed by Silver and Vnddiack in
1948. Barcodes can only store a very limited amadrdata but
nonetheless are used to identify physical objeék Thus,
systems using more sophisticated markers have deegloped.
Examples are 2D barcodes [7] radio-frequency tddy pnd
infrared tags [14]. However, all marker based apphes need a
marker that is somehow attached to the object.uer want to



select a marker to acquire information about theesponding
entity the user or the device must find this marKénis is often
not desirable because visual markers must be smih, long

range radio frequency based approaches the useitedcan not
decide which marker was selected, and infrareddeg®utshined
by the sun. In addition, all markers can be maskedther people
or objects and for some real world entities, likertan beings, it
is not even feasible to attach markers.

Raj et al. present a mechanism that allows usersnfdicitly
download content available on public displays [5The
ContentCascade framework enables the user to dadréither
summary information or movie clips via Bluetootthel suggest
measuring the interest of the content by analyzimg user's
behaviour and the length of the interactions witle tpublic
display. Cheverst et al. developed and evaluatedHtrmes photo
display, a prototype that enables users with aaklgt mobile
phone to both send and receive pictures via Blubt{®]. The
display uses Sun'’s Bluetooth API to connect tortiobile phone
and utilizes OBEX push to transmit the files. Thlvantage of
this approach is that it requires no additionalligpions to be
installed on the mobile phone. The Hermes doorlalsfo] is
another prototype developed by Cheverst et al.ins@lled on
the outside of ten offices’ doors in Lancaster'snfpating
department. The Hermes door displays give officashers and
visitors the ability to leave notes on the doomgstheir mobile
phone. During the 24 months of its use, more th@@06notes
were added. All three Bluetooth based systems mellitional
hardware infrastructure integrated in the publeptiy and shares
the limitation of marker based approaches descriede.

Among other projects, we can also cite PhoneGuid, [an
enhanced museum guidance system that uses camepped
mobile phones and on-device object recognition.kiebcet al.’s
main technical achievement is a light-weight objestognition
algorithm that is realized with a single-layer ggtion neuronal
network on the device itself. According to theisukts, over 90%
of the photographed museum exhibits can be recednigthout
the addition of passive or active reference markeme limitation
of Fdckler's promising approach is the small numbsfr
recognizable objects and that it does not worlafbtypes of real
world objects. We believe that both can signifitabe improved
by taking the user’s context into account.

5. ARCHITECTURE AND
IMPLEMENTATION

We are currently working on a first prototype whitalizes a
small subset of the functionality described aboMee prototype
will consist of multiple computers with attachedda displays
that show different movie trailers. Persons can theér mobile
phones to define a contextual bookmark by takimato of the
displays playing the trailer. The bookmark can tamdmitted to
further computers to play the connected movies.

The aim of the prototype is to provide a flexiblehatecture that
enables the integration of further matching techefand to
evaluate the proposed interaction. The generaitaothre of the
system integrating further extensions is outlinedrigure 1. On
base of this architecture we can analyse contextcantent of a
given snapshot of the user's situation. In the ofeihg

subsections we describe the lifecycle of a contxhwokmark

from sensing the environment through matching smaigsof the
sensed context to exchanging bookmarks.

Figure 1. Generic architecture of the prototype curently
under development

5.1 Sensing the Environment

When the user invokes the bookmark function on drisher
mobile device a snapshot of the current contextrésmted. The
first prototype will be based on mobile phones .(¢tge Nokia
N95) and Java ME, the most common platform for rieophones.
After starting the system the user can focus théile@hone’s
camera at the public display. When the user aevathe
bookmark function a photo is created and enrichitd the actual
position using the integrated GPS receiver andnagiamp. This
information represents a snapshot of the user'sesbrat this
point in time.

To ease the integration of additional sensor infdiom and react
to the respective devices individual capabilitifes, instance not
all mobile phones have an integrated GPS receikiersnapshot
contains self-describing sections each containidgsénct feature
of the context. Thus, further extensions, e.g. ndiog audio,
sensing the user's emotions, or determine his ortdsks using
digital agendas can be integrated easily.

5.2 Matching

The snapshot is transferred to a server that vesidinks to
related digital items and services. Analysing thapshot of the
context is a processing power and memory consuitaslg Thus,
the architecture envisages implementing the magcbincontext
to digital items and services on a separate sefer server offers
its services via a web service interface. The fgtp of the
matching process is an analysis of the kind of exindata
included in the received snapshot. According tg,tthie data is
delivered to matching processes that are able doegs parts of
the snapshot.

For the first prototype we will develop a singletaiang process
that receives a photo taken by the mobile devicdirtd the
according video shown on a public display usingdieation time
and the user’'s position. The matching process ne#dadeos
potentially shown on one of the public displaysal&dnvariant
Feature Transform (SIFT) keypoints [11] are ext&dcirom the



video frames and stored in a repository. When dmisadelivered
all public displays nearby the provided positioa asked for a list
of videos played at a timeframe around the snafsshiote of
creation. The resulting video frames are compaoethé photos
SIFT keypoints using the Best Bin First algorithh2].

The same matching process can be used to matchsptwobther
visual data, e.g. posters or presentation slideddit®nal

matching processes will be developed, for examfie, face

recognition or music matching. We estimate thahutiite use of
additional context information and users preferertbe matching
precision could be enhanced, for example, by assythat it is
more likely that users interested in specific tsgdookmark items
belonging to this topic more often.

Each item that could be a result of a match is tatad with a list
of links to digital information and services. Thefsts are
returned to the mobile device where the lists amalined with
the snapshot of the context to create a contek@kmark.

5.3 Exchanging Bookmarks

When the contextual bookmark is created from ttapshot of the
context and links to digital information and seesdche user can
use the bookmarks to activate the links on his teobevice,

transfer them to private devices, for instancetltowsthe movie

belonging to a bookmarked trailer on his TV, or cethe

bookmark to friends and colleagues.

To send contextual bookmarks to another user wepndlvide a

server based solution that enables the users tigalhr find each

other. To ease the handover to nearby devicesramti§ we will

also implement a Bluetooth based solution that scéme

surrounding for other devices running our systeohstmows them
to the user. The users can select nearby devicessity exchange
bookmarks. This solution can also be used to foation based
services, for example, to equip advertisement peostéth the

ability to proactively provide the environment witdditional

digital information.

6. Conclusion

In this paper we presented our vision of a systehnarrows the
gap between the digital and the physical world.rElgan create
contextual bookmarks using everyday devices lilarthersonal
mobile phone. We presented a scenario that mosivaied
justifies our work. Based on this scenario and e dnalysis of
the related work in this area, we outlined an dedhirre and its
implementation that simplifies the integration ofther matching
techniques.

The idea presented in this paper can be extendedurtiyer
matching techniques to address more types of madéh real
world situations. The overall aim is that the usan create
contextual bookmarks of almost any real world itgithout much
effort. For this purpose it is also necessary taress the
interaction with the user. Therefore, we will exjgldvow the user
expresses the intended action when creating a xtoate
bookmark.

7. ACKNOWLEDGMENTS

This paper is supported by the European Communitlyirvthe
InterMedia project (project No. 038419). We thankpartners
for sharing their ideas with us.

8. REFERENCES

[1] Hansen, T.R., Eriksson, E., and Lykke-Olesen, "Mixed
Interaction Space — Designing for Camera Baseddatien with
Mobile Devices", Conference on Human Factors in @ating
Systems, pp. 1933-1936, 2005

[2] Ballagas, R., Borchers, J., Rohs, M., and Staerj JG, "The
smart phone: a ubiquitous input device", |IEEE Psnea
Computing Journal, vol. 5, pp. 70-77, 2006

[3] Ailisto, H., Korhonen, I., Plomp, J., Pohjaning, L., and
Strommer, E., "Realising Physical Selection for M®lDevices",
Mobile HCI 2003 Conference, Physical Interactionl0@®
Workshop on Real World User Interfaces, Udineyltal

[4] Rukzio, E., Wetzstein, S., and Schmidt, A., FAamework for
Mobile Interactions with the Physical World", Predings of
Wireless Personal Multimedia Communication (WPMQ'@®05

[5] Raj, H., Gossweiler, R., and Milojicic, D., "@tentCascade
incremental content exchange between public displanpd
personal devices", International Conference on [okand
Ubiquitous Systems: Networking and Services, pg-381, 2004

[6] Lange, B.M., Jones, M.A., and Meyers, J.L.,sigght lab: An
immersive team environment linking paper, displaysd data”,
Conference on Human Factors in Computing Systems550-
557, 1998

[7] Rekimoto, J. and Nagao, K., "The world throughe
computer: computer augmented interaction with rearld
environments”, ACM symposium on User interface aofiware
technology, pp 29-36, 1995

[8] Cheverst, K., Dix, A., Fitton, D., Kray, C., Bocefield, M.,
Sas, C., Saslis-Lagoudakis, G., and Sheridan, JExploring

Bluetooth Based Mobile Phone Interaction with therrHes Photo
Display”, Conference on Human computer interactigith

mobile devices and services, pp. 47-54, 2005

[9] Cheverst, K., Dix, A., Fitton, D., Kray, C., Bocefield, M.,
Saslis-Lagoudakis, G., and Sheridan, J.G., "ExptprMobile
Phone Interaction with Situated Displays", PERMIDb\Rshop,
Pervasive, vol. 5, 2005

[10] Fockler, P., Zeidler, T., Brombach, B., Brurg,, and
Bimber, O., "PhoneGuide: Museum Guidance Suppdste®n-
Device Object Recognition on Mobile Phones", Coerfiee on
Mobile and ubiquitousnultimedia, pp. 3-10, 2005

[11] Lowe, D.G., “Object recognition from local $eanvariant
features”, Proceedings of the international Comfege on
Computer Vision, pp. 1150-1157, 1999.

[12] Beis, J. S. and Lowe, D.G., “Shape Indexingings
Appropriate Nearest-Neighbour Search in High-Dinnzmesl
Spaces”, Proceedings of the 1997 IEEE Conferendgéammputer
Vision and Pattern Recognition, pp 1000-1006, 1997.

[13] Want, R., Fishkin, K.P., Gujar, A., and Haois B.L.,
"Bridging physical and virtual worlds with electiontags”,
Conference on Human Factors in Computing Systeps37D-
377, 1999

[14] Want, R., Hopper, A., Falcao, V., and Gibbods, "The
active badge location system", ACM Transactiongrdormation
Systems, pp 91-102, 1992






