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ABSTRACT

This paper introduces the research issues in mudidn
interaction in mobile guides. The goal is to makeaor step
towards natural human interaction with multimodgstems in
mobile systems: we aim to do this by combining eiplnd
implicit interaction to blended multimodal interimct.

Natural interaction and the requirement to antigpa mix of
purposive behavior and uncertainty requires renderi
information in a way that is compatible with theachcteristics
of the device, the environment, the cognitive lcaa] the user’s
personal preferences. Application systems thus teée aware
of the situation and context.

In the description of two recent applications faidjng systems
we describe our past research work and experieaiced) from
these applications: SAiMotion is a guide systempiamfessional
trade fair visitors, and LISTEN is a museums guidetivated
by the results of the projects, we illustrate oppraach in
MICA, which is a hands free support system for bbatlar
workers.

Categories and Subject Descriptors

H.5.2 User Interfaces: Interaction styles, Usert@ed design.

General Terms
Design, Human Factors.

Keywords
Multi-modal interaction, natural interaction, caxitenodeling,
pro-active support

1. INTRODUCTION

Technology available today allows realizing a wealt services
for mobile people. Such services may support mybés such,
e.g. supply information about transportation oreotffacilities
needed by traveling or commuting people. Or theises simply
supply any sort of information and service that rbayneeded
while moving, e.g. shopping, tourism or task-refatentent. In
this paper, we refer to such services as mobiléagui

The success of future mobile systems and applicatiaill be
highly affected by user-friendly and intuitive hunti&e
interaction procedures. The raising concern onsstiogity and
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usability are pushing research into exploring amadpleying
different modalities of information input and outpuFor
example, if mobile users are moving around, theynoa easily
devote all of their visual attention for interagtiwith a graphical
interface [1]. Conversational multimodal interaatiwill be a
paramount requirement to enable ubiquitous comgugand
therefore for the acceptance of third generatiobilacservices
by the market. Most of the research and designrteffovere
invested so far in Graphical User Interfaces; rietess,
experiments and research in multimodal environmdrase
proved the potential efficiency of combining diet
communication modes.

According to Oviatt's myths of multimodal interamti [2],

speech and pointing as the dominant multimodalgnati&on

pattern has been widely overrated and other maglitave been
culpably neglected so far. Speech as the primagpytimode
doesn’t work (e.g. in noisy environments) and othedalities
might be preferred under such circumstances. Invwork we

will take into account changing environments andrass the
benefits of other modalities with the goal to aekienatural
interaction. We introduce a new approach to intemacthat
exploits the natural spatial motion of actors abgects to each
other.

In our work we employ a user-centered approachhe design of
systems supporting blended multimodal interactiime goal is
to make a major step towards natural human interastith

multimodal systems, by endowing these systems ithanlike
cognitive capabilities that are necessary to imtesaith real

users, especially in applications for which exteasiser training
is not feasible.

2. TOWARDSNATURAL INTERACTION

We aim at natural interaction with multimodal syste Despite
the fact that multimodal interaction is a relatij@ing research
area, it is already quite diverse. This is becaofs¢he large
range of interaction modes, communication channafgl

1 We forego to explain our UCD-approach in this papewever
in all mentioned projects we run through severatles of
requirement gathering (scenarios, use cases,
observations, user questionnaires, and focus
implementation and validation.
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applications that are under investigation. We apeiging on the
type of interaction where nomadic users accessrnvton,
transaction and support systems at the right tintedace, and
through a range of input and output devices.

Recent multimodal applications (e.g. [3], [4]) hagspecially
achieved success in support for sensing the mul@naoser
interaction. This research results in high-end itdsl for
recognition and synthesis in common modalities saglspeech
and handwriting. Additionally, current architectsiréocus on
synchronizing events coming from different devicesich as
keyboard, mouse, microphone, etc., allowing flexiblandling
multimodal interactions. In our work, we go beyooloserving
input from the different modalities to also intetgrathe
recognition and interpretation of meaningful ussated and
environmental parameters. For example, the interadf a user
in a museum or a mobile worker with her device wdtticularly
be determined by her current tasks, goals andtgitua

So far, all multimodal services and demonstratoasehbeen
designed and built by trial and error. This wasvitable,
because of the general lack of understanding ofbdwEcs of
multimodal interaction. Components that relate tamantic
interpretation are far from being standardized.rgpi@s include
the fusion of input signals into symbolic represgions,
representations of the system’s interpretationhef overt and
covert intentions of the user, dialogue managensértegies,
and representation of the output information in aywhat is
contextually appropriate. As a result, servicesltencome with
idiosyncratic interaction styles, which must be riea from
scratch by new users. This confronts prospectigtoaters with
long and steep learning curves, and it severelyigesl the
sustainability of systems and services.

Research must ameliorate this state-of-affairs ifstgmtly, by
focusing on smart sensor combinations for flexillatural
interaction with human users. The goal is to explwtural
human-human communication and interaction pattésngheir
use in human computer interaction. Our approach bl put
forward in the next paragraph and will be illustéctby three
application examples.

2.1 Implicit and Explicit Interaction

If we speak about implicit interaction, we rely oe
understanding of the term implicit as used in tlaeadigms of
implicit Learning [5][6], as a process occurringegtapably and
automatically in the absence of conscious, reftedearning
strategies and leading to an abstract represemtaftiknowledge.
Implicit process are involved whenever peoples Kedge
exceeds what could be concluded from their primeask
(plausibility criteria) or from what they could rep
(operationalisation criteria).

Nielsen [7] already voted in 1993 for what he adlleon-
command user interfaces, and Sharon Oviatt callassipe
modes of interaction [8]. We prefer to call thisofi-verbal
implicit user interaction.” The idea is simply to use implicit
natural behaviors that don’t require an explicierusommand
(e.g., gestures and facial expressions) and toaeixtthat
information for interaction. However, as these rodehtend to
be non-obtrusive, they also have the disadvantadeiog less
reliable than explicit commands.

Users tend to intermix unimodal and multimodal iat#ion;
therefore, a combination of several modalities ve#plicit and
implicit interaction can be used for disambiguatiomhe
interpretation and disambiguation of implicit, aslhas explicit,
interaction must be resolved through context modeliln
contrast to previous work from Albrecht Schmidt if@jplicit and
explicit parameters are both parts of situatioredameters for
context modeling.

In our approach we seize the suggestion of Oviatievelop a
blended interface style that combines explicit and implicit
interaction methods. Unlike the IBM MAGIC systermhieh uses
gaze tracking for the prediction of cursor movemg], we
favor the combination of speech and pen input witer
movement in his physical environment.

2.2 Interaction by Approaching Objects

The disadvantage of most approaches to multimodataction,

especially when gesture input is concerned, is ttiataction to
be performed is often circuitous and hard to le@uat more

important gesture interaction is mostly sociallytrobive.

Excessive gestures performed without a human cruentelook

strange to a casual bystander. Our proposal iaki® advantage
of natural behavior. It's a very natural thing, tth you are

interested in something you approach the objegetoa closer
look and to investigate it in more depth as wedlttiiou ignore
things that you are not interested in. Exactly thelhavior (the
attitude of curiosity) will be exploited by our appch for

explicit as well as implicit interaction with theser to learn her
interests and preferences.

The consequence is that the interaction in a palysjgace can be
matched to the user’s interests. The idea is siraptedepends
on matching the physical and informational spacedévive

current user preferences and interests. In ordetotehat the
relation between user and his spatial interactiastrbe defined.

The aim to use a spatial model as a main sourcpdate and
refine the user history requires that the relatietween user and
spatial model is mapped on a domain model. The domadel
describes and classifies objects in the domain eaiich
information they contain, as well as the relatianthe user
model. The spatial model describes the physicalr@mwent of
the user and the location of the domain objectthe physical
space. The user model describes the knowledgeintaeests,
and the personal preferences of the user. The domadel and
the spatial model are assumed to be static, i.e.dibmain
objects are described and their locations are ifitthtbefore the
system can be used. If changes occur in the emaeot) the
domain model or the space model has to be updatgitidy.
The user model is dynamic, i.e. the users' intemastwith the
information system and their movements in physgce are
evaluated to update the user model automatically.

3. APPLICATION EXAMPLES

The rather abstract description of how motion carirtberpreted
by the system as an interaction is now concretikesligh three
specific examples. The following paragraphs descaompleted
or ongoing projects of the Fraunhofer Institute Fi@king use of
the user’'s movement in the spatial environmentrasraction
means.



3.1 A Trade-Fair Information System

SAiMotion [2001-2003] was a national funded projeagether
with five other Fraunhofer Institutes and develogedomadic
information system to support the preparation, JWisé& and the
evaluation of big trade-fairs. SAiMotion benefitéd a large
extend from the experiences that have been maderier
projects.

Beyond known context adaptive approaches, SAiMationed to
provide an exhaustive situation model identifyingl ausing all
relevant situative parameters. From an HCI pergpgethe aim
was to realize a simplified user interaction andaptive
information supply adapted to situation, locatitask and user.

The short interaction phases that are typical flade fair may
not be sufficient to automatically learn an adequager model.
Therefore, SAiMotion used stereotypes to initiabzaser model
(e.g. business visitor with tight time scheduleurjmlist or
leisure visitor) and refined the model though iatgion of the
user with the system. Information of the exhibitare matched
and presented according to the interest profilthefvisitor. The
system supported scheduling of appointments, steges
personalized tours to the exhibition, and gavectiias to points
of interest. In situations without time pressufge system was
able to suggest exhibitors and exhibits in themiigiof the user
that matched its interests. The system called see’siattention
to changes in the schedule and was able to dynHynica
reschedule.

Location and tracking played a prominent role ihiexing above
mentioned interaction goals. The project was baspdn a
sophisticated spatial model that was used as a swirce to
update and refine the user history. As alreadyampt above
the idea is simple and depends on matching theigathyand
informational space to derive current user prefegenand
interests.

In SAiMotion we used a WLAN-based tracking systelithva

precision of 3 to 5 meters. For a large trade daénario like the
CeBIT 2003 or the MEDICA in 2003 the resolutionsisificient

to identify the booth being visited and to use thifermation to
refine the user interest and preferences. The ukeation thus
is limited to implicit interaction or what Oviatated passive
interaction modes. The precision of the trackingtesy and the
heterogeneity and complexity of a trade fair didalow explicit

spatial interaction. Nevertheless the analysis qfatial

information and current tasks allowed proactiveoiinfation to
points of personal interests. Especially this feaf the system
was evaluated very positively by 12 users on thBIC2003 and
further 42 users of the system during the MEDIC&d# fair in

November 2003.

3.2 LISTEN

In October 2003 the LISTEN system was trialed wislitors of

the August Macke art exhibition (see Figure 1) &e t
Kunstmuseum in Bonn, in the context of the “Mackeabdr”
[11]. Combining high-definition spatial audio remihg
technology with advanced user modeling methodsteseaudio-
augmented environments [12]. Visitors are immerseda
dynamic virtual auditory scene that consistentlgraents the
real space they are exploring. The physical enwviem is
augmented through a dynamic sound-scape, whichsuser

experience over motion-tracked wireless headphdioes3-
dimensional spatial reproduction of the virtual ifory scene.

While using the LISTEN system, visitors automaficalavigate
an acoustic information space designed as a conepleror
extension of the real space [13]. A sophisticatedlitary
rendering process takes into account the curresitipo and
orientation of the visitor’s head in order to seassly integrate
the virtual scene with the real one. Speech, masit sound
effects are dynamically arranged to form an indiailized and
situated sound-scape offering exhibit-related imfation as well
as creating context-specific atmospheres. In amditio the
adaptation of the sound scene according to thetiposand
orientation of the user, the audio stream is cdetioin two
ways: Events (mediated interaction), that are usedtart and
stop the playback of information items in form otideo
recordings, and continuous control (immediate BdBon)
changing parameters in the audio-generation ofptlesentation
(e.g. a sound that gets continuously louder asamproach a
certain position within the space).

[ e |
Figure 1 The LISTEN System Applied at the Kunstmuseum
in Bonn

3.2.1 Evaluation of the preliminary Prototype

In the course of UCD-cycles, we performed evaluetasks on
prototypes of the user modeling component at twSTHEN

Expert Workshops with museum curators, artists,@miposers.
The scenario build up for the workshops was conphagea set
of selectable stereotypes and tour recommendationarder to
receive an explicit statement from the user withHmthering her
during the presentation, we chose to have the temteto be
done in advance. To create expressional ones, we defined
three stereotypes: Fact-oriented (with high weight spoken
text), emotional (music pieces and sound effeats) averview
(short sound items). The stereotype influencedctieacter of
the sound and the deepness of information the weeld hear;
whereas the selection of a tour recommendation ltsesn

guiding the visitor on a tour being directed byedimactor sound.

Some critical points were especially noticed in tlaek of
flexibility of the space model: The zones surromgdieach
artwork were sometimes too small, thus forcing Wetor to



approach the artwork very closely. Particularly éserlapping
zones the users could hardly localize the bounslarie

Further effort needed to be put into the recognitbthe user’s
real focus as well: the tracking system sensewitii®r's spatial
position, but her focus can be on a visual objedbriming to
another zone. Besides, some visitors could noizeealhether
the changes in the audio virtual environment ware tb their
movements in the space or were part of the audioesee. A
minority group did not even experience the persoedl
character of the audio presentation.

3.2.2 Application of interaction by movement

In order to overcome these problems, we aimed tackatthe

sound more to the user’s behavior in observingalisbjects. In
this sense, auditory icons providing landmarks hie wirtual

environment navigation were inserted in the audEsentation
to make the user aware of the interaction witheheironment.

Due to the fact that the visitors did not like ® dustered, and
due to the decision of not providing any input des, we
intended to use stereotypes as an internal modeéfiming the

system and to gather more significant informatibow the user.
Providing stereotypes that are meaningful, easyetect and to
revise without disturbing the visitor was the mahallenge for
user model development in the next project phasetie final

scenario we developed internal stereotypes reptiegethe

visitor’s style of moving.

For mobile userdraveling, wandering, andvisiting were seen as
three ways to qualify the essence of mobility [TAjaveling is

defined as “the process of going from one placartather in a
vehicle”. Wandering, on the other hand, refers tdomn of

“extensive local mobility” where an individual magpend

considerable time walking around. Finally, visitimgfers to

stopping by at some location and spending timeethbefore

moving on to another location.

Several kinds of common behavior can be identifigtth people
walking through museums (e.g. clockwise [15]). Ahtime, the
LISTEN system automatically categorizes the visitoito

stereotypes. In comparison to [14], we see tragetiore as goal-
driven relatively fast movement towards a certa@stohation,
wandering as slow sauntering around from one attifa the
other, and finally we split up visiting into two lscategories
depending on whether the visitor is focusing onecsje artifact

or not. In order to form the basis of adaptive eysbehavior, the
system accomplishes therefore different audio mtesens
depending on foumotion styles of the user: “Goal-Driven”
“Sauntering around”, “Standing, focused”, and “Sliag,

unfocused”.

The interpretation of the user’'s motion style imbanation with

the location determinates the presentation stytefacilitates the
pre-filtering process of relevant sound pieceghédf user stands
still focusing on the object, object-dependent rimfation is

presented. If the visitor moves slowly not beingued on one
specific object, a zone-dependent, more generaseptation

starts. Finally, the selection of one specific sbymiece to be
played depends on the user’s history of alreadyknsounds

and personal interests.

The final evaluation touched upon aspects of icteya as well.
The compositional structure of the “Macke Laborfoalked a

more distinctive analysis of visitor’'s acceptantéhe introduced
forms of interaction, because their effectivenexs fanctionality
could be interpreted more directly. We asked thaluated
persons how they personally experienced the aivabf
auditory information (technological functionalitygmphasizing
that they could give several answers: 68% of the &@&luated
persons acknowledged that the “auditory informatseemed to
have been activated depending on ones physical
movement/position”; only 4% marked “there was no
comprehensible connection between ones movemeitigposnd
the activation of auditory information.” There aally were more
than 100 personal remarks on this question. Sonpl@e
described their experience in terms of having touged to the
system first. We collected statements of the falhgakinds: “I
realized very late how | should behave” or “thegenl moved in
the system, the better | could cope with it” aslvesl positive
self-observations such as “one can learn quitelyeasw to
navigate the textual segments.” [12]

3.3 MICA

MICA (Multi-Modal Interaction with Context-Aware stems) is
a project on behalf of and in co-operation with SARe project
started in December 2004 running until November620The
goal of MICA is to support humans in their workiegvironment
in a natural and unobtrusive way and to proactivedip them
completing their daily tasks.

In a first phase MICA will be implemented in a waoese
setting to support warehouse men in the pickinggss. The
warehouse setting poses a real challenge for mmddal
interaction. In a warehouse the workers are workiitty their
hands thus it requires a hands-free support. Thicament is
often very noisy and the light conditions might mha as well so
the interaction might use different modalities adonog to the
needs of the current situation and task. Warehouse often
have to work under time pressure requiring a vesponsive
system.

The goal regarding interaction in MICA is to progida
combination of explicit and implicit interaction theds in blue
collar environments. Beyond the Listen project eeefsituations
in which the spatial relations of objects are chiagglynamically
and need to be monitored and interpreted in res.tintelligent
fusion of fine grained tracking with RFID technoypgin

combination with pen or speech input and adaptablio and
graphical output will lead to natural blended imatgion with the
MICA-system.

In MICA we will combine a low precision WLAN trackg with
fine grained Ultra-Wide-Band Tracking, RFID and Gambased
motion tracking to be able to determine the spatad
situational parameters determining the interaction. the one
hand the system will be able to identify situatiamsvhich help
might be needed and react on implicit clues in ititeraction
like stumbling or search behavior. On the otherdhédme worker
will be able to interact explicitly with the systdmg approaching
objects in the shelf. In particular the combinatadnmplicit and
explicit interaction on various modalities will k&ao natural
blended interaction. It is essential though to iowpr our
understanding of the interactive capabilities ttae most
important for an automated system to conduct a raktu
multimodal dialogue.



3.4 Summary

The projects just described show different aspeuftsthe

interaction by movement regarding the way user mmevés are
interpreted, and how they are technologically meali The
introduced three projects represent an evolutiomfimplicit to

explicit to natural blended interaction combiningrenand more
the spatial interrelations of objects and users {&ble 1).

Table 1: interaction and spatial relations in thejgrts

interaction Spatial
implicit explicit relation
SAiMotion preferences person in
interests space
preferences . . single person
LISTEN interests info on details to objects
various
preferences .
MICA interests Info on objects persons and
objects

In SAiMotion only the spatial relation of a user e trade fair
site was used to derive and refine its user prdfilpreferences
and interests. The substantially improved precigibrihe fine
grained tracking system in LISTEN allowed expliciteraction
in the exhibition and the interpretation of the tigdarelation of
the user to objects in the space. Finally the se@rtbination of
different tracking technologies in MICA shows asfiexample of
this interaction paradigm in a blue collar enviremnh The
interaction of warehouse workers in the warehouleallow for

dynamically interpreting their spatial interrelatito each other.

4. CONCLUSIONS AND FUTURE WORK

In this paper we presented our approach to enhanoent
multimodal applications to consider more than sheand
gestures. From our research in context-aware
development we concluded to integrate other namusinte
modalities to support natural blended interactionparticular,
the movements of the user observed by a trackisigsyprovide
valuable implicit and explicit feedback to the gyst

Users positively comment their ability to interagth the system
only through their movements. By using the bodwasnterface
the user recognizes the interaction means venyafasts able to
intuitively use these mechanisms. The presentefeqisocome
closer to the goal of intuitive interaction. Thendang should
need neither a complicated instruction manual nar

introduction and should meet all communicationaistraints in
a social environment: the offered interaction hastake into
account the context avoiding the need to navigdieugh
extensive dialogue steps or menus to get to thewmtly needed
information. Appropriate context modeling thoughniseded to
make a major step in intuitive user interaction gwdactive
information supply adapted to situation, locatitask and user.

The MICA project will
movements. This project is just finishing the regmoent
acquisition phase with structured user interviescgnario and
mock-up validation and observations in the field &currently
setting up the hardware and starting the speddficatind
implementation phase. A first prototype will be éable at the
end of this year, which will be evaluated in exteasiser tests.

system

a

make an extensive use of user
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