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Abstract

Multimedia generation for a location-aware system
has to take into account the fact that moving in a
physical space and seeking for information is a cogni-
tive as well as a psycho-motor experience. The sur-
rounding environment attracts, distracts, provides
evidence, reinforces understanding, conveys infor-
mation. It plays -we propose- the role of a medium,
to be deliberately allocated and coordinated with
the others. In this respect, multimodality plays a
key role in emphasizing the prominenence of this
medium and in getting round its staticity. Refer-
ence is made to two location-aware prototypes we
implemented for individualised presentation of cul-
tural sites.

1 Location-aware systems: when the
environment enters into play

Recently, many works have investigated the po-
tential of location-aware systems for augmenting
the functionalities of the environment to support
users in their everyday activities or leisure (HCIMD,
1998). By using sensors, these systems are able to
locate the user’s position and to react properly, e.g.
by activating/deactivating electronic devices, trans-
ferring data for ubiquitous computing, or by propos-
ing information helpful to the user’s current task by
means of portable devices. The field, in Europe es-
pecially, is considered of strategic importance (see
for instance the EU 5th Framework Programme).
We consider this as one element of an extended view
of multimodal presentations, as discussed in (Stock,
1999).

In this paper we discuss how the surrounding en-
vironment influences the way in which information
should be presented to a user for an effective in situ
communication. Qur proposal, discussed in section
3, is that a general way to treat the physical con-
text is to consider it as one of the available media
(even with its peculiarities and limitations), to be
appropriately coordinated with the others. These
ideas have emerged within the HyperAudio project
(Not et al., 1998) and the HIPS European project!

LTHIPS is a joint effort of the following consortium: Uni-

(Benelli et al., 1999), in a scenario where a flexi-
ble hypermedia is integrated in a portable electronic
guide. In our discussion we will focus on the museum
domain, but many of the issues discussed have gen-
eral validity in the field of location-aware computing
where objects and situations represent the main fo-
cus of the visitor’s task (e.g., cultural tourism).
When designing a multimedia generation compo-
nent for a location-aware system like a portable elec-
tronic guide to a museum, designers should bear in
mind that the experience of a user moving in a phys-
ical space and seeking for information is twofold:

e a cognitive experience: visitors move around
and get information about the objects exposed
(reading/hearing descriptions contained in the
accompanying labels, trying to relate what they
are seeing to their own experience, ...). They
need to accommodate and interpret the infor-
mation source to their own pace and interests
(Oberlander et al., 1998); here the interaction
scenario is richer than for the exploration of a
virtual museum.

e a psycho-motor experience: the architecture
of the building, how the exhibition is organ-
ised, exhibits’ appearance, crowding, distances
and architectural barriers are all elements that
can improve or hamper the visitor’s enjoyment.
Users’ behaviour in the environment differ in
many aspects, either in how they move in the
space and in the type and amount of informa-
tion they seek (see also (Marti et al., 1999) and
(Petrelli et al., 1999)).

More in general, the surrounding environment at-
tracts, distracts, provokes emotions, provides evi-
dence, reinforces understanding, and, particularly in
a cultural scenario, conveys information. Therefore,
multimedia information generated and provided to
the user in this richer interaction context is influ-
enced by the following factors:
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1. where the user is and how she moves in the
space (e.g., whether she is in front of an ob-
ject or whether she is simply walking around a
room);

2. how the surrounding physical space is struc-
tured (e.g., whether objects are close or not,
whether the room is crowded) and it provides
visual feedback that helps understanding and
orientation;

3. how the available media/modalities (e.g., writ-
ten text, audio messages, graphics projected on
glasses) allow users to concentrate on the real
objects and support the system in guessing the
information assimilated by the user and her in-
terests.

2 A sample application scenario

Within the HyperAudio and HIPS projects we have
implemented a flexible hypermedia generation sys-
tem where the environment plays a relevant role.
The developed application scenario is that of a
portable electronic guide to a museum (more in
general, a cultural site) that provides contextual
and personalised information about exhibit objects,
by detecting physical movements and maintaining
a model of user’s interaction and interests. Infor-
mation is mainly conveyed through audio messages
dynamically composed and sent to the user’s head-
phones. Additional links to further information and
related images are available for pen pointing on a
palmtop screen. See figure 1.

The following sample text is generated by the
HIPS system for a visitor facing the fresco “La
Maesta” by Simone Martini, placed in the Palazzo
Pubblico in Siena (for more detail on the generation
process see section 4).

At your left, you can admire the great fresco “La Maesta”,
depicted by Simone Martini in 1315. The fresco is located
in the main part of the hall, the central point that gave the
orientation of the Sala del Mappamondo. On the contrary
the “Guidoriccio” fresco, on the opposite side of the room,
was a sort of great 'poster’, glorifying the power of the Siena
Republic.

than an artwork to be judged for its artistic value.

It was a sort of historical documentation more

This text exemplifies some of the peculiarities of
information presentations generated within a physi-
cal environment: (i) inclusion of references to what
the visitor is seeing; (ii) support for orientation in
the physical space; (iii) suggestions for further phys-
ical exploration.

In the following section, we discuss the general
principles followed by our presentation Composer
to build effective presentations contexualized in the
physical environment. We propose to consider the

environment as another medium (with its own char-
acteristics and constraints) available to the Com-
poser: taking the environment into account is thus
an instance of the general problem of media selection
(see for example,(Reiter, 1997)).

3 Integration of the physical
environment with other media for
a coherent presentation

According to (Bordegoni et al., 1997), a medium is
a physical space in which perceptible entities are re-
alized. Indeed, in a museum (as well as in a cultural
city, an archaeological site, etc.) the most promi-
nent medium is the environment itself. A multi-
media generation component has take into consid-
eration this special status of the environment so to
build coherent and more effective presentations. The
aim is that of integrating the ’physical’ experience,
without competing with the original exhibit items for
visitor’s attention.

e From a multimedia point of view, additional
uses of the visual channel have to be carefully
weighted. In HIPS, we prefer to exploit the au-
dio channel (mainly for language-based presen-
tations, even if the role of non-speech audio,
like music or ambient sounds, has been inves-
tigated). Yet we use images on the PDA to
support the visitor in the orientation task (in
HyperAudio, we experimented oriented maps
for physical space navigation and, in HIPS, 3D
or 2D images to support linguistic reference to
physical objects). In this latter case, the vi-
sual channel is shared between the PDA and
the environment but the goal is still to provide
support to environment-related tasks?.

e From a multimodal point of view, other modal-
ities have to be employed to focus the visitor’s
attention on specific objects or to stimulate in-
terest in other exhibits. For example, in HIPS
the linguistic part of the presentation (speech
audio) makes large use of deictic and cross-
modal expressions both with respect to space
(such as “here”, “in front of you”, “on the other
side of the wall”, etc.) and to time (“as you have
seen before”, etc.). At a deeper level, presen-
tations are planned to contain elaborations on
visual details or comparisons to other exhibits?.

The peculiarity of the environment as a medium is
its staticity: the system cannot directly intervene on

2 Actually, the PDA screen is also employed to suggest fur-
ther navigation in the virtual space of information; an alter-
native realization for this would have been the use of auditory
icons (Mynatt et al., 1998)

3The extent to which the system inserts elaborations and
comparisons depends on the user model.
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Figure 1: General architecture for the HyperAudio/HIPS Presentation Composer

this medium (i.e. the system cannot move or hide ex-
hibits nor change the architecture of a room, at least
without considering technology-based futuristic ex-
tensions.) Therefore, it may appear that the main
task of a presentation system is to adapt other me-
dia in service of the environment. Yet a multimodal
approach can get round the staticity constraint at
least in two ways:

Dynamically changing the user’s perception
of the environment: exploiting augmented
reality techniques (for example as described in
(Feiner et al., 1997)) it is possible to overlay la-
bels or other images on what the visitor is actu-
ally seeing. In this way, for example, the system
can plan to highlight some relevant exhibits in
the environment or shadow other less relevant
ones. 3D audio effects or selection of charac-
teristic voices or sounds for audio messages can
stimulate user’s curiosity and attention (Marti
et al.; 1999). A similar effect can be obtained
exploiting the power of language: language-
based presentations can be carefully planned
to attract the visitor’s attention to more im-

portant exhibits and shadow less relevant ones.
The simplest example: when in HIPS a visitor
enters in a room for the first time, she usually
receives a general presentation of a room fol-
lowed by the presentation of what the system
hypothesises is the exhibit most interesting for

her.

Changing the user’s physical position: the
system can induce the user to change her phys-
ical position either by a direct suggestion (e.g.
“go to the other side of the room, the big fresco
you’ll see on wall is La Maesta”) or indirectly
by introducing a new topic (e.g., “La Maesta,
one of the absolute masterpieces of European
Gothic painting, is located in the wall behind
you”).

Ultimately, the goal of a location aware system
for cultural wvisits is to support visitors to adapt
their visiting experience to their own interests; but
in some cases a visitor should be encouraged not
to miss some particular exhibits (for example, you
cannot visit the Louvre for the first time and miss
the Gioconda). Sometimes this task can be accom-



plished by direction giving, but there are other ways
to promote exhibits: for example, by providing at
the beginning of the visit a list of hotspots, or by
planning a presentation that, in a coherent way, links
the exhibit in sight to other ones through reference
to the visitor’s interest. More in general, further
research is needed in the direction of pedagogically-
motivated systems possibly with meta-goals to pur-
sue, educational strategies to follow and intentions
to satisfy. In this respect, the interaction between
the visitor and the system must evolve from simple
interaction to full-fledged collaboration (for a dis-
cussion on this topic applied to cultural tourism see

(Stock, 1999)).

4 The solution adopted in
HyperAudio/HIPS

The approach adopted in HyperAudio/HIPS to gen-
erate presentations for a user moving in a physical
space aims at a high reuse of existing information
repositories. Presentations are built concatenating
material selected from a repository of information
units appropriately annotated, which is designed so
that its content and its structure can be used in an
adaptive way. For each unit, the annotation encom-
passes the description of the information contained,
the relations with other units and the different ways
in which the unit can be presented to the user (see
fig. 2 for a sketch of a sample macronode). In
our formalism, an atomic piece of data is called a
macronode and, for textual information, it typically
corresponds to a paragraph. Indeed, a macronode
can represent data in different media, for example
text, audio, images, or a combination of these. At
the interaction time, the annotated data is processed
by a Composer Engine, a rule-based system using
discourse strategies and linguistic rules to introduce
flexible content selection and organization and con-
trol over the linguistic realization (Not and Zanca-
naro, 1999). The rules make reference to external
knowledge resources, like a model of the physical
environment and user position, a user and visiting
style model, a domain model, and work to guaran-
tee that the composed message displays i) a coherent
rhetorical structure; ii) a topic flow compatible with
discourse and interaction context; iii) references to
material already presented and to user interests; iv)
cross-references to the environment; v) a linguistic
realization emphasizing cohesion.

The user’s movements are traced by means of in-
frared sensors, allowing to identify user’s position
and orientation. An internal model of the physi-
cal structure of the environment and of meaningful
objects placement is kept in a Physical Organization
Knowledge Base (POKB), which also contains infor-
mation about the average time spent by visitors in
front of each exhibit (Bianchi and Zancanaro, 1999).

The information in the POKB is used by the system
to reason on objects’ proximity and to derive the
user’s interests (Specht and Opperman, 1999) and
preferred visiting strategy (Marti et al., 1999).

Cross-references to the environment are intro-
duced to emphasize the prominence of the surround-
ing space as a medium integrated in the current pre-
sentation:

e the actual exhibits are referred whenever possi-
ble to support system’s descriptions with a vi-
sual feedback: On the contrary the “Guidoric-
cto” fresco, on the opposite side of the room,
was a sort of great ’poster’, glorifying the power
of the Siena Republic....

e orientation 1s supported through language-
based messages and images: On the north-east
wall, opposite to the windows, portraits of saints
are located on each column. On the top of the
wall there are two paintings representing famous
battles in the history of the Sienese Republic.

e suggestions on where to go next are provided
according to the discourse context, the user’s
interest model, and the physical effort required
to reach the new spot?.

If the visitor walks away during a presentation,
the audio message and the information displayed on
the screen are properly adjusted to avoid inconsis-
tency: for example, if the visitor moves away while
an exhibit presentation is being played, the presen-
tation is stopped; yet a general description of a room
will not be stopped while the visitor is in the room.

The discourse rules that build presentations and
coordinate the use of the different media and modal-
ities treat the environment much in the same way as
the other media: there is a representation of the
information the environment conveys (partly in the
POKB and partly in the domain concept hierarchy)
and reasoning services use the visitor’s current posi-
tion and interaction history to identify the portion
of the environment which is in focus for the current
presentation®. A uniform formalism is adopted in
the discourse rules to represent the features of the
various media and of the discourse context to be
tested.

From the implementation point of view, currently
in HyperAudio/HIPS most of the decisions on media
selection are realized by first selecting the environ-
ment spot relevant for the current presentation and
then by coordinating the content of the other me-
dia accordingly. Indeed, an interesting research goal

4The physical effort might depend on distance, obstacles,
user’s handicaps, crowding, ...

5For example, for the same user’s position a general de-
scription of the room or a specific description of the closest
exhibit might be generated, according to which is the portion
of the environment considered as the most salient.
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Figure 2: Sketch of the contents of a sample macronode for the artwork ”Guidoriccio da Fogliano”.

to pursue is that of getting a completely interleaved
media selection and coordination.

5 Conclusion

In this paper, we have proposed that in designing
a multimodal generation component for a context-
aware system the environment is treated as a
medium. We have talked about the prominence of
the environment with respect to the other media
when it is the main focus of the user’s task, as in
the case of visitors in a physical museum. We have
also discussed how multimodality can get round the
staticity of the environment. Reference has been
made to generation in HIPS and HyperAudio, two
location-aware prototypes for individualised presen-
tation of cultural sites.
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