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Abstract—The relations between a physical environment and an information service guiding a user to find a specific place
the services deployed in it are, in a large spectrum of cases,could be delivered by catching audio/video messages in a
defined by the functional aspects of the environment, coming 4| by standard signs in hospitals and schools, by human
from its role and use in the human society. Examples of . - .
such environments are hospitals, schools, administrationffices, guides in a_ ml_Jseqm, by emP"?Yees_ checl_<|ng the use_r needs
museums, department stores, etc.; users can effectivelyteract and authorization in an administration office, by a wireless
with the available services if services are deployed in pragr information system in a congress hall during a scientifiméve
locations and accessible with interaction modalities cl@sto users’ As shown by these examples, services offered by ambient
expectation. aware applications are multimodal in nature, and can be-deli

In an ideal design situation, all the components of a service . . - .
populated environment should be defined and configured with ered through human (guides), physical (signs) and telemati

synergy, designing at the same time the physical infrastruare  (Wireless d_elivery) provider_s. o _
and the services. In real cases, the designer of a complex An ambient-aware application is composed of pervasive

interactive application faces a number of constraints due d services distributed in the physical environment, acbéssi
the pre-existing infrastructure, which affects the deploynent of {5 |ocal appliances, or within a wide area, or through
services, hence the user interaction capabilities. . . AR . . :
We discuss a deployment methodology and architecture based m.oblle QeVIces, ‘?‘e""e””g mformat,on and tanglble obgec
on a semantic description of environments and services, esgssed With which users interact in ways tailored to their contextia
by a hierarchy of ontologies. The ontologies describe the k@ to the properties, role and goal of the environment.
tions between the user activity, the services and the funanal Adaptation goes beyond the knowledge of the user local
properties of the environment places. situation, and relates to the functional and physical pribge
of the environment navigated by the user. In most cases they
are high-level properties (functional or social featurdst
Context awareness and pervasive computing are the tean’t automatically be captured by sensors. The combined
main corners of a set of methodologies and technologies fggometric and semantic description of real environmengs is
designing distributed interactive applications adagtablthe promising research fields that can considerably help todwegor
user and to the environment. the design of interactive distributed applications [4]. [5
A context-aware application is able to adapt services, in-In this paper we discuss a methodology and an architec-
formation content and presentation to suit the user sdoati ture for deploying services in a physical environment. The
depending on location, time, device, user profile, etc.. Inapproach is based on a semantic description of environments
pervasive computing environment computing and interactiand services, expressed by a hierarchy of ontologies. The
resources follow the user in a continuous environment thatologies describe the relations between the user agtivit
seamlessly allow him/her to send and receive informatiah athe services and the functional properties of the envirarime
execute services. The integration between the two techieslo places.
is an environment helping the user to get information thtoug The paper is organized as follows. After reviewing the
portable and ubiquitous devices in less time and with lesslated work in Section 1l, in Section Ill we discuss the
effort [1]-[3]. relations between environment and interaction desigrti®ec
Extending the context definition to include the morphologV defines some basic concepts that are in the ontology driven
ical and functional features of an environment leads to tlachitecture presented in Section V. A case study is discliss
concept ofambient awareness. An ambient-aware applicationin Section VI. Section VII draws the conclusions.
is able to deliver services and information in different gicgl
environments, adapting them according to the peculiaritie
of the environment structure, to its functional propertéesl Adaptation of information and services to the user context
to its role and use in the human society. Environments likeas been largely investigated. The works cited at the béginn
hospitals, schools, administration offices, museums, analbf the previous section are a small sample of the many
congress halls, etc., are defined by physical and by furadtioicontributions to the field, showing a progressive shift from
properties that constrain the delivery of services. Fomgla, location awareness to more complete and sophisticateéxtont

I. INTRODUCTION

Il. RELATED WORK



descriptions. In recent years a number of proposals rely semantic objects and their relations (such descriptiondae-
ontological descriptions for defining the context propstin independent and generally is valid for a specific domairg; th
pervasive systems [6]. Ontologies have been used to desct8D standard [22] is used for describing the geometry of
context properties [7], different types of actors in domaithe 3D environment and its association with the higherileve
specific applications [8], separate levels of context eglab semantic objects.
the user and to the domain [9]. Ontologies can describe then the AEC (Architecture, Engineering and Construction)
environment distinguished role in interactive culturapbiga- domain international organizations, national institnticand
tions [10], moving towards ambient intelligence [11], [12] software vendors are gradually moving from a static descrip
All these proposals, however, consider the relationshifien of 3D geometric data to a different representation that
between the environment and the user in specific domaitekes into account the dynamic nature of the building praces
failing to devise a general framework for the integratedgies promotes interoperability, allows to incorporate differkevels
of the environments, the functions to be performed insid® aonf details in the description of the building’s parts andat
the services accessed by users. to detect existing conflicts between the different compdsen
A comprehensive context ontology for data tailoring imf the process. The inclusion of higher-level data, such as
mobile applications is discussed in [13], [14]. As in outhe description of the material features or the usage of the
work, the proposal aims at developing a general methodologysociated space, is part of this process.
independent from specific domains. However, it focuses en th The concept of Building Information Modeling (BIM) has
data content only and does not consider the influence of theen associated in the last few years to such more dynamic and
environment context on user interaction. comprehensive description of the building process. Forerep
Ontologies have been proposed for dealing with servieenting BIM information a number institutions and vendors
description and identification in service computing. In][15have developed different data formats to describe, exahang
[16] users are supported in discovering and selecting propghd share information typically used within the building.
services by an ontology based architecture, both at theaabstThe Industry Foundation Classes (IFC) specification [23],
level (what kind of service is required to fulfill a functidna developed and maintained by the International Alliance for
requirement) and at the concrete level (what concrete @@rvinteroperability (Al [24]), represents one of the mosteint
best exploits the user requests). The system shares with esing approaches. The IFC Specification proposes an open
approach the distinction between abstract and concreééslevsource file format and it is endorsed by 1SO.
but does not face the match between the physical environmena|though interesting, according to some authors, the speci
properties and the user goals. fication is still immature [25], very complex [20] and lacks
Research on the semantic description of 3D environmerisme features, such as the ability to integrate reliably- non

and related information has also gradually developed in tBgatial multimedia data with the 3D geometry.
last few years.

In the area of annotation of environment related infornmgtio I11. ENVIRONMENT AND INTERACTION DESIGN

some interesting proposals are based on the MPEG-7 standard _ L . . .
MPEG-7 descriptors are used to to index 3D scenes [17] tolN an ideal situation, the design of a distributed multimoda
store semantic graphs related to a scene, allowing the tserdieractive apphcanon IS .th.e result of a cooperatu_)n agan
shift between high-level descriptions of specific objeatsl q team _Of deSIQQEJ?cf, examining _the probledm fkr_(ljlm d'ﬁel re_nrr£ per
the associated low-level geometry [18], and to describes#he spelctlv_es, with di eren_t expeélences and skilis, an t
mantics of virtual worlds for navigating according to seti@n eva uatlon_ parame_ters ih-mind. .
queries (e.g.] am looking for a tall tree) [19]. While these In a minimal view, useful to approach the main issues

works represent interesting proposals, the semanticipéiser ©f the design phase, the team is composed (at least) by a
of the 3D world is related to the specific scene; no scen€signer of the physical environment (an architect), agiesi

independent ontology is available, defining which are tHilva of the application_ (an infprmation technology engineep):j a
relations among the objects in a certain domain. designer of the interaction (a HCI expert). Experts in other

The semantic web layers have been used by some {g!ds (€.g., an expert of building safety) help the team to

searchers for proposing descriptions of the built envirentn €XPlore all the facets of a complex design. _
Young et al. [20] encode structural information, defining In the following discussion we shall focus on the physical

a set of classes, properties and constraints for describffffyironment design and on the interaction design.

buildings. While the proposal offers an interesting saoluti he outcomes of a good design include four aspects:

for representing the semantic feature of the built envirentn  « the physical environment, with respect to the relations
the authors don't explicitly consider the relations witle tBD between it and the activities needed by the application;
low-level objects that represent the geometric propedigke « the (human) activities that need to be executed in it,
scene. related to the application;

Pittarello et al. [5], [21] propose a different approachdzhs « the services that need to be deployed in the environment
on the web standards for storing the ambient description: for executing the activities;
the semantic web layers are used for defining the classes of the assistance provided to the user for activity execution.
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Fig. 1. Scenarios for ambient and interaction design

Figure 1 illustrates three different scenarios relatedito dThey must be designed and deployed in a way compatible
ferent pre-existing situation at application design tiGgey with the physical constraints of the environment in which
nodes denote the elements already existing and no longe interaction will take place. This scenario is the most
modifiable. frequent and only apparently without critical design aspdts

In Figure 1a the physical environment (e.g., a building, main drawback is that the pre-existing physical environimen
hall, an apartment) is not yet built. The team of designess hanight prevent or discourage the implementation of a number
the highest degree of freedom in designing at the same timieservices, or of a desirable user assistance level, becaus
the environment and the interaction, choosing the apptisndncompatible with the environment features.

to support the application and adapting at the same timeThe interaction designer is able to identify the activities
the environment configuration, the service deployment, etexecuted in the environment, and associates them to a semant
within the constraints set by the architectural design. description of the ambient. The association allows thegesi
In Figure 1b the distributed application must be deployed {§ discover and mark the points of weakness of the spatial
an existing physical environment, where the locations té\/o configuration in relation to the user actions. The interacti
to the application and the appliances for the interactiorehagesigner will then elaborate the deployment of the services
not been chosen yet. The team of designers can collaboratgé¢eording to the desired level of user assistance compatibl
select the best deployment of the interactive servicesiithyith the environment. In critical cases, the interactiosigeer
the constraints of the physical environment. could ask the environment designer to foresee a change in the
In Figure 1c the appliances for interacting with the applienvironment physical structure to comply with the appliat
cation are already deployed, as in a new design of an existigdhe deployed. Unfortunately, in real cases, often theiappl

set of services. _ ~ cation is changed to fit the environment constraints.
We briefly comment on the three scenarios, focusing the

remainder of the paper on the second one.
A. Coordinated ambient and interaction design C. User assistance design

The case depicted in Figure la gives corresponds the interrn the case depicted in Figure 1c the environments and

action designer the highest degree of freedom in coop@ratie seryices have already been designed and deployed. The
with the physical environment designer, to match at thedstjh only contribution that can be given is the design of a set

Ievgl the user gxpectatlong n _terms Of ease and effecmsengf assistance services helping the user to interact at the be
of interaction with the application services. achievable degree of satisfaction

Starting from the specification of the activities that diffiet in th b the i ibility t h the ol q
categories of users need to execute in the environment, hé‘s In the case above, the Impossibility to reach the planne
evel of user assistance produces one of two outcomes: a

physical and the functional structure can be adapted tostip . . .
request for changing some services, to obtain an enhan¢emen

an optimal deployment of services. The activity specifaati _ 2 .
P pioy Y 5P S%frthe information infrastructure deployment; or a moreicatl

can be given in terms of functional diagrams defining the u t for ch in the phvsical ambient if the int i
activities and their relations, on which the interactiosidaer request for changes In the physical amoient It tne integnati
of the actual application with more information services is

will base the specification of embedded information sewsice

The resulting compound document will be used by the physi&l;\cl)t hstufflcl:ehnt to gfft“; the user as?ste(\jntc;]e goa:fs. ;I_'h;\sehcase

environment designer as a normative specification. might wetl happen It the environment and the applicationehav
social relevance, and mandatory regulations exist to irgro

B. Deployment of services in an existing environment the assistance to impaired people.

The case depicted in Figure 1b is characterized by theWe shall discuss the scenario illustrated in Section I1I-B,
presence of one or more physical environments already. budtesenting an architecture based on a set of ontologies de-
The application is defined in its overall properties, but thecribing the relations between the activities, the ambaamt
design of the interaction services has not been completéite services.
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Fig. 3. The activity meta-ontology

The association between the environment and the services
is based on a conceptual description recalling a number of
e|ementary concepts, here defined. V. AN ONTOLOGY DRIVEN ARCHITECTURE

A serviceis, in a broad sense, a work executed by a provider The software architecture described in this work is based on
for a consumer, producing a physical (e.g., a ticket) orrabst & set of components that cooperate to optimize the deploymen
(e.g., a reservation) result. Services are the base compon@f services in an existing environment where several die#i
of applications. We do not elaborate further on these twdake place.

concepts, nor we enter into a discussion on service congutin Such components operate on a set of multilevel ontologies,
which is out of the scope of this paper. described in [5], [28], that define the ambient, the actgiti

A task is the execution of a single, well-specified goal by 88rformed inside of it and the available services.
user, according to [26], [27]. Users execute groups of deord An ambient ontology describes the physical environments

nated and integrated tasks to perfoantivities. Activities are and the semantic qualification of the objects interfacing th
goal-directed and can be therefore distinguished in elat user with the application. Aservice ontology, describes the
the goal itself. On the other side, tasks are madeatibns services available in the ambient and their results ativity

that represent an elementary level of operation on someeleviPtology relates services and ambients to execute in an effec-
A task may require the user move from one place to anotH€ Way complex activities. _ _
to execute different actions. Actions may take advantage ofThe ontologies are defined at three levels (Figure 2): the

tools (which include also service providers) that are mediatof&t@-ontology level is used for expressing high-level con-
between the subject and the object of the activity. cepts independent from the domain and the scene of the

. . . ; . ) environment, related to the definitions of service, ambient
An interaction ambient is an environment characterized by,

o . _ and activity; thedomain ontology level declares concepts and
the availability of embedded communication technologies t relationships domain-dependent but still independemnftioe

may be accessed by a visitor in order to get information aggecific physical environment; the lower level is charazest

serwc?s. ) o _ by the instantiation of the concepts described at the middle
An interaction ambient is structured as a setl@fations, |evel, and describes a specific case.

populated by objects and artifacts, each identifying aifi@mt  pye to space constraints, we cannot describe in detail the
in the space physically or visually delimited (e.g., by Wall concepts and the relations that are part of all the different
windows, doors, furniture, etc.), morphologically meayfil |evels, referring the reader to [28]. A sample is shown in
for the user and suitable for the development of differepfgure 3, that illustrates thactivity meta-ontology. Such
classes of user activities. People moving through the ilmest ontology defines an activity as composed by a set of tasks
can access services available in those places through é@@ording to some plan [29], [30]. To execute a task, a user
actions, which are therefore bound each to a single locatiofeeds to use a service by accessing the ambient in which

Field services allow the user to access the service in a widie service is supplied. Both service use and ambient access
area (e.g., as provided by a Wi-Fi access point, but also bye elementary actions that can be executed through a lvirtua
large public displays), whiléocal services require the user to executor (e.g., a program) or a human executor (e.g., an
get very near or to get in touch with a specific artifact whicekmployee at a desk). In Figure 3 solid arcs represent sub-
is the terminal through which the service is delivered. class relationships, while dashed arcs denote semarsdttores



TABLE |
gctiYiFy Ambient giﬁﬁi CONSTRAINTS FOR LOCALIZATION OF SERVICES
On‘:[or;:‘)‘gny Instance Ontology
service  reg. type strength description
local user mandatory  place next to the user path
local user preferred place next to the start of the user
v I path
5*;};’;‘; ||| Activity Serviee Service local user mandatory  place along the user’s line of sight
yer Instances Instances
local user preferred don't place in narrow connection
/ \ B spaces
local user preferred place against an opaque surface
Assistance Resulting local user mandatory  place next to a light source

Require Assistance
equirem. Level

local protection preferred place against a robust surface

local wiring mandatory  minimize distance from existing
Fig. 4. The ontology driven architecture for service depient. winng
local wiring preferred place next to existing partitions
local security mandatory  place in controlled locations
identified by evocative labels. field comm. mandatory  place minimizing occlusion
According to the scenario described in Section 1lI-B, part fielg comm. mandatory  place on the ceiling/along the up-
of the ontologies and the instances that derive from them per side of vertical partitions
are already defined: while the meta and the domain levelfield wiring mandatory  minimize distance from existing
ontologies are available for the ambient, the activities tre wiring
services, their instances are defined only if the elememtg th field wiring preferred  place next to existing partitions

describe are already built or deployed. Such knowledge ean b field security ~ mandatory  place in controlled locations
profitably used to generate the content of the other insgnce
to optimize the deployment of services.

Figure 4 shows how a set of coordinated software compo-
nents can manipulate the information contained in the ontol

) ) s ) . L situation.
gies and in their instances, in order to obtain the desoripti ] ] o
of the optimized service deployment. In both cases the result is a detailed description of the

The physical environment is fully described, starting frofffiStance, where the different tasks that characterize afspe
the definition of the general properties to the concrete 3$tivity are associated to a set of (possibly ordered) iooat
representation of its components. The activities perferm@nd to an oriented path connecting them, if the accomplish-
inside the environment are described at the domain level aRgnt of the activities require also navigational steps.
they are processed, together with the instance describimg t The service domain ontology describes the different cat-
physical ambient, by thactivity deployer in order to obtain the egories of services (i.e., local and field services) andrthei
description of the deployed activities in that specific aeni technical features (e.g., max. distance for wireless cctiiy

The activity deployer component has two different roleg th# relation to the different materials placed between thétem
vary according to the design situation: and the target). All such components are processed by the

1) The building and the activities are already defined, vice deployer that will output as a result a set of local and

in the case of a palace built and already populated wi ﬁ;ld services, precisely localized in the ambient and ojztih
ﬂ%cording to different constraints.

activities. The component acts as a support to define t ) 3 ]
existing instances of activities using the concepts andSuch constraints are associated to the service ontology and

the relations defined at the domain level, providing ai'€ related to different requirements, as shown in Table I. -
output that uses a controlled set of labels for defininfg Each constraint corresponds to a specific need stemming
the instanced actions and associated objects. rom the user, communication, protection, wiring and siegur

2) The building is already defined but the activities argduirements:
available only at the domain level, as in the case of « the user requirements are focused on augmenting the
a reused building, where the different activities have perception of the availability of services and the easiness
not been assigned yet to the available locations. The of use;
component may have a more incisive role, suggestinge the communication requirements are focused on maxi-
the optimal localization for certain classes of activities  mizing the availability of a field service inside a given
For example, it could suggest, in the context of a fine area;
art academy, to place the atelier for painters inside « the protection requirements are focused on saving the
the rooms that have windows pointing to the north, to  local appliance and the user from physical damages;
benefit from a better light. Even in this case the activity « the wiring requirements are focused on the need to
deployer will provide an output that uses the set of labels  connect the service to the network;

and concept defined for the domain, applied to the real
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study room) and area 2 (classes, laboratories and comperéery: Fig. 6. The ambient domain ontology - A view centered on seimaibjects

and their relations.

« the security requirements are focused on preventing th
of the hardware used for delivering the service.

The service deployer takes also into account the list of
assistance requirements, derived from the descriptiorhef t
user profile and outputs, as a complementary document, thé _ _ A _
description of the resulting assistance level, which mayzy There is no clear separation of functionalities in the build

eﬁ}\?o areas are represented in Figure 5:

o area 1 (entrance, administrative and didactic services,
students study room, cafeteria);
area 2 (classes, laboratories and computer center).

or not with the initial requirements. ing; this situation doesn't help the casual visitor to fin@ th
right place.
VI. A CASE StuDY: THE COMPUTER SCIENCE The ambient ontology describing the building is an exten-
DEPARTMENT OFCA’ FOSCARIUNIVERSITY sion of the urban ontology defined in [21], modified to comply

The building hosting the Department of Computer Sciens@th this specific domain. A part of it is shown in Figure
of Ca’ Foscari University is located in the mainland an@. The ontology shares with the general urban definition the
is frequented by different user types that populate the situltilevel description of objects and spaces, their couatiid
for executing different types of activities. While some nsse definition and the classification of spaces irtion spaces
need to be supported mainly for their core activity (studyjn and connection spaces. To account for requirements about
occasional users, unfamiliar with the department physidle placement of computing equipment, we extended the
structure, must be supported also for complementary taséescription of the room walls, considering the transpayenc
such as moving inside the department to locate the relevamd the robustness of the material. This information is used
rooms. by the service deployer component as described in Section V.

Table Il summarizes some properties of a few user types:To show the service deployment process, we consider a
the frequency of visits to the department, the availabilag specific user type, the guest students, that are not familtar
a default case) of wireless personal devices, and a descripthe structure of the building, and may not be provided with
of the most relevant activities executed. a wireless device for guidance. The activity that the usar ha

This specification sets also a requirement for a specifid lewe perform in this analysis is to attend a half-day seminar in
of assistance in accessing the services. We assume thatcthesroom 2.
services have not yet been deployed, and shall do that usingrigure 5 shows the visible part of the processing done by
the architecture defined above. the activity deployer: the description of the user path from

The department is divided into three main functional aredise building entrance to the seminar’s room and the spaces
connected by a set of connecting paths, but for simplicity onentered by the user in order to accomplish the goal. The



TABLE

A SAMPLE OF USER TYPES AND PROPERTIES ambient.s and Fheir relgtions consti'Futes a further stgpartdsv
the design of interactive systems in pervasive environment
type freq.  willess tasks As mobile computing spreads and the public administration
student regular yes frequenting lessons and labs, lati | h . b f
studying, visiting teachers regulations evolve, we can expect that a growing number o
. services are delivered to citizens through ICT, crossirgy th
guest student casual nolyes attending a talk . . . L .
. : barrier of fixed workplaces in favor of distributed wireless
teacher regular yes teaching, doing research . -, . . .
dminisirat | doing administrat ‘ access points. Existing environments could be insufficient
gtar;f"”'Strat'Ve reguiar - no oing administrative tasks fulfill the needs of a really pervasive set of activities. The
technician regular  yes  doing technical tasks architecture proposed in this paper could help to find gdod, i
accessibility casual no assisting disabled people not optimal, deployment guidelines for distributed seegic
assistant
parent casual no reaching the room for degree ACKNOWLEDGMENT
dissertation
emergency casual no  reaching the rooms in emergency Andrea Okroglic contributed to the development of the
situations
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