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Abstract. Ambient intelligence is an interdisciplinary field that brings together
ubiquitous computing, intelligent environments and context-awareness
technologies. This paper describes a context-aware prototype for home
environments, and the undedying concepts tha we have developed. We
propose a standardised representation ofthe environment context, in such a way
that the integration of new developments (i.e. smart agents) is made simpler. A
middleware tha supports this standardised representation has been developed.
This paper makes an especial emphasis on a proposed ontology tha deals with
information flows in the smart room. As an example, a ubiquitous broadcasting
digital audio application ha been implemented and tested in a real
environment. Identification-based services by RFID sensor fusion are presented

as acomplement tothe smart room.

1 Introduction

Ambient Intelligence is a new vision that merges the achievements of existing
technologies such as ubiquitous computing [1], intelligent environments [2] and
context-aware computing [3]. Ambient Intelligence promotes a user-centred design
and the use of highly interactive systems that will steer the pervasive deployment of
these technologies into everyday life.

During the last years Ambient Intelligence has achieved relevance in the European
Union agenda. For example, the Sixth Framework Programme (FP6) includes this
issue as one of its priorities [4]. Moreover, industrial initiatives are funding projects
and research centres [5, 6, 7] dedicated to these technologies.

These emerging technologies enable new opportunities and challenges [8]. We are
especially interested in those that have an impact in home environments. In particular,
we are focusing on how context information can enhance user interaction within a
smart home environment. We propose that the context gathered from the environment



should be collected in a common model shared by every context-aware application
[9]. This model should include the available resources and the rel ations among them.
In this direction, we have implemented a middleware between the model of the smart
home and the physical world in such a way that changes in the model are immediately
reflected into the real world, and vicecersa.

There are several groups researching in how to model context as a web of relations
among concepts, such as the Cobra project [10], Henricksen et al [11], Aire project
[12] and the initiative “pervasive semantic web” [13]. Our proposal is specifically
focused on home environments and represents explicitly the information flows in such
applications.

This paper makes an emphasis in the part of our model that deals with information
flows among environment resources [14], and in how these flows are modified
depending on user context. One of the goals of our smart environment is to achieve
continuous access to services while the user moves through the rooms of the house
(for instance, a ubiquitous audio distribution service). To do this, our approach
represents explicitly each connection between streaming (audio and video) resources
and provides a simple mechanism to manage them.

A laboratory has been converted into a real home environment to test our
prototypes in a similar way than projects such as the Adaptative House [15], the
AwareHome Project [16] and The Intelligent Room Project [17].

The first section of the paper shows the core of the model, with a focus on how to
represent the management of information flows. The following section explains a
middleware that has been developed to support this model. This middleware stores the
model that represents home resources and users, and provides the functionality that
links the model to the real world. The next section describes a context-aware
application that has been implemented to test the proposed model and the
implemented middleware. Finally, the identification-based services are studied,
focussing in the mosaics of information.

2 Modelling the environment

We have proposed a hierarchical classification of the relevant concepts for Ambient
Intelligence in home environments. T his section presents the part of this ontology that
deals with information flows at home environments. The following sections will
explain how these concepts are implemented and managed.

In the proposed ontology each concept? is represented by a class name and a set of
properties. Each property has a value that can be a literal or another concept. When
the value of a property is a concept, a relation is established between the two
concepts. This relation is considered as having an explicit “direction”, that is, in case
it holds, the inverse relation has to be also explicitly asserted.

We have adopted Dey’s definition of context to develop our model for a home
intelligent environment [18]. The model starts with four main concepts: Person,
Place, Resource and Information. A Resource is every component that can be used

1 The terms class and concept are used indistinctly in this paper.



by a Person (or other Resource) located in some Place. Information can be either a
user preference (see below for details) or an environmental variable, such as the
current sound level or luminosity. The description of a Resource always includes the
following set of relations: handles, is-handled-by, is-composed-by, allowed-user and
is-located-in. The handles relation establishes that a resource is being used by other
resource. Reciprocally, the relation is-handled-by defines which Person or Resource
is controlling a given resource. The composed-by property allows describing a
Resource as composed of other resources. The allowed-user property defines the
access policy. Finally, the is-located-in property represents in which place the
resource is located.

The Resource concept is refined by the following four concepts: Device,
Document, Application, and Processor. A Device represents a physical object (i.e. a
microphone, a light bulb, a speaker). Each Device always includes the status property
that, at least, indicates if the device is turned on or off. We have split the device
category into Output and Input devices, depending on whether they produce or
consume information. Output devices include video and audio consumers -such as
screens and speakers-, as well as mechanical actuators such as door locks, blinds,
lights and home appliances. On the other side, Input devices comprise mice,
keyboards, video and audio sources -such as microphones and video cameras-, and
physical sensors. Device classes represent simple devices; it is possible to define
composite devices by means of the is-composed-by relation. Thus, a TV set is
composed by an instance of Screen class and two or more instances of Speaker cl ass.
Finally, Documents and Applications, do not correspond to tangible objects. The first
class represents digital files that store some information, while the second class
represents computational services. Therefore, devices, documents and applications
represent existing resources. On the other side, a Processor denotes a capability,
something that can be performed by a resource. This allows, for example,
distinguishing between the sensing capability and the sensor itself. As we will show
latter, a device can be composed ofone o more processors.

We propose two sub-classes for the Processor class: Source Processor and Sink
Processor. A Source Processor generates and provides information, while a Sink
Processor consumes it. Each source processor includes the is-connected-to property.
This property establishes a relation between the source and a sink, which models the
stream of information that is flowing between the two processors. At this level of
description the model does not specify the nature of the information being exchanged.
In particular, there is no distinction between synchronous and asynchronous
information. So, the same relation can be used to model a temperature sensor feeding
a thermostat and an audio server broadcasting to several audio players. The maximum
number of connections supported by the source and by the sink is bounded by the
property max_number_of_connections.

In order to avoid forbidden or useless connections, the allowed-connection-to
relation is defined. A source can be connected with a sink if they are related by
means of the allowed-connection-to property. The classes Source and Sink Processor
can be extended by sub-classes that represent concrete capabilities, such Audio
Source, Video Source, Audio Sink, etc.



2.1 User preferences

A preference states how a user would like to experience the environment. Each user
preference defines a particular configuration of one or more environment resources.
Preferences take into account context, in particular, time and user location.

A user preference is stored as a tuple that contains at least the following fields:
type, name, location, time and value. The type field provides a classification for user
preferences, according to the domain to which the preference will be applied.
Examples ofvalues for this filed are lighting, heating&cooling, audio and video. The
name field identifies each preference. Given a preference type, the name is guaranteed
to be unique. This name points to the resources that will be affected. 1fthe name is a
resource, the preference will be applied to this particular resource. Alternatively, the
name may indicate a generic user preference, which will affect several target
resources. The location field sets the room where the preference is applicable, and the
time field establishes the time interval when the preference is valid. Finally, the value
field stores the action that will be applied if the user preference becomes active.

For example, Table 1 shows two user preferences related to room ligthing. The
first one represents a generic user preference for natural illumination ofthe room B-
403 from 09:00 a.m. to 08:00 p.m. It will involve the status of several devices. The
second file is a preference, related to the same room but in a different time interval,
which establishes that a concrete light resource, called res: lampl, should be turned
on.

Type Name Location Time Value
Lighting natural B-403 09:00 — 19:00 yes
Lighting res:lampl | B-403 19:00 — 21:00 On

Table 1. Examples of preferences

Context-aware applications read the preferences for a particular user, and when the
user context changes, check whether any preference is active. However, context-
aware applications can freely interpret it. For example, a lighting manager can decide
to open the blinds in response to the first user preference, while a different manager
may ignore it because there are not automatic blinds in a particular room.

3 Supporting the model

3.1 Contextlayer

The proliferation of communication networks and protocols complicates the seamless
integration of environment devices, as we discuss in depth in [19]. We propose a
"context" layer as the glue to achieve the required synergy among computing entities
in order to constitute a home smart environment. We believe that a global "world
model", although implemented in a distributed way, is the best approach to achieve



complex interactions among devices in order to provide pro-active services to the
user.

The context layer provides:

1. A repository where the instances of the ontology are stored.
2. A single interface that abstracts from the communication details of the various
physical devices.

The context layer implementation lies on a global data structure: a blackboard
[20]. This blackboard stores a model of the world, where all the relevant information
related to the environment (including users) is represented. In particular, the
blackboard also holds a representation of the flow of information among the physical
devices (microphones, speakers, cameras, displays, etc.).

Information from the blackboard is used by pervasive devices to understand the
context and to adapt to it. For example, the number of persons in the room, the desired
audio volume and the status of several physical devices (lights, heating, video/audio
displays) are represented in the context layer.

For each multimedia resource, an entity is defined in the blackboard. When two
multimedia resources have to be connected, the corresponding relation is added to the
blackboard. Then, both resources configure themselves to satisfy the new situation. A
similar behaviour occurs when the relation is removed from the blackboard and the
flow of multimedia information has to stop.

Each blackboard is a server that can be accessed using client-server TCP/IP
protocols. HTTP has been chosen as the application protocol because it is simple and
widely spread. To exchange information between smart agents and a blackboard
server an XML-compliant language is employed.

3.1.1 Resolving conflicts

In the same direction than Johanson and Fox [21], who propose an event heap to store
and retrieve context changes, we propose a command heap to manage conflict
resolution. Command heaps are necessary when two or more smart agents can modify
the same entity of the blackboard model; for instance, when two applications are
sending contradi ctory commands about the state ofthe lights. A command heap is a
pre-emptive prioritized command queue. Each command represents the willingness of
a smart agent to change the value of a property or a relation in the blackboard. Each
command is composed ofan identifier, a priority, an expiration time and the owner’s
identification. Whenever a command arrives, it is stored in the command heap. If
there is no other command with higher priority, it will become the active command.
Otherwise, it will be placed in the corresponding position of the heap. When a
command is activated, the blackboard forwards it to the corresponding device. This
command will remain active at the top of heap while its expiration time is valid and
the owner does not remove it. In both cases, the new highest priority command will
become the active command.

When a user preference has to be applied, it is operated as any other command and
sent to the corresponding heap. The priority of a user preference is determined using
the next rules:

1. By default, every preference receives the same priority. This implies that
preferences that arrive first are activated first. So, no user prevails over other
users.



2. If a user has an owned-by relation with the corresponding resource, her/his

preferences will get the highest priority.
3. In certain special cases, preference conflicts are resolved by prioritizing the most

restrictive preference (for example, when resolving the conflict among
preferences about the volume for the ambience music, the preference with the

lower volume will prevail).

4 Putting all together

This section describes a demonstrator that has been developed to test the model and
the context middleware above described.

4.1 Environment description

Figure 1. View of the laboratory B-403

Our testbed is composed by three rooms: two laboratories (named B-403 and B-207)
and one office (named B-420). B-403 is equipped as a household living-room. A mix
of heterogenous devices can be found, such as sensors, actuators, a TV set, two hi-fi
speakers, a DVD player and several flat monitors (see Figure 1). Several hidden PCs
are spread through the room. These PCs hold context-aware smart agents that monitor
the context changes and control the environment resources. This laboratory is shared
by many people, and it is used as a TV room and as a meeting room. Laboratory B-
207 is a shared office for PhD students. Each student has her/his own PC and two
speakers. Finally, B-420 is the office of their PhD advisor. He has the same
equipment than his students.



There is one blackboard that stores the model for the three rooms. On the other
hand, each user saves her/his preferences in her/his own computer.

4.2 ContextAudio: an example of context-aware application

Once we have implemented the Intelligent Environment above described, we are

currently experimenting with context-aware agents that incorporate Ambience

Intelligence characteristics. One example of such applications is the ContextAudio

smart agent. This agent implements audio distribution that adapts to user’s context

and preferences. The audio resources are audio servers and speakers. Audio servers
are PCs with a digital radio and a CD player. Speakers are attached to PCs, and are
also controlled by an associated software driver.

Each audio server is represented in the blackboard by a device composed of an
audio source. Each speaker is also represented in the blackboard by a device
composed of an audio sink. Whenever the is-connected-to relation is established
between an audio source and an audio sink, the corresponding speaker starts to play
the audio generated by the audio source. Ifthis relation is removed, the speaker driver
turns the speaker off. The connection graph between sources and sinks is stored at the
blackboard.

Whenever a user switches on his/her audio system, a session is created that will be
active until it is explicitly terminated by the user. Each session is managed by a
session manager.

Each session is attached to an audio server. The session manager tries to achieve
that the user be listening the audio produced by this server. To do this, the session
manager keeps a connection relation between the audio server and the nearest speak er
to the user. Moreover, the session manager tries to maintain session settings (speaker
volume, balance, radio channel ...) as close as possible to user preferences, taking
into account the following context information:

— User’s location: the session manager is subscribed to changes in the user location,
so the audio stream can follow the user from room to room. When the user leaves a
room, the current speaker is turned off, and when s/he enters a room, one of its
speakers, if any, is turned on. The session manager adds and deletes relations
between audio sources and sinks to achieve these effects.

— Room sound level: this context variable defines the background audio volume
level the room occupants want. The volume of the speakers must adjust in such a
way that sound level will never be louder than this parameter. Each room occupant
can establish a maximum sound level that s/he is willing to tolerate. The current
desired room sound level will correspond to the minimum of the sound levels
established by all the occupants. This is achieved by the conflict resolution
mechanisms above described.

— Room’s owner(s): Ifthere are several users in the room, all of their commands and
preferences should be taken into account. However, if a room owner is present,
her/his preferences and her/his session manager commands will have more priority
than these from other occupants. This is also achieved by the conflict resolution
mechanisms.



Finally, the ContextAudio agent also takes into account other user preferences,
such as the audio server status, the favourite radio channel and the speaker volume.
The user can decide the rooms where s/he want to listen the audio stream and s/he can
choose a favourite radio channel that it is selected at start up, and can establish her/is
prefered speaker volume.

4.3 ldentification-Based Services

Another application currently implemented in our prototype is based in
identification processes. It offers user-aware services with no requirements of explicit
interactions, but just by wearing a RFID tag. As a result of simple actions such as
entering a room or approaching to a monitor, the system offer services to the users.
Some of these are access control, location management, inventory (for objects) and
the most important for us, a visualization service named “ mosaics of information”.

In this technology three kinds of objects are clearly differentiated: the reader or
transceiver has the job of handling all readings and writings, the antenna supplements
these processes, making it possible to read and write at a distance and finally, the tag
or transponder (smart label) is carried by the users and objects to be identified, with
the added advantage of being able to use the dynamic information stored in it as a
context interaction. This small device contains a circuit that reflects the
electromagnetic energy emitted continuously by the reader, reading and writing the
information contained in them. Figure 2 shows some types of RFID sets.

Caontact

Passive Readar
Tags + Antenna

Figure 2. RFID devices
Once these devices have been installed at home, some available services are

offered:

— Access Control: This service allows users entering at home. When the user is near
the door, the door is unlocked, and the alarms are automatically disabled ifthere is
nobody at home. Also, when the last person leaves home, the alarms are
automatically activated.

— User’s location: It is possible to know the location of everyone at home, while no
explicit interaction with the system is needed.

— Inventory: Every object at home can be controlled with a RFID tag, activating the
alarm for robbery.

— Mosaic of Information: the system shows information in the monitors according
to the user’ profile and the information contained in the tag. There are some



important aspects to be considered: the mosaic of information itsel f, the places in
which this mosaic contain objects of information, the time for every object remains
into the mosaic, the cycles to present information, etc. See Figure 3.
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Figure 3. Mosaic of Visualization

In this mosaic we can see different information items placed strategically
according the identification of people in the room. On the top, the location service is
activated. Below that, the TV Guide for all habitants of the home and the Shopping
list are presented. Finally, at the battom, the messages and schedule are shown.

The RFID technology offers support to daily activities at home. However, there are
some cases where interaction supported by the identification process need to be
complemented. When that happens, we are attempting to merge the identification with
other kind of inputs. To do this we have located some sensors in the monitor, that are
activated by passing a hand across them quickly or by leaving our hand steady near
the sensor for a few seconds.
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