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Abstract— Computer systems are fully capable of providing handheld mobile devices and traditional electrical appliances,
customized interfaces for users. Every time we log on to an e- providing intelligence to the digital home[2]. To achive this
commerce website we have used before, the interface change@om we propose to use multi-agent systems, as they have
in order to fit our most probable interests. Some sophisticated ' . y .
vehicles adjust the seat position, rearview mirror orientation and b_eer_1 revealed as a very swta_ble t_echnology for developing
other parameters to match the preferences of the drivers when distributed, autonomous, and intelligent systems. The work
they enter the car -provided that they belong to the set of known we propose here outlines the architecture of our smart home,
drivers-. However, this kind of service customization has not yet and demonstrates the effectiveness of such an approach by
reached the home environment. In the same way as computer j,,hlementing some sample domotic services. In particular,

systems with productivity, the smart home must prevent the user h ¢ d handheld device int . | i
from performing routine and tedious tasks to achieve comfort, We have turnead our handne evice Into a universal remote

security, and effective energy management. In this paper we control, capable of adapting itself to the location where the
propose an architecture for building a smart home environment user is, providing the corresponding interfaces for the services
using multiagent systems, and we demonstrate its effectivenesavailable at that location. We have implemented one of these
with an application example where multimedia contents follow 4y ajlable services: a multimedia service which allows contents
the user movements throughout the house. .
requested by users to follow their movements throughout the

house in real time, so that there is no loss of information
for them. Software agents provide the necessary technology

Environments we interact with on a day-by-day basis, ot achieve the required degree of distribution, autonomy and
home, our car, our office, tend to offer us a continuouslytelligence.
increasing comfort level. New technologies allow us to com- The rest of this paper is organized as follows. Section 2
municate in ways we could not have foreseen ten years agscalls the most relevant concepts our research is based on.
The world is going digital, even in fields that were analog bgection 3 present the architecture of our smart home. Section 4
nature, such as music, films, television or photography. describe the functionality of the different agents in the system.

At the same time, we have populated our homes with @ection 5 describes the application scenario and a typical
increasing number of electronic devices: several tv receivetse case. The last section summarizes our main contributions
several music players, one or more computers, video playersl sheds light on some future research. The appendixes
and recorders, security systems, etc. Devices which provigéd information about some implementation details, directly
services such as centralised management of media contentgelegted to our future lines of research. Appendix A outlines the
beginning to appear [1]. The number of electronic devices pgroblem of user location awarenes and describes the approach
square mile is growing endlessly. But this does not necessatikyed in this first work, and Appendix B describes the different
mean our lives are better and simpler. We can access marel locutions that support communication among agents in the
services, but we trade availability for ease of use. For exampégstem.
the number of remote controls at home grows according to the
number of electronic devices, so users need to learn to use new Il. SMART HOMES
interfaces whenever they add a service to their home. We can define a smart environment as @re that is

In this context, systems which strive for environment peeble to acquire and apply knowledge about its inhabitants
sonalisation appear. This kind of personalisation may be seand their surroundings in order to adapt to the inhabitants
for example, in location-aware handheld devices, which ased meet the goals of comfort and efficiefi8y These goals
able to adapt to the place the user is moving into, or sre normally directed to adapt the environment to the user
any system able to adjust its behaviour depending on theeferences, to increase the performance of the user in his
preferences of the different users nearby. One of the malay-to-day tasks, and to optimize the energy consumption of
lines of research of our group is personalisation of bothe systems involved.

I. INTRODUCTION



A. Service personalisation in smart homes entire house, and coordinating equally heterogeneous effectors.

fact, most research lines involving user software agents fod#Ning, autonomy and intelligence that suggest the use of
on the ability to configure a software system according to tff@ftware agents to develop this kind of system.

user preferences. There may be an agent associated to eadmere are different definitions for software agents. From the
user, as described in [4], or a single agent to serve evé/,iﬁwpoint of design and technology, we can define a software
user who access to the system, as in [5]. Though serviRgent as a self-contained program capable of controlling its
personalisation is feasible for any user environment, there9&n decision making and acting, based on its perception of
no doubt that smart homes are specially suitable for servie €nvironment, in pursuit of one or more objectives [9]. From
personalisation, as the home is the place where users are nfofénctional, user’s perspective, a software agent can be seen
prone to enjoy systems designed to provide comfort and e&$e@ software entity to which tasks can be delegated [10]. This
of use. last definition, though simpler, suggests more clearly how this

The Digital Home White Book, edited by Telefonica [6]7technology can serve the problem of intelligent automation of
provides a taxonomy for services available at the smart honf@€ environment. A multiagent system provides a distributed
dividing them in four categories: home management, comm@nd flexible framework and communication and negotiation
nication infrastructure, professional activity and entertainmeftechanisms among its components that allows them to make
services.. Though this taxonomy is focused on communicatiBRMplex decisions in an effective and efficient way.
technology, we can use it as a starting point.

1) Home managementThis category includes all tradi- . o . . )
tional domotic systems: teleassistance, appliance automati] N€ first contribution of this work is an architecture for
zation and diagnostics, comfort services such as light aRdilding an agent-based smart home, which we call iHAP -
temperature control at each location, home security... Aﬂtelllgent.Homg Agent Platform-. The archngcture relies on a
example of using multiagent systems for home managemé&ft of devices distributed throughout the environment. Accord—
is [7]. ing to the degrge of autonomy anq mtelllgenceT provided py

2) Communication infrastructureThese services focus onthe devices, mainly determined by its computational capacity
data network management to allow communication within tHg include agents, we can divide them in four groups[11]:
smart home and with the outside. Communication networking!HAP Central System (iHAP or CS), which may be linked
needs for smart homes are discussed in [8]. to t_he residential gateway [12]. It contains the agent platform

3) Professional activities and serviceServices such as which supports the existence of all other agents in the house. It
tele-work, tele-education or e-business fall into this categogPecifically hosts the general purpose and system agents, that
These are probably the most extended services, and they@ll those agents that actuate at a global level in the house,
already provide a certain degree of personalisation. without being associated to a specific sensor or effector or to

4) Entertainment: This category includes services sucf® certain location or room in the house. Generally, the iHAP
as video on demand, interactive TV or multiplayer networfeentral System contains the higher level agents of the system.
games. It also contains those agents used to control non-intelligent

The services on the four categories can be highly pers(q?:vices, that is, domotic devices without enough processing
alised to better fit user preferences. For example, we can eaSfpacity to host their own agents.
think about a home environment where lights turn on and off Though iHAP Central System reliability is essential for the
as the user moves throughout the house, where a phone cafygtem to work properly, agents distributed throughout the
automatically turned into a videoconference if the user had'guse can enter isafe-modeoperation, allowing them to
TV or computer screen nearby, where a grocery order can pevide some basic functionality in case of a failure in the
automatically placed when the refrigerator gets low on milleS-
or where some TV shows are restricted based on the age ofersonal DevicesEach user has a handheld, mobile device

IIl. ANINTELLIGENT HOME AGENT PLATFORM

the user who requests them. -cell phone, PDA- hosting the necessary agents to identify the
) user to the system, determine user location in the home and
B. Smart homes and Multiagent Systems display the adequate interfaces to the available services when

To meet these goals, a domotic system is based on a se¢ded. Each personal device also stores the most updated
of devices which gather information about the environmenrbpy of the user preferences.
-sensors- and a set of devices able to actuate over the envbevices with Agents.Sensors and effectors with a certain
ronment to change its conditions -effectors-. The system wilegree of autonomy, usually provided by agents running over
process the data collected by the sensors and, accordingatoembedded Java virtual machine.
the predefined set of goals-, will use the effectors to alter Devices without agents.Sensors and effectors without
the user environment. How the system decides the necessamonomy or intelligence, controlled by agents hosted by the
actions depending on the information provided by the sens@Ss.
is the key problem in domotics, as it requires analyzing Devices without Agents depend directly on the iHAP Cen-
data from several different sources distributed throughout ttral System, and they are linked to it by means of standard
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Fig. 1. The iHAP architecture

Drewice without Agents

bus technologies -X.10, EIB...-. Devices with Agents, Persorglstems increase access to entertainment contents, but not
Devices and the iIHAP CS can communicate using TCP/lfecessarily its ease of use for the end users of the system.
Though any link-level technologies can be used, we haveAs we stated before, increasing the number of devices in a
preference for wireless communication protocols -Bluetoothome environment usually implies an equal increase in the
WLAN...-. Fig. 1 shows the system architecture, where theumber of interfaces the user must learn to use. The service
different communication levels can be seen. we have implemented over the iHAP makes this task easier
The system has been developed over the open-source af@nthe users in two senses. On one hand, providing generic
platform JADE (ava Agent DEvelopment framewprki3]. interface devices which adapt to the services available in a
Using an already established agent platform releases us frparticular location. On the other hand, allowing multimedia
the low-level tasks about agent life-cycle and message itentent to follow the user if he decides to go to another room.
terchange. Using Java language ensures code portability t¢ig. 2 shows the iHAP architecture, particularised to the
different machines. Furthermore, JADE complies to the spesiervices discussed, where we can see the different elements of
fications of FIPA -Foundation for Intelligent Physical Agentsthe system and the software agents residing in each element
[14], which guarantees a certain degree of interoperability provide the required functionality, as follows:
with other agent-based systems. Note _th_at the JADE platform, iHAP Central System (Intelligent Home Agent Platform):
extends t(_) qll §ystem elements con'_[alnlng agents, and those For this implementation it hosts two agents:
agents exist inside a container associated to each element. The
iHAP Central System hosts the main container of the platform.
As we can see in Fig. 1, the interface between a Device with
Agents and its associated sensor or effector and the interface
between the device and the other elements of the system is
provided by an embedded system via a Java virtual machine.
At the moment we are working with different cards trying to
find the more approppriate option for each device. One of the
possibilities is using TINI -Tiny InterNet Interface- cards [15].

— iHSA (Intelligent Home Services Agent), which co-
ordinates service provision for the diferent users of
the smart home. It is aware of the services avail-
able at each location of the home, and the state
of those services. It also stores information about
user location and preferences, and about the services
requested by each users.

— iHLA (Intelligent Home Location Agent), allows the
system to determine the location of any user in real

IV. L OCATION-AWARE SERVICES AND INTERFACES time.

For the first implementation of the iHAP system, we have « Mobile interface device (a PDA with an 802.11 card in
considered two smart home services: multiroom audio/video our implementation): To make easier to understand Fig.
distribution and location-aware user interfaces. With multi- 2, we have split the functionality of the personal device in
room audio/video systems, users can retrieve media from any two separate blocks. The first one is the mobile interface
location in the smart home, by accessing a centralised content device, a PDA which can be used as a remote control to
repository, usually placed at the residential gateway. These interact with the system. The interface shown adapts to
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the services available depending on the location of ti .
. . - . Corridor Bedroom
user. This functionality is provided by two agents:
X i i . BDE Multimedia
— mDSA (Mobile Device Services Agent), provides device
any services available at the interface device.
— mDIA (Mobile Device Interface Agent), provides ] @
to the user the adeqate interface depending on t iH
. . . iHSA
services available at each location. \—‘,\_ BDE Multmeda
« Mobile personal device (a PDA with a Bluetooth inter 2 [ [reeir ] device
face): the rest of the functionality of the personal device
provided the Bluetooth interface of the PDA. This devic
allows the system to identify the user and to determir Living Room

his location in the smart home. Though we have use—
the same physical device -our PDA- to act as interface
device and personal device, functionality separation allow
us to use, for example, a unique 802.11 remote control

for the home while identifying the different users viathei[S performed using ACL (Agent Communication Language)
Bluetooth mobile phones.

i X messages as defined by FIPA ACL Specification [16], and
« Bluetooth Detection Equipment (BDE), an embedded dgjy FipA-compliant communicative acts, defined in [17].
vice with a Bluetooth interface, capable of estimating the

distance to the user's personal device. This functionality V. APPLICATION ESCENARIO

is provided by the agent iHBDE. More information about pere e provide an example of the iHAP system behaviour
how BDEs are used to determine user location is givgBgarding the services provided in this first implementation.
in Appendix I. o _We consider a simple smart home with a living room and a
« Multimedia device, an standard audio/video player witeqroom, each one with its Bluetooth Detection Equipment
certain degree of autonomy provided by the following 4 its Multimedia Device. Both rooms are connected by
agents: a small corridor. The iHAP Central System may be located
— iIHMSA (Intelligent Home Multimedia Services anywhere inside the home.
Agent), provides local multimedia services to the We will see what happens when a user enters one room, turn
user. on the TV, and then goes to the other room. For the dialog
— IHMSA (Intelligent Home Multimedia Interfaces among agents in the example we have used a notation based on
Agent), provides a local interface for the multimediaitterances-communicative acts- ancutions-messages-. A
device, so that it can also be used without the mobilgrief description of the semantics of each locution is provided
interface device. in Appendix II.

For interoperability purposes, communication among agentsl) User enters the living room (Fig. 3). The Bluetooth

Fig. 3. User enters the living room



Corridor Bedroom Corridor Bedroom
BDE Multimedia BDE Multimedia
device device
IHAP IHAP
iHSA iHLA iHSA iHLA L
= BDE Multimedia ) BDE Multimedia
L device O device
R X <
ot e ] P rsaie ]
= — PDA —
PDA| Living Room Living Room
Fig. 4. User turns on the multimedia device Fig. 5. User leaves the living room
Detection Equipment placed there detects the preser| ~ Cormdor Biueloah Bedroom
. . -mDIA . .
of the mobile personal device and evaluates the transn = \\‘ BDE M%‘g\f;‘::'a
ted power and the quality of the connection. Based ¢
.« . . . . . . __HM\A?BR
this information, iIHBDE-LR agent issues an informatior ‘

. . __lHMSA BR
message to the location agent (iHLA). H " -
Ul:i{HBDEpr L1 iHLA L4 —
The iHLA determines the location of the user in the — BDE Mta'g\flfifg'a
home using any information messages availables frc

. . . iHMIA_LR
the BDEs, and issues an information message to t
. . __\HMSA LR
services agent (iHSA). -
U2: iHLA L2 iHSA Living Room

2)

3)

—
Finally, this agent communicates with the mobile device
interface age_nt (mDIA) to send it the personalised mteﬁg. 6. User enters the bedroom and the selected service resumes execution
face to be displayed to the user. automatically

U3:iHSA L3 mDIA

Now the user can request the playing of multimedia ~ U3: i{HMSA,p L7 iHSA

content using the interface offered by the PDA or using

the standard interface of the multimedia device itself 4) Now user enters the bedroom (Fig. 6), and an analogous
(Fig. 4). Requests are processed by agents mDIA or detection and location process begins.

iHMIA_LR, respectively, and transmitted to the iHSA. Ul: iHBDEgpr L1 iHLA

Ul: mDIAngiHSA u2: iHLALg}iHSA

After checking that the user request is legitimate, the =~ U3:iHSA L3 mDIA

iHSA forwards it to the multimedia services agent In this case there is already an active service for the
(IHMSA_LR), and the playback begins. user: the reproduction of media content that was started
U2: iHSA L5 iHMSALR at the living room. According to this, without any user

intervention, the iHSA asks the multimedia device ser-
When the user leaves the living room (Fig. 5), the agent  vices agent (IHMSA_BR) to continue the reproduction
inside the detection equipment (IHBDE_LR) notices the  from the point where it had been paused.
absence of the PDA and informs the location agent about  U4: iHSA L6 iHMSApr
it.

Ul: iHBDE.r L1 iHLA V1. CONCLUSIONS AND FUTURE WORK

iIHLA determines the that the user has left the living This paper provides an architecture for developing smart
room and informs the service agent about it. environments using software agents. The main advantage of
U2:iHLA L2 iHSA using agents is the autonomy that they can provide. An

The iHSA then asks the service agent of the multimediatelligent agent bases its behaviour on a set of high-level
device to pause the reproduction. After executing thgoals, and determines autonomously the necessary actions to
request, the iHMSA_LR replies with the service statusieet those goals. These actions may include interaction and
-for example, the playing time-. cooperation with other agents. In fact, multiagent systems
U3: iHSA L6 iHMSALR are distributed systems, which made them very suitable for



their application to domotic and inmotic environments, whellelPA-ACL messages. For the sake of brevity, their detailed
coordination of distributed sensors and effectors is needathtax is ommited here.

The two services we have implemented over our proposed,
architecture show how software agents can help to adapt the
enviroment to the preferences or desires of the user.

We are currently working on improving the Bluetooth De-
tection Equipments, to make the location process faster, more
reliable and more efficient in terms of energy consumption.
Interaction between users and the system may be made easier
by integrating the personal device and the interface device in
a single cell phone. New services are being developed and
implemented, and interfaces for remote management of the
smart home are being designed. *

APPENDIXI
BLUETOOTH DETECTION EQUIPMENTS AND LOCATION
AWARENESS

Here we describe briefly how user detection is performed
in our system and how user location within the smart home is
determined.

Our user detection and location system is based on Blue-*
tooth technology [18]. We have chosen Bluetooth due to its
ubiquity: we can find a great variety of Bluetooth-capable
mobile devices, such as mobile phones and PDAs. We use
these mobile devices to identify and locate users in the system.
That is, we track the Bluetooth-capable personal devices
carried by users. In our first implementation, we use the unique
MAC address of the mobile devices to identify each user.

The iHBDE agent periodically initiates Bluetooth scan
processes to find new devices within its radio beacon range.
Once a device is detected, the iHBDE performs a HCl-level
connection with it. Then it evaluates the transmitted power
level (TPL HCI command) and the strength of the received
signal (RSSI HCI command) and it normalizes both values.
This is because both values are vendor dependant. We use a
hysteresis cycle and a filter function against measured power
to determine when the user is inside the room and when
he is outside. The filter function allows us to smooth power
fluctuations. The hysteresis cycle prevents false alarms in the
detections of users caused by oscillations in the measured
power level.

As many mobile devices -specially cell phones- allow
only one single Bluetooth connection at a time, we have
implemented a token-passing based search algorithm. When
a user leaves the proximity range of certain BDE, this BDE
passes its token to one of the adjacent BDEs, which connects
to the user's Bluetooth device and repeats the measurement
process. The next BDE that determines the user is inside ite
proximity range keeps the token until the user leaves the range
again.

APPENDIXII
LOCUTIONS USED FOR COMMUNICATIVE ACTS

Here we describe the locutions used for agent interaction
in our application scenario. Locutions are implemented using

L1: The detectionReport() locution:

detectionReport (iHBDEx,iHLA, user, measure)

Meaning: The iHBDE at location X informs the iHLA
that it has detected the presenceuskr with a metric
value of measure The metric is calculated using Blue-
tooth connection parameters such as RSSI and TPL as
described in Appendix I.

L2: The userLocation() locution:

userLocation (iHLA,iHS A, user, location, degree)

Meaning: The iHLA informs the iIHSA thatuseris in
location The parametedegreeallows us to give higher
granularity to the system by specifying the degree of
presence of a user to different locations.

L3: The showInterface() locution:

Locution:

showlInter face (iHSA, mdI A, inter face)

Meaning: The iHSA requests the mDIA at the personal
device to showinterfaceto the user. For this first imple-
mentation we use URLs as interfaces.

L4: The requestService()locution:

requestService (x X XITA,iHSA, user, service, param,)

Meaning: An interface agent -either at the personal de-
vice or the multimedia device- requests a certenvice

to the iIHSA for the useParameters may be specified for
the service inparam

L5: The startService() locution:

startService (1IHSA,i1HMSAx, service, parameters)

Meaning: The iHSA requests the iIHMSA at location X
to start executing &ervice-in our scenario, to play a
movie-. We can specifparameterdor service execution
-for example, the starting point of the played media-.
Note that the locution is general enough to be used with
heterogeneous devices and services.

L6: The serviceAction() locution:

serviceAction (iHSA,iHM S Ax, service, action, param)

Meaning: The iHSA requests the IHMSA at location X
to take somectionon an activeservice-in our scenario,

to pause or resume the reproduction-. We can specify
parameters for the action performedpgaram



o L6: The serviceStatus()locution:

service Action (iHMSAx,iHSA, service, status)

Meaning: The iHMSA at location X informs the iHSA
about thestatusof a givenservice-in our scenario, that
it has been paused at a certain instant-.
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