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Abstract

This paper presents our current work in locatingrsishrough
RFID devices for a multimodal dialogue system called
Mayordomo The paper explains how RFID works and
describes the system architecture to connect haeddkevices
(RFID) and software applicationsMayordomo) Finally
several examples are shown to explain how
implementation improves the dialogue between tiséesy and
users.
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1 Introduction

Ambient Intelligence (Aml) is a research area thwes
attracted a lot of efforts by the scientific comrityiin the last
years [1, 2, 3, 4, 5, 6]. The aim of Aml is to deea
environments in which users are able to interac imatural
and transparent way with systems that help themyiogrout
their daily leisure and work activities.

Aml has been developed for some different enviramme
such as medical fields [7], home [8], public spaf#sand
learning spaces, as museums [10].

One of the most important characteristics in Ambien
Intelligence systems is proactivity. This meang tha system
should predict the behaviour and preferences ofuess to
anticipate them.

In this paper we propose the automatic locatioms#rs
for a multimodal dialogue system in a home envirentn
through RFID devices. This way, the system is abladapt
its behaviour in several situations once it knowsere the
user is. For example, in spoken interfaces likes otlre system
can vary the dialogue with the user so that he doefiave to
explicitly provide information about his location.

RFIDs are considered one of the main ways for physic
browsing, which is an interaction paradigm thatoaides
digital information with physical objects [LRFID devices
have been used in several research projects cattavith
user localization. For example, [11] used RFID devito
locate students in an educational environment, edef2]
employed these devices in a home environment. , Aisfi 2]
RFID technology is used in a medical environment.

The paper is organized as follows. In section 2,
describe some features of ouvlayordomo multimodal
dialogue system, focusing on the speech-basedaatien
module of automatic speech recognition. Sectiorx@aéns
some features about RFID devices and how they wdekt,
we describe the overall system architecture in rot@explain
how hardware and software are connected and wgettier.
Finally, conclusions and future work are presented.

we
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2. Mayordomo Multimodal Dialogue
System
2.1 General Overview

Mayordomois a multimodal dialogue system developed in our
laboratory, to be integrated in an Ambient Intalige
environment. The goal dflayordomois to centralize the
control of the appliances located in a home. Therattion
with the appliances can be carried out through spmous
speech or with the GUI interface shown in Figure 1.

In addition to handling appliances, the system suisp
different types of users, depending on the admmatist level
and the experience withMayordomo The system
administrator has privileges to perform specialioast, for
example, installing and uninstalling appliances oAls
restrictions are allowed to some users. For ingtaparents
can forbid that their children watch TV after 10mp.
Moreover, the system creates a log of all acticarsied out
within the environment by any user which is onlgessible to
the administrator user.

You have changed to o the state of the washing mad

hine in the kaundry reom

Ploeves 26/06/2008

Figure 1:GUI interface ofMayordomo

Scalability is one of the main characteristics of
Mayordomo Different appliances can be installed
dynamically, and a reboot of the system is not ssmsy.
Scalability is possible due to configuration andrgmar files.

2.2. Speech-based Interaction

We use Windows Vista Speech Recognition (WVSR) to
implement the speech-based interaction. This packag
includes both the engine for automatic speech mEtog
(ASR) and the engine for text-to-speech synthesiES{T
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Figure 2, shows the detailed architecture of theesh-based
interface, focusing on the dialogue manager we have
implemented.
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Figure 2.Speech-based interaction in Mayordamo

As mentioned above, each appliance has an assbciate
configuration file that allows the user to contitobrally. This
file contains a specific grammar for interactingthwithe
appliance that is used for ASR. This grammar is ifipdcin
SRGS (Speech Recognition Grammar Specification) fdrma

When specifying grammars for the different home
appliances of a home, we can consider three siestel)
allowing keyword recognition using the specific sub
keywords (2) allowing keyword recognition without usingsh
subrule, (3) not allowing keyword recognition.

Using the first strategy (which is the one usedthny
system) and the second one, grammars allow theymémm
of keywords. The main difference between thesedinategies
lies in the way that the recognition is carried.dusing the
first one (see Figure 3), the initial rule of theammar
contains four subrulesrder, sentencerequestandkeywords
The subrule fokeywordsincludes all the words related to the
control a particular appliance. For example, keysarelated
to the T.V. may be concerned with the place whdrie t
appliance is (e.gliving room or kitcher), the attribute or
characteristic the user wants to change (egume or
channe) and the action to be performed with the appliance
(e.g.switch onorturn off).

! http://www.w3.org/TR/speech-grammar/
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Figure 3.Initial rule of ASR grammar including a subrule
for recognition of keywords

This strategy is the most suitable for users whaatoprovide
all the data required to perform an action withagpliance. If
any data is missing to perform the action, the odjaé
manager of the system prompts the user for theimgiss
information. In this case, the user can provide fae missing
data, that is, he does not need to utter the eatoler. The
advantage of this strategy is that the interactisnmore
comfortable for the user, particularly if the orsl@re complex
and long. For example, if when processing the order

“Set the temperaturef the washing machine of the laundry
roomto thirty degree’s

the system does not understand the room wherepthigaace
is located,Mayordomomay prompt Where? and the user
may answerlh the laundry room?”

Inii}a_l\ - ) mina,
\.jl ©He“o T SENTENCE >
Pléase \Good mornin \_/

REQUEST

Good afternoon

Figure 4.Initial rule of ASR grammar without subrule for
keywords.

Using the second strategy for ASR (see Figure &mgrars
also allow the recognition of keywords. Howeverthis case,
they do not use the specific subrule keywordsand all the
elements of the subrulesrder, sentenceand request are
optional. An optional element in a rule means thatan be
provided or not by the user, thus, providing ih@& necessary
to trigger the rule. For example, the subratder has three
elements: verb prep (subrule with a list of elermesuch as
“switch on”), object (i.e‘the light”) and where (subrule with
the rooms, for instancéof the kitchen”). In this rule, if the
elementwhereis optional, the phrastSwitch on the light”
will trigger the rule and will be recognized by tHeSR.
Therefore, this strategy permits all kinds of conalion of
words, resulting in a greater number of ASR errarg allows
incorrect combinations of words, for exampldello washing
off hall”.

Using the third strategy for ASR, the initial ruléthe
grammar is the same as in the second strategy. \owi
does not allow optional elements in the subruldsisT this
strategy is not advisable when the sentences anpleg and
long.

Grammars are loaded into the system’s memory at the
beginning of interaction, and remain there throudhthe
dialogue so that the recognition engine can use theany
time during the interaction.
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3. RFID Devices

User location is known by the multimodal dialogustem
through the information obtained from RFID devidestalled
throughout the environment.

The interaction takes place using mobile termirslsh
as mobile phones or cards that have a tag assbaiate a
reader device. Each tag contains a universal resadentifier
(URI, or Web address). The readers are distributexvar the
environment. Each RFID reader has a serial or ifieaion
number. When one of the tagged objects is scangethé
reader, the tag and the identification number efrdader are
sent to the dialogue system. The distance betweeptysical
object and the RFID reader can range from a cerméntet
four meters. Usually, in indoor and small enviromisethis
distance is not very large.

To be useful for our purposes, the dialogue systerst
know which user carries each tag. Taking into antdhbis
information, the system can find out which was st RFID
reader used by the user, and thus deduce hisdacati

Figure 5 shows how the different elements intevatti
each other. The smaller arrows represent the ctionec
established between the RFID device and the sertéchw
manages the information. The big arrows show thg tat
the information flows from the user to the serverstly the
user’s card is scanned by a RFID device, and therséhver
receives the information related to the user frbendevice.

RFID 3
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RFID detects a user's tag. In the same way, software
applications are allowed to access the informasimned with
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Figure 6.System Architecture

The information needed and stored in the middlewayer
implemented ifMMayordomoare a list of pairs users-tag, a list
of pairs RFID devices-rooms and a list of RFID desitay
triggered.

Using this information, the dialogue manager iseata
detect who is the user and in which room is intiémgcwith
the system.

5.

The main goal of using RFID devices with a dialogystem
is to reduce the information that the user musvipgein order
to provide shorter dialogues in an easy and natwegl

Knowing the room where the user is the dialoguebres
simpler. Comparing dialogue 1 and dialogue 2 witiiatjue 3
it is clear how in the second one it is not neagsda
explicitly provide to the system the room in whitte user is
located.

Starting with dialogue 1, the user asks the system
switch on the light, in a natural way, but the spstdoes not
know his location yet, and thus some additionahsuare
necessary for the user to specify his exact lonatio

Automatic L ocation

Figure 5.Elements used in location though RFID

These RFIDs devices used Ntayordomoare Phidgefs We
have selected them because the easy way to usehand
possibility of extend the architecture to other ideg in a
simple way.

4, System Architecture

User: Please, switch on the light.

System: Where?

User: In the living room.

System: You have changed to on the state of the light in
the living room.

(The user goes to the hall)

User: Please, switch on the light.

System: Where?

User: In the hall.

System: You have changed to on the state of the light in
the hall.

In this section we present the global system achite. As it
shown in Figure 6 the system in ready to use sehardware
devices (RFIDs), and these devices are managed Img so
software application.

A middleware layer has been developed in order to
connect hardware devices and software applicatidiss
middleware layer consists in a repository in whitformation
about devices, rooms and users is stored. Moredhés,
information can be modified by hardware devicest thie
triggered when an event happens, for instance, whaevice

2 http://www.phidgets.com
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Dialogue 1.

In dialogue 2 the user includes in his order thmmwan which
he wants to switch on the light, which makes thetesece
longer and less natural than in dialogue 1.
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User: Please, switch on the light in the living room.

System: You have changed to on the state of the light in
the living room.

(The user goes to the hall)

User: Please, switch on the light in the hall.

System: You have changed to on the state of the light in
the hall.

Dialogue 2.

Finally, in dialogue 3 the system includes RFIDs trese
devices have been used by the user in order tdifi@rhere
he is. This way of interaction is the best for teers: the
system requires less information during the diadomaking it
more friendly and natural.

(The user goes to the living room and uses thevittythe
RFID device)

User: Please, switch on the light.

System: You have changed to on the state of the light in
the living room.

(Now, the user goes to the hall and uses the tag thvth
RFID device)

User: Please, switch on the light.

System: You have changed to on the state of the light in
the hall.

Dialogue 3.

6.

In this paper we have presented the current statuthe
design and implementation of location through RRhDour
multimodal dialogue system.

We have described how RFID works, the global
architecture and the main advantages using RFIDcésvi
The architecture described has been designed tsdx not
only with RFID, but with any other type of devicasch as
touch sensors or temperature sensors.

As it has been shown, using RFID devices less
information is required in dialogues between usard our
system. This feature makes the dialogues more aladsrthe
user does not have to provide information whicimiglicit in
the context of the interaction.

As future work we plan to include more devices in
Mayordomo In addition, we plan to include users’ profiles
describing their preferences and usual activitreorider to
make the system proactive. In this way it wouldpossible,
for instance, to detect which is the favourite afgnof any
user in our environment.

Conclusions and futurework
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