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ABSTRACT

The advance of technology provides new mechanisms to
facilitate domestic tasks, which can be used to give
assistance to disabled people. The objective of this project
is to create a virtual house with a domotics system useful
for people with limitations, attended by a virtual butler.
This will be achieved through the unification of artificial
intelligence techniques, virtual reality, multimodal
interfaces, and digital networks, with domotics devices
which are available in the market.
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1. Introduction

This paper describes the work we are carrying out in the
first phase of the project INEVAI’” (Integration of Virtual
Environments with Intelligent Agents 3D). This project is
based on distributed object technology, digital networks,
its quality of service (QoS), 3D virtual worlds, and user
communities related with them, interactive television,
rendering and advanced computer graphics, and finally
the perceptual and domotics devices for user interfaces
used in immersive environments.

The objective, from a conceptual point of view, is to
define the mechanisms and software that guarantee the
exchange of information among virtual worlds in a
unified and transparent way for the user. To achieve this,
tools for prototyping and flexible development of virtual
environments are going to be used. Some of these tools
are DIVE [1] and Lightning [2], which has been
employed in past projects (HUMODAN2001-32202). At
this moment we are developing a generic application of a
virtual domotics house, simulating its devices, to integrate
real and virtual users. All that, through multimodal
interaction based on gestures, text to speech, and haptic
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systems, in a distributed environment adapted to several
requirements which are explained further in section 2.4.

The main purpose of the application is to offer assistance
to a disabled person. Multimodal interfaces, autonomous
intelligent agents and virtual reality are considered to be
used to complete the objective.

The graphic representation of a virtual assistant, in this
case a virtual butler, looks for credibility and confidence
on the user side.

In order to accomplish these tasks, it is required the
creation of parameterized animations that allows to obtain
different animations by adjusting values of some
parameters. That is why low count and high quality
polygonal meshes are being modelled, and groups of
Feature Points (FPs), animated by Facial Animation
Parameters (FAPs) defined in the MPEG-4 standard, are
being specified. Instead of animate each FAP, we can
animate groups of FAPs corresponding to sections of the
body.

We are studying the possibility of having various
autonomous agents working independently one from the
other, where the virtual butler is just an interface between
the user and the system. Another possibility is having
various autonomous agents managed by the butler. In any
case, the reactions of the agents have to be coherent with
received perceptions, reason why an event and activities
log has to be maintained by them, so they can provide
help to the disabled person spontaneously.

2. Project Scheme

The general scheme of this work consists in creating a
domotics house that goes a step forward the current
systems with domotics, because it introduces a novel
element as main part of the system: a virtual character
(the Butler) who accomplishes all the tasks of a butler.
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This character has an advanced geometry model and an
intelligent behaviour.

Currently we are working in the simulation of a real house
with domotics. The users are disabled people and their
caretakers (family). The butler interacts with the house
and with the users, receiving perceptions and taking
actions. Figure 1 shows a general scheme of the system.

The functioning of the system can be seen as a cyclic
process where the Butler System receives a vector of
perceptions coming from the domotics sensors of the
house, as well as requests and/or answers from the users,
especially the disabled person. Using this vector, the
butler can have knowledge about the house and the tasks
that have to be done (agenda), then he evaluates the state
of the house and the users. From this evaluation, a vector
with a set of actions is obtained, and the butler is able to
update the state of the house and the users. Actions can be
divided in two groups: those that are accomplished by the
house changing its state, and those accomplished on the
user, which are essential for the communication between
them and the butler.
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Figure 1: General Scheme

The communication is established by receiving messages
from the system of Automatic Multimodal Recognition
(AMR), and responding to them using a Multimodal
Interface. With this interface the butler can interact with
the user, because it implements a facial animation engine
for the communication of expressions and emotions.

Once actions have been taken, the cycle starts all over
again, maintaining a constant attention over the state of
the house and the users.

2.1 Simulation of Intelligent Agents

Intelligent agents allow the interaction among persons and
virtual elements (behavioural and geometrical models) in
an immersive environment. Some wished characteristics
of these agents we are working on are:
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e Having mechanisms for the exchange of virtual
elements (avatars, information, passive objects, etc.)
among the virtual scenarios of the universe.

e Guarantee the quality of interaction between remote
characters so implementation of requirements can be
scalable, consistent, and failure assessment.

e Simulate the behaviour of avatars.

For those purposes, new person-machine communications
systems, especially oriented to disabled people, are being
investigated. These systems have to have the ability to
solve functional limitations using advanced domotics
systems and specific intelligent interfaces.

The idea is to get a quality level of virtual presence that
resembles the natural presence, face to face. Facial
animation, gestures and poses of the avatars are less than
mandatory, so the final user can perceive this quality as a
combination of technology, atmosphere, and psychology.
Tools and software used are adapted to current standards,
and their characteristics allow maximum portability and
capability. Requirements specifications, process analysis
and process design is being made using the Unified
Modeling Language (UML) methodology [3], because it
is useful for long term projects where lots of physical and
logical resources are used.

Development of techniques for modelling of behaviour
can be applied to other fields as robotics, animation,
virtual reality, among others. The goal is to obtain a
synthetic, autonomous, and adaptive creature: a
humanoid. Normally these are equipped with sensors,
actuators, and a model of behaviours. All these allow
them to relate perceptions and resultant actions,
facilitating their survival in an artificial world.

On the other hand, the concept of cooperative work is also
ratifying the importance of these distributed and
autonomous agents. That is the reason for the designing of
an application that can work through different
independent modules, which cooperate with each other,
and gives as a result a multi-agent platform with
collective behaviours.

For the modelling of this platform, two schemes are being
studied: one centralized and other distributed. The
distributed approach has the disadvantage of requiring
that all agents have capabilities of auto-diagnosis. That is,
they should be able to recognize a situation that does not
correspond to the patterns of normal behaviour [4].

The centralized approach has to deal with incomplete
models of the behaviour of agents. In this approach the
agent has partial observations of the system because it can
only trust in the information provided by sensors and/or
agents [4].

In any case, communication between agents is a very
important goal because inconsistencies may arise which



eventually could lead to system failures, especially if it is
distributed. In this approach each agent manages a
module of the domotics house, so conflicts caused by
taken decisions must be solved.

2.2 New multimodal interfaces for

Environments (Domotics)

Intelligent

An intelligent environment takes into consideration the
entire set of sensors and applications that facilitates the
interaction with the user in a natural way. We worked in
the design and development of new multimodal interfaces
so the user can react naturally. On this matter, we are
working in a prototype where new multimodal interfaces
(gestures, text, voice, and haptic devices) are integrated,
and they are based in visual inputs (images).

2.3 Virtual Reality Models

A fundamental topic is the recognition and animation of a
human face. Requirements of the system are:

e Achieve a realistic representation of the elements that
are part of a visual environment.

e Simulate the behaviour of avatars and provide them
with a realistic facial modelling and animation.

e Achieve an immersive environment for the virtual
house.

e Analyze and synthesise avatars using non-invasive
techniques.

e Obtain a portable product, highly compatible with
other systems that can be adapted to current
standards.

Our main task is to identify key animation points of the
face automatically, and in some cases in real time. This
feature points, or FPs, will be grouped in sections and
then these sections will be animated. MPEG-4 is the
standard used in the system [5].

Considering the fact that we are going to be working on a
domotics application, a realistic facial modelling of the
avatars is fundamental. Capturing the expression of users
and an advanced facial representation of these agents who
understand those expressions is a new frame of interaction
in virtual environments.

Another important phase in the modelling of a face is the
texture. In texturing we have to consider aspects which
add realism to the model (movement of eyes, mouth, etc.).
Every posture of the mouth must be allowed, because this
is an element that contributes with the expression of
emotions. Also it is the most important characteristic for
the representation of the language.

The relevance in the study of the face and its animation,
in the creation of a virtual humanoid resides in the
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different roles that a face expression has, as well as the
emotion it can represent.

Facial expressions have been studied and currently six of
them, corresponding to innate and universally considered
emotions, are present in the MPEG-4 standard (happiness,
sadness, anger, fear, rejection, and surprise). Once the
detection of the facial expression is done, we can apply
displacements over the points specified in a neutral face,
and then transmit them on a polygonal mesh, expressions
and emotions can be represented [5].

We have considered the use of Virtual Reality Modeling
Language, VRML, with the purpose of achieve
parameterized animations of the butler. The main idea is
that from a model with defined control points, different
and several animations can be obtained by changing
values of some of these parameters. Using prototype
programming in VRML we can group the FAPs defined
in MPEG-4, and modify these groups instead of each
point at a time [6].

Nevertheless, the lack of important characteristics in the
modelling and animation using VRML, as well as the
existence of these characteristics in other formats as X3D
(considered successor of VRML), make this format a
good candidate to be used. X3D is an Open Standard
enabled-XML 3D file format, which allows the
communication in real time of 3D data across applications
and networks of applications. One of the main
characteristics of X3D is that it is extensible and modular
(uses a structure named Components), which makes
programming an easy task. In order to have 3D models
and animations of high quality, we are using the software
Maya®, and then they could be exported to X3D format.

3. Definition of the Intelligent System

3.1 Butler System

There is an intelligent system in charge of supervising the
state of the elements contained in the house, the state of
the users and the tasks to be carried out in each time. The
system is made of two basic parts as commented before:

e A system interface represented by a humanoid: the
virtual butler. It interacts with the house and the
users.

e The core of the application designed as a multi-agent
system. Each agent manages a specific module of the
application.

The cognitive state of these agents has clearly two
differenced phases:



e The evaluation of the state of the environment from
perceptions. With it the agent obtains knowledge
about its state in its world.

e  The reaction to adopt by the agent according with its
situation.

The way to categorize the state in the world in terms of
sensitive perceptions is being done through multi-
evaluated object-attribute tables, also known as
information systems. In these tables sets of concepts are
modelled in terms of multi-evaluated characteristics.

Nowadays, these multi-evaluated tables are being studied
very often as an analysis tool, because they bind
behaviour of multi-evaluated variables (perceptions) with
concepts or situations (world states).

Along these lines, multi-evaluated tables are used to
select the reaction each agent has to have according with
its situation [7].

To develop the system we designed one agent in charge of
each module of the application. This application is
divided in five modules; the last one is further divided in
three sub modules. These are:

1. Health care module. Keep the medical history of the
users. It manages doctor's prescriptions for user's
treatments. It notifies the user to take the medication
and its dose. It monitors the basic physiological
parameters of the users, such as: temperature, heart
rhythm, blood pressure and weight.

2. Nourishing module. It plans the daily menu of the
users based on the suitable diet, food available and
previous menus.

3. Activities agenda and preferences module. Users'
personal agenda. It helps to plan the activities,
hobbies preferences and makes the butler's schedule
more flexible.

4. Stock module. It informs of all the goods available
in the house at any time. It also informs of all the
goods exhausted (food, medicine, domestic
products). This module helps the butler to prepare a
shopping list and send it over to the supermarket.

5. Devices control module. This module manages the
house devices: sensors, electrical appliance, engines,
etc. This module has 3 independent sub modules:

5.1. House accommodation module. It manages
the light level, temperature, blinds, windows,
etc.

5.2. House security module. It warns of electrical
failure, water or gas leaks, fires, unexpected
visitors, etc.

5.3. Electrical appliances management module.
It helps the butler to act on the electrical
appliances.

Each agent receives a set of perceptions that helps
evaluate the environment and provides a set of actions.
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The perceptions can come from readings issued by the
sensors laid out throughout the house, or by the users (as a
result of a request or an answer during a conversation
with the butler). The reading coming from the sensors in
the house are taken at regular time intervals. The
perceptions coming from the users could be issued at any
time.

Both types of perceptions are grouped together in the
perceptions vector which has fixed length. Each of the
positions of the vector could come from the house or from
the user and it refers to parameters used to evaluate the
environment. The positions not needed for a specific
action are null. The rest of the positions could have values
related with multiple choice actions (for example:
temperature change).

The figure 2 shows the perceptions vector received by the
agent in charge of the accommodation module. The rest of
the agents receive similar vectors with the parameters
needed to manage their modules.

Agent in charge of the House accommodation module

Pos. | Perception
1 Date
(B = 3 Position, place in coordinates where the user
stays in the current moment
A% 4 Interior light intensity
— 5 Exterior light intensity
g The user feels comfortable/uncomfortable
‘é’ 6 with the current illumination state (answer
2 to a question from the butler)
E
=i é 7 The user wants to change the illumination
8 Switch on / Switch off the light
9 More / Less
ﬂi’i 10 Interior temperature
11 Exterior temperature
E The user feels comfortable/uncomfortable
s 12 with the current temperature state (answer to
é a question from the butler)
& é 13 | The user wants to change the temperature
14 Switch on / Switch off the air conditioner
15 | More / Less
ﬂ 16 | Current blinds opening stage.
The user feels comfortable/uncomfortable
z 17 with the current blinds state (answer to a
g question from the butler)
m
é 18 The user wants to change the blinds state
19 Open / Close
20 More / Less




ﬁ 21 Current windows state (opened/closed)
4 The user feels comfortable/uncomfortable
3 22 with the current windows state (answer to a
§ ! question from the butler)
23 The user wants to change the windows state
24 Open / Close
ﬂ 25 Current doors state (opened/closed)
" The user feels comfortable/uncomfortable
5 26 with the current doors state (answer to a
o3 .
A ! question from the butler)
27 The user wants to change the doors state
28 Open / Close

Figure 2: Perceptions Vector of an Agent

The perceptions in the vector are classified by the object
they belong to, such as light level, temperature, blinds,
etc. For example, when it comes to manage the light not
only position 4 and 9 are taken into account but also
general perception in positions 1, 2, and 3, and other
parameters from other objects like the blind state (position
16).

These relationships among objects and perceptions,
needed to make a decision regarding a parameter, are
sketched in the Perception Roadmap for each of the
agents and designated tasks. Figure 3 shows the roadmap
for the agent in the previous example (accommodation
module).

The agents evaluate the perceptions obtained and produce
an actions vector based on the values in the vector, the
knowledge of the house, activities and preferences of the
users. The actions vectors for each agent work like the
perceptions vectors. They have fixed length and each of
the positions is an action to be carried out in the house or
to communicate with the users. Likewise the position of
the vectors could be null (not needed) or have a value (for
multiple choices).

Both, perceptions vectors and actions vectors are always
consistent and never contradictory. In the event of
contradictory perceptions or actions among various agents
that cause a conflict, this is to be solved before the vector
creation.

3.2 Appling structured methodologies

UML is a graphic language to visualize, specify and
document each part of the software development life
cycle. It provides functionality to model conceptual
objects, such as processes, system functionality, as well as
specific objects, such as writing code in any language,
data base modelling, and reusable software components.
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GENERAL
PERCEPTIONS
FOR ALL AGENTS

AF User position (General-3)
. COORDINATES

&F  Date
- Ganaral -1)

| é ComfortableflIncamfortable:

'General -2)

The userwants to change

Feedbackto the butler (8) the illumination (T}

ﬁ Exterior light
> intensity (5)

é Switch on [ Switch off (8) ‘

é More i Less (9)

Interior light
intensity (4)

é The userwants to change
the hlinds state (18)

é Open ! Close (19)

20
(5, Moreiless (20)

ComfortablefUncomfortable
Feedback fo the butler (22}

é Open/Close (24)

Feedback to the butler (17

[ Caomfartable/Uncamfortable:

Blinds
management

&F  Current blinds
opening stage (16)

windows

The userwants o change
management

the windows state {23)

= (openediclosed) (21)

The user wants to change
the temperature  (13)

Temperature
management

‘ \:  Currentwindows state

Caomfortable/Uncamfortable:
Feedback to the butler (12)

Interior

é Switch on / Switch off
temperature (100

the air conditioner {14}
6 More/Less (15)

ComfortableiUncamfortable
Feedback to the hutler (28)

Exterior
temperature {113

Doarg
management

&F  Current doors state
(openediclosed) (25)

6 The userwarts to change
the doors state (27}

é Open Close (28)

Figure 3: Roadmap of Perceptions

The use of conceptual modelling to develop domotics
systems has several advantages. The process of
development becomes more intuitive, since it uses
primitives closer to the context problem. Furthermore, the
adequate use of modelling languages can speed up the
process of production because it makes possible to
produce software to manage the system out of the model.
In this way, development of the software is independent
of the technology used to implement the system; it also
allows an early validation of the requirements by means
of prototypes or animated models. [8].

The use cases are not part of the design (how) but part of
the analysis (what). Since they are part of the analysis
they help to describe what the system has to do. The use
cases describe what it has to do from a user view point,
that is to say, describes the use of the system and how it
has to interact with the user. The figure 4 shows one of
the use cases carried out in the project (management of
the system).



CU-2 Gestidn del sisiema

El sisterra debe perruitiv que el administrador del sistema, usuarios reales ¥ wirtuales
puedan realizar Ja gestion de la agenda del sisterna, cada uno con unos privilegios
concretos segin se describe en el siguiente caso de uso.

El sisterna estd estahle. Los actores se han validadn conectamente

Descripeidn

Frecondiciones
FPosteondiciones en
caso de éxito
Fosteondiciones en
caso de fracaso
Aetores

El sisterna estd estable.
El sisterna estd estable.

primarios | Usuarios reales v virtuales
secundarios | -

Aeeeder I gestion de la agenda del sisterma
Paso | Accion

Trigger

1 A parece un mend con las opriones de mend dispordbles dependiendo del actor.
la | Gestidn del midula Salud
1b | Gestidn del médulo Dieta
Secuencia normal 1 | Gestidn del médulo Szenda de actividades ¥ prerencias
1d | Gestidn del rddulo Provisiones
le | Cestion del modulo Acomodacion de la casa
If | Gestidn del médulo Seguridad de la vivienda
1g | Gestidn del mddulo Gestidn de electrodoméstinos
Frecuencia Comtinmarnente
Importancia Vital
Siiper casos de uso La casa domdtica

Crestion del modulo Salud

Crestion del modulo Dieta

Cestion del modulo Agenda de actividades v preferencias
CGrestidn del rddulo Provisiones

Gestion del maduln Acormodacidn de la casa

Crestion del modulo Se guridad de la vivienda

Crestion del modulo Gestion de electrodomésticos

Sub casos de uso

Figure 4: UML Use Cases

4. Conclusion and Future Work

We have presented a global system which integrates
intelligent systems, virtual reality systems and multimodal
interfaces in a house with domotics devices with non
invasive and low cost systems. This system is intended for
elderly and disabled people, and is a main research topic
of the UE in VI research projects, section AAL.

So far, the house is being virtually designed and the
domotics devices are only simulated. The system focuses
on the facial expression to communicate with the users. It
means that the natural multimodal interaction is the final
goal of the project, and this is a challenging task at the
moment. Our main contributions are perceptual user
interfaces and, in this particular paper, the UML
methodology applied in multidisciplinary and high
heterogeneous applications with several multi-agents
systems dealing with high perception input vector.

In the near future, during the last year of the actual project
we will plan to implement a prototype system in a real
house with conventional domotics hardware and low cost
cameras and input devices for elderly people.
Furthermore, we will study ways of user emotions
recognition as a new way of communication.
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