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Abstract. Social assistance constitutes an increasing problem in developed coun-
tries, which can be considered from two dimensions: the home and the hospital
frameworks. Anyway, most of the tasks have to do with aiding people with limi-
tations in complex environments as a hospital or a house. Intelligent agents con-
stitute a powerful approach in designing computer systems making possible the
interaction of the users (elderly and disabled people) with the elements of a do-
motics environment. Such a purpose can be achieved through the unification of
artificial intelligence techniques, virtual reality, multimodal interfaces and digital
nets with domotics services. This paper describes the design and implementation
of the prototype for a virtual agent capable of attending disabled people in a home
environment. The results are shown through a computer program that simulates
the behaviour of the agent in developing some typical functions.

Keywords: Artificial intelligence, human-computer interaction, virtual home as-
sistance, facial animation.

1   Introduction

Developing and integrating agent technologies in real world applications is a
complex task, since not a few research and technological areas are involved. Some
of these domains are distributed object technology, digital networks, 3D virtual
words, virtual reality, multimodal interfaces, and artificial intelligence, among
others. Such a complexity and diversity requires considering a first step where the
behaviour of the agents is tested in a controlled virtual environment.

Our main purpose consisted in designing an intelligent agent, the butler, for
aiding disabled and elderly people in a virtual domotics environment. The agent
must be adaptive, with the ability to react in real time, to learn, remembering and
evolving with the experience, and to decide in specific situations in an autono-
mous way. Under these considerations, the users are allowed to interact with the



assistive environment through voice, gesture and touch. In this sense, a large
amount of data must be processed and inferred by the butler, which demands an
adequate knowledge representation and efficient inferential mechanisms. In [6]
some theoretical considerations about a knowledge representation model support-
ing complex relations between perceptions and actions are described. Also, a mul-
tiagent system [11] with several agents cooperating among them is required.

Related work can be found in [8] and [3], where a platform based on mobile
agents combined with federated information management mechanism to create a
flexible infrastructure for specialized care services, was developed. Attard et al.
[2] illustrate a home system oriented ontology and an intelligent agent based
framework for the rapid development of home control and automation. Velasco et
al. [10] proposed an architecture for building a smart home environment using
multiagent systems, demonstrating its effectiveness with an application example
where multimedia contents follow the user movements throughout the house.

Section 2 describes the characteristics of the home environment; in section 3,
the general aspects concerning the agent program are presented; finally, a practical
implementation through a program prototype is discussed in section 4.

2   The Virtual Home Environment

Our task consisted of creating a virtual domotics house as the environment where
the butler agent acts. The interaction with the house and the disabled user is
through a set of domotics devices, in a reactive and continuous way, by receiving
perceptions and taking the corresponding actions. Figure 1 shows a general
scheme of such behaviour.

The environment progress is cyclic, with the agent receiving a set of percep-
tions –perception vector– coming from the domotics sensors of the house and the
requests and/or the answers of the user. On the other hand, a daily planner pro-
vides the butler with the protocol related with the house and the disabled to be
followed (user’s lunch time and diet, medication, etc.). On the basis of the percep-
tion vector and the daily planner, the butler evaluates the house's and the user's
states. As a result, a set of actions is planned –action vector–. The action vector
contains three types of actions: actions on the environment (affect the disabled and
the domotics house), actions on the daily planner (reprogram activities in it), and
actions on the report of the disabled user (related to healthcare or diet considera-
tions). Notice from figure 1 that actions on the environment may have direct con-
sequences on the perception vector. At each time instant, the butler analyzes the
perception vector and considers the perception with the highest priority, removing
it from the perception. On the basis of the considered perception, the butler plans a
set of actions to be performed; these actions will update the actual state of the en-
vironment.



Fig. 1. Reactive behaviour of the butler

2.1 The Environment Specification

The environment specification considers the set of components and devices capa-
ble of generating perceptions as well as generating and/or receiving a set of ac-
tions. These actions are connected with the corresponding perceptions, in such a
way that they describe the natural progress of the environment.

The basic components of the environment are: the domotics house, the user
(disabled or elderly person), the daily planner, the user’s report, and the butler
agent. The domotics house, the disabled person and the daily planner are in charge
of generating perceptions. Actions are taken by the butler, whose effects are mani-
fested on the domotics house, the disabled person, the daily planner and the report
of the user. The functional character of the environment is structured in five mod-
ules [7]:

1. The healthcare module, which functions are related with the health and
medical prescriptions for user's treatments.

2. The nursing module, in charge of planning the daily menu of the user..
3. The preferences and scheduling module, by which the user's activities and

hobbies preferences are scheduled and reprogrammed.
4. The stock module, that informs about the goods available and those ex-

hausted in the house, such as food or medication.
5. The control devices module, which manages the control devices of the

house. This module is made up of two components:
5.1. The house accommodation module, which covers the needs of accommo-

dation of the user (light level, temperature, blinds, windows, etc.).
5.2. The house security module, in charge of covering the security matters of

the user and the house (warning of electrical failures, water or gas leaks, fires, un-
expected visitors, etc.).
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2.2 The Environment Progress

The way that the environment evolves is determined by the connection between
perceptions and actions. The perception-action vector (PAV) is the basic mecha-
nism connecting perceptions with the actions to be taken in certain moment.

The PAV can be described as a set of n mappings, Pi: Vi→ Π(A), i=1..n, Pi be-
ing the i-th perception, Vi is the domain of values of Pi, A is the set of possible ac-
tions on the environment, and Π(A) is the set of parts of A. That is, the PAV asso-
ciates each Pi value with the corresponding subset of actions to be taken. The PAV
can be modeled through an array structure, such as figure 2 illustrates. Each set of
actions associated with a given value of a perception will be considered independ-
ent of the moment it occurred.
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Fig. 2. The perception-action vector

It can be observed from figure 2 that V1={V1,1, V1,2, …, V1,s}, and value V1,1 is
associated with set {ai, …, aj} of actions, value V1,2 with set {ak, …, ar}.

The PAV provides a synthesized overview of the world progress. However, a
wider range of general properties extending the capacity of the environment pro-
gress is also considered. Overcoming conflicting situations is a significant task.
Conflicts appear when a goal can be reached through several possibilities, but only
one of them can be considered. A particular case is when different subsets of ac-
tions are associated with the same perception –or subset of perceptions–.

Example: the Healthcare and the Control Devices Modules. In this prototype
two modules have been considered: healthcare and control devices. Both modules
contain a total of 36 perceptions coming from different components of the
environment. Figure 3 shows a sketch of the environment progress in these



situations, described in a PAV format. Perceptions in figure 3 are classified in
several types, depending on their nature, and come from different sources of the
environment. Each perception in figure 3 is identified by a code. Some of them are
associated with more than one action, having a total of 39 different actions. Figure
4 illustrates the meaning of action symbols in figure 3.

Fig. 3. Sketch of the PAV corresponding to the healthcare and control devices modules

2.3 Information Systems as Decision Mechanisms

The agent's decision mechanism requires a full knowledge representation model of
the environment, describing actions in terms of perceptions.

In the case of environments with simple perception-action relationship, a deci-
sion model based on a priority mechanism is enough to decide which perceptions
are first considered and which actions are first performed. Nevertheless, when
complex perception-action relations are established, a more powerful decision
model is needed.

An information system (IS) is an abstraction model that constitutes a powerful
tool to describe concepts in terms of properties or. An IS should also provide a
mechanism to perform the corresponding decision.

In the context of this work, an IS provides a functional approach to describe
actions in terms of perceptions. In particular, we deal with Object Attribute Tables
(OAT), which can be understood as models of information systems.

Perceptions
Type Source Code Description Actions

1 Date
2 Time

Generals House

3 Position where the user stays in the current
moment

A1Daily
planner

4 It is time to take the PP to the user
–temperature, hearth rhythm, blood
pressure,…- A2

User 5 The user wants its PP to be taken A2

A16 The health center notifies by e-mail that
the PP of the user must be taken

A2
A37 Blood pressure
A4
A38 Hearth rhythm
A4
A39 Body temperature
A4
A3

Physiological
Parameters

-PP-

House

10 Weight
A4

Take
medication

Daily
planner

11 It is time to take the medication A5

A6
A7

New doctor’s
prescription

User 12 User informs the butler of a new doctor’s
prescription

A3
A813 User has a headache
A3
A814 User has a cold
A3

User don’t feel
well

User

… … …
20 The user asks for a change in artificial

illumination
A9

21 User asks butler for Turn light on / turn
light off

A10

Artificial
illumination

User

22 User asks butler for more / less light
intensity

A11

… … … … …
A38Emergency

situation
House 36 House sensors detect an emergency

situation A39



An OAT is a mapping from a set NR={n_e1, n_e2,…, n_em} of n-tuples, to a set
Π(C) of subsets of concepts. C is a set of concepts and Π(C) the set of parts of C;
that is, OAT: NR → Π(C). Tuples n_ei are made up of n values corresponding to n
attributes of a set R={r1, r2,…, rn}. Thus, n_ei= (v(r1), v(r2),…, v(rn)), v(rj) ∈  Vj,
j=1…n, v(rj) being the value of attribute rj∈ R, whose domain is Vj.

If set R of attributes corresponds to a set P={p1, p2,…, pn} of perceptions, and
set C of concepts is identified by a set of A={a1, a2,…, aw} of actions, then we are
talking about a mapping connecting perceptions with actions. Formally,
OAT:NP→ Π (A), NP being the set of n-tuples of values of the perception do-
mains. Figure 5 shows a graphic illustration of the concept of OAT.

Fig. 4. Meaning of some action symbols in figure 3

Sets {ap, aq,…, ar} of figure 5 represent subsets of actions, that is,
{ap, aq,…, ar} ⊆ A, and tij is the value of perception j corresponding to the i-th tu-
ple. The meaning of the i-th row of an OAT is as follows: «if ti1 is the value of
perception p1 and ti2 the value of p2 and…and tin the value of pn, then perform the
subset {ar, as,…, ap} of actions».

Fig. 5. Object Attribute Table

Object attribute tables have a higher descriptive power than perception-action
vectors, since they allow expressing a subset of actions in terms of a set of per-
ceptions. OAT also allows considering aspects closely related to complex envi-
ronments, such as the existence of incomplete knowledge, the presence of a vast
amount of perceptions, the capacity of handling quantitative and qualitative

Symbol Action meaning
A1 To notify the user about the

imminent PP taking
A2 To take the PP to the user.
A3 To update the medical record
A4 If i t is not normal, then contact

the health center.
A5 Take the medication to the user.
A6 Buy the new prescribed

medication
A7 To update the daily planner
A8 Give the user an aspirin
A9 Change the state of artificial

illumination.
A10 Turn light on / turn light off.
A11 Increase /decrease light intensity
… …

A38 Evacuate the user
A39 Call the emergency services
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knowledge, and provides a way to extend the capabilities of agents towards tasks
learning [4] [5]. Deciding what action must be performed in a given moment may
require additional knowledge of the environment. This means that an extension of
the model of the environment progress is required. Such extension is considered as
an internal state of the environment [9]. The internal state may be useful for sev-
eral purposes, for example, to adopt more precise actions or to avoid absurd deci-
sions.

3. The Agent Program

The agent program is permanently monitoring the state of the disabled user, and it
is based on a set of condition-action rules. At each step, the program takes the per-
ception vector, the daily planner and the environment's state as the input data, and
determines which OAT has to be considered. Based on the selected OAT, the
agent decides the subset of actions to be performed.

Anyway, if two or more rules can be triggered in a given step  –and so the cor-
responding object attribute tables must be considered–, only one of them will be
selected. Such conflicting situations are overcome by associating a priority
mechanism with rules. Rules with a higher priority are firstly evaluated. A given
perception will only be taken into account when no perception with a higher pri-
ority is present in the perception vector. In this sense, perceptions to do with
emergency situations have the highest priority, then those task referring to the
health of the disabled are considered, and so on… Next, a simple sketch of a gen-
eral agent algorithm is shown.

procedure BUTLER-AGENT(var:perception_vector; daily
planner; environment's state; var action_vector);
begin

if P36 then performing the emergency_situation OAT;
else

if P13 OR P14 OR…  then performing the
user_don't_feels_well OAT;

else
…

end;

Symbols Pi of the above procedure refers to the i-th perception, according to
figure 3.

A practical program prototype based on the discussed artificial intelligence ap-
proaches has been developed, showing the suitability and efficiency of the knowl-
edge representation model adopted. Next section presents some aspects of the
simulated environment, which the prototype is based on.



4. Simulation of a Home Domotics Environment

The main goal of this application is to simulate the interaction between a disabled
person and his/her environment with the help of a virtual assistant.

The implemented modules of the system were the control devices module and
the healthcare module. The control devices module takes into consideration vari-
ous elements of the house: windows (opening/closing), curtains (opening/closing),
lighting (on/off), and temperature (thermostat on/off). The health care module
controls the state of health of the disabled person, monitors his physiological pa-
rameters and diagnosed diseases, and manages all the information related with
medical prescriptions and medication times. The environment progress could be
seen by providing the values for the parameters of each element of the control de-
vices and healthcare modules –that is, the perceptions–, and creating simulated
lists of tasks –the actions associated with the perceptions–. Thus, the behaviour of
the intelligent agent could be evaluated.

Through a graphical interface, developed using C++ programming language
and OpenGL, the user is able to change the status of each element. The interface
of the application has been divided in 4 different windows. Figure 6 shows the
graphical environment of the house with a disabled person in it.

Fig. 6. Corner view of the virtual house with the simulated disabled person

Figure 7(a) shows a window with the parameters of time, environment, health
parameters of the disabled person, the view of the camera and options. At the
moment, we are controlling the values of these parameters interactively, to see the
results of the actions of the domotics elements and the butler as well. In the real
system, the input to these parameters will come from the house itself and the dis-
abled person. So, their simulation in this application is extremely important to re-
fine the behaviour of the agent in extreme situations.

Figure 7(b) shows a window with the daily planner (agenda). The daily planner
is implemented as a XML file, which contains the actions protocol to be followed
by the butler. As the events of the daily planner occur they are shown in this win-
dow. Thus, we can evaluate the correspondence between the action of the butler
and the action established in the daily planner.

Figure 7(c) shows the window corresponding to the disabled record. This file
saves all the events that occur in the house as well as all the health related actions



carried out by the butler. It is a very important component of the system, because
it records all the events allowing us to detect any problem concerning the health of
the disabled, so that it can be corrected in the real system.

Another important aspect of the simulation was the introduction of emotions in
the butler behaviour. The considered emotions were the basic ones: joy, sadness,
anger, disgust, surprise, and fear. The reason to do this was the need for an ex-
pressive and realistic interface in order to get interactions as natural as possible
between the butler and the disabled person.

Fig. 7. (a) Interface controls for time, environment data, disabled information, camera and
options; (b) Interface of the daily planner –agenda–; (c) Interface of the disabled record

Each emotion was associated with some events, which determine the conditions
under which the emotion is triggered. Thus, an event like a noticeable elevation of
the blood pressure of the patient elicits the emotion of sadness if we have a sensi-
tive agent, or surprise if the agent did not expect it. The process to evaluate the
recognition of emotions in facial expressions of synthetic faces is found in [1]

5. Conclusions

Some major issues affecting the design of an intelligent agent for home assistance
have been discussed. First, the environment specification made up of five func-
tional modules was described. Next, a first level specification of the way that the
environment evolves was discussed. The underlying model of such specification is
known as the perception-action vector (PAV). Then, the basic mechanisms sup-
porting the decision-making process of the agent, known as information system
(IS), were described.

Finally, a prototype simulating a home domotics environment has been pre-
sented. It provided a tool to visualize how the events of the world would be trig-
gered and how the actions of the agent would be performed. Interactivity was
achieved by a set of control interfaces, which allowed the user to change the pa-
rameters of the environment, of the health of the patient, and the daily planner.

(a)

        (b)

 

  (c)



Thus, we could prove that situations are correctly handled by the underlying logic
of the butler agent. The visualization of the emotional state of the butler was also a
very important issue, because human-computer interaction needs a believable and
realistic character, which is accomplished using emotional states.

In the final system, the environment itself will provide input parameters for the
butler, and a complete virtual avatar capable of moving and talking will be respon-
sible for the interaction between the disabled person and the agent.
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