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Abstract. Ambient Assisted Living (AAL) and Ambient Intelligence
(Aml) aim at building safe, smart and interconnected environments around
people. Nevertheless, the testing phase of intelligent software systems
managing smart homes, in real environments, requires an enormous ef-
fort in terms of time, work and money. With this paper, we discuss the
possibility to use 3D virtual environments during the developing and
preliminary tests of such systems, as it happens in robotics with 3D sim-
ulators. Even if this approach cannot totally replace the need of real
user trials, it can speed up the implementation of prototypes, decou-
pling software from hardware. We also present a brief description of a
proof-of-concept, showing some of the benefits described.

1 Introduction

The World Health Organization predicts that the number of people aged 65 or
older will triple within 2050 (becoming the 16% of the World population) [1].
The Ambient Assisted Living (AAL) focuses on this demographic change and
aims at extending the time people can live in their home environment. In this
context Ambient Intelligence (AmI) builds a safe environment for the assisted
person [2], by combining Home Automation, Internet of Things and Artificial
Intelligence to implement smart homes: their main goal is to help people in
their daily activities, composing around them an unobtrusive, interconnected,
adaptable, dynamic, embedded and intelligent environment [3].

Nevertheless, the development and the following testing of smart homes for
the AAL in a real environment (i.e. a daily-used home environment equipped
with devices and sensors, where an assisted person can actually live) require
several resources in terms of work, time and money. Assessing technologies for the
AAL during their development will be almost impossible in real world because
the trials should be conducted extensively:

— with real human inhabitants with different kinds of impairments;
— in different environmental situations;
— taking into account diverse economical conditions.

Such trials will be also extremely expensive, especially for the development of
software prototypes that would require the hardware for a great number of tests;
furthermore the result of this effort could be the need to modify or redesign some
components (and thus to repeat tests).
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A virtual 3D environment, simulating an interface with necessary sensors
and actuators could be an effective tool to develop, simulate and test intelligent
systems with the aim to extend the time people can (autonomously) live in their
preferred environment.

This paper discusses the possibility to use 3D virtual environments and simu-
lators for the AAL, analysing challenges and potential advantages. Using virtual
environments to accurately reproduce real environments would allow a partial de-
coupling of the software development from the hardware development. Moreover
it would improve the economical sustainability of the development of software to
control smart homes, speeding up the implementation of prototypes and allowing
the use of real environments only for release candidate versions. Finally it would
provide an environment where researchers in the AAL could easily collaborate
and combine their findings.

The paper is structured as follows: section 2 lists some current applications
of virtual words in the AAL domain; section 3 discusses the challenges in the
use of virtual environments to test intelligent software systems for the AAL;
section 4 describes the implementation of a preliminary proof-of-concept, based
on a robotics simulator; finally, section 5 concludes the paper, suggesting future
research directions.

2 Related Works

Most of the current applications of virtual worlds in the AAL are addressed
to motor and cognitive rehabilitation [4] and to improve social inclusion [5].
In particular serious gaming has been widely adopted in rehabilitation. Indeed,
typical game features (as providing challenges and goals, stimulating curiosity,
cooperation, competition [6]) enhance user engagement and intrinsic motivation:
thus serious games can support users in developing their skills, in learning and
in experiencing situations that are impossible (e.g. for economical reasons) in
the real world [7, 8]. For these reasons, virtual reality and serious games are also
used in therapies for pain management [9]. Beyond rehabilitation, a promising
direction is the use of serious gaming for the acceptance of facility automation
and smart homes [10]. Moreover the use of Interactive Scenario Visualization
(ISV) can lead to the clarification of system functionalities, as well as to gain
stakeholders’ feedback [11], especially in the design phase.

3 3D Virtual Environments for the AAL

The use of 3D virtual environments to develop intelligent software systems to
manage virtual homes is inspired by the robotics field, where a relevant number
of 3D software simulators is available. The basic concept is to use a 3D simulator
that exposes the interfaces to sensors and actuators (through suitable libraries)
available in the market and that allows to create a virtual home environment:
here, intelligent software systems could be tested to evaluate their behaviour,
even when facing unexpected events. Ideally, the intelligent systems should be
migrated transparently in a real environment with the sensors and actuators
previously simulated.

To this point, one might argue that there is no need to use the 3D for AAL
simulations. Nevertheless, the 3D feature gives not only the involvement typical
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of graphical effects, but should provide to system developers the possibility to
interact directly with the simulations, for example moving objects on the fly.
With a reliable physics engine (as those typical of computer games), develop-
ers can simulate unexpected events and thus understand if the system behaves
correctly.

In a complete 3D simulator for the AAL, also human behaviours should be
represented: the involved research topics are similar to the inclusion of human
reasoning mechanism in computer games and serious games, by exploiting the
results of the Artificial Intelligence (AI) field [12]:

— the selection of the suitable AI approach to model and imitate human be-
haviours especially taking into account the need of human like responsiveness
and communication.

— The influence of the adoption of strong Al techniques to imitate human
reasoning on the simulator design, since a well identified problem in computer
game design is the introduction of the Al in the last phases.

— The definition of suitable goals and metrics to test intelligent software sys-
tems for the AAL.

A promising direction is the design and implementation of virtual characters
as BDI agents (see, for instance, [13] for the development of BDI based Non-
Player Characters (NPC) in computer games). Although this approach is ideal to
implement virtual characters capable of carrying out long-term autonomous ac-
tions, it leads to several sub-problems: balancing between proactive and reactive
behaviours, scheduling properly goals on the basis of the application domain,
representing the environment in a symbolic manner and translating this repre-
sentation in the interaction with the simulator engine.

To obtain the advantages described in the introduction section, a clear re-
quirements analysis (as suggested in [14]) is needed: firstly system developers,
as the prominent users of 3D simulators, and their needs have to be taken into
account; moreover patients, their relatives, physicians and health operators with
their needs about AAL systems and their personal experience may give a crucial
contribution in the identification of the simulation scenarios.

4 A proof-of-concept example

To show some of the benefits, we implemented a proof-of-concept, using the
multi-agent expert system described in [15]. To create the 3D environment, we
used the outdoor multi-robot simulators Gazebo [16] and Morse [17]. Figure 1
shows the virtual domestic environment composed by four rooms.

Thanks to the CameraSensor and the RaySensor classes provided by Gazebo,
we simulated two scenarios to test the behaviour of the multi-agent system con-
trolling the home: in the first the expert system has to aerate the rooms by
opening the windows, but keeping closed the one in the room where the assisted
person actually stays; moreover it has to close and open windows coherently with
the movements of the patient, using data provided by ray sensors. In the second
scenario the system has to detect the fall of the patient, sending an alarm. To
implement these scenarios, we added some agents to the architecture in [15]:
two Ambient Agents (the Gateway and the Camera Agents, to control the ray
and the camera sensors) and two Actuator Agents (the WindowActuator and
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Fig. 1. Virtualized home in Morse: the architecture of the simulation allows to de-
couple the multi-agent software system controlling the environment from the sensor.
Thus, maintaining the same protocols, the intelligent system can be tested in diverse
simulators as well as in a real environment.

the CameraActuator Agents to send commands to the windows and the video
cameras in the environment). We carried out tests also using the Morse simu-
lator. We added also a wheelchair, temperature sensors, gas detectors and light
sensors. We tested the control of the home through a mobile application using
both touch and vocal commands!.

Beyond the implemented scenarios, the communication between the software
agents and the sensors in the 3D environment highlights the potential of the
simulations: being based on the TCP/IP protocol, each agent creates a socket
channel to send commands to the sensors. Thus, if virtual sensors provide the
same interface as off-the-shelf sensors (as those implemented in Gazebo and in
similar robotics simulators), the developed agents can be easily migrated in real
environments. This is an advantage also when a real system is running: new
agents can be implemented in virtual environments and added to the real one;
moreover existing ones can be migrated in the virtual environment for mainte-
nance.

5 Conclusions

We discussed on the opportunity to simulate virtual 3D environments to design
and develop intelligent software system to control smart homes for the AAL.
Even if such an approach cannot completely replace user trials before the every-
day use, it can speed up the development of prototypes as well as simplify the
maintenance and the update of existing systems.

Instead of using a robotics simulator, as in our simple proof-of-concept, a
dedicated AAL simulator (with a physics engine) could be developed, in order to
adhere to specific AAL needs: it could be an ideal platform to combine the efforts
of the AAL research community for the development of assistive technologies.

Y For a video of the Morse simulation and the mobile application see
http://www.youtube.com/watch?v=zXEpShRNGuo
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