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Abstract
Population ageing is set to affect European countries over the coming decades, increasing the number of
dependent people. In this context, Ambient Assisted Living (AAL) is one solution to enable these people
to stay in their preferred environment longer, thus delaying hospitalization. To take up these challenges,
this paper proposes an original linux-based solution for home automation developed at the Lab-STICC
Laboratory. A hardware architecture that can be deployed in such an environment is first defined. To
fit both hardware specification and user needs with home automation services, a linux-based software
application has been developed. Thanks to the contribution and sharing of the Linux community, it is
possible to save development time and customize your own application. This is crucial when it comes
to the fast deployment of ad hoc embedded systems.
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1. Introduction

1.1. Social background
People with disabilities sometimes have considerable difficulties, or even physical incapacities, to per-
form daily tasks on their own. Whether they are disabled physically, intellectually, or due to sensory
impairment, their limited capabilities do not allow them to control a large range of home devices. Home
automation is one possible solution to overcome these disabilities; it can enable them to do daily tasks
without the systematic assistance of caregivers or relatives. This solution, which extends the time people
can live in their preferred environment, answers one of the major social and economic issues on global
population ageing [1]. Technological change can now respond to these demographic trends.

The drastic and continuous reduction of the cost, size, and consumption, coupled with the increased
performance of electronic systems makes it possible to consider a new paradigm in the field of home
automation. Thus, we no longer consider a monolithic application, centralized and based exclusively on
a home automation bus, but take into account several "smart devices" able to process information and
offer their own services: we focus on Ambient Assisted Living (AAL), and more specifically, on Pervasive
Systems dedicated to people with disabilities.

As part of ambient assisted living, original needs have emerged:

• Home automation and multimedia services should be flexible to fit user needs, which are closely
related to their disability, but also to the configuration of their living space.

• While the majority of home automation solutions are limited to individual use, it is now necessary
to address multiple-user environments (e.g. healthcare center) as well.
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• Dependability and reconfiguration in case of failure represents the major challenges that are to be
faced to ensure the delivery of a service (QoS ensuring 2).

• Finally, the cost of the installation, the ease of deployment, and the intrusiveness of the solution
are key criteria involved in the acceptance of home automation.

All these points naturally influence the decisions in terms of choice of hardware, communication proto-
col, and software architecture, leading to a tailored home automation solution.

1.2. Technological background
Adopting a home automation solution is not an easy choice due to the possible offers which are nu-
merous, versatile, and usually expensive. On one hand, the home automation solution can be partial,
offering, for example, lighting control [3], a security system [4], or a multi room ambient system for
video and audio [5]. On the other hand, it can be a complete solution [6,7] which allows one to reg-
ulate the desired temperature, to manage home security, and to supervise the entire house. However,
despite their usefulness, these home automation solutions are expensive (i.e. using commercial applica-
tions) and closed to one specific home automation technology. A pervasive system is composed of many
heterogeneous devices (communication mode/protocol). This kind of system must be able to ensure in-
teroperability between these devices, but also facilitates the integration of upcoming technologies.

Open source and free solutions, especially based on Linux [8], present good alternatives to proprietary
ones. Nevertheless, the latter are not completely adapted to our specific domain. For a large-scale
deployment, application has to be distributed on low-power cards with limited memory capabilities.
Considering LinuxMCE, each core PC’s hard drive should have at least 4 GB to install the OS, which
is far from our lightweight application needs. Even if home automation functionalities are well inte-
grated, these kinds of solutions are above all media center applications with heavy functionnalities.
Furthermore, due to these irrelevant features, the user interface is not adapted to people with disabil-
ities (impaired vision, physical disabilities, etc.). Finally, all open or closed contributions need experts
to configure a home automation solution. In the context of AAL, needs in terms of adaptation are con-
stantly evolving. For financial reasons, the systematic intervention of an expert cannot be considered.

To take up these challenges, QuatrA was the first AAL solution for a home care system proposing both
environmental control and wheelchair navigation (section 2). This project was the starting point of our
research works, firstly followed by Danah, that added an open middleware based on an original service
architecture (section 3). Nowadays, projects resulting from these previous works are still taking place
at the Lab-STICC Laboratory. The objectives are twofold : i) simplify design to integrate non-expert
designers and ii) ease the deployment of an AAL solution in a distributed environment. The design
tools and methods, introduced in section 4, lead to a flexible and adaptive solution. This paper is first
an overview of past projects, and then opens onto current works still in progress.

2. Hardware architecture

AAL architecture that has to be deployed in the living space must cover the whole environment, on the
scale of a room, as well as that of a healthcare center, and thus control all the electronic devices. Besides,
heterogeneous devices require being controlled with a single interface which can manage heterogeneous
technologies. Furthermore, there can be many users asking for services from the same resource at the
same time: the home automation installation should be shared, dealing with simultaneous access and
conflict management.

QuatrA was the first project resulting from collaboration between the Lab-STICC Laboratory and Ker-
pape MFRRC 3. Aware of this AAL paradigm, the QuatrA project focused on increasing the autonomy
of the disabled, especially wheelchair-bound people [9]. The objective is two fold: i) assist people in
wheelchair navigation while ii) managing electrical devices (beds, lights, doors, etc.), as well as me-
dia ones (television, cd player, etc.). The user can, for example, ask for the "bedtime" scenario and his
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wheelchair will drive him into the bedroom, activating all the needed services such as "open the door"
and "turn on the light", to complete the objective.

Hardware architecture is defined to satisfy these needs (cf figure 1), characterizing different hardware
devices, which embed a Linux-based operating system:

• The user terminal, embedded with the wheelchair-bound user, deals with interactions between
the user and his environment. It is responsible for service publishing (via N800 PDA) and for
sending commands to the central server via a mobile terminal (bluetooth connexion). The N800
runs on Maemo-based Tablet OS with OMAP2420 processor, one of the first ARM11-based SoCs.

• The mobile terminal, also embedded in the wheelchair, acts as a bridge between the user termi-
nal and the central server via a stationary terminal (bluetooth connexion). It is also used for path
calculation and wheelchair control using embedded sensors. For optimal performance and con-
sumption, a Linux system is built from scratch, embedded in a x86 architecture(PCM9373 board).

• The stationary terminal is not only a bridge as mentioned above, but also a control unit for local
environment (infrared and KNX/EIB4 connexion). This non-embedded terminal is based on a
classic Debian-based distribution (light Ubuntu without desktop environment) implemented in
both x86 and ARM processor boards.

• The central server receives all user requests, processes, and routes them according to the order
and the rights of requesting users. It is also used for handling navigation or service conflicts,
reconfiguration, and path calculation. This server is also based on a generic Debian distribution
(Ubuntu) coupled with a Gnome desktop environment to provide a graphical user interface.

Figure 1: General hardware architecture from Quatra project

Consider the "bedtime" scenario described above. The user, far away from his bedroom, activates this
service via his user terminal (bluetooth connected to the embedded mobile terminal). The command
is then sent to the central server via stationary terminals. After path calculation, the latter sends the
individual commands to stationary and mobile terminals. Once the itinerary is received, the wheelchair
starts to move toward its goal. If on the way, a door is closed, the local stationary terminal automati-
cally opens it using an EIB bus. However, if the door stays closed, the system will try to fix the failure,
for example, by changing the itinerary, using central server calculation capacity. Once in the room, the
stationary terminal sends a command to start the radio (infrared communication), switches on the light,
and closes the bedroom door (home automation bus communication).

Current research works is thus based on the above-presented hardware architecture. However, this ar-
chitecture model is not closed and makes it possible to evolve. Nowadays, progress has been made
with embedded Linux for ARM processors, which is why the trend is to change mobile and stationary
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terminals first based on Pc/x86 (PCM 9373) to ARM technology (IGEPv2) with more development op-
portunities, a smaller size, and energy saving possibilities (cf table 1).

Board Processor DSP Power PCB size
PCM 9373F VIA Eden 400 (Intel x86) @1GHz none 2.40A; 5V 5.7"x4"

IGEPv2 OMAP3530 (ARM Cortex-A8) @720MHz TMS320DM64+ @430MHz 0.65A; 5V 3.6"x2.5"

Table 1: Comparative specification of investigated boards

Although there are different systems according to terminal specifications, the same Linux execution en-
vironment guarantees interoperability among heterogeneous platforms, abstracting peripheral devices.

3. Software architecture

The software part is built considering the hardware architecture and specification described above. First,
starting "from scratch" allows one to better fit hardware specifications, to select features during building
configuration, and to develop functionalities dedicated to AAL. To reduce time and development costs,
open source and free software are used for the design of a home automation application. This is made
possible by the large number of developers from the Linux Community who create and maintain these
open source and free software packages.

Figure 2: Software architecture for a GNU/Linux based Home Automation Application

The software architecture, which has to be embedded in user, stationary, and mobile terminals (cf section
2), has the same structure, no matter the hardware target. It is then possible to add and remove commu-
nication protocol packages or drivers to suit the specific terminal. Figure 2 gives a part of this software
architecture. First, the BlueZ 5 stack is used for all wireless communication, requiring no long distances
or high speeds. This stack, installed by default in all Linux distributions, is used by opening and man-
aging bluetooth sockets in a C program, in the manner of IP sockets. Then, the eibd daemon from the
BCU SDK 6 allows one to control a KNX/EIB installation. After configuring the physical addresses of
all eib bcus, it is possible to control such a bus from a stationary terminal application. Finally, Infrared
stands for the communication standard for multimedia devices that can be found throughout the house.
LIRC 7, used with the iguanaIR driver and its USB dongle 8, is then used to control these infrared devices.

Focusing on both environmental control, as well as navigation, the Danah project integrates all or part of
these packages and drivers to build home automation middleware [11]. The server application, which
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can be embedded in a stationary or mobile terminal, contains all the loaded communication protocols (cf
figure 2) and even specific wheelchair drivers, whereas the client application only has native bluetooth.
The client application has been developed using Qt, the leading UI framework for devices powered by
embedded Linux.

Built on the software architecture presented above, Danah client/server applications still have to be
flexible and easily configurable by designers to fit user needs. As for a health care center, deployment at
this scale would thus be too complex without high level design tools and techniques.

4. Towards a complete home automation solution

On top of software design (section 3) and hardware implementation (section 2), it is essential to intro-
duce a specification step (cf figure 3) to offer a complete home automation solution, that is flexible and
adaptive. Design tools and methods, currently studied and developed in two projects, make it possible
to specify both user-system interactions, but also deployment and design of home automation terminals.

Figure 3: Design flow for ambient assisted living

First of all, services must be tailored to specific user needs. A graphical DSL 9 is currently developed
to take into account the specificity of each user. First, the non-expert designer (occupational therapist
or relative) describes the environment topology. From devices described in the environment model, the
designer then defines the interaction model, which considers the way the user should be able to inter-
act with his environment. According to user needs, various services such as scenario, conditional, or
semi-automatic services can be defined. To complement this, modes make it possible to put restrictions
on the home automation environment. This high level description language, platform independent and
expressive enough to fit user needs, is coupled with a model driven flow [12] based on a Model Driven
Architecture (MDA). From this platform independent language, designers can automatically generate
platform specific code for a home automation application (e.g. Danah described in section 3). MDA is
also a flexible and evolutive solution for the integration of new software platforms or hardware targets.

New hardware and deployment specifications also have to be considered. Smart electronic devices can
first be integrated in the retained architecture, such as the Elfel camera that can embed a processor, a
lightweight FPGA 10, and memory storage. Then, it also has to manage the dynamical aspect of the
environment and the variety of services which has design implication, in software deployment, relia-
bility and real-time constraints. Computationally expensive algorithms for scenario identification [2] or
9
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alert management [13] directly based on the use of home automation and multimedia services require
huge calculation and storage capacities. From the latter works, new trends appear and need to be con-
sidered to improve design methods for AAL and give new perspectives that have to be explored. The
device model should make it possible to deploy greedy resource algorithms on several adapted smart
devices to complete the calculation, keep real-time constraints, and satisfy QoS. Also, assisted living
services should be dependable and fault tolerant. This is why reconfiguration service methods can be
implemented and service execution can be shifted onto devices with similar capabilities.

5. Conclusion & Perspectives

An original AAL solution has been presented in this paper. Hardware architecture, based on user, sta-
tionary, and mobile terminals, make it possible to offer both environmental control, as well as wheelchair
navigation. The Linux execution environment guarantees interoperability between these heterogeneous
platforms. The software part then benefits from the inheritance and sharing of the Linux community,
including free packages and libraries for communication protocols. This practice allows one to save
development time, customize the application and better fit both hardware specification and user needs.
Hardware support for GNU/Linux, which has greatly improved in the last decade, has helped enrich
the hardware architecture with FPGA or companion robots; such capacities make it possible to inte-
grate an embedded Linux target. Moreover, the introduction of computer-aided design to make home
automation solutions adaptable and flexible, leads to new perspectives. First, knowing who is where
and what they are doing is central to enabling adapted intelligent behavior, specifically when dedicated
to people with disabilities. From the model-driven architecture presented above, ontologies, which are
useful to model and reason about context information, can be generated. Then, modeling and character-
izing environment resources make it possible to adapt service execution following hardware architecture
and to propose reconfiguration service methods.
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