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Abstract. In this paper we proposed a technological infrastructure ori-
ented to provide home assisted living support to elderly and mildly to
medium mobility impaired users. The infrastructure includes an audio
sensor network, a localization module and a behavioral analysis module.
We also present a possible application scenario for our system and an
overview of the components that integrate our system.
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1 Introduction

It has been said that people spend more time in their homes than in any other
space. The home ideally provides a safe, comfortable environment in which to
relax, communicate, learn, and be entertained [1]. Consequently, many research
groups have directed their efforts towards making home environments more ad-
equate by exploiting the pervasive computing applications being developed in
laboratories. Recent technological advances have made possible the integration
of innovative services to make life easier in smart home environments. Those
services are particularly helpful for elderly and mobility-impaired users, which is
our focus group. In this paper we present a technological infrastructure oriented
to assist mobility-impaired users in home environments.r The paper is organized
as follows, in section 2, we present the motivation behind our work, in section 3,
we show one of the many scenarios on which our proposed infrastructure could be
applied, next, in section 4, we present our proposed technological infrastructure,
and finally, we conclude the paper with final remarks and future work.

2 Motivation

As average life expectancy increases worldwide, the demands of an aging popu-
lation are also on the rise. Life expectancy barely reached 65 years during the
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2000-2005 period, however, it is estimated that by the year 2045 life expectancy
is going to be around 74 years. Another phenomenon that has taken place due
to the increase in life expectancy is the fact that the proportion of persons at an
advanced age (70 or more) is also increasing compared to the number of persons
between the ages of 60 and 69. For instance, in 1950 for every 10 elders, only
two of them were older than 70, since then, the trend has changed dramatically,
in 2000, the ratio was 2 to 1, and it is expected that by 2050 the ration would be
1 to 1 or even reversed in comparison to what we experimented in 2000. Given
the perspectives for the future that we just mentioned, there is going to be a
greater demand of services and applications oriented toward assisting the elder.
The demands range from providing services for people who suffer from various
illnesses (both mental and physical), such as: diabetes, arthritis, senile demen-
tia, alzheimer, heart disease among many others. Fortunately, recent advances
in ubicomp related technology such as smart sensors, wireless communications
and development frameworks; have made possible the integration of different ap-
plication belonging to several related areas such as tele-homecare[2], ubi-health
[3], mobile tele-monitorization[4], and assisted living [5]. Our interest is focused
on applications and services that deal with users with mild to medium mobility
impairments, in the next section we detail one of the many application scenarios
that our proposed infrastructure would support.

3 Application scenario

Mr. Juan, a 68 year-old man has suffered from severe arthritis from the past
10 years which has caused deformation on his extremities, particularly on his
hands. Thus, he has limited mobility on his articulations, disabling him from
performing several ADLs (Activities of Daily Living) such as opening doors,
windows, drawers, flipping light switches, etc. To assist Mr. Juan to perform
these types of ADLs, a technological infrastructure has been integrated into
his home. This infrastructure includes an indoor localization module, a wireless
sensor network that enables the capture of voice commands, a behavioral analysis
module and several actuators for specific actions such as opening windows, doors,
blinds, drawers, etc. On a normal day, Mr. Juan walks across several parts of his
house. Through this routine, he needs to open the bedroom door, the bathroom
door, open and close the living rooms shades, turning the lights on/off. Due to
his physical impairment, Mr. Juan uses voice commands to perform these tasks.
The system’s basic operation is described as follows, if Mr. Juan is walking
and decides that he wants to enter a room, he just needs to stand in front
of the room’s door and yell ”abrir” (”open” in spanish). This means, that the
localization module would locate Mr. Juan and using his location, the main
command center (a personal computer) would infer which door is Juan referring
to. Additionally, Mr. Juan’s location is also used to turn the lights on and off
belonging to the room on which he’s in. The scenario is shown in Figure 1.

Another important feature is the use of behavioral analysis. The systems
”learns” which ADLs Mr. Juan performs frequently. For instance, if the system
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Fig. 1. Application scenario for Mr. Juan.

detects that Mr. Juan stands every day at a certain time in front of a particular
window and emits the command ”abrir”, the system would infer that if Mr. Juan
stands in front of the window around that specific time, his intention is to open
the window, consequently, the main command center would open the window
without Mr. Juan explicitly emitting the voice command. The same could be
applied for opening doors, blinds, drawers, cupboards, etc. The integration of
the behavioral analysis module is still ongoing work, we are very much aware
of the adverse ramifications that could be brought up by giving the system the
ability to perform certain actions by using contextual information instead of
explicit commands.

4 Technological implementation

As we mentioned in the previous section our proposed infrastructure consists
of a voice capture wireless sensor network, an indoor localization module and a
behavioral analysis module.

4.1 Voice capture wireless sensor network

Our voice capture system is based on a wireless sensor network, thus, the most
important restriction is the energy limitation; the energy source of the nodes
we used for our implementation is a pair of AA-sized batteries, which could
be potentially drained in a short time period. Additionally, reliability in our
voice command capture network is an extremely important requirement, and
considering the fact that sensor nodes are highly prone to failures, we have
decided to deploy nodes redundantly, this is, we placed many nodes very close
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to each other generating overlapping coverage areas. By doing this, if a node
randomly fails we have other ones that could perform its capture and transmit
functions without disrupting overall system functionality, thus assuring reliable
voice capture. Please refer to [6] for more details about the sensor network.

4.2 Indoor localization module

An indoor localization module was integrated into the system to determine the
users location and react accordingly as we described in our scenario. This module
estimates the users position based on the intensity of surrounding WiFi access
points. This approach has been widely used in other work that requires knowl-
edge of user/object location in an indoor environment [7].

In this module, a neural network performs location estimation, thus, we have
to train the neural network before we can use the localization service. The train-
ing is done by measuring WiFi signal strengths at different points in the house
and associating the measured signal strength levels with a specific location. In
our implementation, we took over 4,300 readings across 50 different locations.

4.3 Behavioral analysis module

The behavioral analysis module is still in its first stage, we are initially consid-
ering capturing certain users patterns to determine how we afterwards use it to
his advantage. For instance, if the system detects that the user every morning
around 7:00 AM stands in front of the bathtub and emits the command abrir
llave (open faucet in Spanish) at a certain temperature, afterwards, the system
could open the bath tub faucet at the users preferred temperature by just de-
tecting that the he is standing next to it around 7 oclock in the morning. As we
mentioned earlier, this is quite challenging, because we have to be really careful
of which rules we integrate into our system, for that particular reason, off-line
behavior detection and user-interactive rule integration is being considered as
opposed to real-time behavior detection and automatic rule integration.

5 Final remarks and future work

We have proposed a technological wireless infrastructure oriented to assist the
elderly and mildly mobility impaired users. Our infrastructure includes a voice
capture wireless sensor network, a user localization module and behavioral anal-
ysis module. We have described a sample scenario that fits the purpose of our
system. Even though, we have implemented the voice capture sensor network
and the localization module, the integration of the behavioral module is still
work in progress. We are also considering a thorough evaluation of the useful-
ness and ease of use of our system, to do so, we plan to use formal tools such as
the Technology Acceptance Model (TAM) [8] and other related methodologies
[9].
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