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Abstract. The increasing elderly population has increased interest in the Ambi-
ent Assisted Living systems. This article presents a system for monitoring the 
disabled or elderly developed from an existing surveillance system. The modu-
larity and adaptability characteristics of the system allow an easy adaptation for 
a different purpose. The proposed system uses a network of sensors capable of 
motion detection that includes fall warning, identification of persons and a con-
figurable control system which allows its use in different scenarios. 
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1   Introduction 

Most of the industrialized countries tend to an increasingly aging population, causing 
a rising in the percentage of elderly and disabled population. This growing group of 
people usually requires a greater number of medical and social attentions. Programs 
like AAL (Ambient Assisted Living) of the European Commission [1] promote the 
application of information and communication technologies to enable that elderly or 
disabled people can remain longer living independently in their own house with a 
improved quality of life. At the time that the costs to public health and social systems 
are reduced by avoiding the need to go to medical or social centers frequently. 

The Ambient Assisted Living systems, also called Home Care Systems, are based 
on the use of a set of sensors interconnected by different types of communication 
systems in order to get information about the status of the patient and to provide care 
in his own home. 

In [2] Ambient Assisted Living solutions are defined as the application of Ambient 
Intelligence (AmI) technologies to allow the adaptation of home environment so peo-
ple with specific demands, such as disabled and elderly, can live longer in their own 
homes. These AmI systems are composed of a top-level control entity which provides 
intelligence to the system and network of sensors whose goal is to get information 
from the environment. 

As AmI systems, security systems have a network of sensors that gather informa-
tion from the environment in order to perform the tasks of surveillance and intrusion 
detection and to control the access, among other tasks. The difference is in the actions 
that the top-level module performs from the information obtained. In the case of AmI 
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systems the top-level entity uses that information to improve the quality of life of the 
users, while security systems are designed to ensure the integrity of the persons and 
objects monitored. The flexibility of the top-level module can transform a system 
designed for surveillance or AmI into an Ambient Assisted Living system. In this 
article presents how a multisensor surveillance system [3] can be adapted to the area 
of AAL. 

2   System Architecture 

The designed system presents a modular and distributed structure that can be easily 
modified to suit the particular conditions of the operating environment and expanded 
by adding new modules, depending on the specific needs or the future advances in 
technology.  
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Fig. 1. Block diagram of the system 

The system shown in figure 1 consists of two types of modules: management and 
control modules and sensor modules, such as the acoustic, image or RFID modules. 

The control and management modules are the top-level entity of the system. All 
implementations must have at least one of these modules that are the central and in-
dispensable element of the system. Its function is to establish communication with the 
other modules and to manage the tasks performed by each of them. During its opera-
tion this module uses a database that stores all information from the system, both its 
configuration and the data obtained from the various sensor modules. 

The sensor modules are used to interact with the environment. Primarily they pro-
vide information to the system about what is happening but, in some cases, these 
modules are also actuators because they can modify the operating environment, e.g. 
allowing or not to open a door. 
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Communication between the different modules of the system is performed using 
the TCP/IP protocol through a local area network (LAN). The system also contem-
plates the connection of modules that do not include network capabilities by the use 
of gateways [4] that allow the translation other connection interfaces such as USB or 
Bluetooth to the system transparently. 

2.1   Management and Control Module 

The management and control module, or MCM, is the central and most significant 
element of the system. It is the responsibility of providing intelligence to the system 
by controlling the operation of other modules and the fusion and management of all 
information provided by all them. 

To perform its functions, the MCM uses the following concepts [5]: 

• A task is the execution of a series of actions by a module or device.  
• An event is the response to an incident that happens during the accomplishment of 

a task. Events are generated by the sensors modules and received by the MCM. 
• Policies of action: define the actions to be taken after the arrival of each event 

occurred. With the arrival of an event the MCM selects the set of policies associ-
ated with it and takes the decision of which policy to implement.  

 

All the information about tasks, events and policies associated with a concrete system 
implementation is stored in a database connected to the management and control 
module. Likewise, in the database is also stored the system configuration including 
the modules that compose it and their properties. Thus, the individualization and 
adaptability of the system is based on the information stored in this database. On one 
hand, the modification of the stored policies will influence directly in the behaviour of 
the system, but also the inclusion of new modules in the database and/or the modifica-
tion of the existing ones will provide with new functionalities to the system.  

In the block diagram of the system shown in the figure 1 there are two manage-
ment and control modules: a local module and a remote one. For proper operation of 
the system it is only indispensable to have the local module that is responsible for 
receiving events and applying the suitable policies. The remote MCM is an optional 
element and it can be viewed as a backup system of the local MCM storing a copy of 
all information of the local module. The second function of the remote MCM is to act 
as an alarm centre, since the local MCM can invoke a task in the remote MCM as a 
result of the application of a policy. For example, in case that the system detects an 
accident it can invoke an alarm in the remote module, allocated in a hospital, to re-
quest the sending of aid to the address where the system is located.  

2.2   Sensor Network 

2.2.1   Acoustic Module 
This module is a application of SODAR (SOund Detection And Ranging) technolo-
gies that use arrays of sensors to realize the location and tracking of objects. Although 
based on the philosophy of RADAR systems, these systems differ for using acoustic 
waves instead of electromagnetic ones [6].  
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The use of an array of sensors allows, through beamforming techniques [7], posi-
tioning the monitoring beam electronically. The ability to change the pointing angle 
quickly allows these systems to carry out several tasks simultaneously, being able to 
track multiple objects while detecting the presence of new ones.  

The main functions performed by the acoustic module are: 

• Surveillance: with the purpose of detecting the presence of new objects.  
• Tracking: updating the position of every object detected in the vigilance.  
 

Taking into account the purpose of the system, we have adapted the module to enable 
the detection of a falls. The fall of a person supposes an abrupt change of his position, 
from a vertical position to a horizontal one [8]. The absence of later movement can 
also be used for the detection of a serious fall. These considerations have been taken 
into account in the processing algorithms to enable the fall detection in this module.  

2.2.2   Video Module 
The video module is responsible for the capture and processing of images from the 
room in which the module is located. Their integration into the system allows cor-
roborating the information obtained by the acoustic module providing greater reliabil-
ity to the system. 

This module is divided into two subsystems: the acquisition subsystem that takes 
charge of controlling the camera itself and capturing images and the processing sub-
system that is responsible for managing the sequence of images in order realize a 
detection of movement. The implemented algorithm uses a variation of the Sakbot 
algorithm [9] as it provides good results without a high computational load.  

The main function of the video module is the confirmation of the detections made 
with the acoustic module due the more accuracy of it. This module is also used for fall 
detection using an algorithm for extracting vertical-horizontal dimensions of the de-
tected objects [10] and generating a fall event when a sudden change is detected. 

2.2.3   RFID Module 
The purpose of this module is mainly for identification but also for access control. 
Each person who usually enters the house has a bracelet that includes a passive RFID 
tag. The RFID readers are distributed at the doors of the rooms. When a person 
crosses a door, the RFID reader detects the bracelet and identifies the person who 
wears it. This module is complementary to the acoustic and video modules, since it 
allows assigning an identity to people detected by these other modules. 

Besides to this identification functionality, each RFID reader controls the operation 
of the electronic lock of the door, allowing or not the access to the room depending on 
the identity of the person that is going to use it.  

2.2.4   Other Modules 
The flexibility of the system architecture allows adding different devices depending 
on the needs of each particular case. Some examples of other modules included in the 
system are: 

• Panic button: it is a large button positioned in an easily accessible place. Its pulsa-
tion indicates that an emergency has occurred.  
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• GSM module: the purpose of this module is to alert when an emergency takes 
place by sending an SMS to a telephone number previously stored in the system. 

• Display module for notices: to notify important information to the patient or  
caregiver.  

3   Case of Study: Nurse at Home 

This case study is applicable to disabled persons or elderly who have a nurse to assist 
them living in the same house. The purpose of the system in this case is to provide to 
the patient greater privacy and freedom, since it is not necessary the presence of the 
nurse at all time, but in case of emergency the system will alert the nurse that will 
come quickly. 

An example of a house implementing this usage scenario can be the following: the 
patient has two interconnected rooms for their personal use. Each room is equipped 
with an acoustic module and a video module. Also in the access doors of each room 
there is an RFID module. In the room assigned to the nurse there is placed a computer 
that integrates the MCM and a display module. The patient’s rooms and the nurse’s 
one are connected by a corridor that has a video module.  

Action policies can be adjusted depending on the needs of the patient. The follow-
ing examples of patients are contemplated: 

• Patient who for his deficiencies or diseases should remain lying down. Such patient 
should stay in bed all the time. When the patient is alone, there should be no 
movement in either of the two rooms. Motion detection by the acoustic module, 
checked with the video module will generate an alarm on the screen of the nurse.  

• Patient with episodes of disorientation: in this case the patient movement within his 
private rooms is allowed, so that the detection of movement does not generate an 
alarm to the nurse. Depending on the severity of the patient it is allowed to go out 
from his private area to the common corridor. 

• Patient in relative good health: this is the simplest case. The patient can move 
without restrictions for their rooms and even go out to the common area. The sys-
tem will record his movements for if an accident like a fall takes place.  

 

The tests realized on the proposed scenarios have verified the correct functioning of 
the whole system including the detection and tracking of moving objects and the de-
tection of falls and the usefulness of the double video-acoustic check to reduce the 
number of false alarms.  We also found that the accuracy in the monitoring of patients 
with symptoms of disorientation allows the identification of such events by detecting 
erratic movements by the patient. 

4   Conclusions 

This article presents a system for monitoring the disabled or elderly developed from 
an existing surveillance system. The system includes different types of sensors for the 
detection, identification and tracking of persons in the workspace. Among these sen-
sors it is necessary to emphasize, for its innovation, the acoustic sensor, which makes 
use of beamforming techniques, and its integration with the video module. 
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This is an open system that can be adapted for different situations as shown in the 
explained case of study. This flexibility is due to the management and control module 
that, through the use of policies of action, is responsible for merging the information 
from all existing modules and taking suitable decisions. The use of policies of action 
allows the modification and adaptation of the system behaviour to each particular case. 

At this time the work team is focused on several lines of development, including 
the integration of new modules or the identification of episodes of disorientation. 
Likewise, we have experimented with acoustic signature techniques to identify people 
in order to assign an identity to the targets detected by the acoustic module, the ob-
tained  results, although promising, are still too preliminary for its inclusion in the 
developed system presented in this paper. 
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