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Abstract. Falls in the elderly and disabled people represent a major health prob-
lem in terms of primary care costs facing the public and private systems. This pa-
per presents a multi-agent system capable of detecting falls through sensors in a
mobile device and act accordingly at runtime. The new system incorporates a fall
detection algorithm based on machine learning and data classification using
decision trees. The base of the system are three types of interrelated agents that
coordinate to know the position of a user from data obtained through a mobile
terminal, and GPS position, which in case of fall may be sent via SMS or by an
automatic call. The proposed system is self-adaptive, since as new fall date is in-
corporated, the decision mechanisms are automatically updated and personalized
taking into account the user profile.
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1 Introduction

Falls are one of the most serious problems in the geriatric care because they are
one of the fundamental causes of injury and even death in elderly people. Accord-
ing to the World Health Organization (WHO), between 28% and 34% of people
65 and older experience at least one fall per year [1]. In Spain the data are also
alarming. The on mortality of the Institute of Health Carlos III in 2007 reveal that
the greater the age the higher the mortality rate for accidental falls, exceeding even
the percentage of some types of cancer. Moreover, various authors [1, 2, 3, 4, 5,
6, 7], consider that falls are due to a combination of multiple factors, and can be
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grouped into two main groups: intrinsic and extrinsic factors, and consequences of
they are not only physical but also psychological, social and economic [2, 8, 9].

This situation makes necessary to investigate in new solutions aimed at fall's
detection in an effective an non-intrusive manner. This paper proposes an innova-
tive multi-agent system specifically designed to detect falls and act accordingly.
The core of the system is a detection mechanism built into a mobile phone. This
mechanism allows a simple and non-intrusive detection of falls, and enables ubiq-
uitous communication mechanisms.

The reminder of the paper is structured as follows: First we review the state of
the art of the technologies involved in the work. In section 3 the proposed multi-
agent system is presented. Finally, Section 5 presents the results and conclusions
obtained after applying the architecture to a real case study.

2 Related Work

After consulting the literature, there not exists a multi-agent system aimed at the
detection of falls of elderly people making use of mobile devices for detecting the
fall. Different researchers have tackled the problem from different perspectives,
and there are three elements that give an innovative character to this project: i) the
focus on the mobile device, which provides a certain level of independence to the
physical detection component, ii) the multi agent system, that provides ubiquitous
distributed solving abilities and learning capacity, and iii) the fact that the system
is able to perform additional functionalities within the field of e-Health and care of
the elderly.

A study of the related work reveals that there exist projects aimed at designing
multi-agent system for the detection of falls at home [11], with agents located in a
central computer connected to a health center and various sensors placed around
the house, and a device specially built for this purpose. The above solution is fo-
cused in the field of home automation, and as other specific approaches [18] [20]
does not provide additional functionality (the mobile phone itself) to the patient.
On the other hand, there are specific projects aimed at finding an effective
algorithm for the detection of falls using three-axis accelerometer [13] [16], gyro-
scopes [17] [13], or a combination of both [12]. These systems have evolved
during the last years, because they were initially conceived to detect falls or colli-
sions. The current systems try to detect the problems in advance (pre-impact de-
tection) [15] [12]. Some of the existing approaches use the threshold as the key
component of the detection algorithm. The threshold is the sharp difference of
gravity between two axis of the accelerometer. The approach proposed in this pa-
per makes use of the threshold, but it is not a fundamental component. It is neces-
sary to note that these solutions do not use agents for decision making, and there is
not standardized solution. Some authors focus on semi-supervised learning tech-
niques to increase the accuracy of fall detection, making use of video images for
posture recognition [21], and even sounds [19] [22] or extraction of 3D trajecto-
ries of the body or body parts [23].

The system presented in this paper makes use of intelligent agent to improve
its learning abilities. The agents make use of the measurements of two routine
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medical test (get up and go, get & go), as well as of the patient data. The main
novelties of the approach presented in this paper are the distributed problem solv-
ing abilities of the multi-agent system, the use of a mobile phone as a fall detector,
that can accurately detect whether there is a fall and alert and the medical center or
caregiver more close, without limiting the rest of the functionalities of the phone.
In addition, the system covers other needs of elderly users, as reminders of ap-
pointments or taking medication.

3 Proposed Architecture

The proposed approach primarily based on harnessing the benefits of multi-agent
systems in the problem of fall detection. A multi-agent system can notably help to
make automatic decisions and to integrate advanced detection mechanisms into
mobile phone devices. Intelligent agents are very appropriated to be installed into
mobile devices, and given the increasing relevance that this kind of devices are
acquiring in our society, sensing and making decisions from mobile devices can
notably help to develop ubiquitous, un-obstructive and intelligent environments.
With the current inter-connection possibilities, the decision may be taken from the
device itself or remotely, based on a more complex analysis of the information.
The approach makes use of the phone's functionalities to manage an automatic
alert system, connected to a care center that takes advantage of the GPS system to
provide accurate information about the patient location. The architecture of the
proposed multi-agent system is composed of three agent types that collaborate to
detect falls: Sensor agent, Classifier agent and Actuator agent. The structure of the
multi-agent architecture can be observed in Figure 1. The agent types are ex-
plained in detail in the following sub-sections.

SIDCA Arquitecture

Classifier Agent Acting Agent EMERGENCY CALL

() DECISTON MAKING

0O o0

MISTAKE DETECTED: NO FALL FALL DETECTED

Detector Agent

EMERGENCY SMS

Fig. 1 Multi-agent architecture to manage fall detection

3.1 Sensor Agent

It is an agent specially designed to be installed on mobile devices. It acts as an in-
terface between the user and the rest of the system and has advanced capabilities
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for fall detection. The Sensor agent uses the accelerometers of a mobile phone to
collect data of the movements of the elderly person carrying the phone. In this
way, the agent gets the raw data that is used to obtain a classification and identify
falls. This lightweight classification process is based on the use of previous ex-
periences: the system evaluates similarity to previously stored patterns. If the re-
sult of the classification is not accurate, then the agent communicates with the
Classifier agent to carry out an advanced classification.

It is necessary to take into account that the mobile device must be equipped
with three-axis accelerometer (X, Y, Z) on a single silicon chip, including in that
the electronics that processes the signals. These kinds of accelerometers are cur-
rently available in most of the terminals on the market. Thanks to this technology,
the Sensor agent located in the mobile can manage the three main values required
for the classification process: rotation, translation and space and temporal situation
of the mobile device. An initial position is taken as a reference. The agent identi-
fies eight different patterns: standing, walking, climbing or descending stairs, sit-
ting or to detect fall forward and fall back. It is also necessary to take in mind that
the system uses the JADE Leap suite for Android. This technology allows us to in-
tegrate the Sensor agent into the multi-agent system.

3.2 Classifier Agent

The classifier agent is located in the care center and manages the data recorded by
the Sensor agent. The Classifier agent implements a decision algorithm based on
the J48 decision tree. The agent learns progressively and dynamically recalculates
the values that are given to the position of the falls for that particular user. This
agent is necessary, since it is in charge of personalizing the fall patterns to the user
profile. The profile takes into account the motion of each elder or dependent per-
son, and the concrete peculiarities. Basically the decision-making mechanism is
based on J48 decision trees, an adaptation of the C4.5 algorithm, which is com-
mon for classification. Basically, the agent:

* Works with continuous values for attributes, separating the possible results in
2 branches Ai<=Ny Ai>N.

* The trees are less dense, and each sheet covers a distribution of classes and
not a particular class.

* It uses the "divide and conquer” method to generate the initial decision tree
from a training data set, and continues recursively. Each of the iterations is
carried out when the Classifier agent receives new data from the Sensor
agent.

* Implements a strategy based on the use of the gain ratio criteria, defined as I
(Xi, C) / H (Xi). Thus it is possible to avoid potential benefits to the selection
of those variables with the greatest number of possible values.

Once the Sensor agent has classified the new input data, it sends the border values
calculated for the decision tree, together with the input data, to the Actuator agent.
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3.3 Actuator Agent

The actuator agent is located in the care center and stores all the information cap-
tured by the Sensor agent and processed by the Classifier agent. With this infor-
mation, the agent knows if the user has suffered a fall or not, and whether there
has been an anomaly in the pattern of falling for the user. The actuator agent
decides the action required for the emergency. The agent is also in charge of regis-
tering false positives and informs the Sensor and Classifier agents about these sit-
uations. When the Actuator agent receives information about a fall detection, it
executes two actions:

* The mobile terminal performs an automatic emergency call to the emergency
number. It also detects the closest medical center or the emergency number
more appropriate depending on the user profile.

* The mobile terminal automatically sends an SMS to the contact person con-
figured by the user. This SMS contains the GPS position of the mobile ter-
minal, and information about the potential fall details.

4 Results and Conclusions

The system was tested under simulation conditions. The test's parameters were set
up using previous postural studies related to elderly people. Over three months of
testing 500 files were obtained using data from real falls. The Sensor agent re-
ceived the input data and processed it into XML (eXtensible Markup Language),
keeping this format for the rest of the agents. An example of XML file is shown in
Figure 2. As can be seen in Figure 2, stores the data obtained by the accelerome-
ter: time, X, y and z values, pitch and roll.

<?xml version="1.0" encoding="UTF-8" 7=

<!DOCTYPE Sidea SYSTEM "SIDCA.dtd™>

<vector time="2010-05-06 10:31:52.515">
<xyz>-2.9147544,5.053149, 7.3141265 , </xyz>
<pitch=T8.43</pitch>
<roll=34.95</roll=

<fvector>

<vector time="2010-05-06 10:31:52.609">
<xyz=-2.6014864 . 4944186, 7.273266 , </xyvz>
<pitch=45.29</pitch>
<roll=12.43</roll=

<fvector>

<vector time="2010-05-06 10:31:52.600">
<xyz=-2.4516625 , 4.862464 , 7.3958488 , </xyz>
<pitch>-148.33</pitch>
=roll=-0.87</roll=

<vector=

<vector time="2010-05-06 10:31:52.600">

¥z=-2.152015 , 5.284695 , 7.3141265 , </xyz>

=<pitch=178.90=/pitch=
<roll>-23.83</roll>

<vector™

Fig. 2 Example of XML file used by the agents in the system
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During three months the system was trained and tuned trying to obtain a good
learning rate. The system can successfully distinguish different positions (and five
types of falls): standing, walking, climbing or descending stairs, sitting or to detect
fall forward and fall back. The system is able to recalculate the parameters of the
user in real-time. The error rate decreases as the system learns from the new input
data, and the minimum mean quadratic error obtained in the experiments was
0,16.

The main advantages of the proposed approach can be summarized as follows:

* The computational cost is minimal. The algorithm for the mobile terminal is
very light and causes a low battery consumption.

» The reliability of data processing in the three agents is acceptable.

» The traffic generated into the network is acceptable and very appropriated for
distributed systems of this kind.

* The system provides a mechanism to reduce the impact of the falls for eld-
erly people, providing and automatic and quick response to the potential
incidents.

* The system provides financial benefits. The economic consequences of falls
in elderly people is very costly to health services [2] because they must meet
various demands such as: the initial hospitalization after a fall with serious
consequences, treatments and surgical and orthopedic the need for a further
period of rehabilitation to try to restore the patient to their prior functional
status, and extra care of elderly hospital with minor injuries and both care-
givers and institutionalization costs.

The results obtained in the experiments are promising, but need to be improved
using a more extensive dataset and evaluating the approach in real scenarios. Our
future work focuses on obtaining more specialized algorithms for classification
and learning.
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