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Abstract—In the present paper we expose the develogent of
a real-time monitoring prototype of human activities using a
single cell phone equipped with some sensors. Theonitoring

system is reduced to the minimum expression; no sgal

hardware is required as far as a conventional celpbhone will

monitor the user, classify the user activities withrespect to a
customized rule’s set, and finally trigger the coresponding
alerts, when necessary.

Keywords-Pattern recognition; human movement's dzten;
cell phone’s sensors; indoor location service.

User activity monitoring has a considerable potgritr
a whole range of new applications in different eowiments:
user surveillance, military purposes, health-cate, More
precisely, in health-care there is an implicit i
application monitoring elderly people or patieniffering an
illness. Besides, nowadays our society is more tbnaer
exposed to an aging population, which is one of rtren
concerns of present administrations. Any techraggdroach
alleviating the ever increasing health-care budgit be
welcomed.

Thankfully, recent progress in communication
technologies and sensor miniaturization has opémedioor

INTRODUCTION

to new approaches overcoming the above mentioned

situation, involving, for example, remote supemtsiof
home-confined elderly people. In particular, a -téak
monitoring system of human activities would be an
interesting solution to supervise aged people ooplee
deserving medical attention.

The aim of this study was to continue from previgus
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and implemented to carry out the validation tesid @aso to
demonstrate the achieved results. In any casekethéssue
for the intended scenario was to work out a reptesee
prototype using a mobile phone with suitable errabfei-fi
receiver, accelerometer, etc.) to obtain the irgaia which
would lead us to the implementation of the context
awareness paradigm.

Nowadays, common health-care monitoring appliances
focus on strictly monitoring physiological parantstsuch
as: the heart-beat pulse, blood pressure, bredéithtygcetc.
using dedicated hospital equipment. But recentlgttzer
type of health-care monitoring system is beginniagbe
envisaged as a useful tool for elderly peoplehis tase only
focusing on monitoring the user activity [1] - [@]hese new
appliances are presently in an early stage of dpwatnt and
they commonly operate on a 3 layer paradigm baseth®
following approach:
A sensor layer: gathering relevant information on
human activity. It uses some dedicated sensor
devices embedding for example: accelerometers,
gyroscopes, magnetometers, etc.
A transmission layer: transmitting data from the
sensor layer to a processing data unit. Transnmssio
are produced on wired or wireless channels. Faer thi
purpose, with wireless transmissions, a mobile
device is often used as a relay to collect and
retransmit the sensor’s data to the processing unit
A processing layer: processing the sensor’'s data in
order to classify the human activity.
Consequently, present user activity monitoring
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developed prototypes on indoor location and moveémenypproaches have demonstrated to suffer the folpwin

recognition to achieve a deeper
possibilities of context awareness to work out feitu
services. In this respect, considering the relesaigattern
recognition on both indoor location and movemen
classification, one of the main efforts has beewoti to
study and deploy several techniques focused oringpthis
matter, in particular, neural networks and supparttor
machines as the most promising candidates.

In order to put in practice any mathematical
development, a representative prototype has bemtified

t

knowledge on th@rawbacks:

They use specific hardware. These devices include
the necessary sensor elements: accelerometers,
gyroscopes, magnetometers, etc. [1] — [3].

The sensor units have to be placed on specific body
locations (hip, wrist, upper arm, etc.) and usually
with specific tilt orientations to work properhy4][—

[7].

Sensor data is collected and locally transmittédgus
short-range wireless technologies, mostly Bluetpoth



to communicate the data to a processing unit; ophone. Nevertheless, the neural networks were Iyfinal
sometimes to communicate to a wireless devicaliscarded due to its computational load when tngirthe
which will retransmit the data to the processing.un classifiers.

The processing unit will finally process the On a second step, the combination of the output dat
information to classify the human activity. So morefrom the SVM classifiers (both the indoor locatiamd
than one device is involved in the monitoring movement estimation) together with the data praviole the

process. GPS receiver and the ambient light sensor has bget to
In our proposal, a different approach is envisaged; elaborate the user-monitoring service logic. Thiaywhe
main features are summarized as follows: intended context awareness paradigm was matedalize

» Using a conventional cell phone as the only device
handled by the elderly or patient individual, asda IV. SERVICE LOGIC
it includes some necessary sensors. Nevertheless, The main device involved in this approach is th# ce
present cell phones are lately including thesephone. As it is been said before, to implementea astivity
sensors, in particular: a tri-axial accelerometer, monitoring system we need a sensor layer to redbesuser
magnetometer, an ambient light sensor, a GPSQctivity and a processing layer to process thegndata to

receiver and a Wifi receiver. classify the user activity and trigger the corregpog alerts
» Providing an easy way to configure the alerts to bavhen necessary. Besides, we were referring tanartression
triggered for each individual under surveillance. layer in order to transmit the sensor's data to rimmote

« Monitoring any individual with a multiplatform processing unit. In our case, the sensor and psinceiyers
access approach, basically allowing a web accesare included within the cell phone, so no transimissayer
monitoring but also having the possibility to ragei  is necessary. In particular, the sensor layer iesl
those alerts on a cell phone or through software ¢ A tri-axial accelerometer and a magnetometer to
widgets. monitor the user movements.

» Lowering the overall monitoring system budget both « A GPS receiver to monitor the user outdoor location
for the end-users under surveillance and the « A Wi-fireceiver to monitor the user indoor locatio
supervisors as far as this proposal only uses « An ambient light sensor to identify the darkness of
conventional cell phones and computers. the user location.

» Defining a customized monitoring context instead of  All the information provided by these sensors i®fied
universal physical activity surveillance, includitt®e  and processed by the same cell phone. Monitoriaguter
history of the user daily habits. This way, achigvi movements is implemented using pattern recognition
an implementation of the context awarenesgechniques. As it is commonly the case on pattern
paradigm. recognition, there is a training phase to learn shstem.

From all the possibilities on pattern recogniti@chniques
Il SCOPE OF DEVELOPMENT [7], [8], [9] we have chosen the SVM (support-veeto
Previous work by the authors on indoor location andnachine) classifiers as the best alternative tionipéemented
user-movement classification was developed usiegibst  considering that the algorithm’s execution had ¢odone in
elementary techniques on pattern recognition, bgithe the cell phone.
nearest neighbors technique, [1], [2], [3]. In atfistep, one For the outdoor location monitoring only periodi®&
of the drawbacks on using the nearest neighbonigeh is  requests were necessary to recover the intended dhe
the need to calculate the Euclidean distance frognreew  same applies for the ambient light sensor. Fin&dlynonitor
input with all the recorded data inputs of thertiiag set in  the user indoor location we have followed the same
order to classify the present input. It is not fieleswhen procedure as for the movement's monitoring, usigvS
running this technique on the mobile phone instefithe  classifiers we have trained the classifiers inratial phase,
server, or when considering an increasing number dp later on, use them when monitoring the user.
recorded data inputs on the training phase in otder With this approach, we define a customized behavior
improve the pattern recognition accuracy. pattern for each individual with the corresponding

Among the alternatives to the nearest neighborslert/reminder triggering criteria. We talk aboeminders,

technique to classify input data, the most relewmats were: not only alerts sent to external receivers, becatlme
the neural networks and, in some cases, the suppotor  behavior pattern and also the included agendaitticular
machine technique (SVM). In a first step, withie #cope of scheduled activities will trigger to the user tloeresponding
the development, we took our previously developedeminders when we detect, due to the sensors tatathe
prototypes on indoor location and movement recamniéind  scheduled activity is not underway or that the gaired
we replaced the core pattern recognition moduldis thiese  activity is out of the predicted behavior pattemntbat a
two new techniques. Obtaining a more efficientpredicted activity due to the behavior pattern has been
implementation and consequently achieving the rtimmaof ~ detected.

the pattern recognition logic from the server te thobile

phone, the aim was to create, as much as possbhle,

autonomous application running completely on thebifeo



To define a customized behavior pattern or “user-|

context” it was necessary to implement a multidigienal
table including the following main entries:
* Time axis:
0 A time table including the daily habits for the
individual being monitored;

0 An agenda with the scheduling for all outdoor °

visits to be paid.
» Location axis:

0 Outdoor: common outdoor locations to pay a
visit and potential hazardous outdoor Iogations;@m
0 Indoor: common sequence of rooms visited at | or/and SMS with

home on an ordinary daily routine.

* Ambient light axis: Common ambient light levels at

different indoor locations and times.
* Movements axis:
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Figure 2. Outdoors alert procedure
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o Common series of user movements: walk, sit-

down, stand-up, climb-up stairs, climb-down

stairs, etc.;
0 Identification of abnormal movements (fall-
downs).

V. SERVICE SET UP

A configuration platform is also involved in our
approach. Basically, it sets up the alert trigggninles for
each individual, including the alert delivery ségy with

The “user-context” is setup on the server andyiterent options as we can see on Figure 3.

downloaded to the cell phone.

Alerts will be sent as e-mails, sms or pop-upsrstailed
computer widgets depending on the chosen configurat
Low-level alerts will be sent as far as the momitbr
individual is not following the predicted behavigattern, all
this without the user participation. Nevertheleksré are
some potential alerts, for example, when detectivag the
user has fall down, where the monitoring applicatiall ask
the user, at least that this is a false alarm, énbtere is no
response from the user to deactivate the alarre,wiii be
sent to the intended receivers including the enmge
services, as it is shown on Figure 1 and 2.
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Figure 1. Fall down alert procedure

The so called server on Figure 3 only manages skesu
contact data to send alerts, the user's profiles, dlerts
triggering thresholds and the alerts history of endjvidual.
This way, on the cell phone a software applicatias been
created to recover all the necessary data fronseheer and
setup the monitoring system to be executed ordthitce.

To access the server a web application has been
developed. After registering to the service, sonsecan fill
up all the information related to the user to benitoved, just
as an example on Figure 4 we can see the web pagew
the user will fill up the “habits” data.

Localization in/out door

History Management Alerts by Mai

Alerts configuration Agenda / Medication Widget

configuration

A Human Movement
T monitoring

Widget Web page

Figure 3. System architecture
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Figure 4. Filling up the “habits” data

The cell phone application is initiated as seerFure
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Figure 6. Main menu and indoor location training menu

In particular, from 5 single measures an average
fingerprint measure is recorded, so we need att Idas
average fingerprint measures to train the systeaterLon,
you must stop the fingerprint saving, move to aeotiloom
and repeat the same process, and so on in diffevemts. At
least measures from two different rooms are necgssdore
you can train the classifiers pressing the buttorairf
classifiers”. At any time you can reset the classsfif you

5. From there on, after the login registratioesds us to the  want to train them again or reset the complete tatse

user-data menu as seen on Figure 5. The user-dathe
upload/download from the server. From there on & go
to the main menu.

losing all previously recorded wi-fi fingerprinta order to
start from scratch the indoor location training.
The user movements’ training will be made pressimg

The main menu of the phone application can be eeen «\jovements full training” from the main menu, segFe

Figure 6. The first three buttons refer to the mdimcation
and user movements training. The fourth one ref@rthe
user monitoring and the last one is used to recthemlert
triggering rules introduced by the web applicatamit was
explained before.

The indoor location training screen is seen on feidhy
you must select the room where you are in, pressstart
saving fingerprints” and move around the room fofeast
5x4 measures of wi-fi signals before stopping tteeess.
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Figure 5. User-monitoring application

6, nevertheless there is the opportunity to tlaengdystem for
an individual movement pressing the “Movementstray”
button, on pressing this button you can selecirtid&idual
movement and start training.

On Figure 7 you can see the movements’ full trgnin
menu.

Device Screen Capture @ Device Screen Capture @

Captired image: Captured image:
2 .l = 16:43 2 .l # 19:55
e — —_— -
Select Option: — —
New Training
Continue Training Monitoring movement:
= T Stairs down
Delete Training 1S58
= = - Monitoring location:
Express Training ! Fg @
e — N BestBssids: HabdnevV
Continue Express Tr. CommonBssids: Hab.meva
- most frequent: Hab.meva
wifiScan.num: 47

Refresh] [ Save ] I Done ‘ [Reﬁesh] [ Save J [ Done I

Figure 7. Movements training menu and user monitoring



You can start the full training from the very beging or VI. CONCLUSION

continue a previous one where you left, you caretdedll |
. n the present paper we have exposed the develdmhen
previously recorded data to start from scratch wa il a real-ime monitoring system of human activitiesng a

movements’ training; or finally, as it is staf[eqme last two single cell phone equipped with some particulasee No
butt_ons_ you can execute an express training franviiry especial hardware is required, as far as a cororaiticell
beginning or continue a previous one where you l‘élfte phone will monitor the user, classify the user\diitis with
express training Is just a §hort version of the fidining, respect to a customized behavior pattern and finatjger
although lest accurate, it is shorter to compl@a. both: the corresponding alerts or reminders when negesS&iM

;nlelzw full training” f;r “new EXDFSSS_ tralr;mg" hyogeum classifiers have been used to recognize the useemments
oflow .‘?j stiquencilo socl:reens pro tuqlng 3 e?Cdeiu,r?ﬁu and indoor location, executing all the algorithmishim the
are said, the mentioned movements in order to € cell phone. A configuration platform has been depet to

user's movements to complete the entire trainingCess. setup the customized behavior pattern to be dowelbado

Remembetr t(')t’h t%s _ngucg das p055|bl_e;d prc;dgceﬁ ICIe?ﬁe cell phone, along with the different alternasivon alert
movements wi € Intended pause period Jus delivery due to the multiplatform access proposal.
after each movement in order to increase the psoces
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