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Abstract-In this paper, we propose a system to allow the $el
collection of individual data through digital quesionnaires and
sensors. The self-collecting person uses a tablet @ smart
phone and wears a watch that contains the sensorBhe main
feature of this system is to memorize in a uniform way the
answers to the questionnaires and the values of theensed
parameters in order to facilitate their joint analysis. The
system has been developed and tested to monitor @sarthritis
patients. It represents an essential element of trentrol loop:
elaboration of recommendations — monitoring the exaution of
these recommendations - evaluation and readjustmermf these
recommendations. This system has been implemented a
generic form and can be used to monitor any patienat home
or on the move outside. We explain, also, the ext&ions we are
currently making to obtain a general and flexible gstem.
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l. INTRODUCTION

The initial motivation for this work resulted frotme
need expressed by the medical profession to haeasnto-
use system for the self-collection of health datéis

they are an accompaniment to many therapies.
Our goal was to develop a self-gathering systent tha
combines the two modes of collection (questionisaaad
sensors), and to store data collected in a unifoanner in a
warehouse so that they can be manipulated joititlg.thus
possible to carry out analysis combining the twpety of
data in order to search for correlations or to cot@p
indicators which, will serve to improve the reconmdations
for the patientsFor example, for osteoarthritis patients, we
can search correlations between the number of sepday
(data coming from sensors) and pain level or diffic to
make some movements (data coming from questiorg)aire
Systems combining questionnaires and sensors have
already been proposed, but for specific purposes
[12][23][14]. The work of [12] uses questionnaitescollect
the values of situational variables and wirelesssges to
collect cardiac activity and physical activity. Buhe two
types of data are stored and processed separhte]$3],
monitoring physical activity using wireless sensdss
experienced and discussed. Drawbacks are hightigirid it
is suggested to combine sensors and questionndihes.
work of [14] studies the effects of different tn@&nts on the

involves checking that the patient is following the quality of life for adults with diabetes. This syuid based on
recommendations made, measuring the results ofe the§ata coming from sensors and others coming from
recommendations, and then analyzing the resultsadjust ~duestionnaires. But, the two types of data areintegrated
the recommendations. For example, in the case ef tH" @ Same system. To our knowledge, there is npgsition

osteoarthritic patients we studied, it is a questiof
collecting the information relating to physical isity,
difficulties encountered in performing certain momants,

for an integrated system able to deal with the tyyes of
data. The main advantages of our system are tt@wial:
uniform and integrated treatment of data comingmfro

taking medicines, etc.. Some information can onky p questionnaires and that coming from sensors, falbifity of

collected by questionnaire, but other pieces obrmftion
can be conveniently collected via sensors (e.g.,ntmber
of steps performed in a day). There is therefamatinterest
in associating the self-collection of personal dagadigital
guestionnaires and by sensors.

Self-collection by digital questionnaires has longen
considered in all areas. Various systems have seggested
to create questionnaires and enable online respori$e

the patient, management of the system by the mesliati
itself without the intervention of a specialist, redit
interoperability with analysis tools. Moreover, thgstem is
able to operate in different contexts, includingdimal and
non medical domains.
We explain the functioning of our system through

Sections 1I-VI, and then we present, in Section, \tHe
extensions that we are currently carrying out tdaioba

best known are Google Forms and Lime Survey [1]9€neraland flexible system.

Questionnaire collection raises problems of releeathat
are discussed in [2]|3][5]. In the medical fieldegtionnaires
have been validated to collect various pieces foirination
about a state of health (see, for example, [4]ef@luating
personality, [6] for evaluating level of anxietgy, a practice
(see, for example, [7] for evaluating physical éty).
Numerous studies have focused on the collection
medical data by sensors. There is a wide varietyysfems
and sensors [8][9]. One of the challenges is tdurapin a
reliable and precise way physical activities [1Q][because
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1. OVERVIEW ON THE SYSTEM

1) General specifications. The proposed system
promotes the collection of health data by the patiemself.
The location of the patient at home or on the mdse
irrelevant. The only constraint is that the patiéwmts to

Ofstablish an Internet connection at regular intervfor

example, every evening). Two modes of collectioe ar
possible: on one hand, a collection by digital goesaires
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via smart phones or tablets, on the other handynaatic
collection by using sensors embedded on smart ghone
connected watches. All data is transmitted to arakserver
in a tabular format (compatible with Excel) for istge and

subsequent analysis by a software tool, such as SA

(Statistical Analysis Software) [18] or R [19]. must be
possible to carry out analysis relating to a patera group
of patients.

The creation of the survey questionnaires is cadraet
by members of the medical staff. A user-frienditerface is
therefore available to perform this task. It is ortant that
this interface can offer a good variety of questigres

Each patient responds to one or
questionnaires via the tablet or smart phone acwrd a
pre-established timeline. Notifications are geregtaby the
system as soon as a questionnaire is open. Physitalty
(number of steps per hour or per day) is captuiedan
accelerometer installed on the watch. The advant@dbe
automatic capture of the activity results from ¢servation
that the survey questionnaires do not allow a bidia
collection. Experiments have shown that
systematically overestimate their physical
Tracked data is transmitted from the tablet or $iplaone to
the central server via a certificate-based protamhg a
patient specific identifier. The exchanges alwajetplace
on the initiative of the mobile devices.

It is the members of the medical staff who mandmge t
patients (and in particular the assignment of amtifier to
each patient) via a specific module.

The system must be simple to use so that its setodipt
by the users (members of the medical staff on tieland,
patients on the other hand) does not pose anyerobl

Mobile devices may be provided by the patient othzy
medical service. The patient provides the Interaetess
device.

2) Architecture. The chosen architecture is simple

(Figure 1). It is based on a central server thaththe data
and the questionnaire and the main computer apiolica
(called the server application thereafter). Thisvee is
installed in a protected intranet. Each patient aasblet
(possibly associated with a watch, or a braceletptber
sensors) that can exchange data with the servex secure
Internet protocol. It is the mobile applicationtalted on the
tablet that initiates all exchanges with the server

Tablet or
Smartphone
+ Watch

Server
— $
Data base

Figure 1. Architecture of the system
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® Creation of questionnaires (actor: medical staff in
intranet).

@ Creation of patients (actor: medical staff in ing8.

® Assignment of questionnaires to patients (actordioz

aff in intranet).

Initialization of the mobile devices (actor: medistaff
in intranet): The mobile application is installech dhe
patient's tablet and watch. The server connectiforrination
is initialized on the tablet. The questionnaires taansferred
to the tablet.

® Initialization of the tablet connection to the Imtet
network (actor: patient).
® Response to questionnaires and possible activatitre

more  Surveyyatch (actor: patient): The data is stored temjigran the

watch and the tablet.

@Transmission of data to the server (actor: mobile
application in the Internet): The data is transeditto the
central server as soon as the Internet connect®n i
established. Connection and transmission are fully
automatic. It is the mobile application that drivése
exchanges.

patients 4y Technologies, For the server, we chose a WINDOWS
activity

technology associated with MYSQL [15] to manageadat
storage. The server application is encoded in J&eat.
mobile devices (tablet or smart phone, watch), tvese an
Android technology [16] associated with SQLite [1The
advantages of Android are two-fold: great varietynobile
devices supported by this system, affordable pridée
mobile application is also encoded in Java. Théetadnd
watch are interconnected in Bluetooth mode. Data
exchanges are carried out by Web services usingTRES
(Representational State Transfer) technology [20].

1) General interface. The general menu (Figure 2)
contains tabs for managing medical staff, managatgents,
managing survey questionnaires, assigning questimsto
patients, initializing collection, reporting abaupatient or a
survey

2) Model for questionnaires. As soon as a questionnaire
is created, a name is assigned to it (this namesésl to
locate it on the tablet's home page). A questigenzan be
divided into sections. A section may be submittecdthte
user several times in the form of a series of pgerdened
deadlines or in the form of a regular repetitiorotime. A
section can include different types of questionsiltiple
choice questions, cursor questions, grid questiopgn-
ended questions. These types correspond to thosh ate
most frequently encountered in the medical fieldhed
types can be added with the same specificationoappr
The wording of a question is handled in two formattong
format that is the full text of the question assitdisplayed
on the tablet screen, and a short format thates ts locate

COMPUTER APPLICATION FOR THE SERVER

3) Main operations. The main operations permitted by the question in the result table.

the system take place chronologically as indicatddw.
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Surveys CHU-TImeQuastian

Home Survey Management ~ | Patient Management | Medical Staff Management | Init collecting Patientdata ~ = Follow ~ = Parameter ~

Survey Management > Create Question

Survey Viewing Tree Question Identification

What difficulties do you have in making your laces?
# Textfor the Short description : *

laces

Cancel Create

Figure 2. Main menu for the server application

Once the creation of the questionnaire is validaied patientid variable name el i
switches to the "finalized" state. This status nsetdmat the 2 Steps per hour 151 12/12/2016 18:01
survey is ready to be published to patients 4 Difficulty : Go down the stairs average 12/12/2016 18:50
3) Ass|gnrnent of queg| onnaires to pat|aqts Any 4 Difficulty : Walking flat low 12/12/2016 18:50
finalized questionnaire may be associated withepési The ¢ Difficulty : Thread the socks  average  12/12/2016 18:50
"Assignment Survey" tab allows to associate surveigh ¢ Difficulty : Get out the bed _ low 12/12/2016 18:50
tients. It is possible to specify several assiotia Steps per hour o 12/12/2016 19:01
pa 4 Steps per hour 205 12/12/2016 20:00

simultaneously
4) Initialization of the mobiles devices of a patient. The Figure 3. Reporting about a patient (excerpt)

initialization of the mobile devices is obtaineddmanning a

QR (Quick Response) code generated by the server IV. COMPUTER APPLICATION FOR THE MOBILE DEVICES

application. This QR code consists of the patiehtthe 1) Answering a questionnaire. The names of the
initialization date, the web service address onsewer that  different surveys associated with the patient épldyed in
must be used for the data exchanges. different bannners on the tablet home page (Figur&hese

5) Results management. We separated the results of the names are those that were specified when creating
surveys and the results of the sensors in two reéife questionnaires. Banners with a gray backgroundespond
classesresult andsensorResult. The typing of the collected to surveys that are not due at the time of the weation
data is the same for the two classes aespects the and are therefore inaccessible. The patient caweanany
following format: survey accessible by clicking on the correspondiagner.

(patient id, variable name, collected value, date) The accessibility of a survey is determined in agance
The variable name corresponds to the short labeh of with the frequency or timelines specified at thaeiof its
question or to the label of the parameter colledbgda  creation.
sensor.

6) Reporting about a survey or a patient. The results for A
a survey (all patients combined) or the resultsafqratient -
(answers to questions and parameter values comamg f
sensors) can be downloaded in a same Excel Ale.
example is given in Figure From this file, we can then
make ad-hoc reporting or in-depth analysis by usirtgol
such as SAS or R. It is interesting also to not Huch a
file can be seen as the fact table of a warehouttetiree
main dimensions : patients, variable, time. Apphesc
proposed for calculating indicators in data waretgsucan Eva
thus be usefully exploited.

TimeQuestion

IPAQ

Figure 4. Accessing surveys from the tablet hongepa
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to the server at its own initiative. Initializatioof the
exchange by the transmitter (watch or tablet) cc@wery

‘Questionnaire : IPAQ

Section 1

Sectiont 30 minutes if the network is available (Bluetootbr f
%Tqiﬂ?fnﬁljnyhaveyoufmmakingmefmlowmg communication to Fablet, Internet for communicatitm
actions server). The transmitter keeps the data until geeiver has

O e returned an acknowledgment of receipt. If this

et 0o ® o o acknowledgment fails within 30 minutes, the sender

SO R = attempts a new sending. When the acknowledgment is
Valider received, the sender removes the data from itsnat®dase.
Figure 5. Answering a question on the tablet (grigstion) 4) Deployment on the playstore. Our mobile application,

called TimeQuestion, was deployed on the playstore
Figure 5 shows the presentation of a grid questiothe  simplify the propagation of updates and initialieat
tablet screen. TimeQuestion includes the codes to be installedttn
2) Sep counting. The accelerometer of the watch andtaplet and the watch. The installation of TimeQioests
the Google Step component are used to count tis.sfe  gone automatically on the tablet and also on thiehyaf a
higher layer was developed to aggregate the cowert@ach  \yatch is connected. The application is optimized do7-

60 minutes interval. It is the value of this aggregthat is  inch tablet, but it can also be installed on a $iplaone
transmitted to the server via the tablet.

Other medical sensors are embedded on Android sisppo V.  EXPERIMENTS
and can be installed on our system. They permdafature The system is now fully operational and the seiiger
parameters such demperature, Blood Pressure, Pulse, anghermanently active. Various experiments have beered
Heart Rate. out with members of the Physical Medicine and
3) Data exchanges. The sending and receiving of data Rehabilitation Department of the Clermont-Ferraraspital
between the watch and the tablet, on one handgdeetthe (France) and patients of this department in ordevaluate
tablet and the server, on the other hand, is donthe acceptability of the system.
automatically without user action. A short message First, multiple demonstrations were carried outthg
displayed at the bottom of the page for a few s@saiw  authors. Once the mobile devices have been iiédliit is
signal the shipment. The sequence diagram belogu&ie) NO longer necessary to worry about them. If thegobee
describes the principle of exchanges between thbileno inactive following a discharge of their batteriesmply
devices and the server. The data of the watchssstored ~ "€charge the batteries and restart them.
in its internal memory and then transmitted onintsative Several patients were asked to test the system thiegn
to the tablet. The data generated at the tablet Igg the Were in the PMR (Physical Medicine and Rehabifiai

answers to the questions) and those recovered fhmm Department.

watch are stored in its internal memory and thangmitted

[ Server : ChuWebService 1 lTnhlm 1 Ws | | Tablet : DataBase ] | Tablet : ComMobileService | | Watch : ComWearService | l'll'.l'atuh : DataBase
T T T T T T

| _1: Patien! data request

| I ]

: | | |

2: Patient data | } J
) 1 | 4: Read |

3: Patien| data | ; * 1

5: Bensor data

|

I

| | 6. Sensor data
| aE

| U 7: Del sensor data
|
|
|
|

& Del

I
9: Sensor data :

10: Sensor data

11: Del sar dai
dacut L 12: Dal sansor data

1

1

|

13: Aesult data '
1

14 Result data

System sync
varsioni.0
TimeQuestion |
July 2018

15: Dal result data

16: Del resull data

e

Figure 6. Data exchanges between the mobile desitgshe server
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One patient was asked to use the system for twkavee parameter and the calculation of the aggregate. mam
The PMR (Physical Medicine and Rehabilitation) menu of the server application is redesigned towalihe
Department has put at her disposal a tablet ofciies as choice of the sensor, the choice of the associateel, the
well as an android watch. A survey with 16 question choice of the type of aggregation to be performsaim|
relating to movement difficultieswas assigned to her. A average, etc.), the aggregation time interval. S¢wnd part
response was requested every two days. This patiagt of the component can be then automatically gengrdtee
asked to walk 30 to 60 minutes a day. We were abléo  installation of a sensor can be so specified dirdwt a user
verify that the data went back to the server oregular manager without requiring the intervention of aeleper.
basis.Figure 3 illustrates an excerpt of the collectethda

during this experiment. VII. - CONCLUSION
All these actors found that the system was very The initial objective of this work was to designdan
convenient to use and very useful. develop a system for the self-collection of mediatia. The

We did not have the opportunity to address thedata come from the responses to questionnairesnitted
acceptability of the system by patients with difaés, such  via the tablet, on the one hand, and the parametdiected
as those with hand tremors or those with visuaktefcies. by the watch via sensors, on the other hand. The
We are confident about the efficiency of our systEn  questionnaires are defined by the members of thdicale
those with hand tremors because tablets with lamyeen staff through a convivial interface and their stuwes are
sizes can be handled by the system. We have nétregp stored on the server in a relational database. &neythen
solutions for patients with visual deficienciesrfois type loaded onto the tablet during an initializationgedure. The
of handicap, specific solutions need to be studied. application allowing the reading of the valuesiu# sensors

The MPR department studies the effects of hydrefiner is also automatically installed on the watch durithis
for its osteoarthritispatients. It planned to use the systeminitialization. All data collected from questionres and
with about ten patients for the next treatmentquisi sensors are stored in a unified tabular formataiglifate
their recovery by a spreadsheet in order to adivarious
statistical analyzes or data mining treatments.

We explain in this section the extensions we have Our system has also other main advantages. It sitfollv
undertaken to make the system more general and morobility of the patient. Its management can be rehtly a
flexible. member of the medical staff without the interventiof a

1) Separate management of questions. In the current SPecialist. Its operation is automatic as soon ls t
version, each question is linked to a questionnaireinitialization of the mobile devices has been eatmut.

VI. TOWARDS A MORE GENERAL AND FLEXIBLE SYSTEM

Experiments have shown that the same question pasaa We have conducted experiments which have shown that
in different questionnaires. It is therefore a disesof being  the system is well accepted by the patients.
them to form the questionnaires. other types of data into our warehouse. For exaniplthe

2) Semantic standardization of labels. In the current Medical domain, the fact table could be used taesto
version, the wording of the questions and parameterMedical analysis results or imaging reports. Tewdlly, we
captured is left to the free choice of the medataff. It is N€ed to study the interconnection of our systenh wite
then difficult to integrate the data coming fronffetient ~ Other systems used by physicians.
services (remember that these labels serve as tieman The data collected, in particular via the sensoes)
reference for the collected data). Yet, this inatign would ~ quickly become bulky, and one can wonder about the
be interesting to deal with more massive data cgrfiam  Suitability of such a system for handling big dathe main
different horizons. To facilitate this integratiome propose Problem is the server's storage capacity. A retafidgable
to constrain the choice of labels through a shamgdlogy under Windows NTFS (New Technology File System) &as

of the domain. We are adapting the specificatioloog and ~Maximum capacity of 2GB. We can evaluate the leogih
short labels in order to impose the choice of ater an  line in theresult table or thesensorResult table to 200

ontology. Bytes. Suppose the server is used by a medicalrtdegret

3) Sensor assisted installation. In the current version, !0 track 100 patients. It is thus possible to st2@@,000
each sensor is associated with a specific softwar8NSWers to questions for a single patient and deesthe
component which, collects the raw data transmittedures number of steps per 60 minutes over 25 years foati@nt.
their filtering and aggregates this data over thkevant It is very comfortable. But if we want to integratiata
period before transmitting them to the tablet. ddition, the ~ coming from several departments into hospitals sitbe
label of the sensed parameter is hard-coded in th@ountry, this capacity may become insufficient aiter
component. The extension consists of decomposiigy thStorage technologies should be considered. Todaye tare
component into two parts: a part that remains $igets  t€chnologies for big data that remain compatibléhvaur
each sensor (this part collects the raw data arfdipes the architectural choices and that do not put into iaesour
filtering), a part that ensures the naming of tesoaiated Software.
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This system was initially defined on the basis ihes

(6]

expressed by a hospital department. But it has been
designed and developed in a generic way and caisdubto
collect any kind of data from an individual or atural or
artificial entity. First, it can be used for monitg

individuals

in various situations: athletes in iaD,

workers in the performance of certain tasks, etd, B can
also be used for monitoring any type of non humiatitye
The sensors are then installed on the entity arel th
questionnaires are activated by a human observehisf
entity. For example, sensors can be used to mongetal

growth and collect immediate environmental condiio

(e.g.,

moisture and temperature for air

Questionnaires can collect more environmental méiron
(e.g., nature and evolution of the surrounding felthons),
useful for explaining the vegetal growth.

This system is currently being extended to makadte

general and flexible. These extensions mainly contieree
directions: the separate specification of the doest the
semantic standardization of the labels identifyitige
collected data, the assisted installation of asens

(1]

(2]

(3]

[4]

(5]
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