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This article presents a heterogeneous, open and configurable data recording device to
facilitate the implementation of clinical trials. It includes an embedded system
connected via USB to an Android device, and a database in the Cloud. Using an
Android application, it is possible to configure each clinical trial according to the
needs of the test protocol and the people involved in the study. This device ensures the
recording and storage of data from both the various sensors used and the
questionnaires. This original device was used during the implementation of the clinical
trials for a powered wheelchair “Obstacle Alerting System”. This system will be

mounted on the wheelchairs of the people participating in the clinical trials and used
for 14 days in their real life environment.

1. INTRODUCTION

When clinically testing a medical device or the
effectiveness of a drug treatment in an uncontrolled
environment, it is usually necessary to collect data generated
by various physical sensors, but also the answers to the various
questionnaires used in the study. In addition, an individual
configuration of each test is frequently required. The collected
heterogeneous data often comes in massive quantities, making
the analysis very tedious.

In order to collect and store the data, Cloud solutions can be
used. Fu et al. offer a platform based on a Cloud solution,
connected only to some internal sensors of a smartphone [1, 2].
However, these platforms are not open, as it is not possible to
interface other sensors. Furthermore, the system is not
configurable, which limits its use to very specific cases. It is
also not possible to integrate data from questionnaires. Kipf et
al. [3] offer a platform for data management called Mezuri. It
provides protocols for the transfer of data from different
sources (e.g. those collected manually from sensors) and their
storage in the Cloud. A computer tool based on web
technologies is available to analyze, visualize and share the
data.

However, this platform does not collect data directly or in
real time from sensors or questionnaires. This implies
significant pre-processing of these data. More recently, Lin et
al. [4] proposed a data acquisition system used in an industrial
setting. But it can neither be configured according to the user's
needs, nor be used to collect information from questionnaires.

In most cases, questionnaires are still produced in paper
format, as the data collected is often sensitive. This makes it
extremely difficult to analyze the data, especially when it is
necessary to correlate it with information from sensors.
Following a study carried out by psychology clinicians among
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1700 people using electronic questionnaires programmed by
IT experts, the need to develop a generic app for the creation
of electronic questionnaires has been demonstrated by Schobel
et al. [5]. It is indeed important to provide clinicians with a tool
enabling them to create questionnaires in a simple way that can
be used on a smartphone or tablet, while respecting the legal
criteria for data collection in clinical studies. In addition, the
need to collect data from the questionnaires and also from
sensors has also been identified.

In order to guarantee an efficient analysis of post-clinical
trial data, it is therefore useful to have a single platform for the
collection and storage of heterogeneous data. This platform
must offer easy interfacing with various sensors that
communicate using a variety of communication protocols. It
must enable clinicians and researchers to access the data
collected in real time or remotely. In this article we propose a
data recording system that will provide a solution to the
problems identified above.

The article is organized as follows. The first part presents
the data recording system, highlighting its open and modular
nature (section 2). Then an example of the use of an “Obstacle
Alerting System” (OAS) for a wheelchair in the preparation of
clinical trials will be described in section 3.

2. PRESENTATION OF THE DEVICE

The data recording system offers several functionalities:

. Interfacing of various sensors using standard
communication protocols (CAN, Bluetooth, UART),

. Collection of data from sensors and questionnaires,
encryption, storage in a database,

. Configuration of the clinical trials according to the
hardware and software used, and depending on the profile of
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the clinical trial participant,

. Creation of questionnaires,
. Real-time data visualization on smartphone or tablet,
. Individualized access according to the user's profile.

2.1 Overview and functionalities of the device

In order to guarantee the identified functionalities, the
device is composed of four elements:

o An on-board system, called "Data Management Unit"
(DMU), which manages the collection of data from the sensors
or other connected devices and their transmission to the
database,

. An Android tablet that interfaces between the DMU
and the database, runs the Android application used for the
hardware and software configuration of the trials and the
collection of responses to the questionnaires, and also serves
as an “human machine interface” (HMI),

o A database in the Cloud where all the data from the
questionnaires and the DMU are stored,

o A web service for the creation of questionnaires
interpreted by the Android application.

Figure 1 shows an overview of the system. This device is
designed around the "Data Management Unit" (DMU) which
is the main piece of equipment. It manages the data collection
of all sensors. New sensors and/or systems (e.g. via CAN bus,
Bluetooth, UART, etc.) can be connected to the in-vehicle
system by adding only the driver associated with the new
device. The system configuration on the Android tablet allows
these sensors or instruments to be integrated via a graphical
interface, using the configuration data in the Cloud database.
The tablet transports the encrypted measurement data to the
database in the Cloud.

External hardware D Data recording system

Background information (] Datainputvia software
Software Distance Android
instrument sensors device
.
+ -4 .
USB N\ CAN | lel.lng in JfWi-Fi
Questionnaires 4G
PWC — DMU — . .
- — Android device
Joystick UART Internal sensors uUsB

Tablet fixed on wheelchair
HMI

Figure 1. Overview of the data recording system

By using this open and configurable heterogeneous data
recording system, developers can merge their own sensors,
systems, algorithms, etc. with new modules, enabling cost-
and time-efficient testing. This system makes it easy to set up
clinical trials at different remote sites with different types of
users (technicians, doctors, device users, researchers, etc.).

The different questionnaires filled in by wusers and
practitioners during clinical trials can be designed in a user-
friendly web interface. These questionnaires can be completed
on a smartphone or tablet. All of these operations can be
carried out simultaneously on different geographical locations.
The data collected from the measurements and questionnaires
are stored in a single database in the Cloud, available for
further analysis.

The technology used in this device is simple, using
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microcontrollers and standard Android devices, and does not
require a lot of computing power. The aim is to provide a low-
cost solution for wide-spread use. The abstraction is done at
the database level. System configuration is done on the mobile
phone or tablet and then uploaded to the DMU. Once the
configuration is checked and saved, the DMU can start
collecting the data and send it to the Android device and from
there to the Cloud.

The resulting system allows the integration of
heterogeneous sensors, the addition of new sensors and
actuators, and reconfiguration according to the user's needs. It
also allows the simultaneous collection of data from the
questionnaires and their storage in the database. In the
following paragraphs, we will describe it in more detail by
addressing the hardware and some of the software aspects.

2.2 DMU - Hardware

The Data Management Unit (DMU) manages the data
collection of all sensors as well as the data from the medical
device (in this paper a wheelchair Obstacle Alerting System
will be presented). The data is both stored locally on the SD
card and sent to the tablet to be stored in the database in the
Cloud. The DMU also stores the configuration of the sensors
connected to the recording system. The hardware part is
designed around the STM 32 microcontroller as shown in
Figure 2. This circuit is connected by several inputs/outputs
via UART port, CAN port, USB. It is also connected to an SD
card, a GPS and an inertial unit (IMU, Inertial Measurement
Unit) via the I?C port. The medical device (called TPI in Figure
2) is connected to the DMU via UART.
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Figure 2. Data recording system: hardware architecture

An embedded architecture requiring little computing power
is used, with the aim of providing a low-cost solution.

2.3 DMU - Software

2.3.1 Configuration

The software is designed with configurability in mind. A
configuration represents the state of the system at a given
moment, in terms of the associated instruments and therefore
the data produced. All hardware or software elements
providing data to the DMU are called instruments. The
configuration is a structure containing information about a
specific configuration in the header, and an instrument list, as
described in Figure 3.

In the program written in C, the instrument list is a table of
instrument structures:

. It contains a header, describing an instrument.



. It contains function pointers for dynamic
decoding/preparation of data.
. It contains a dynamically allocated space (depending

on the data type of the instrument) where, real-time data is
written or read.

The configuration is set up using the tablet. Once finalized,
it is sent to the DMU via the tablet's communication protocol
for local storage on the SD card.
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a memory (depending on type)

Instrument structure

Figure 3. Configuration structure

2.3.2 Software architecture
The software is structured in 4 main modules, each
comprising one or more "threads", as shown in Figure 4.

marked with the "EDUCAT" label have been specially
developed within the project.
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Figure 5. Data recording system: software architecture

DATA ACQUISITION DATA EXPORT
4 1 L
Collect raw Formatthe Store the data Copy the Store the
Instrument |— data from — L insidethe . CoPY data on the
raw data structure

instrument configuration SD card
Stream the
data to the

tablet

Figure 6. Data flow
Application EDUCAT Clinical Trial 2 Software Solution
:‘:“l DUCAT | EDUCAT | o EDUCAT | Hillcrest LD[TN" EDUCAT EDUCAT |
Libraries o ! DX2 linx | br:" cPL MU Sonico | Configuration | storage
il . ¥ : il
sonpay | ubrary | vibrary Ubrary | Ubrary | P Library Library
Middleware Real-Time Operating System Chan FATFS Filesystem

FreeRTOS V9.0.0

System initializer / monitor

Initializer thread Monitor thread

R4
IMU threads 8 % Tablet communication protocol
E £ thread
5 il
:E GPS application thread
3- @ Synchronizer thread
& g
% CAN manager application thread 2
a E Measurement storage thread
&
PWCinterface thread e Measurement streamer thread
Figure 4. DMU software modules
" . .. . . ", 13 .. .
. System initialize/monitor": initializes the system

(reads the configuration, decodes it, and notifies the system
that all instruments are present and ready) and monitors its (the
system's) behavior.

. Data acquisition": allows data to be acquired from the
instruments.

. "Protocol handlers": manages the reception of
messages from the tablet, and responds if necessary.

. "Data exchange": exports data to the SD card (as
backup) and to the tablet.

The general software architecture of the recording system is
shown in Figure 5. The data flow is described in Figure 6. The
data is first collected from each instrument using their specific
"thread", and then exported to be stored in both the SD card
and the database in the Cloud.

The software is generated by STM32CubeMX, a tool
provided by STMicroelectronics. It runs on an
STM32H743Z1T6. FreeRTOS V9.0.0 is used. The different
software layers are described in Figure 7. All the libraries
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Figure 7. Software layers in the DMU
2.4 Tablet and android application

The tablet receives data from the DMU via USB. This data
is sent to the Cloud via its Internet connection (Wi-Fi or 4G)
by means of an application developed for this purpose: the
EDUCAT App (start-up screen is in Figure 8, left).
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Figure 8. Screenshots of the EDUCAT App

The EDUCAT App allows at start-up to configure the
device and transmit this configuration to the DMU. A
configuration contains all the necessary information to
automatically program data collection with specific sensors for
a measurement. The configuration menu allows to:

e  See the list of configurations,

e  Create a new configuration.



A user can create a new configuration by using the "New
Configuration" option in the configuration menu. The
application will request a name, hardware ID, version and
company ID for the new configuration. Once the user has
entered all the details, the application will send a request to the
database to create a new configuration.

The created configuration opens in a new screen (Figure 8,
center). This interface is a graphical representation of the study
object used in clinical trials, allowing the instruments to be
placed and configured. For each instrument, it is possible to
configure its data acquisition frequency, its unit of
measurement, its physical position, its identifier, etc. It is also
possible to configure the time slots for automatic data
recording. In this article the object of study is a wheelchair on
which an Obstacle Alerting System will be mounted; Fig. 8
right shows part of the configuration. However, it is also
possible to imagine that in a clinical study of a new drug,
sensors have to be placed on the person in order to measure its
effects. In this case, the object of the study is the person.
During the tests the data from the instruments can be displayed
in real time as graphs or as values in the HMI of the tablet
available via EDUCAT App. In addition, the application also
allows the user to fill in the questionnaires necessary for the
study. The Android application gives access to the different
functionalities of the device according to the user's login
profile. For the moment three profiles have been identified:
researcher, clinician, (end-)user of the device.

2.5 Web service and questionnaires

The heterogeneous data management system not only
allows the recording of sensor data, but also the editing and
completion of questionnaires. A Web service allows the
persons in charge of the clinical trials to easily create the
questionnaires. These questionnaires (format and order of the
questions) are saved in the database in the form of SQL
commands, which are then interpreted by the EDUCAT App.
The questionnaires are presented on the screen so that they can
be used by the trial participants, in their own language. These
questionnaires (e.g. questions on health status, taking
medication, use of medical equipment) will be offered to the
participants of the clinical trial at the set frequency and the
results will be synchronised with all other recorded data.

3. APPLICATION OF AN OBSTACLE
SYSTEM TO CLINICAL TRIALS

ALERTING

Within the EDUCAT project (www.educat2seas.eu), an
Obstacle Alerting System (OAS) for electric wheelchairs will
be clinically tested. These tests will be carried out over 14 days
in the real life environment of participants with electric
wheelchairs with a Dynamic Control (DX2 or LiNX) or Penny
and Giles (R-Net) type joystick. The system detects obstacles
around the wheelchair using infrared and ultrasound sensors
and alerts the user about their location and dangerousness. The
alert can be visual, audible or haptic. The user has the option
of activating or deactivating the sensors at his’her own choice
in real time. The number of sensors connected to each chair
will depend on its dimensions. All the data collected will be
stored in the database. In order to enrich the study, the
participants will have to answer a questionnaire three times a
day. In addition, additional questionnaires, pre- and post-trial,
will also be used. All this data will be analysed to assess
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whether the proposed Obstacle Alerting System could offer a
better quality of life to people with reduced mobility. It is easy
to see that in order to carry out these clinical trials, it is
essential to use a system that can be configured according to
the person's wheelchair and the number of sensors used. In
addition, the person must be offered an HMI that will allow
him or her to change in real time the feedback he or she wishes
to have for the alert. In addition, in order to make it easier to
fill in the daily questionnaire (morning, noon, evening) in time,
a reminder function has been created. It thus ensures the
collection of rich and homogeneous information. In order to
meet all these requirements, the data recording system
described in section II was used.

3.1 Material part

The Obstacle Alerting System has the following
instruments: wheelchair joystick, GPS, IMU and distance
sensors, as well as a software instrument in the tablet (see
Figures 3 and 9). This system is integrated into the data
management system described above. It consists of the
following components:

. The Data Management Unit (DMU), which stores the
trial configuration provided by the tablet, collects data from
the sensors, joystick and algorithms and sends it to the tablet.

. The interface with the medical equipment: this is the
interface between the data bus for electric wheelchairs and the
DMU. Currently, the DMU can interface with DX2, LiNX or
R-Net chair control systems.

. Sensors: infrared and ultrasonic sensors, inertial
control unit (accelerometer, gyroscope, magnetometer) and a
GPS (for outdoor use).

. A tablet with a SIM card: it allows the configuration
to be sent to the DMU and data to be sent from the DMU to
the Cloud via Wi-Fi or 4G. In addition, it gives the user
feedback on the location and dangerousness of obstacles
around the wheelchair. The user can choose in real time
between the following feedback: visual, buzzer, haptic.

. A rear camera: activated when the wheelchair is
moving backwards.

External hardware

D Data recording system

PWC
Third Party
Interface

GPS Antenna

External IMU

Mainboard
Data Management
Unit

1

1
Haptic Feedback 1
& ——

Reverse Camera

Auxiliary
Power

Distance node

Distance node 0 «—»

Figure 9. General diagram of the Obstacle Alerting System
3.2 Software part and user feedback

The different software layers of this application are
described in Figure 7. The application is based upon the
previously developed layers.

The algorithm and visual feedback are programmed in the
Android EDUCAT App. The Obstacle Alerting System is seen
by the data recording device as a software instrument. Figure
10 shows a screenshot of the Obstacle Alerting Application.
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Figure 10. Visual feedback of the Obstacle Alerting System

In addition, the EDUCAT App allows the data of each
sensor to be visualized on a real-time graph. For the clinical
trials of the Obstacle Alerting System, three different profiles
have been created: researchers (full access), clinicians (access
to editing and filling in questionnaires, configuration of the
system during installation, display of data in real time) and

users (access to the OAS interface and the daily questionnaire).

Finally, the preparation of clinical trials of the OAS for
electric wheelchairs illustrates the added value of the data
management system, presented in section II. The trials, already
carried out with student volunteers, have shown the
effectiveness of the device and the ease of data analysis; a
video of the trials can be found in this link. The protocol for
the clinical trials has just been approved by the Central
Research Ethics Committee in Cambridge, United Kingdom
(ref. 20/EE/0007). The trials will start shortly with around 20
of people.

4. CONCLUSION

In this article, we presented an open and configurable device
for recording data from both sensors and questionnaires. The
simultaneous storage of all these data in the database facilitates
their analysis. This device is composed of an embedded
system, called a data management unit, an Android tablet, a
database in the Cloud and an Android application. The
hardware architecture of the embedded board allows the
connection of sensors using standard communication
protocols. Data is collected, encrypted and sent to the database
via a tablet.
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An example of the use of this device to perform clinical
trials of an Obstacle Alerting System has been illustrated. The
OAS detects obstacles around the wheelchair and alerts the
driver to the proximity of the obstacles, depending on the
wheelchair’s speed. The feedback can be visual, audible or
haptic. The Android application provides access to the device's
various functions depending on the user's profile.

The first trials have demonstrated the ease of use and
effectiveness of the device. It is being tested on a larger
population and during longer test periods, in clinical trials
started in September 2020 in the UK.
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