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Architecture proposal for a support system to upper limb
telerehabilitation by capturing biomechanical signals

Propuesta de arquitectura para un sistema de apoyo a
telerehabilitacddon de miembro superior capturando  senales
biomecanicas
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Abstract

This article proposes a system for Telerehabilitation of people with motor disorders of the upper limb, by making a
literature review about works related with the provision of the physical therapy service with ICT’s use. Likewise,
there is a brief description of the modules integrating the system: motion capture system based on inertial sensors
and motion capture with camera; joint angle estimator was implemented through Kalman filter; IT app which
registers the electronic medical record and finally, the active videogames module.
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Resumen

Se propone un sistema para Telerehabilitacion de personas con trastornos motores del miembro superior, para
lo cual se realiza una revision de literatura sobre trabajos relacionados con la prestacion del servicio de terapia
fisica con el uso de TIC; asi mismo se describen de manera breve los modulos que integran el sistema, estos
son, sistema de captura basado en sensores inerciales y captura con camara; estimador, implementado mediante
el filtro de Kalman; aplicacion informatica que registra la historia clinica electronica y finalmente el modulo
de videojuegos activos.

Palabras Clave: rehabilitacion de miembro superior, sensores inerciales, Telerehabilitacion, filtro de Kalman,
e-salud.

Resumo

Propde-se um sistema para Tele-reabilitacdo de pessoas com transtornos motores do membro superior, para o
qual se realiza uma revisao de literatura sobre trabalhos relacionados com a prestagcdo do servigo de terapia
fisica com o uso de TIC; igualmente se descrevem de maneira breve os modulos que integram o sistema,
estes sdo: sistema de captura baseado em sensores inerciais e captura com camara; estimador, implementado
mediante o filtro de Kalman; aplicagdo informatica que registra a historia clinica eletrénica e finalmente o
mobdulo de videogames ativos.

Palavras chave: reabilitagio de membro superior, sensores inerciais, Tele-reabilita¢do, filtro de Kalman,
e-saude.
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I. INTRODUCTION

Telemedicine [1] is the delivery of medical services
over telecommunication networks and the internet.
An emerging rehabilitation practice focus on
delivering physical therapy using telerahabilitation,
which allows experts in different medicine fields to
keep the record, evolution and diagnose of patients
who are in motor rehabilitation processes and who
live in places of difficult access or who do not have
specialist in this area. The emerging technologies
for the practice of physical rehabilitation are based
on motion capture mechanisms [3-4], which allow
catching biomechanical signals from some body parts
and, through informatics processes, registering data
on the computer. [5]. The tele-physiotherapy service
integrates two scenarios geographically distributed:
the location of the patient with mild motor disabilities
and the rehabilitation center; these are communicated
via internet, following standards for Telemedicine
practice, specifically the ones related to TI apps, such
as Health Level Seven International, HL7 [6]; “Digital
Imaging and Communication in Medicine, DICOM
[7], among other.

The proposed architecture is composed of four
modules. The first module is about human motion
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capture based on inertial sensors and motion capture
with infrared camera, which collect the motion
information of a patient. The second module contains
the data fusion algorithm development, based on
Kalman filters, which allows estimating the angular
position of the joints with accuracy. The third module
integrates the informatics app that transforms captured
data into valid information for a final user; in addition it
will register the evolution in the therapy plan proposed
by a specialist. This software will be installed in the
server of the rehabilitation center and will transfer
the applicable information to the computer where
the patient is being cared. Finally, the fourth module
will integrate the different active videogames with a
console, with the purpose of executing the therapy
plans suggested by the medical specialist.

I1. PRELIMINARIES

In the literature related to the practice and
development of rehabilitation using technology,
there have been found many works; for example,
in the specialized database Scopus, since 1996 to
date has been reported a total of 316 publications,
distributed in different areas, as presented in Fig.1.
For the above searching, the terms “Rehabilitation
with inertial sensors” was used as standard.

Other (7.0%) \
Chemistry (3.2%) ———__

" Engineering (63.0%)

Medicine (38.9%)

Computer Science
(44.6%)

Fic. 1. Rehabilitation and use of technologies, according to Scopus database.
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Other databases such as IEEE Xplorer, cluster a total
of 175 publications, of which 140 are documents
presented in conferences and the remaining are
published in journals and magazines, leading 2015,
there are 13 publications and growing; while in Web
of Science database, 85 publications are registered.
In recent years, the advances in matter of inclusion
of technologies for rehabilitation has shown an
important increase but not as enough as it was
expected; on the other hand, there are few studies
integrating the inclusion of active videogames
in telerehabilitation of people with motor minor
injuries in the upper limb. In the study presented by
Golomb et al. [9], is shown the implementation of
a system of videogames based on virtual reality for
the rehabilitation of teenagers with cerebral palsy, in
telerehabilitation mode. Such platform presents three
subsystems: the first one manages the videogame;
the second captures the patient motion, and the third
visualizes the virtual environment of the game. Ines
and Abdelkader [10], present a Mixed Reality System
for Serious Games (MRSGS) for motor rehabilitation
of the upper limb after a cerebrovascular accident.
The system aims at increasing the use of technology

Telehealth /
m-Health

Tele-education
in health

* Pharmacy

*  Medical
appointments
Paysheet, Inventories,
billing

¢+ Other services

in physical recovery processes, by making the user
interface highly intuitive and allowing the therapist
to perform monitoring the patients, besides reducing
costs on its implementation. The study posed by
Burdea et al. [11], presents a rehabilitation plan based
on videogames executed on a PlayStation 3 console,
by using a glove with sensors integrated, focused to
the rehabilitation of the upper limb, specifically the
hand, highlighting that the experiment was applied in
two pediatric patients with hemiplegia.

Other relevant studies in telerchabilitation even do
not include videogames in its rehabilitation plans;
these make use of sensors [12-14], optical motion
capture [15] and robots [16-17].

I11. RESEARCH FRAMEWORK

In the first instance, it is important placing the focus
of the research, because a series of concepts about
telemedicine, e-health, telerchabilitation, among
others, are recognized, but no scheme is identified
in a clear manner to distinguish each one of them.
Fig. 2 presents a general approach.

Telemedicine

Je-Health/

Medical and
administrative
information

management systems

Fia. 2. Structural model of the electronic health (e-health).

In the above model, the e-health vast area is clearly
identified, covering the other subareas; telehealth
covers aspects such as tele-education in health and

the telemedicine, this last, is the modality addressed
in the present study.
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On the other hand, the proposed model is based on
a distributed system which is going to be implanted
in the specialized rehabilitation center and in the
patient’s house. In the first scenario there is a server
that stores the information of the patient from his first
consultation until the conclusion of the rehabilitation
plan. In the second one (patient’s house), the

" MPU-9150 Sesnor

Y
1)) Arduino/Antena ZigBee connection

technological accessories needed for the motion
capture (inertial sensor network) and an infrared
camera able to catch 3D signals will be installed.
Likewise, there must be connection to internet and
a PC that will play the active videogames that are
part of the rehabilitation process. Fig. 3 presents the
scheme.

Analysis ¢

Sugests therapy

Fic. 3. Scheme of the physical telerehabilitation system.

IV. PROPOSED ARCHITECTURE

The modules that integrate the proposed architecture
for a telerehabilitation system are described below.

A. Module 1. Motion capture system

This module is based on inertial sensors and capture
with a vision system, where the first part is integrated
to an inertial sensors network placed in each one of
the upper limb joints, by using MPU-9150 sensors
from InvenSense, which have 9 degrees of freedom,;
those sensors integrate accelerometer, gyroscope
and magnetometer in a single chip and have low
consumption and cost (Fig. 4, numeral 1). Zigbee
is the wireless communication protocol between
sensors, which is based on the IEEE 802.15.4
standard for personal area wireless networks; later,
the signals are captured and collected to be sent to
the computer (Fig. 4, numeral 2). The second part
is composed of an optical system without markers,
relating to an infrared camera, to a TV and to a
PC; this one captures the movements made by the
patient, by storing certain values on the informatics
system (Fig. 4, numeral 3), and later, there is a data
fusion oriented to obtain accurate information about

the motion parameters. The general scheme of the
motion capture module can be observed in Fig. 4.

Fi1G. 4. Scheme of motion capture module.

B. Module 2. Data fusion algorithm

The use of an estimator such as the Kalman filter
allows generating a better signal than the one obtained
directly from the inertial sensors; this may guarantee
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a better quality for the captured data and may tend for
calculating the angular positions of the upper limbs
accurately, assuring that measurements are close to
the system simulated by the proposed platform.

In order to choose the best estimator for being
implemented in the platform, a bibliographic review
about some of the Kalman filter variations was carried
out in the aforementioned databases, obtaining the
following tendencies over a total of 33 articles: 10
articles report the use of the Common Kalman filter;
12 articles report the use of Extended Kalman filter;
4 articles report the use of Unscented Kalman and
the other publications report isolated cases of the
using of another types of filters (Centroid Weighted
Kalman Filter, Adaptive, Ensemble, Robust, Fuzzy,
Particles).

Initialization of the filter
parameters
measur

N

Spread the sigma points
of the status and the
measurement

Calculate the arithmetic
age and the covaria

f the status
and the measurement

Calculate the sigma
points of the status and
the measurement.

Calculate the cross
iance between
status and

From the above, it is concluded that most of the
publications register the implementation of both
the Extended Kalman filter as the common [18-19],
because its algorithm presents good documentation
that eases its implementation for different uses,
versus other variants that are specific for particular
action field. Moreover, it is worth noting the
publication provided by Zhang et al [20], who
made a comparative analysis of the extended and
unscented filters, concluding that the last one has
better performance and consumes less computational
resource, in the case of the reported experiment. From
the above, it can be proposed the implementation of
the Unscented Kalman filter, but it requires making
a series of tests after the implementation of the
hardware and firmware architecture proposed in the
present article. A block diagram of the performance
of the unscented Kalman filter can be observed in
Fig. 5.

Determine nonlinear
equations of p
and measurement
(f(x)y h(x))

‘. :} and R]

Initialize vector and
covariance matri
status ("proc

The end
measurement

— Calculate the Kalman
gain
—Update the status

—Update covariance

Fic. 5. Block diagram of the Kalman unscented filter.

C. Module 3 IT application: Electronic Medical
Record.

The third module of the system is an informatics

application that allows registering and consulting
the basic information of the patient, as well as the

information of the therapies performed by it. The
software registers the progress in the rehabilitation
plan proposed by the medical specialist and manages
the programming of the suggested therapy, based on
the results of the analysis of the patient evolution;
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this is installed in the rehabilitation center and can be
displayed on the patient’s computer.

The application has the following submodules: a)
Processing signals obtained from the motion capture
system; b) Patient data management module; c)
Module of conversion or registering of results of
tests made with biomedical devices (standardized
with DICOM and HL7); d) Medical records module,
interoperable through DICOM and HL7.

D. Module 4. Module of active videogames integra-

tion

This last module integrates a gallery of active
videogames whose development is based on
different physical rehabilitation plans, suggested by
a medical specialist. The videogames are available
for the specialist to propose the cycle of therapies
that the patient must perform; each videogame has
a difficulty level which allows auto-configuring for
the patient to train until accomplishes the objective
proposed in the videogame, leading the fulfillment of
the purpose of the therapy plan.

The videogames are developed with C# programming
language and could be run with devices interactively
connected to a TV.

CONCLUSIONS

The implementation of the platform will allow
the development of the telemedicine modality,
specifically in the physical rehabilitation of people
with the inclusion of the multimodal capture of
biomechanical signals.

The construction of the motion capture module is
the main tool for the development of areas such as
Artificial Intelligence and robotics, since through
this, it is intended to develop some projects for the
creation of devices that will venture in the engineering
of the physical rehabilitation of people, as well as the
biomechanical analysis of different species.

The modern use of videogames is beyond the leisure.
Nowadays, it is in a new modality called “serious
videogames”, which have been applied in industry,
health, education, military area and other areas that

have found the way to exploit the benefits of this
technology.
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