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Abstract— this paper presents a conceptual cloud-based
framework with virtual and augmented reality support named
“CRehab” for the management of rehabilitation processes.
Studies show that rehabilitation wards, staff, patients, and
families need systems that tackle administration, personal
communication, and patient motivation processes effectively. To
this end, CRehab employs cloud capabilities to address the first
two concerns. Patient motivation is encouraged by the
deployment of virtual rehabilitation environments with exercises
that stimulate the patient. The main aim is to create feasible
architecture for use in multiple types of rehabilitation, regardless
of diagnosis, environment, patient, or any other factors.
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L. INTRODUCTION

Clinical rehabilitation is carried out on a daily basis by
hard-working staff and patients. This research focuses on
Cloud Computing, and Augmented Reality, and how it can
improve the process of management, recovery, and the
collaborative relationship between clinic staff and patients. The
continuous development of new technology has produced some
amazing rehabilitation facilities; however, more research needs

to be done on patient-therapist collaboration, staff
communication, and subjective factors such as patient
motivation.

This article introduces the design of a cloud-based
framework to enhance and ease the rehabilitation process. This
is done by moving computing resources (patient data, reports,
assessments, motorizations, etc.) to the Cloud and by the
provision of augmented reality that gives users suitable
interfaces to meet the requirements of each patient. The
research includes details of how the framework improves the
collaboration between clinic staff and patients by using the
systems to encourage patients’ motivation. Cloud services
create a distributive system that makes interaction between all
users easier, this includes therapists, specialists, patients, and
families. The main aim of the project is to design and develop
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the reference framework for rehabilitation, which could then be
adapted for use in any rehabilitation environment.

We have organised the article in sections. Section II
outlines rehabilitation processes enriched by using cloud
services and augmented reality. In Section III we explain the
objectives of our framework and describe the architecture.
Section IV is a brief case study and Section V details the
conclusions and proposals for future work.

II.  REHABILITATION MEETS CLOUD COMPUTING

A. Rehabilitation

This paper focuses on the creation of a framework to
support and improve the rehabilitation process. Factors for
successful patient recovery include patient motivation [1] [2],
which is important and dependent on stimulation and the
provision of appropriate information. The working alliance
relationship between the patient and the healthcare
professional, patients identified as highly motivated for
rehabilitation have been found to align themselves more closely
to the aims and methods of rehabilitation professionals, and are
more likely to understand the nature and purpose of their
rehabilitation, when compared to those with low motivation
[3]. Active participation in the goal identification process,
fluent partnership with the therapist and the provision of
information about the rehabilitation process has been reported
as positive motivational and empowering factors [4] [5].
Therefore, it is important to involve the patient in a
communicative and informative environment.

Studies of the rehabilitation process show that there is room
for improvement with regard to collaboration and
communication among patients and clinic staff. Healthcare
professionals and social workers are rarely asked for their
opinions on patient condition, even though they spend more
time with patients than other team members. It is important that
these professionals voice their opinions in order to develop a
more effective rehabilitation process [6] [7]. Healthcare
professionals play a key role in patient care and so should be
involved in the communication flow [8] [9].



A rehabilitation programme comprises a series of steps,
describing the treatment to be applied and the variables to be
adjusted to fit the patient profile. A consultant or specialist is in
charge of the programme, makes decisions, and recognises the
consequences. For small injuries, patients are given exercises
that they can do at home, as preventative mechanisms or
recovery routines. A typical programme includes:

* Initial consultation for physical and psychological
evaluation.

* Development of a customised therapeutic process.

*  Follow-up appointments (habit control and assessment
of difficulties).

*  Weekly sessions of physical activity, supervised by the
Sports Medicine Service to improve body image, self-
esteem, strength, and stamina.

* Final session: report delivery,
recommendations.

conclusions, and

B. Cloud Computing

Cloud computing is a recent phenomenon, linked to Web
2.0. The term refers to a collection of different services and
resources stored on secure servers, available remotely at any
time, from anywhere and accessible instantly. The user has
access to their files and programs stored in a, delocalized and
virtual environment (hence the name Cloud). Resources are
permanently at the disposal of the user, regardless of time and
location [10]. Documents are not physically held on one’s own
computer but are retrieved via the internet. Working in the
cloud means that users do not have to rely on a program, an
operating system, or even a particular location any more. To
start working in the Cloud, all that is required is a device with
an internet connection.

C. Cloud computing applied to rehabilitation

The great advantage of the “Cloud Rehabilitation" is that
information can he shared in real time and multiple users can
access and share the same file [11]. For example, a
rehabilitation session could be shared between consultants,
therapists, and patients at the same time [12]. Consultants could
simultaneously inspect patient condition reports, view and edit
rehabilitation exercises and organise the shared information to
get a broader view of patient progress, using data from
different sources [13]. Patients could access the data necessary
for their exercises, from home. All this is based in a
collaborative and communicative environment. Using Web 2.0
medical applications, the rehabilitation cloud could hold all
patients” medical records and information about the
rehabilitation process and be accessible to all involved, namely
patients, families, therapists, healthcare professionals, social
workers, specialists and consultants and could support and
enhance rehabilitation [14] [15].

III. CREHAB FRAMEWORK

A. CREHAB Definition

As seen in the previous section, there are several studies
and many ideas already developed to support patient
rehabilitation by use of customised interaction devices and
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virtual or augmented reality. In general, research has focused
on how to improve patient performance in therapy sessions by
enabling improved interaction, updating robots performance, or
designing better virtual environments. However, action on
important subjective factors has been overlooked. Issues that
need to be addressed are improved communication between
those involved in the process, the transparency, and availability
of information, and patients’ motivation. Assessment and
patient mobility is one area that could be improved, for
example, when the patient interacts with devices, the therapist
is not able to monitor patient’s actions at the time. It is
important to remember that one member of clinic staff can be
in charge of many patients, each one with different records,
making keeping track of all of them quite difficult. Having a
proper system to monitor of all of them can help.

Projects previously reviewed targeted specific problems,
whereas our proposal provides a generic solution in the form of
a cloud-based framework application. Given the heterogeneity
of rehabilitation projects, communication gaps among clinic
staff and patients, and the possibilities offered by virtual and
augmented reality, the proposal focuses on these three main
areas. Firstly, it aims to consolidate and standardise all the
rehabilitation methods, processes, and scopes. Secondly, Cloud
services provide clients and professionals with robust tools to
enhance communication, build trustworthy relationships, and
manage relevant data in an accurate and timely way. Finally,
augmented and virtual reality modules/plugins can be deployed
easily to patient-customised environments. The system will be
adaptable enough to manage any kind of rehabilitation therapy,
by defining an information-based approach, which is patient-
centred and human-aware, by helping any member of staff to
voice their opinions and share information, regardless of their
professional level. The objective is to gather and offer as much
information as possible about the patient rehabilitation process,
as the more information is readily available, the easier and
more efficient it is for staff to assist the patient.

Clinic staff will be able to prepare rehabilitation exercises
in advance. The system would include high-level customisation
features, broad enough to manage any rehabilitation
programme. Systems like those reviewed in the previous
section and forthcoming projects could use the platform. The
framework would enable easy access to real-time data as well
as data on the patients’ previous history, and is flexible enough
for use as a management platform for rehabilitation projects. In
order to do all of this, the following is required:

* Provision of statistical data to both therapist and
patient, in order to assess progress of the exercise
programme.

* The facility to customise the system for each patient
profile and to save the settings. A fast and useable
interface to facilitate everyday tasks.

*  Cloud based architecture to allow patients to carry out
their exercises from anywhere.

* Diagnosis and recovery processes to be carried out
without requiring the physical presence of the user, to
avoid moving patients to particular wards, allowing
them to stay at home, thus improving quality of life.



* Sensorial recovery in order to extend this solution to
other kinds of recovery, such as physical activities for
disabled students in schools [16] or functional recovery
for the elderly [17] as a keep-fit process, rather than
intensive rehabilitation.

* A plugin installation module, featuring customized
virtual environments for rehabilitation.

* In order to perform functional testing, a videogame that
implements physical rehabilitation will be prototyped.
Depending on the kind and degree of disability, the
videogame would be responsive and adaptable to suit
the patient. This makes it suitable for a wide range of
patients. The two main aims of this are to create a
stimulating environment to motivate patients and to
assist therapists to treat and monitor their patients in a
customised way.

The solution is not restricted to rehabilitation centres and
includes family homes, schools, or rest homes. In addition, it
should be possible to extend its use beyond the scope outlined
and for it to become a generic tool targeted at traditional
recovery methods. Activities of Daily Living (ADLs) would
also be enhanced.

B. CREHAB Architecture

The system architecture, covering all requirements and
services is based on the Cloud, as illustrated in Figure 1.
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Figure 1 depicts the services related to the rehabilitation
process: purple entities represent services that are accessible to
patients; in red, we have platform specific services for
specialists; green represents health platforms such as public
administration health systems. The system is comprised of the
following modules:

* Load Rehab: After session descriptions, exercises and
guidelines for the patient are created; the system
proceeds to load them to the framework. The loading
process can be performed either online or by retrieving
the data from a physical drive, such as a Universal
Serial Bus (USB) drive. From here on, every patient
action that takes place in the system can be monitored.

»  Rehab Resources: The platform features (CRUD') with
plans of patient exercises for users to access easily,

! Create, Read, Update and Delete

tools to construct keep-fit timetables that promote
healthy living, and a search facility. These services are
available publicly to both patients and clinic staff.
Because of this, settings for each case will be different
(class specialisation). Patient interfaces focus on how
to do the exercises, whereas therapists access an
administration site where they will be able to browse
patient profiles, exercises, and other relevant
information. Parameter settings will be stored in the
system (in the Cloud), because of the configuration of
each centre, how methods are defined, and how user-
interaction statistics are used.

*  Query Histories. Shows patient profiles. Clinic staff are
granted access to patient profiles in order to look for
previous rehabilitation episodes. It also provides
services in an administration panel, enabling patient
management, registrations and removal, and any other
requirement the application might have.

* Rehab Session Set-up: This is the working
environment of therapists, where they prepare sessions,
exercises, and develop the diagnosis and evaluation

process; generate final reports, schedules, and
notifications.
* Services Integration: this publishes framework

functions as web services for integration with other
servers. The functions are patient data reception, report
publication, management and integration configuration
tasks.

The architecture outlines the requirements that a system
must comply with to allow the game exercises to be loaded on
the users’ device. A deployment structure is required to connect
commercial devices to the games, because rehabilitation games
do not exist elsewhere as a type of game. The objective is to
provide the specialists with a set of games to deliver to the user
customised or to combine them to fit the patient profile.

The system to create exercises for users would be online, in
a developed environment. Each game would be focused on one
or more problems and a “wizard” would assist the user to
create the game. This platform is intended to treat clinical
patients, who do the exercises from home or from another
suitable place. Additionally, we could offer a personal assistant
service to non-clinical patients, as a way to keep fit.

IV. CASE OF STUDY

In the case study, the therapist carries out a rehabilitation
process for an impaired child in a school. The centre has all the
necessary qualified personnel for the development and
motorization of the exercises. Figure two shows the screen
where the therapist can create tables with exercises for each
patient. In this case, the therapist is creating a simple manual
for daily use by a student with a motor disability. The interface
is based on a validated working experience [18].

The interface allows the specialist to carry out the necessary
adjustments for each patient’s sessions. The following options
are available:

*  Pre-inscription: the screen where exercise sessions are
created.



* Report: this allows the generation of progress reports.
Reports are digitally signed to ensure privacy and fully
compliant with other medical Enterprise Resource
Planning (ERP).

¢ Diagnostic: this section features the management of the
complete medical diagnosis and profiles for each
patient.

*  Monitorization: here, clinic staff can consult patient
recovery records, either historical or real-time.

* Resources: a complete list of resources available to
staff.
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Figure 2. Exercise Schedule User Interface

V.  CONCLUSIONS AND FUTURE WORK

In this paper, we have introduced a system for medical
rehabilitation using Cloud technology and virtual and
augmented reality. The system is a Cloud-based customisable
platform for the management of rehabilitation data and the
delivery of virtual environments for recovery exercises. It has
been designed with structural similarities to educational
environments to strengthen information analysis and to support
evaluation and motorization in rehabilitation programmes.

The large variety of commercial devices available, make it
necessary to create a platform that can effectively handle
rehabilitation games and generated data. It is flexible enough to
allow for the easy creation, installation, and management, of
the deployment of the games to every type of device. An
integration layer should be developed to act as Application
Programming Interface (API) between devices and the
framework.

Future work will focus on the development of the system
prototype. This includes creating the Cloud structure featuring
the modules described and developing a simple virtual
augmented application to test how the system installs and
deploys it to patient devices. We hope our experience and
knowledge of Cloud-systems and user interfaces will help to
develop tools that improve rehabilitation models.
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