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Abstract. Today, the population is aging, and this is becoming a problem for
current health systems, as each day it has to invest more money in treating the
elderly. Rehabilitation of elderly patients with physicaldisabilities is one of these
problems that everyday incur greater overhead to health care. This paper pro-
vides a gerontechnology-based solution by proposing a multisensory system for
rehabilitation in an intelligent environment. The proposal enables helping needed
people and thus reducing the cost of health care.
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1 Introduction

Nowadays, the population is aging, and this is becoming a problem for current health
systems, as each day it has to invest more money in treating the elderly [1], [2]. Reha-
bilitation is one of these problems that everyday incur greater overhead to health care.

Gerontechnology is an interdisciplinary field of scientificresearch in which tech-
nology is directed towards the aspirations and opportunities for the older persons [3].
Gerontechnology aims at good health, full social participation and independent living
up to a high age, be it research, development or design of products and services to in-
crease the quality of life. The development of gerontechnology-based support systems
for rehabilitation follows two distinct paths. On one hand,some approaches make use
of different specialized hardware to aid the elderly patient in his/her recovery [4]. Gen-
erally, these solutions often require a large outlay of money, making access to these
products not universal. On the other hand, some other systems propose the use of depth
sensors like Kinect to develop a rehabilitation system [5].This makes the system af-
fordable to the general public, but the interaction is not completely satisfactory in some
cases.

In this paper we propose to combine the advantages of both types of systems dis-
cussed above. For this, a Kinect sensor is used to pick up the movements made by the
elderly in his/her rehabilitation process. In addition, the Wiimote actuator is used to



provide haptic sensations to the patient. Thus, the resulting communication is enriched
and the elderly is informed about the complete rehabilitation process.

In the next section some rehabilitation systems will be shown, these will help us to
create a system of rehabilitation for elderly people that will be displayed in the third
section. Finally the conclusions obtained during the development of the rehabilitation
system are discussed, which lead us to say that the project developed allows the reha-
bilitation of elderly people from home, which means saving time and money for both
the patient and rehabilitation center.

2 Some Current Rehabilitation Systems

In the literature there are several examples of the use of depth sensors such as the Kinect
sensor as part of support systems in rehabilitation [6]. In arecent paper [5] the possi-
bility of using the Kinect sensor for the rehabilitation of patients with motor impair-
ments is studied. The system is used by two young participants, resulting in improved
patient motivation in rehabilitation and improving stretching exercise performance. An-
other paper [7] contains a study which tests the Kinect sensor as a substitute for classic
assisted rehabilitation, offering the user the possibility of rehabilitation at home. The
result of the study shows that the reliability in gesture recognition is between 88.0%
and 92.2%. Moreover, the study proves that the participantsfind more fun and ease to
use in the Kinect than in the conventional system. Another development and evaluation
of a rehabilitation system based on Kinect has been presented [8]. The proposed system
is composed of two modules. The first consists of a set of support stretching exercises
for physical rehabilitation, and the second, in a data analyzer which detects posture
and wrong actions on the user. Also, a comparison of low cost sensor Kinect and sensor
motion capture OptiTrac V100:R2 of the company NaturalPoint has been presented [9].
The comparison raises that the Kinect sensor provides an acceptable performance that
is competitive with the sensor OptiTrac V100:R2, but with a much lower price. The
proposal allows universal accessibility to computerized rehabilitation treatments. In ad-
dition, other papers (e.g. [10], [11], [12]) propose the useof devices such as the Kinect
sensor and the development of games to help patients in theirrehabilitation.

Moreover, to date, some physical systems have been implemented for the rehabil-
itation of patients.VirtualRehab[13], developed by company Virtualware Group, is a
product for the rehabilitation of patients with any degree of physical disability. The
main feature of its software is that it deals with the issue ofrehabilitation as a game.
This ensures the software to have a playful component, whichinduces the user to feel
more comfortable during the treatment. At present, the system has 9 games/exercises
that the physiotherapist assigns to a patient depending on his/her disability.

Teki[14] is a project of the Basque Health Service (Osakidetza).The project seeks to
improve the quality of life of chronic patients, providing atool to monitor clinical status
and to facilitate greater communication between the patient and the specialist, thereby
improving the care of the user at home by using new information technologies.Teki
allows the collection of clinical data using medical devices, the response to symptom
questionnaires and the recording of self-administration of medication, which allows to
remotely monitor the patient.



Toyra [15] is a rehabilitation product developed by the company Indra. It is aimed
to the rehabilitation of the upper body, and for it, makes useof Kinect sensor and a set
of sensors that have to be attached to the body. These sensorsmeasure the movement of
the human body and transmit it to the computer, which adds this data to the information
collected by the Kinect, to form a set of more accurate data. The system is divided into
Assisted Toyra, which is aimed for use in specialized centers with the supervision of a
physiotherapist, andIndependent Toyra, with is aimed at the rehabilitation of the patient
at home.

Brontes Processing[16] is a company dedicated to developing games which base
their interaction on webcams for personal computers. At present, the company offers
two products for use in rehabilitation:SeeMeandHome rehabilitation. TheSeeMesys-
tem is used for the rehabilitation of patients in specialized centers, requiring the support
of specialized doctors for proper operation. Now,Home rehabilitationunlike the previ-
ous one, is used for the rehabilitation of patients at home.

Reflexion[17] is a system developed by the medical West Health Institute. Its main
purpose is to maintain the interest of the patient throughout the treatment and to inform
the therapist about the correction in the conduct of the stretching exercise. The spe-
cialist selects and adapts the rehabilitation exercises toeach patient, who performs the
exercises at home or at a place suitable for use by a computer and a Kinect sensor.

Lastly,KineLabs[18] is a project at the Hong Kong Polytechnic University forhelp
in the rehabilitation of the elderly and people with physical disabilities. The system
currently contains three stretching exercises which are aimed at coordination of the
upper limbs, coordination of the lower limbs and trunk balance training.

There are two disadvantages in the systems proposed in this section. The first disad-
vantage is that these systems are based on predetermined exercises which are assigned
to the patients, this means that the exercises are generic and cannot adjust to the pecu-
liarities of each of these patients. The second disadvantage of these systems is the use
of visual and auditory stimuli, for patients with visual andaudible deficiencies, this can
make, that the rehabilitation occurs incorrectly. Considering these disadvantages, we
will create the system of rehabilitation for elderly patients.

3 A New Proposal of a Rehabilitation System

Our system is being developed to assist in the rehabilitation of elderly patients with
physical disabilities. To accomplish this, the therapist establishes a set of stretching
exercises that the patients have to do. The system is responsible of handling the re-
habilitation exercises and evaluating their adequacy, taking as example the stretching
exercises provided by the monitor. In addition, the system provides feedback to the user
in relation to the correctness of the exercise performed. During the system development,
we considered the option of providing an audible feedback tothe user, but this stimu-
lus can be confusing and annoying in the moment that there areseveral rehabilitation
patients in a same room, as it usually happens in rehabilitation groups. Also the elderly
people, the common user of this system, may have problems with this stimulus due to
their hearing problems. Because of these reasons, we decided to add an audio feedback
to the system, but augmented with another sensory channel. Therefore, we performed a



Fig. 1. Use case diagram of the rehabilitation system

Fig. 2. Diagram of hardware components of the system

study on haptics to supplement the auditory canal. As a result, we reached the idea of
using vibration motors to enhance the communication between the user and the system.
More specifically, we chose to use a Wiimote game controller used on the Wii console.

Fig. 1 shows a use case diagram of the developed system. It describes how the
system is composed of two users, the therapist and the elderly patient, as well as the
tasks performed by each of them. The most important tasks aredescribed later on.

Fig. 2 shows the hardware devices that compose the rehabilitation system. The heart
of the system is the computer. It is responsible for processing the signals of all devices
and for running the developed software. The Kinect device isconnected to the PC via
USB and is responsible for collecting and preprocessing theimages of the therapist
and the elderly patient. The Wiimote device is connected to the PC using a Bluetooth
connection and is responsible for providing haptic feedback to the patient. This way the
elderly patient determines if he/she is performing the stretching exercise correctly. The
arrows in the figure indicate the flow of information.



Fig. 3. Elderly person performing a shoulder rehabilitation exercise

In first place, the developed system looks for a Wiimote device to provide haptic
feedback to the user. If there is at least one paired device, using Bluetooth, the system
recognizes it and connect to it. If there is no Wiimote connected to the computer, the
rehabilitation system warns about this fact and asks the user if he/she wants to search
again a device or to run without haptic feedback. Fig. 3 showsthe main interface of
the program and an elderly patient performing an stretchingexercise proposed by a
physiotherapist. The center-left of the screen shows the image captured in real-time by
the Kinect sensor. On the right side of the interface there isa tab control that offers four
different tabs used both by the elderly patient and the physical therapist to navigate the
application and to interact with it.

Next, the operation of the system is described according to the functionality required
by each system role.

3.1 Physiotherapist

The role of the physiotherapist in the system is relatively simple. He/she adds the
stretching exercises, assigns these rehabilitation exercises to elderly patients, and ad-
justs the characteristics of the system to adapt it to the environment where the Kinect
device is located.

1. Add exercise. To add new stretching exercises to the system, the therapist must
select ”Add exercise”. Once done, a similar interface to that shown in Fig. 4 ap-
pears. The therapist assigns a name to the rehabilitation exercise and he/she adopts
a position with his/her body that fits the desired rehabilitation. For this part, he/she
makes use of the image displayed in the main window which collects the image in
real-time of the therapist as well as his/her skeleton. Oncethe correct posture for
rehabilitation is adopted and the Kinect sensor has recognized it, he/she adds the
position to the system database.

2. Assign exercise. To assign stretching exercises to each patient, the therapist must
select ”Assign exercise”. This will show all the rehabilitation exercises stored in



Fig. 4. Physiotherapist creating a shoulder rehabilitation exercise

system and provides the option to enable or disable this exercise for a particular
user. So the elderly patient can choose only those exercisesthat the specialty was
assigned him/her.

3. Modify Kinect configuration. Another task is to establish the correct parameters of
the Kinect sensor to make it work in a proper way. This is achieved by selecting the
”Configuration”. The configuration options allow to adjust many of the properties
of the sensor. Some of the most important features are: the resolution of image
capture, color and depth; the recognition of the user standing (Normal mode) or
sitting (Near mode); the determination of the recognized user in case there are
more users captured by the camera; the inclination of sensor. This allows the Kinect
to perfectly conform to the medium in which it is located, thereby improving the
resulting interaction with the system.

3.2 Elderly Patient

The role of the elderly patient in the system is to perform stretching exercises that the
physiotherapist has previously established. To do this, he/she just selects one of the
available exercises and does it as well as possible.

Exercise executionenables the user to select one of the stretching exercises assigned
by the physiotherapist. The interface shows all available positions which are composed
of a descriptive text and an image showing the therapist performing the rehabilitation
exercise. The user just double clicks on the desired exercise to start. Once the exercise
has been selected, an interface similar to that of Fig. 3 is automatically displayed. The
elderly patient aided by the real-time image captured by thesensor should adopts a
similar posture to the sample. To ensure that the patient’s posture is similar to the phys-
iotherapist’s one, the bottom bar shows the degree of concordance between the two



positions. This encourages the users to perform better exercises and this helps in their
rehabilitation. Fig. 3 shows a patient performing an stretching exercise, the Wiimote
controller, which can be held by hand or stored in his pocket,vibrate when the elderly
person performing the rehabilitation exercise correctly.The vibration frequency and in-
tensity depends on the correction in the development of exercise, becoming maximal
when the exercise is completely well performed. So, an additional help identifies how
he/she is conducting an exercise, helping him/her to continue the rehabilitation.

4 Discussion and Conclusions

Most systems proposed in the literature make use of rehabilitation games. The main
objective is to involve the user in the process of rehabilitation and to prevent the treat-
ment abandonment. Our system follows this principle to makemore pleasant the elderly
patient rehabilitation. In contrast, the previously proposed systems make use of default
stretching exercises, which are assigned to the patient in accordance with the necessary
rehabilitation. This can make that the specific requirements of a elderly patient are not
covered. Our system improves this deficiency by ensuring that the stretching exercises
are specifically tailored to the elderly patient and fully meet his/her needs. Visual and
audio interaction are used in these systems. But this also causes a problem in rehabil-
itation of patients with audible and visual impairment, which also coincides with the
common user who uses to require rehabilitation, the elderlypeople. Our system has
added haptic interaction to help elderly patients in identifying how they are performing
the rehabilitation exercises.

The distinguishing characteristics of our system allow therehabilitation of a general
public and their ease of use allows access to people with no computer skills. Also, they
reduce the rehabilitation cost of both the elderly patient and the rehabilitation center, as
they enable the rehabilitation of elderly patients at theirown home, thereby saving the
constant supervision necessary in common rehabilitation.At this moment, the systems
allows the execution of rehabilitation exercises which do not require high precision, e.g.
arms and legs. However we are working in the improvement of the system to perform
precision exercises, such as finger rehabilitation.
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