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Thiswork is developed in the context of AmbientAssisted Living (AAL) and has asmain objective the development of amechatronic
system that allows the care of bedridden patients with ongoingmedical care handled by a single person.ThedevelopedMedical Care
Terminal (MCT) improves autonomy in home care, safety, comfort, and hygiene of bedridden patients.TheMCThas six biomedical
sensors and four environmental sensors. Data acquisition and processing is performed using Arduino and LabVIEW platforms,
respectively. The proposed solution has, as main feature, its adaptability to the patient needs. One of the MCT functionalities is the
remote access to the patient data through the web.The caregiver may request help from a specialist who sends back information in
real time to perform first aid assistance.This device has a flexible configuration allowing a fast and cheap reconfiguration according
the specific needs of the patient.The proposedmechatronic system intends tomeet the needs of bedridden patients improving their
quality of life, health, safety, and comfort, while enabling the remote monitoring of the patients.

1. Introduction

Bedridden patients are confined to live in bed due to illness or
infirmity. This category of people requires additional care to
avoid the formation of pressure ulcers due to the long periods
of time in the same physical posture. The pressure applied to
the skin causes a deprivation of blood in the pressed skin area.
If the pressure remains too high in the same region for a cou-
ple of hours, skin tissues get damaged andmay even die. Since
the discomfort of these pressure ulcers, for the patients, is
enormous and the costs of treatment are high, the prevention
of pressure ulcers is of utmost importance [1–3].

Prevention starts with the use of specialmaterials format-
tresses and sheets. In addition, the patient must change posi-
tion every two hours requiring the presence of health pro-
fessionals [4, 5].

The available commercial articulated beds are very expen-
sive. In Portugal, the prices are around €5000 [6] and have
some limitations.There is not yet available commercial equip-
ment that allows a single person to take care of bedridden
patients (including sheets changing and bathing). Also, there
is not yet available a system to allow collecting and registering
the biomedical data of the patient, considering a fast and easy
reconfiguration according to the specific needs of the patient.

The goal of this project is then the development of a
mechatronic system to withdraw the patient from his/her bed
for bathing and basic healthcare as well as the development of
a Medical Care Terminal (MCT) to collect physiological data
of the patient. The configuration of this system is flexible and
it is possible to change it in a simple and cheap way.

The motivation of this work arises from the fact that we
are facing an aging population that needs medical attention.
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The proposedmechatronic system for supporting bedrid-
den people is to be applied at home, where the caregiver is, in
most situations, a single and aged person (wife or husband of
an aged couple). The equipment must then help/support the
caregiver in his/her tasks.

The MCT, as a complement to the mechatronic system,
should be able to collect the patient’s biomedical data and
environmental data. It will also be possible for the personwho
takes care of the disabled person to be remotely supported
by a doctor or a nurse. Moreover, the data obtained by the
biomedical and the environmental sensors can be recorded
in a file in order to assess the patient’s health condition [7].

The overall objective of the project is the development of
a mechatronic system applicable to disabled patients who are
bedridden for long periods of time.

In most situations, patients in this condition require the
assistance of two people to fulfil their basic needs due to
sensitivity caused by disease or even their debilitated body
structure. This difficulty is today easily unsurpassable by
health professionals who have acquired their training in
handling techniques for bedridden patient, regardless of their
weight and height. However, it is intended that the equipment
is applicable at home, making it imperative that it should be
used by a single (and sometimes aged) person.

The paper is divided, besides the Introduction, into the
following sections: Commercial Systems, Theoretical Con-
cepts: Biomedical SensorsOperation,Medical Care Terminal,
Experimental Results, and Conclusions and Future Work.

2. Commercial Systems

The commercial systems (with remote or local access) to
monitor the biomedical variables in bedridden patients are
expensive and unaffordable for most families. Currently, the
reference price is about €8600 [8]. The clinical bioPLUX is
an innovative medical device for physiotherapy and rehabili-
tation developed by Plux [8] (Figure 1).

The system has a software GUI bioPLUX for muscle
rehabilitation, which makes the intervention of a therapist
more efficient.This software is a web-based application, being
developed with html, css, and JavaScript, available also for
Android. The device is based on a model of service delivery
in two formats: @Clinics, to support the work carried out
between the user and the physical therapist in the clinic,
and @Home, to complement the work at home [8]. Another
company that is at the forefront of this equipment is Value
Technology Inc. [9] which has highly sophisticated systems
that allow remotely controlling andmonitoring the patient in
real time (Figure 2). Note that this system costs approximately
€3000 [9].

The major disadvantage of these systems lies in its
unaffordable cost and the specialized knowledge the caregiver
must have.

3. Theoretical Concepts: Biomedical
Sensors Operation

The biomedical sensors measure variables that represent
physiological signals and convert them into an electrical

Figure 1: Terminal healthcare bioPLUX (MCT) [8].

Figure 2: Terminal care of a Value Technology Inc. (MCT) [9].

Figure 3: Probe oximetry [10].

signal. They are used in several biomedical applications [15].
In the following subsections, the principles of operation of
some of the sensors used in the MCT are described.

3.1. Finger Oximeter. The Finger Oximeter sensor (Figure 3)
is useful in any situation where the patient’s oxygenation
is unstable, including intensive care operations to evaluate
recoveries of emergency oxygenation of the patient and deter-
mine the effectiveness or supplemental oxygen requirement
[16].

Acceptable range of oxygenation is 95–99%. Patients with
values between 88 and 94% indicate that they may have a
lack of oxygen in body tissues, caused by different factors
(hypoxia); 100% values may indicate carbon monoxide poi-
soning [17].

The cause may be due to a change in any transport
mechanism of oxygen, ranging from a physical obstruction
of blood flow anywhere in the circulation (leading to loss
of blood supply, known as ischemia) to anemia shift regions
with low concentrations of oxygen in atmospheric air [10].
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Figure 4: Activity of the heart in mediating an ECG [11].

3.2. Electrocardiogram (ECG) Signal. The electrocardiogram
(ECG) is a health check in cardiology in which the record is
made of the variation of the electrical potential generated by
the electrical activity of the heart (Figure 4) [11, 18].

The ECG electrodes are connected to the body, while the
patient lies on a bed. The accuracy of the ECG depends on
the condition to be tested. A heart problem may not always
appear in the ECG [19–21].

The following problems can be detected in the ECG:

(i) The orientation of the heart (as it is placed) in the
thoracic cavity.

(ii) Evidence of increased thickness (hypertrophy) of the
heart muscle.

(iii) Evidence of damage to the various parts of the heart
muscle.

(iv) Evidence of interrupted blood flow to the heart
damaging or destroying a portion of the heart muscle.

(v) Standard abnormal electrical activity thatmay predis-
pose the patient to abnormal heart rhythm disorders.

(vi) The rate and mechanism underlying cardiac rhythm.

Typically, minor variations may occur. It is possible to
perceive and record changes in heart rate or frequency. The
normal frequency of heartbeats is 60 to 100 cycles (or beats
per minute). In children, these numbers are usually higher
[22–25].

3.3. Air Flow Sensor or Respiratory. Abnormalities and
changes in respiratory rate are important indicators of phys-
iological instability in many cases; the respiratory rate is an
early indicator of this instability. Therefore, it is essential to
monitor the respiratory rate as an indicator of the state of the
patient. The airflow sensor may provide an early warning of
hypoxia and apnea [12].

The nasal airflow sensor is a device used to measure the
respiratory rate of a patient. This device consists of a flexible
wire, which fits behind the ears, and a set of two pins, which
are placed into the nostrils. These pipes measure the breath,
as shown in Figure 5 [12].

Table 1: Body temperature under certain illness [12].

Hypothermia <35.0∘C
(95.0∘F)

Normal 36.5–37.5∘C
(97.7–99.5∘F)

Fever or hyperthermia >37.5–38.3∘C
(99.5–100.9∘F)

Hyperpyrexia >40.0–41.5∘C
(104–106.7∘F)

Figure 5: Airflow sensor (adapted from [12]).

Figure 6: Body temperature sensor (adapted from [12]).

The cannula permits a “thermocouple” function, allowing
accurately detecting changes in thermal airflow oral/nasal
and nasal air temperature. This sensor is comfortably
adjustable and easy to install. A normal human adult respi-
ratory rate has a frequency of 15–30 breaths per minute [12].

3.4. Body Temperature Sensor. Body temperature depends on
the location where the temperature acquisition is performed,
the time of day, and the activity level of the person. Different
parts of the body have different temperatures [12]. An
example of a temperature sensor is shown in Figure 6.

Table 1 presents the values of the characteristic tem-
peratures that a human body should possess under some
circumstances [12].

3.5. Position Sensor or Acceleration. The position sensor is
a type of motion sensor used to measure acceleration. In
general, it has a degree of freedom relative to its own axis,
and as it undergoes acceleration, the effect of inertia tends to
keep the speed shifting relative to the axis. The magnitude of
this displacement gives a measure of the acceleration.
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Figure 7: Position sensor (adapted from [12]).

It may also have a magnetometer, which is a type of
motion sensor used to measure the intensity and direction
of magnetic fields. The accelerometer and magnetometer
may have a microcontroller in order to calculate the overall
orientation of the individual.

The position sensor in Figure 7 (accelerometer) moni-
tors five different patient positions (standing/sitting, supine,
prone, left, and right) [12].

4. Medical Care Terminal (MCT)

In this section, the operation principle of the developed
system, including the software and hardware development,
is presented. In particular, the hardware system, the sensors
used in the MCT, the software acquisition, and data process-
ing as well as the remote communication system are detailed.

The user interface was developed in LabVIEW software
and the reading of biomedical and environmental sensorswas
carried out at the Arduino platform.

In the first case, for each sensor there is a guide and a
dedicated interface, where the real and the expected values
are registered as well as the alarms.The values obtained by the
sensors can be saved in an Excel file to allow further analysis.

4.1. SystemHardware. In this paper, special emphasis is given
to theMCT.The operation of this system optimizes the health
of bedridden patients. The MCT has high quality biomedical
sensors that perform the analysis in real time, through
an integrated system that enables operation of biomedical
sensors [12]. Figure 8 presents the MCT and the mechatronic
system for bedridden patients [13, 14].

TheMCT system is based on the E-HealthKit fromCook-
ing Hacks [14]. It includes the biomedical monitoring system,
the environmental data acquisition, and the remote platform.
The block diagram of the system hardware is described in
Figure 9 [14].

The biomedical monitoring system supports nine differ-
ent sensors: pulse, oxygen in blood (SPO2), airflow (breath-
ing), body temperature, electrocardiogram (ECG), blood
glucose meter, galvanic skin response (GSR), blood pressure
(sphygmomanometer), and the patient’s position in bed
(accelerometer), Figure 10 [12].

Regarding the environmental variables, the system has
available the following sensors available:

Figure 8: Bed with the MCT system [13, 14].

(i) The temperature sensor monitors the environment
temperature. The sensor output values are in degrees
centigrade, so there is no need for any preprocessing.

(ii) The light sensor measures the light intensity of the
environment (lux), using a LDR (light dependent
resistor) and an analog signal, and thus the output val-
ues must be preprocessed. There are three categories
of light intensity considered: high brightness (0 to 1/4
full scale), middle light (from 1/4 full scale to 1/2 full
scale), and darkness (over 1/2 full scale).

(iii) The air quality sensor presents a value which is
proportional to the air qualitymeasured by the sensor.

(iv) The carbon monoxide (CO) sensor is suitable for
detecting concentrations of CO in air. TheMQ-7 ver-
sion can detect CO concentrations anywhere within
20–2000 ppm.

The communication between the PC and theMCT system
is performed through XBee Modules. Figure 11 shows the
E-Health shield placed together with the wireless shield
modules.

4.2. MCT User Interface in LabVIEW. The user interface was
developed in LabVIEW (Figure 12) [12, 26–29]. The interface
allows a friendly interaction with the user.

The interface has four sections: the first one corresponds
to the system welcome page, the second one is dedicated
to the monitoring of the environmental variables profiles
(room temperature, brightness, and air quality), the third
section shows the patient data that can be accessed through
the biomedical sensors placed on the patient, and, finally,
the fourth section allows the remote communication with a
medical specialist.

From the interface, the measured data can be recorded in
MS Excel, allowing further analysis.

In Figure 13, an environmental sensor interface, namely,
the light sensor, is shown. The interface includes a light
emitting diode warning when there is a lack of light in the
room.

Figure 14 shows the information regarding the respiration
sensor: the measured values of the breath sensor and the
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Figure 9: Block system diagram [14].
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Figure 10: Cooking development kit used in the MCT (adapted from [12]).
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Figure 11: XBee shield placed on the plate E-Health and the set on
the Arduino (adapted from [12]).

Figure 12: MCT interface in LabVIEW—welcome page [14].

Figure 13: LabVIEW interface for environmental sensors—light
sensor [14].

Figure 14: LabVIEW interface for biomedical sensors—respiration
sensor [14].

information related to the desired values allowing some
preliminary diagnosis.

In order to enable the remote access to MCT, a web
page was developed using the Web Publishing Tool from
LabVIEW.

Through this remote access, the caregiver (or even the
patient) can communicate with a health professional if neces-
sary (Figure 15), using videoconference applications as Skype,
as example. It is worth mentioning that the remote access
is allowed under login and password, through a dedicated
webpage developed in html and JavaScript, for security.

The system is also able to send an e-mail to the caregiver,
nurse, or doctor with the patient’s data, when there is
measured value outside the recommended parameters.

Figure 15: Interface created in LabVIEW for remote communica-
tion [14].

Figure 16: Placement of the body temperature sensor in the patient
[14].

Figure 17: Obtaining the body temperature profile in theMCT [14].

5. Experimental Results

In this section, some results obtainedwith theMCT regarding
physiological and environmental data are presented.

5.1. Biomedical Sensors. The system was tested with two
healthy persons: (a) a 28-year-oldmale,measuring 1.73m and
weighing 62 kg; (b) a 31-year-old female, measuring 1.76m
and weighing 79 kg.

The first test was carried out to obtain the value of body
temperature. Figure 16 refers to the sensor placement and
Figure 17 shows the user interface where the temperature is
acquired through wireless communication and registered in
a chart.

The second test was carried out to obtain the value of the
galvanic skin response of the patient. Figures 18 and 19 show
the sensor positioning in the patient and the corresponding
user interface, respectively.
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Figure 18: Placing the galvanic skin response sensor in the patient
[14].

Figure 19: Obtaining the value of the galvanic skin response in the
MCT [14].
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Figure 20: Oxygen saturation in the MCT for Patient 1 obtained in
LabVIEW.

Figures 20 and 21 show the obtained values of oxygen
saturation for the two patients, respectively. Blood oxy-
genation level is associated with cardiovascular fitness, and
raising oxygenated blood coloration in human faces increases
perceived health [30–34].
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Figure 21: Oxygen saturation in the MCT for Patient 2 obtained in
LabVIEW.
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Figure 22: Comparison of oxygen saturation profiles for the two
patients.

Figures 22 and 23 show a comparison of the oxygen
saturation and the body temperature profiles for the two
patients, respectively.

Patient 2 hasmuscular dystrophy hands, known as Becker
muscular dystrophy. This dystrophy causes instant tempera-
ture changes in the affected area and hence the changing of
skin temperature in the said patient.

5.2. Environmental Sensors. Figure 24 shows the room tem-
perature profile registered in the MCT interface.

5.3. Remote Communication. To remotely access MCT inter-
face, the user must enter the login and password to access
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patients.

Figure 24: Room temperature profile in MCT [14].

Figure 25: Remote communication with image and sound [14].

the patient’s information. Figure 25 shows the access to room
environment registering sound and patient image.

6. Conclusions and Future Work

This work describes the development of a Medical Care
Terminal (MCT), to be included in a mechatronic system,
able to allow the remote monitoring of bedridden patients.

Themain objective of the work is to provide the caregiver
with the ability to monitor, in real time, the patient and the
environment he/she is in. It also allows the possibility of
remote communication under authentication. The biomed-
ical sensors included in the developed system allow the
following measures:

(i) Body temperature (BT).
(ii) Galvanic skin resistance (GSR).
(iii) Electrocardiogram (ECG).
(iv) Level of oxygen.
(v) Body position.
(vi) Breath.

The environmental sensors included in the system allow the
following measures:

(i) Level of alcohol in the air.
(ii) Carbon monoxide level in the air.
(iii) Brightness.
(iv) Temperature.

This system has three main advantages in comparison with
the commercial available ones, listed as follows:

(i) It is a user-friendly interface, easy to use by a single
elderly person as there are provided step-by-step
instructions of handling the software and the appli-
cation of sensors. In short, it does not require special-
ized knowledge to be properly operated.

(ii) It is adapted to the needs of a specific patient, as the
system can be configured in function of the measure-
ments required for that specific patient. Moreover,
other sensors can be easily included due to modular
architecture of the system, as well as the actions pro-
vided as a result of the measurements obtained.

(iii) It is a low cost solution, with an estimated consumer
price below 1K£, in order to be affordable even for low
budget consumer markets.

MCTwas tested in laboratorial environmentwith two healthy
persons. This system is also prepared for adaptation of

(i) wireless transmission of the sensors, making the
system less invasive and more convenient to use,
depending on the choice of the final user’s family;

(ii) the possibility of adding of new functionalities (e.g.,
smartphone and tablet interfaces).

This is an option of configuration that can be chosen by
the final user’s family.

To accomplish the objectives of the overall project, MCT
is part of themechatronic system to assist bedridden patients.
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