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ABSTRACT

The present study aimed to design a model for monitoring and transmission of biomedical parameters based
on wireless technology. This responds to a latent need in terms of improving the efficiency of the operation
of the intensive care units (ICU), so progress in wireless transmissions, provides an emerging alternative to
the medical-care personnel can monitor the condition of a patient in that unit. The methodology
corresponds to a Feasible Project, developed through five stages: a) analysis of the situation under study, b)
characterization of biomedical signals, c) establishing requirements and transmission monitoring system, d)
design model and, e) model evaluation. As a result the model monitoring and transmission of biomedical
parameters based on wireless technology is presented. In addition, the study failed to prove its feasibility by
simulation in MatLab Software, establishing in a virtual environment system transmitter performance,
through the calculated parameters.

System Keywords: System; Monitoring, Wireless; Biomedical Signals.

1. INTRODUCTION In this sense, if set as purpose the design of a
system of monitoring medical parameters based
With the passing of the years, technology has on wireless technology that allows to keep a
experienced a progressive and unstoppable remote monitoring constant of these medical
progress. Daily designs and develop new parameters and vital signs of patients said,
products and services aimed at the improvement allowing early diagnosis by the medical
of the quality of life of the human being among professionals.
those who are engineering solutions to the health
care service. 2. METHODOLOGY
Telemedicine is the example worthy of the issues A. - Analysis of the Situation under Study.
raised above, since it is simply the practice of
medicine at distance through the use of This phase consisted in studying different
communications and information technologies. biomedical measurement systems used in the
Has become a need to improve the process of different centers of care, specifically in the area
monitoring vital signs of patients in intensive of (intensive care) for the monitoring of the vital
care units; fast, effective and efficient way in signs of patients in State of gravity, achieving in
order to provide a reliable response to any event this way Verify the functioning and structure for
that occurs in the ICU, based on these needs such data transmission system.

arises as a solution the implementation of a

system for monitoring wireless. It is important to note that, through the

observations made, the majority of intensive
care in hospitals and clinics Venezuelan rooms
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have both analog and digital equipment able to
collect, send, and in some cases storing data that
correspond to the wvital signs of patients

undergoing  observation.  Although  some
assistance centers remain completely analog
measuring equipment such as

electrocardiographs that do not offer any kind of
alternative to data transmission.

B. - Characteristics of the Biomedical
Signals.

Teams of monitoring vital signs in this room,
have outputs of data, depending on the model of
the equipment and the same update level.
Typically used ports serial, USB and network
ports. Being one of the fundamental technical
specifications for the correct design of the
network of remote monitoring of critically ill
patients vital signs, since these ports make it
possible to connect those computers to a
wireless data network, through which health
specialists can access and monitor the patient's
vital signs in real time. These teams also possess
the characteristics of being self- sustaining, i.e.,
that at the time of a situation of contingency as
in the case of a failure of the electrical service in
the hospital, the team of monitoring has its own
alternative source of energy to continue
monitoring the patient.

It was determined that generally signals more
essential in intensive care units are blood
pressure (systolic, diastolic and mean), heart
rate, body temperature, respiratory rate, spo2. In

addition,  technical equipment operation
manuals, used as it is the case of the
electrocardiogram, in order to learn more

regarding the characteristics and operating
parameters which possess such apparatus and
the ability to send biomedical signals through a
local network.

In this sense [1], are handled theoretically
current values and vital signs voltage are
expressed in ranges the micro amps (uA) and
millivolts (mV), the amplitude peak of a signal
is in the range of ImV. With respect to the ECG
frequency range, this author indicates that range
is covered from 0.05-100 Hz, divide at the same
time this bandwidth in three ranges, according to
the different applications [2].

For applications of monitoring of patients in
intensive care, the bandwidth is limited to 0.5 -
50 Hz, in this environment the arrhythmias are

enough interest, mainly by subtle in the
waveform changes. This signal consists of
several waves that occur in a normal heartbeat,
which consists of a P wave, a QRS complex, a T
wave and a wave U, which is normally invisible.

These are electrical events that should not be by
any reason confused with the corresponding
mechanical events, i.e. the contraction and
relaxation of the Chambers of the heart, thus
with  mechanical systole or ventricular
contraction begins just after the beginning of the
QRS complex and culminates just before end of
the T wave. Diastole, which is relaxation and
filling ventricular, begins after that culminates
the systole to correspond with the contraction of
the Atria, just after the P wave.

The P wave is produced by the electrical
potential generated when the Atria is
depolarized before the start of the atrial
contraction. The QRS complex corresponds to
the electric current that causes contraction of the
right and left ventricles and it usually lasts from
60 to 100 milliseconds, it consists of Q wave
representing the small horizontal current action
potential traveling through the ventricular
septum, and the waves R and S that indicate
contraction of the myocardium.

The T wave represents the re polarization of the
ventricles, it should be noted that the majorities
of the derivations of the T wave is positive, the
T waves that are negative are taken as anomalies
in the patient. Wave U is a small positive wave
that is marked at times then the T-wave,
especially in adolescents and young adults, but
if meaning is not properly cleared up.
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Fig. 1.  Electrocardiogram

In accordance with the above issues raised [3] is
that these signals are of low amplitude to be
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transmitted over a local network, so it would be
necessary to do a treatment of this signal, in a
manner such that the same be amplified
withholding its original pattern. However,
thanks to recent advances in technology,
monitors or measuring equipment of vital signs
present in the majority of centers, have the
advantage to make that adjustment to the signal,
amplifying, filtering and carrying out the
conversion of the analog biomedical signals in
binary data that are easily handled and
understood by the current network
communication protocols.

C. - Establishment of the requirements of the
monitoring and transmission system.

In the first instance, treatment of wave process
began with the selection of filters [4] [5], based
on proposed by equation (1), where it is
suggested that the analysis this type of waves to
be preceded by a purification and amplification
of the wave. The signal is filtered by a bandpass
filter second order Butterworth, which only
passed the frequencies that are in the range 0.01-
1.0 KHz in order to vital waves within the
operating range of the filter.

1
|H(a))|2 = 2N
w
1+ (5) a
Where:

w: angular frequency (rad/seg).

wc: System cut-off frequency

N: N th order

For the case in question was calculate the
maximum in the in equation (2), the value of
magnitude product of the filtering i.e. when ® =
oc, around 1 KHz.

H)I = ——x
(J1+()

(2)
(o (2221)

Then, carry out the scanning process, selected a
sampler amplitude of pulses(PAM), [6] single

|H(2000m)| = ~ 0707V

peak-peak amplitude (1 V) and to which it took
time values of sampled experimental equivalent
to 0.0006 seconds, with a duration of pulses of
0.0003 seconds, based on the theorem of
Nyquist. Values in the equations (3) and (4).

fs =22W 3)

y(t) = Z AP, (t — kts)

k==eo @

Where:

A: Wave amplitude.

P: Wave form (pulse)

T: Duration of the pulse.

k: Number of times that the sampler where
taken.

T: Sampling time.

(o]

25 1/2 Py g0 (t — 0.0006k)

k==—o0o

y(t) =

Continuing with successive approximations [7]
A/D conversion, applies a coding M-aria,
equation (5). This allows approximating the
sample to one of the levels of a designated scale.
The range of quantification will be 1/256, since
this format originally characters ASCII type [8],
which  would facilitate the process of
transmission and interpretation of the data
generated by the model.

M = 2" ®)

Where:
M: Number of symbol.
n: Number of bits by symbol.

Selected a uniform 8 bit encoder and a peak of
0.5 value V, whose mission is to present in the
output the binary code corresponding to the
activate input. Shall apply also a converter of
integers to bit of 8-bit entirely, whose output
will be the most significant bit, this converter
converts an analog input voltage to a binary y
value.
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TABLE 1.  Coding Sequence
Nivel VOLTAIJE (mV) SIMBOLO
(ASCII)

0 0 00000000
1 4 00000001
2 8 00000010
3 12 00000011
4 16 00000100
5 20 00000101

A modulator is then selected M-PSK, [6] whose
"M" parameter will be 256, this modulator is
characterized because the phase of the carrier
signal represents each symbol information of the
modulating signal, with an angular value
modulator chooses among a discrete set of "M"
values, while the amplitude and frequency of the
wave remain constant and are values that are
determined by the standard that governs the M-
PSK modulation for the purposes of the model
A =1 Vp. Then M is the number representing
the number of conditions or possible
combinations for the binary group that is
considered, i.e., the number of points in the
signal's constellation, which is defined by the
equation (6).

Z(t) = Acos[wct + 0i(t)] (6)

Where:

A: amplitude of the carrier signal.

wc: angular frequency of the carrier signal.
Oi(t): fase N th of the carrier.

As shown in equation (7), the value of the phase
Oi (t), represents the ASCII symbol that is
generated at the time of transmission.

2

0i(t) = —

J ; M=123,...,256  (7)

Where: M = 256; 0i(t) = 0.0007 rad

The transmission channel will be simulated in
MatLab, through the channel of noise additive
white Gaussian, which will have a relationship
signal-noise of 80dB that although it seems to be
a little high it is suggested by the MatLab for
systems with almost ideal characteristics and a
power input of 1watts, this channels commonly
used to represent the environment noise and any
kind of interference that may occur in the same.

D.- System Design

At this stage we proceeded to make a schematic
diagram  showing the interconnections,
components and equipment used for the design
of the system of remote monitoring. On the
other is present in a diagram the specifications
needed to encode and transmit wirelessly the
signals produced by the teams of monitoring of
the intensive care unit.

Likewise, this diagram provides the necessary
support for the analysis of faults that may arise,
as well as for the design optimization. This
diagram is of the most importance since it
allows the tracking of different levels and stages
in the architecture [9] where the signals
produced by the measuring equipment will flow.
Therefore, signal processing would be
composed in the following manner:

Initially, there will be a sensor for measurement
of signals, which captured the different type of
biomedical signals which are collected from
patients [10]. Inside the sensor are also manages
filtering of waves in order to filter out the
interference that produce other signs of the same
patient, as for example brain impulses [11],
saturation, among others.

Then the sensor output went through a process
of sampling [12], this form the input signal
becomes a square signal, this process having the
multiplier is accomplished through a modulation
of the amplitude of the pulses (PAM), [6] it has
the feature of changing the amplitude of a
signal, fixed frequency, function of the symbol
to transmit.

Then, already sampled and quantified signal
entering an analog digital converter, within this
you will need to encode the signal and then have
that happen to be converted integer bits, and the
output will have already digitized signal.

Subsequently, the digitized signal entering a
modulator, which will wrap to the signal which
came in bits to through a carrier so that this
digitalized signal crossed the channel without
losing any data, the output of the modulator will
be an analog signal that will continue towards
the transmitting antenna [8].

Continuing with the design, the signal
transmitted through the wireless channel came
to a receiving antenna, and consecutively to a
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demodulator, it will have the purpose of
eliminate the carrier that enveloped the signal,
so it can follow the process of receiving.

Similarly, of the decoder output which will be a
digital signal, you will need that to be led
through a digital-analog converter [9], to
retrieve biomedical signal, however, the output
of this converter will be accompanied by
undesired high frequencies biomedical signal.
Moreover, these unwanted frequencies will have
to be eliminated through a filter lowpass, which
features prevent the passage of only and high
frequencies giving way to frequency low within
a range.

Fig. 3 Heart rate signal seen from MatLab

Finally, filter lowpass mentioned above, output
the original biomedical signal which was sent,
will give the signal from reaching a receiver.

This can be examined by interested parties in the
monitoring of the patient as medical doctors,
nurses or specialists in the area.

X
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s Fig. 4 Heart Rate Signal to Interference.
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eliminated by half two filters, a bandpass filter
of second order with a range from 0.01 to 150

PY N Immediately, was to eliminate this interference
A . . . ..
Punrosce with the heart rate signal, for sampling in its
NALAERICOS original representation. The interference was
Rx

FILTRO RECEPTOR

RX Hz frequency, and another from grade eight-type
rechazabanda which operates in the frequency
Fig. 2 System Architecture range between 55 to 65 Hz.

E.- Evaluation of the Design

Finally evaluates the proposal, through the
MatLab which is the suitable software, since it
allows simulating the model and checking the
operation of the system.

1) Transmission: In the first instance was to
simulate a biomedical signal, with the help of an
electrocardiogram was achieved to represent the
signal the heart rate of a patient. This signal was
created taking 136 samples with a time of 0.006
seconds manually.

Fig. 5 Filtered and sampled signal (PAM).

(2) Next, was coupled with a signal to generate

the interference caused by other signals of the Then, the signal is sampling and quantified, by
body which was emulated with the MatLab means of a signaling M-aria [9],through a
Simulink signal generator. counter analog, obtaining a waveform PAM,
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similar to the original waveform of signal the
heart rate, but of quadratic form, to then be
encoded for the binary output for your
modulation.

After sampling and coding, the marked signal is
subjected to a process of phase modulation (M-
PSK) of 8 bits, which throws a constellation of
256 possible symbols of data with constant
amplitude and phase variations. These symbols
are subjected to an analog transmission process,
which will directly respond to the phase of the
symbol is generated.

Signal Trajectory
3
2 rWwW
SRl i
=
£
20 )
2
-
5 -
2
-3
-3 2 -1 0 1 2 3
In-phase Amplitude

Fig. 6 Constellation diagram of the transmission
process.

After the process of modulation wave is
subjected to a wireless medium, simulated
conditions of noise and energy of bit (Eb/No)
[4] [6], according to the present to a hospital
setting, this was the tool of the MatLab AWGN
Channel, which represents the signal
transmission channel.

(3) Reception: The reception system is governed
by a process of coherent detection and recovery
of carrier [13] which starts with the filtering of
received wave, in order to guarantee the
working of the system frequency band.
Subsequently becomes a product detection and
recovery of carrier to separate en the message of
the carrier signal, this is achieved through an
envelope element detector is a filter lowpass of
order eight with a frequency range from 4 Hz.

189

Fig. 7 Received Signal

After separating the interest of the carrier signal
is processed a carry out the initial process of
sampling, retention and coding in order to
reconstruct the original signal (heart sign).
Below is the signal received in a definitive way.

3. CONCLUSIONS

The approaches described in this research
allowed demonstrating, it is theoretically
possible to create a model that matches the
methodology proposed by [14] in monitoring
and transmission of parameters or biomedical
signals, although measuring equipment in the
hospitals of the country is not designed to this
end.

Biomedical signals in study were characterized
by work on low ranges of frequency and
amplitude. What 1 represent an obvious
advantage in establishing model, for the reason
that these ranges of operation easy sampling,
retention and subsequent codification of waves
generated by the human body.

He is accomplished to verify the model through
the proposal of a simple architecture from the
point of view of the number of elements that
make it up, but complex by the method of
modulation and transmission of data, which I
involved the approach of a M-PSK modulation
scheme, by its immunity to interference and
noise levels in the transmission channel.

Similarly it was possible to prove the viability of
the model using the simulation through the
MatLab, where virtually settled the system
performance transmitter, using parameters
calculated based on data taken from a theoretical
and practical way. Aspects that contribute
greatly to the improvement of medical care
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services [15] and likewise to the prevention of
risks in the rooms intensives care.
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