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Abstract

Heart rate signal (HRS) fluctuation analysis is a crucial process
to measure the instability that occurs during the heart palpitations.
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In this paper, the cross-correlation of two different HRS measured
using DFRobot heart rate sensor simultaneously with the
measurement of blood pressure by using AllHeart standard blood
pressure cuff gauge. This procedure was done to two people with
different ages, one with a normal blood pressure (20 years old) and
the other with abnormal blood pressure (60 years old). A data
acquisition card NI(PCI-MIO-16E-1) was used to acquire the Heart
Rate Signal (HRS) data, and analyzed by LabVIEW software
National Instruments. The difference between HRS measurements
for both people, the 60 years old person with an abnormal blood
pressure and the 20 years old person with normal blood pressure at
all stages (before, during and after blood pressure measurement, the
measurement time depended on the time of measurement of each
person's blood pressure, i.e. about a minute) indicates that the cross-
correlation were relatively weak during the post-measurement
stage. This result can be due to the disorder of heart palpitations
immediately after the blood pressure measurement process
compared to the cross-correlation before the blood pressure
measurement process (at relax stage) which was relatively strong.
The values of fluctuation of HRS in terms of RMS were calculated
for all stages, which gives a good indicator for the heart palpitations
of each stage measurement for two people.

Keywords. Heart Rate Signal, fluctuation heart signal(RMS), heart
palpitations, blood pressure.

Introduction

The heartbeat of a human being should be amongst the most
important priorities that must be regularly monitored and checked
to maintain a healthy body and prevent disease. Palpitations and
abnormal fluctuations of the human heart should be checked as a
result of the variables that occur in the blood pathways within the
blood vessels, arteries, and veins. Other variables are also taken into
account such as the blood itself; viscosity and blood density.

One of the most common factors for cardiovascular disease is
high blood pressure and its dangers. Accurate measurement of blood
pressure is essential for proper diagnosis of high blood pressure and
monitoring the effect of antihyperty. Additionally, blood pressure
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(BP) is an element of cardiovascular risk prediction equations that
are in turn used to gquide the decision to start statins,
pharmacological antihypertensive medication, and aspirin therapy
[1,2]. Since 2005, several studies published by the American Heart
Association (AHA) have shown scientific statements on blood
pressure measurements and how to obtain an accurate reading.

Paul Muntner et. al (2019) [3] provides an updated American
Heart Association (AHA) scientific statement on BP measurements
in humans. In the office setting, many oscillometric devices have
been validated to allow accurate BP measurements while reducing
human error associated with the auscultator approach. Fully
automated oscillometric devices capable of taking multiple readings
even without an observer present may provide a more accurate
measurement of BP than auscultation. Studies have shown
substantial differences in BP when measured outside versus in an
office environment.

Epidemiological evidence has indicated that the risk of
cardiovascular complications associated with high blood pressure
may depend not only on the magnitude of high blood pressure per
sec, but also on the increase of the blood pressure variability. It has
been shown that the main determinants of high blood pressure
fluctuations especially in the short term are neurological effects on
peripheral and heart blood vessels. In addition, evidence has been
provided to show that the degree of blood pressure variability is
directly related to the stiffness of large arteries. This is known to be
a strong independent indicator of different cardiovascular risks of
blood pressure variability (BPV, i.e short, medium, and long term
BPV with a focus on different components of potential BP changes
and the changes in bar flexes).

Moreover, Albatrookh et. al (2017) [5] designed a simple and
effective devices to get a heart signal with the help of many linear
models of SI. Relationships between the various system
identification models discussed. They described the methods that fit
the system structures well as the basic characteristics of the resulting
models of evaluation. Experiments conducted using different types
of SI models on real-world heart signal data. Also they showed the
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effectiveness of the proposed SI models that were demonstrated by
achieving accuracy of heart rate.

In this study, the blood speed fluctuations within the arteries and
veins are measured using an advanced data acquisition system
achieving speeds of up to 1.25 Ms/sec. From these measurements,
the amount of blood palpitation and disorder in terms of Root Mean
Square (RMS) and cross-correlation of the measured signals of a
young person (normal blood pressure) to the elderly person
(relatively has abnormal blood pressure).

Experimental Set-up

The following section gives an overview of the experimental
apparatus and setup. Two different test techniques have been used
to measure the blood pressure and heart rate signal fluctuation. The
first test is the Photo Plethysmo Graphy (PPG) technique consisting
of a DFRobot heart rate sensor, and a data acquisition card mounted
in a PC which was used to acquire the heart rate signal fluctuation
(HRS'(t)) data. The Data Acquisition Card used is a NI(PCI-MIO-
16E-1) with a sampling rate of 1.25Ms/sec. The second test is an
AllHeart standard blood pressure cuff device with a maximum
pressure of 300 mmHg has been used to measure systolic and
diastolic blood pressure which were measured simultaneously with
the measurements of the heart rate signal fluctuation (HRS'(t)).
LabVIEW software by National Instruments was utilized in this
experiment. Figure 1 show the Schematic diagram of the two test
techniques.

DFRobot
Heart Rate Sensor

Heart Sigual 1/0 Connector Block|  Shielded Cable | Data Acquisition Card PC
== y
l (SCB-68) SH68 68-EPM | M(PCI-MIO-16E-1) LabVIEW
5 Volts
Hand Pump

\
Pressure Cuff

Control Valve

Bourdon™
Tube Pressure Gauge

Figure 1. Schematic of the experimental configuration of the HRS'(t) and
blood pressure measurements
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Methodology
Root Mean square of the Heart Rate Signal (RMS+rs))

The RMSHrs) can be calculated from the Instantaneous HRS as
a function of the time (HRS(t)), the Instantaneous HRS is given by
Eq. 1. Inthe case of periodic HRS, the interval should be an integral
number of periods. If there was no periodic HRS, the interval should
be long enough to make the value obtained essentially independent
of small changes in the length of the interval. The fluctuation
HRS'(t) is the difference between the instantaneous value of the
HRS(t) and the mean value HRS as expressed in eq. 2

HRS(t) = HRS + HRS'(t) 1

Where:
HRS is the mean heart rate signal.
HRS (t) is the fluctuated heart rate signal.
From equation 1
HRS'(t) = HRS(t) — HRS 2

The square of fluctuation HRS is given by Eq. 3:
(HRS'(t))* = (HRS(t) — HRS)? 3

The mean value of the fluctuation HRS square is given by Eq. 4:

(HRS'())® = Tli_r}r.}o%J-(HRS’(t))zdt 4

Where:
T is the time period of the HRS
Root mean square of HRS is given by Eq. 5 and 6:

T
r—— 1
HRS gus) = (thSf(t))2 = ;iigo 7 f (HRS’(t))zdﬂS
0
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T
1 _
HRS (ansy = | Jim - j (HRS(t) — HRS)? dt 6
0

Cross-correlation

Consider two signals HRS1 and HRS2 at time t, the relationship
between them at two different times is often expressed as the cross-
correlation function, which is given by:

'/
1
SRHRSI—HRSZ(T) = }Erolo; j HRSl(t) HRSZ(t + T)dt 7
T/

Here the time difference, t, is usually called delay or lag. The
covariance function usually decreased towards zero and may take
place with damped oscillations. The cross-correlation function
approached zero at great lag values. A positive value means that the
signal have the same sign, and a negative value means that opposite
signs are usually expected. The cross-correlation function is similar
to the auto-correlation, but is used to compare between two different
signals at different instants of time. Figure 2 shows a theoretical
example for two similar functions sine-sine wave. Both signals have
the same frequency, amplitude, and the signals are in sine wave and
saw-tooth wave. The Sine and the saw-tooth waves were generated
from the signal generator, with an amplitude of 4 volts. Sampling
rate and number of data acquisition system were 1000 s/sec and
5000 respectively. It can be seen that the cross-correlation of the two
signals are strongly correlated, the cross-correlation curve has a
maximum value at t = 0 and decreased gradually towards zero at the
end the time (t =T) . Figure 3 shows the cross-correlation out-phase
sine-saw tooth wave signals ( weak cross-correlation). Also, it
shows that the cross-correlation is completely different than sine—
sine wave signals cross-correlation. The amplitude of the cross-
correlation does not gradually drop to zero towards t=T.
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Power spectrum of HRS

By the Fourier integral relationship given by (Dowling and
Williams, 1983, Nelson and Elliott 1992), the autocorrelation
function of the random process is directly related to its frequency as
the following:

Yt
1
Ryrs(t) = Tlgrolo p= j HRS(t) HRS(t + t)dt 8
~r

Ryrs(0) = J‘mﬂRs(T)e_imT drt
=2 f Rurs(Dcos(wt)dt

Where;
Rurs (1) is the Auto-correlation
Ryrs(w) is the Fourier transform of autocorrelation

functionRyrs (1).
This relationship is known as the power spectrum of the signal.
[7,8]

<R |70
LT |
T | £
ey |

Figure 2. cross-correlation for two signals sine and sine waves at
sampling rate of 1000 s/sec, and number of samples 5000
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Figure 3. cross-correlation for two different signals sine wave and saw-
tooth wave at sampling rate of 1000 s/sec, and humber of samples 5000

Results and Discussions
Figure 4 shows the mean and the RMS of HRS fluctuation
comparison of two people at different stages.
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Figure 4. Mean and RMS voltage of the HRS for two different ages

Fiqures 5, 6, 7, 8 display the HRS fluctuation (HRS'(t)) signals
at four different stages of systolic and diastolic blood pressure
measurements. The power spectrum and cross-correlation
(Rurs1-nrsz2 (1)) have also been presented for each stage. It is clear
from the figures that the measured signals of HRS fluctuation are
very different for each stage and for two different people.

8 Copyright © ISTJ L gine aoball (3 gia
Ayl g o shell 40 sal) dlaall



International Science and 3500l 0350 g
sl
Technology Journal Volume 29 )

4500 g o glall A gal) Alalf April 2022 4 I S T -J %

Stage 1

At the relax stage (before blood pressure measurements), high
amplitudes of measured signals were observed for the young person
as shown in Figure5. The HRSRMS of signal fluctuation were 0.125
and 0.074 for young and elderly person respectively (from Figure
4). The cross-correlation (Ryrsi—nrsz(T)) at the relax stage is
strong which is similar to the cross-correlation of signals sine-sine
waves. As seen in the results, both signals are in a very small phase
difference and can be considered as in-phase signals.
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Figure 5. Time series, power spectrum, and cross-correlation of
fluctuation HRS before measurements of blood pressure of young person
and elderly person

Stage 2

Figure 6 shows the pumping stage. the amplitude of the HRS
fluctuation (HRS'(t)) for both people are almost similar. For this
stage, the HRSRMS are 0.1147 and 0.140 for young and elderly
person respectively as shown in Figure 4.

From Figure 6, it is clear that the cross-correlation between the
two signals (Rygrsi-nrs2(T)) is relatively no strong correlation
between them in terms of the frequency differences (x,y as well as
the shape of the fluctuated HRS (HRS'(t)). which is similar to the
theoretical cross-correlation between two different waves, sine-
sawtooth waves Also, this difference in the cross-correlation is due
to the clear difference in the delay time between the two signals of
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the elderly and young person’s HRS'(t) . Both signals are out of
phase, after 6 seconds of measurement, the time delay is about 0.5
seconds.
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Figure 6. Time series, power spectrum, and cross-correlation of
fluctuation HRS at pumping process during measurements of blood
pressure of young and elderly person

Stage 3

stage 3 is the measurement of blood pressure (systolic and
diastolic) as shown in Figure 7. The results show that the HRS'(t)
almost have similar peaks for both people. However, at the decays
the elder person had lower values than the young person leading to
an increase in values of the RMS for the elderly person. The values
of the HRSRMS are 0.08789 and 0.139 for young and elderly person
respectively. The cross-correlation (Ryrsi-nrs2(T)) IS good
correlation. The out of phase occurred at an earlier time compared
to the previous stage (pumping stage) which occurred after 4
seconds (see Figure 4).
Stage 4

Figure 8 shows the HRS fluctuation that were measured
immediately after blood pressure measurement. The result indicated
that the cross-correlation Ryrsi_prs2(t) was very weak. The
values of the HRSRMS of the elder person were higher than the
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HRSRMS of the young person (0.0971 and 0.161 respectively) as
well as the out of phase occurred 2 seconds earlier than stage three.
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Figure 7. Time series, power spectrum, and cross-correlation of
fluctuation HRS from systolic to diastolic blood pressure measurements
of young and elderly person
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Figure 8. Time series, power spectrum, and cross-correlation of
fluctuation HRS immediately after the blood pressure measurement of
young and elderly person
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Conclusion

In this paper, the level of signal fluctuating of the heart was
measured in terms of RMS of the heart beats within the arteries and
veins for two people with different ages. The young person has a
normal blood pressure while the elderly person has an abnormal
blood pressure.
The signals were taken at different conditions beginning of the
relaxation stage, then during the measurement of systolic and
diastolic blood pressure stage and finally after measuring blood
pressure directly for both people. The signal fluctuations (RMS) and
the power spectrum of the heart rate signal (HRS), as well as the
cross-correlation for each stage between the two signals was
calculated. To be more précised, the heart beats fluctuation (HRS)
has been compared and analyzed. The results showed that not
everyone who suffers from abnormal blood pressure has a disturbed
heartbeat and vice versa. In addition, the results indicated that the
cross-correlation between two people was relatively not strong; on
the other hand, during the relaxation stage the cross correlation was
relatively strong.
Moreover, this study concluded that the measurement of the blood
pressure was the main reason for disorder of the HRS fluctuation.
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