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Design of Cardiac Monitor for Multi Parameters
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Abstract—A patient with heart disease need care and monitor
intensively. In the monitoring of the heart, there are several
parameters including the electrocardiograph (ECG) which to
record the electrical activity of the heart, phonocardiograph
(PCG) which to record heart sound, and carotid pulse (CP) which
to record carotid arterial blood pressure. The purpose of this
study is to design ECG, PCG, and CP on a computer with Delphi
programming and analysis the relationship among those signal.
The primary circuit of the cardiac monitor consists of the
instrumentation amplifier, inverting amplifier, high pass filter,
low pass filter, notch filter, non-inverting amplifier, summing
amplifier, and Arduino microcontroller. This study involved
fifteen healthy respondents. The design of a cardiac monitor was
calibrated using the conventional apparatus. After the calculation,
the statistics showed that the average error of BPM is 2.42718%.
Carotid pulse showed that the correlation between the pattern of
the dicrotic notch (the D wave) in the carotid pulse and second
heart sound (S2) was occurred simultaneously or just before the D
wave pulse from the carotid pulse. We found that the average of
the interval between S2 and Dicrotic Notch was = 0.036 s.

Keywords— Cardiac monitor, ECG, PCG, Carotid Pulse,
Microcontroller, PC.

I. INTRODUCTION

Electrocardiography (ECG) is a device that record bio-
electrical signals caused by electrical activity in the heart. ECG
signals have a specific form that can be used as a reference to
determine a person's heart health condition [1],[2],[3],4]. ECG
monitoring with Lead II produces a higher positive voltage and
can produce P, Q, R, S, and T waves clearly, Lead II is usually
used for routine monitoring and is useful in detecting sinus
nodes and atrial arrhythmias [5],[6],[7],[8]. Currently, in
Indonesia, heart disease placed first ranks as a cause of death.
One method for detecting early symptoms of heart disease,
which is associated with abnormal heart valves, can be
performed using auscultation. To find out heart disease that
often comes suddenly is essential. ECG signals can also provide
information regarding the mechanical activity of the heart, but
cannot fully describe the heart abnormalities that were
previously experienced, so that the heart abnormalities cannot
be detected from heart signals. [1]

The heart is a vital human organ whose main function is to
pump blood throughout the body. Electrocardiography (ECG) is
a device that can record biological signals that are formed as a
result of the electrical activity of the heart [1].
In fact, the electrical and mechanical activity of the heart also
involves the process of blood pressure in flowing blood through

978-1-7281-3832-9/19/$31.00 ©2019 IEEE
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the heart valves to the chambers of the heart and lungs. In this
research, the blood pressure is represented by the carotid pulse.
The carotid pulse is a recording of carotid artery pressure
signals; the record is done by placing a sensor on the neck and is
an alternative in seeing blood pressure signals. This carotid
pulse is also useful for phonocardiograph (PCG) and can help in
identifying a second heart (S2) and its components. Carotid
Pulse provides information about indications of variations in
blood pressure signals in the arteries and the volume of each
heartbeat [9],[10],[11],[12].

A carotid pulse can also help a clinician to analyze the
differences between normal and abnormal heart conditions (a
type of aortic stenosis heart defects). This condition can be done
by displaying the heart sound signal (precisely on the S2 signal
pattern) and carotid pulse signals (precisely in the Dictotic
Notch signal pattern) simultaneously. Therefore, making a
diagnosis is not enough to see the heart signal, but also other
parameters such as heart sound signals (PCG) and blood
pressure signals represented by carotid pulse. In 2013 Vashisth
[13], Acquisition and Analysis of Human Carotid Pulse
Waveforms during Tilt Table Maneuvers was made that utilizes
carotid pulse waves in humans but in this tool only displays one
parameter, the carotid pulse. Kumari [14] made a platform of an
ECG module, capable of monitoring ECG signals via ARM9
web-server technology inremote PC.Then in 2015, Jusak [15]
made Wireless Tele-Auscultation for Phonocardiograph Signal
Recording Through Zigbee Networks. The importance of this
cardiac monitor is to monitor the work of the heart with various
parameters, namely ecg, pcg and carotid pulse which can help
medics or paramedics to know the initial condition of a person's
heart condition. Based on the results and identification of the
above problems, the author aims to develop an apparatus of
cardiac monitor parameters for ECG, PCG, and Carotid Pulse by
displaying the signal altogether. In this study, a hand analysis
was also performed to see the relationship between the PCG and
carotid pulse signal.

II. MATERIALS AND METHODS

A. Experimental Setup

This study used subjects with criteria of aged 19-35 years
and weight 45-80 Kg. The subject was reported as in healthy
condition. For statistics purposed, the sampling population is
done randomly. The measurement was performed five times.

1) Materials and Apparatus
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This study used electrodes that were installed as lead II
configuration. Pre-amp mic condenser stethoscopes which were
attached to the pulmonary artery on the chest surface was used
to measure the PCG signal. A piezoelectric sensor that are
attached to the carotid artery on the neck surface was used to
measure the carotid pulse. The main circuit used Arduino Nano
as a Microcontroller, and wireless (USB cable) as sending data
on a Personal Computer (PC).

2) Experiment

In this study, the researchers measured the ECG, PCG and
Carotid Pulse signal from the human body from 15
respondents. ECG and PCG which showed a correlation
between the peak R on the ECG with a random S1 human heart
sound and then compared BPM with the comparator of the
standard apparatus namely Oximetry. Carotid pulse and PCG
signal were then analyzed to show the correlation between
dicrotic notch (pattern D) in the carotid pulse with a random S2
from human heart sound and an average of carotid pulse width
for each respondent.

B. Diagram Block and Flowchart

This cardiac monitor is composed of phonocardiograph,
electrocardiography, and carotid pulse detector. The diagram
block and flow chart of the design was shown in Fig. 1 and Fig.
2, respectively.

INPUT
Phonocardiography
‘Prsgjfnsﬁf’ﬁc H Isolation H HPF H LPF H In’;’:r‘t‘i'ng %
Condensor Circuit 0.045 Hz 938.3 Hz Amplifier
Electrocardiography
. . HPF Non-
Instrumentation Isolation ) .
Amplifier Circuit Passive Inverting
p u 0.049 Hz ) | Amplifier
N
Notch Non-
‘ 1(])“2P ]li[z Filter H Inverting H Adder }—
50 Hz Amplifier
Carotid Pulse

Piezoelectri Pre-Amp Non-
‘ SZrelsor ¢ H Isolation H Inverting H LPF 102 Hz
Circuit Amplifier

Non- ]
Inverting H Slmlrr}mg }7
Amplifier Amplifier
PROCESS

777777777777777777777777
Program
Computer

Fig. 1. The diagram block of the cardiac monitor
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SN < : >
{ Begin ) Begin
\f / —
Initialization ADC Initialization
Data ¢
‘ Receive ADC Data ECG ‘
‘ Read ADC ECG ‘
+ No
‘ Read ADC PCG ‘ "A" Code Signal
+ reading
‘ Read ADC Carotid Pulse ‘ No
+ Yes
‘ Receive ADC Data PCG ‘
No
Yes "B" Code Signal
# reading
‘ Send a signal code "A" ‘
* Yes

‘ Send ECG to PC ‘ Receive ADC Data Carotid
¢ Pulse

‘ Send a signal code "B" ‘

No

+ "C" Code Signal
reading
‘ Send PCG to PC ‘
Yo
‘ Send a signal code "C" ‘ =
* [ Display of ECG, PCG, [
‘ Send Carotid Pulse to PC ‘ and Carotid Pulse
TN
( End ) End
- J "

Fig. 2. The flowchart of arduino and the Delphi 7 program

In this study, the design used Arduino Nano microcontroller,
which used to collect the parameters and a personal computer to
receive the data for further analysis. The parameters were sent
serially using RS232 communication. To distinguish the
parameter, each parameter was coded by a character, as shown
in Fig. 2.

C. Circuit

1) Instrumentation Amplifier

o u R9
TLOB4

+5V

Fig. 3. Pre-amp non-inverting amplifier
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The function of the instrumentation amplifier (Fig. 3) is to
strengthen the ECG signal obtained from the body through the
electrode (Ag/AgCl), however, in the output of this amplifier is
still a lot of noise (unwanted signals) which is further need to
be eliminated. The gain of the instrumentation amplifier was
calculated based on Eq. (1).

2R
Ad=(1+ R—g) )
where R is a feedback resistor in each operational amplifier, the
Rg is the main resistor which used to adjust the gain.

2)  Stetoskop Pre Amp Mic Condensor
The pre-amplifier circuit (Fig. 4) uses a Mic Condensor sensor to tap
the heart sound signal in the position of the pulmonary artery with
reinforcement as much as two times amplification because the output
voltage released from Mic Condensor is still too small. In this study,
the amplifier circuit used is an inverting reinforcement circuit.

Acl = (£0) @

Rin

where Rf is a feedback resistor in the operational amplifier, the
Rin is the input resistor.

+5v

u1
J4

CA3140 1
6 2

OUT PRE AMP

MICROPHONE

10K 100k

o'll

Fig. 4. Pre amp for mic condensor

3) Isolation amplifier

To prevent electrical shock into the subject, the circuit was
isolated using an optocoupler (Fig. 5). Hence, the circuits have
different references. When the photodiode received a positive
amplitude, then the LED will drive the phototransistor. Thus,
the phototransistor will be in saturation condition. In this case,
the output of the isolation amplifier will close to a positive
value. On the contrary, when the photodiode receives a
negative amplitude, then the transistor will cut off, and the
output of the isolation amplifier will be in a negative value.

J2 U2 4N25
L’( -
INPUT ISOLASI 4
R4 l
220 2 220 /|\c1 OUTPUT ISOLASI
2,2 uF
-5 -5V

Fig. 5. Isolation circuit
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4) Non-Inverting Amplifier
The non-inverting amplifier circuit, as shown in Fig. 6, is used to
amplify the signal without reversing the signal phase. The gain was
calculated using Eq. (3).

Acd=(1+20) 3)

where Rf is a feedback resistor in the operational amplifier, the
Rin is the input resistor.

= R1
TP 1
.5 50k
R2 g - U1A
2 ™\ TLosa e
VNN - !
2 3|,
1 » OUTPUT
INPUT «

Fig. 6. Non-inverting amplifier

5) Low Pass Filter
This low pass filter circuit is used to limit the frequency
according to the defined cut-off frequency. In this case, the low
pass filter will pass the signal with the frequency below of the
cut-off frequency. The gain and cut-off frequency can be

calculated using Eq. (4) and (5) respectively.
Aol = ———— 4
Y1+ 4wt xR xC*
Fc= : (5)

2RO

where w is the input of angular velocity, R is valueo f resistance
and C is vthe alue of capacitance.

VAV
47k
=5 OUTPUT
INPUT
= uiB
TLO84
6 N |
i R9 R10 7
5
\AN SVAVA +
L1
a7k 47k ——C9
B3 nF <
[ :5_
— Cc11
| 133 nF

Fig. 7. Low pass filter

6) Notch Filter
The notch filter circuit is a filter that is used to suppress the
amplitude of the line power interference which has a frequency
of 50 Hz. This filter will reduce the noise that superimposed
into the main signal. The notch filter circuit can be developed
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using Fig. 8. The cut-off frequency of the notch filter is
calculated using Eq. (6).
Fc=

(6)

where R is value of resistance and C is the value of capacitance.

ATREC

OuUTPUT

-

INPUT

—

Fig. 8. Notch filter

7) High Pass Filter
The high pass filter is a circuit (Fig. 9) used to suppress
amplitude at low frequencies and will pass the higher frequency
than the cut-off frequency. The gain of the second order of high
pass filter can be calculated using Eq. (7). The Cutoff
frequency is calculated based on Eq. (8).

Acl = (7
1+ —
| wtxR xC
V2
Fe= 2re ®)

where w is the input of angular velocity, R is valueof resistance
and C is vthe alue of capacitance.

R2 8ok
AAN
R3 150K
AAN
5V

TP1

U2A
TLO84

/11

2

el
AT

33uf 33uf

R7'
10K

\+

A

GND™=

+5

GND™=
Fig. 9. High pass filter

8) Summing Amplifier
Summing circuit amplifier is a circuit (Fig. 10) that serves to
raise the signal voltage level where a portion of the signal rises
to a positive whole. The equation to adjust the gain is shown in
Eq. (9). Therefore the output of the circuit can be calculated
using Eq. (10).

1+Rf

where Rf is a feedback resistor in the operational amplifier, the
Rin is the input resistor.
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Vout = (g + 1) . (@) (10)

where, Rf is feedback resistor in the operational amplifier, the
Rin is the input resistor.

INPUT OUTPUT

=

o~

+
L1
| <
2
5 R27
T > 10 k +-5_

20 k
R28

TP 9
MULTITUN SUMMING
1

Fig. 10. Summing amplifier

-|||—«/\A/\/—|

III. RESULTS

After the development of the cardiac monitor, the design was
calibrated using standard apparatus which obey the standard rule
in health apparatus based on the conventional role from the
Ministry of Health in Indonesian. All of the parameters collected
from Arduino microcontroller was sent serially to the computer
unit. The display of the cardiac monitor is shown in Fig. 11 The
display of the parameters was developed using Delphi
programming. In the monitor display, the results showed ECG,
PCG and Carotid Pulse signal. Figure 11 is the representation of
the ECG signal (black line) and the PCG signal (blue line). The
ECG signal showed the P, Q, R, S and T wave as a standard
waveform of the ECG signal. The PCG signal also shows
standard wave namely S1 and S2.

5
R R
4
=3
p—
=}
=
=
22
<
1 S1 51
—ECG —PCG
0
SN T Y ® 8T RNNT O RM
S S S & L I SIS IS
Time (s)

Fig. 11. The plotting of ECG and PCG signals
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Fig. 12. The plotting of carotid and PCG signals

Figure 12 is the representation of the carotid pulse and
phonocardiograph signal. The carotid pulse show standard wave
as call as dicrotic notch wave. The phonocardiograph was also
showed an oscillation of the signal to show the S1 and S2
pattern.

TABLE I. THE RESULTS OF BPM MEASUREMENTS FROM ALL SUBJECTS
Subject Number Stazr(;j)a rd D(e(;i )gn
1 80 83
2 86 88
3 88 93
4 78 79
5 80 79
Mean 82.4 84.4
% Error 2.42718

TABLE II. ERROR OF BPM FROM 15 RESPONDENTS

Respondents Error (%)
1 -1.02302
2 -1.59574
3 0.87336
4 1.10619
5 0.57143
6 -1.90217
7 -1.19904
8 -1.91847
9 -1.84697
10 -2.19780
11 -0.73350
12 -1.89125
13 -1.59151
14 -2.42718
15 -0.86022
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TABLE III. THE RESULTS OF MEASUREMENTS OF CORRELATION AND P-P
PERIOD

Data S2 on Dicrotic Interval S2 Periode
PCG Notch on Dicrotic P-P
CP Notch
1 2.72s 2.78 s 0.06 s 0.7s
2 2.82s 2.88s 0.06 s 0.78 s
3 2.2s 224 0.02s 0.7s
4 2.2s 2.23s 0.03 s 0.83s
5 241s 248 s 0.07 s 0.8s
Average 0.048 s 0.762 s

TABLE IV. RESULTS OF MEASUREMENT OF S2 AND DICROTIC NOTCH
INTERVALS IN 15 RESPONDENTS

Respondent Interval S2 and
Dicrotic Notch

1 0.036 s

2 0.04 s

3 0.056 s

4 0.02s

5 0.032's

6 0.046 s

7 0.024 s

8 0.02s

9 0.038 s

10 0.054 s

11 0.04 s

12 0.048 s

13 0.025 s

14 0.027 s

15 0.048 s

Average 0.036 s

IV. DISCUSSION

After measuring 15 respondents with 5 trials, the highest
error value was -2.42 for BPM measurements which obtained
between standard (oximetry) and design (cardiac monitor). The
comparison BPM which received from the design and standard
were 82.4 and 84.4, respectively, with a difference was + 2
BPM. This BPM error is following the permitted tolerance limit
of + 5% which based on the standard calibration for health
instrumentation issued by Ministry of Health, Indonesia. From
the results of plotting of ECG and PCG signals, it can be seen
that the R pulse on the ECG signal has a correlation to the first
heart sound (S1) because the first heart sound (S1) occurs at the
beginning of ventricular contraction and its occurrence
corresponds to the QRS complex on ECG signals. The
correlation of the two signals is that the R ECG pulse occurs
right or before the first heart sound (S1) occurs.

The results of measurements of the correlation between the
patterns of the dicrotic notch (pattern D) on the carotid pulse
and S2 in the phonocardiograph was measured.  The
measurements in respondents were carried out with five trials,
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each of which showed the value between dicrotic notch (pattern
D) on the carotid pulse and S2 in phonocardiograph occurring
together or S2 in phonocardiograph occurred before the D
pattern on the carotid pulse. From the measurement, it was
obtained that the average value from 15 respondents of the
interval between S2 and the dicrotic notch was + 0.036 s. From
the data of 15 respondents, it also shows that the results of
measuring the pulse width at carotid pulse, which is measured
from the peak of the P pattern to the next peak P pattern. The
measurement of carotid pulse width in 15 respondents got a
stable measurement value of five trials. For example, the
measurement results of one respondent with five measurements
resulting in the pulse width are 0.7 s, 0.78 s, 0.7 s, 0.83 s, 0.8 s,
the results produce an average pulse width of 0.76 s.

V. CONCLUSION

This study has shown the development of cardiac monitor to
monitor ECG, PCG, and carotid pulse signals from subjects in
real time. The study was  built using an
Arduino microcontroller and several analog circuits using
a USB cable to connect to computer units. In the future, this
research can be made and used in the ICCU room in hospitals to
boost blood pressure signals.
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