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ABSTRACT Heart performance is one of the vital signs that cannot be ignored and must be monitored periodically. In this
case, the measuring range of the human heart rate is between 60-100 BPM, in which the measurement unit is expressed as Beat
per Minute (BPM). Therefore, it is very important to use Electrocardiograph equipment to tap the electrical signals of the heart
with correct readings and minimal interference such as frequency of electric lines and noise. The purpose of this study was to
compare the instrumentation amplifier using a single supply with a bi-polar supply in the ECG design to select the best
instrumentation amplifier, which is expected to contribute to other researchers in choosing the right type of instrumentation
amplifier that is efficient and qualified. In this case, the research was carried out by comparing two single supply
instrumentation amplifiers using the AD623 IC and the bi-polar supply using the AD620 IC, continued by the use of Fast
Fourier Transform (FFT) to determine the frequency spectrum of the ECG signal. The test results further showed that the use
of single power instrumentation could reduce more noise compared to the Bi-Polar instrumentation amplifier by strengthening
60 dB Low pass filter circuit. Meanwhile, the FFT results in finding the frequency spectrum explained that the FFT results on
the ECG signal provided information that the ECG signal had a frequency range between 0.05 Hz and 100 Hz. When the
frequency is more than 100 Hz, the frequency started to be suppressed and when the frequency is less than 100 Hz, the frequency
is passed. This research could be further used as a reference by other researchers to determine which type of instrumentation
amplifier is better.

INDEX TERMS Electrocardiography, high pass filter, low pass filter, notch filter

. INTRODUCTION as frequency of electric lines and noise. In several recent

Electrocardiography (ECG) is a commonly used method to
measure the performance of the human heart through the
electrical activity of the heart. Heart performance is one of
the vital signs that cannot be ignored and must be monitored
periodically [1]. In this case, the measuring range of the
human heart rate is between 60-100 BPM, in which the
measurement unit is expressed in Beat per Minute (BPM).
The ECG signal is obtained by tapping using electrodes
attached to the skin surface and recorded at a frequency range
of 0.05-150Hz [2]. Therefore, it is very important to use
Electrocardiograph equipment to tap the electrical signals of
the heart with correct readings and minimal interference such

studies, the design of an ECG amplifier instrumentation has
been carried out using a single supply type to suppress the
noise interference from 50Hz power lines on an adaptive
filter with low power, low cost, and portable ECG design.
There are two techniques applied for reducing noise, namely
by filtering noise using an analog filter circuit or a digital
filter [3]. Enrique M. Spinelli et al., implemented a low-
powered scheme using a single battery to input a biopotential
amplifier with a gain of 60 dB and a DC input range of + 200
mV. The system was implemented using a low-power
operational amplifier for detecting the biopotential signals
with a single supply [4]. However, because it only uses one
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battery, the performance of the ECG cannot be carried out
for long time. Hsiu-Cheng Lee et al, made a chip as an
instrumentation amplifier to get a low-power ECG signal
using a single supply [5]. This system actually obtained a
very good performance but this chip is still not available in
the market. Furthermore, in order to eliminate the 50Hz
frequency interference on the Bashar s power lines,
Mohamad-Ali applied an adaptive filter using a single
supply, so that the parasitic current or S0Hz frequency that
enters the patient's body can be suppressed [6]. In addition,
Ali S. AlMejrad designed an ECG using a single supply of a
Standard 8051 Microcontroller based on K-Grade medical
isolation [7]. Some of the researchers above explained that
the advantages of using a single supply are low power, low
cost, and smaller size. Meanwhile, the disadvantage of using
a single supply is that it cannot be used for a long time
because it only uses battery power. Furthermore, ECG
design using a Bi-polar supply is still being developed [8]—
[14], such as the research that was conducted by Sugondo
Hadiyoso et al, in designing a wearable ECG using the
Einthoven triangle method using a bi-polar supply, where the
research had a weakness in the presence of noise interference
[15]. Low power is also used to design ECG instrumentation
s using Bi-Polar system [16], [17].

Some researchers in the development of ECG also used
instrumentation amplifier with bi-polar supply [18]-[24]
because it has advantages in the forms of low power and the
system is more stable. However, the disadvantage of using a
bi-polar supply is that there is still interference with the
frequency signal of the power lines and noise, so a filter that
can remove noise and other disturbances is needed.

Based on the literature review above, researchers have
not found a discussion on the comparison of the advantages
of each instrumentation. Therefore, the purpose of this study
was to compare the instrumentation amplifier using a single
supply and a bi-polar supply in the ECG design to select the
best instrumentation amplifier. This research was further
expected to contribute to other researchers in choosing the
best type of instrumentation amplifier that is efficient and
qualified as well as to know the frequency spectrum of the
dynamics of the heart signal using FFT.

Il. MATERIALS AND METHODS

A. Experimental Setup

In this study, the instrumentation amplifier used were two
types of ICs, namely AD620 which was used for designing Bi-
polar supply instrumentation amplifiers and IC AD623 which
was used for designing single-supply instrumentation
amplifiers. Furthermore, the shape of the signal was compared
using the output of the oscilloscope.

1) MATERIALS AND TOOLS
The material used in this research was to make two types of
instrumentation amplifiers and then continued by making a

filter to remove noise. In this case, the output signal was then
displayed on the oscilloscope. The input voltage used on the
ADG623 was positive and grounding, while the input voltage
used on the AD620 IC was positive, negative, and grounding.
The analog filter system used in both instrumentation was the
same, the only difference was the input voltage.

2) EXPERIMENT

In this study, two ECG instrumentations with different
systems were designed using a single supply and a bi-polar
supply on each instrumentation amplifier. In this case, the
output of the instrumentation amplifier was filtered with an
analog filter circuit design with a cut-off frequency between
0.05 Hz to 100 Hz. Data acquisition was done by displaying
the data on an oscilloscope and then stored to an SD-card or
flash drive where the data were further analyzed off-line. In
this case, each test of the instrumentation amplifier and filter
will be measured five times to determine the average gain and
standard deviation. To determine the level of accuracy or error
from this research, statistical analysis is carried out by
calculating the value, error, and standard deviation according
to the calibration uncertainty formula [25].

3) METHODS

In this study, the Fast Fourier Transform (FFT) method was
used to determine the frequency spectrum of each ECG
instrumentation using a single supply and a bi-polar supply.
FFT is an algorithm used to calculate Discrete Fourier
Transform (DFT) quickly and efficiently [26]. DFT
calculations directly require arithmetic operations of 0 (N2)
or have the order of N2, while calculations with FFT will
require operations of 0 (NlogN). DFT is expressed in Eq. (1)
and Eq. (2) [27].

N-1
X(0 =) xawg*
n=0
N/4-1 N/4-1
- Z X(Ar)WEED 4 Z xX(4r + WA
r=0 r=0
N/4-1 N/4-1
+ Z x(4r+2)W;(4r+2)+ Z x(4r + 3)W,f(4r+3)
=0 =0 1
N/4-1 N/4-1 ( )
- Z X(Ar)WEED 4 Z x(4r + DYWEWLT,
r=0 r=0
N/4-1 N/4—1

+ Z x(4r + 2)WFWT, + Z x(4r + YWFWLT,
r=0 r=0

= Xo(k) + X1(k)W1\’/( + Xz(k)Wl\%k + X3(k)W13k

where k = 0,1,...,N — 1.Wy, = e J27/N,

Due to the symmetrical property of twiddle factors, we get
the Equations that:
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FIGURE 1. ECG instrument system design with single lead Il lead. This design is used in the manufacture of single supply and Bi-polar supply ECG

amplifier instruments with a cut off frequency of 0.05 Hz to 100 Hz.

( X(k) = Xo(k) + X1(k)WA’f + Xz(k)Wl\%k + X3(k)W1\?k
X(k+N/,) = X (k) = jX, (ROWS — X, (OWEK + X5 ()W
X(k+N/y) = Xo(k) = X, (OWS + X, ()W — X3 (k) Wik
X(k+3N/,) = X, (k) + X, (OWSs — X, (OWRK — jXs (Wi

where k = 0 ~ N/4, Wy, = e J27/N,

B. The Diagram Block

The design of the instrumentation system used in this study
is the same, consisting of lead II electrode leads, which were
then amplified by the ECG instrumentation and filtered using
HPF and LPF as described in FIGURE 1. The difference on
the design of the bi-polar supply and single supply
instrumentation is the input voltage, where the single supply
instrumentation amplifier used the AD623 IC that only
requires positive and ground voltage inputs, while Bi-Polar
instrumentation amplifier requires positive, negative, and
ground input voltages.

FIGURE 1 explains that the electrodes were mounted
on the skin surface as indicated by Einthoven Equilateral
Triangle to get lead II signal. The output electrode had a very
low amplitude, so an instrumentation amplifier was needed
with a minimum instrumentation amplifier gain of 100 times.
The output of the instrumentation amplifier was still mixed
with noise so an analog filter was needed to ward off the
noise interference. In this case, the filter designed using HPF
and LPF with a filtered frequency range was 0.05 Hz - 100
Hz. Furthermore, the Notch Filter circuit in this study was
used to remove noise from the 50 Hz frequency grid on the
supply voltage or generated by the oscilloscope.
Furthermore, the data were stored and analyzed using FFT to
determine the spectrum of the heart signal.

C. ECG Instrumentation Manufacturing

At the stage of making ECG instrumentation, researchers
made two ECGs, namely ECG using IC AD620 and IC
AD623 as a differentiator in making the Instrumentation
amplifiers using Bi-polar supply and single supply.
Meanwhile, the manufacture of HPF and LPF are the same,
namely with a bandwidth frequency between 0.05 HZ to 100

Hz.
=
i ﬂf]
.

FIGURE 2. Bi-polar supply instrumentation amplifier circuit design using
IC AD620
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The design of the AD620 instrumentation amplifier circuit is
shown in FIGURE 2 [28]. The gain of the instrumentation
amplifier was 100 times, which was obtained from Eq. (3).
494KQ
—_—
R

G= 1 3)
G

where G is gain and R—G is the amount of resistance to
determine Gain.
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FIGURE 3. Single supply instrumentation amplifier circuit design using IC
AD623.

Meanwhile, the design of the single supply instrumentation
amplifier circuit used IC AD623 as shown in FIGURE 3. The
gain AD623 is a resistor programmed by RG, or rather, with
any impedance appearing between Pins 1 and 8. The AD623
was designed to offer accurate gain using 0.1%—1% tolerance
resistors [29]. The gain was described in Eq. (4).

_ 100kQ
Ro = o (4)
where AD623 Gain is the resistor programmed by RG.

As for the design of the HPF and LPF filter circuits, the same
filter design was used for single supply instrumentation
amplifier and Bi-polar supply instrumentation amplifier with
cut off frequency ranges between 0.05 Hz to 100 Hz. The
design of the HPF circuit is shown in FIGURE 4. In this case,
the R and C values in the HPF filter design were calculated
using Eq. 5.

1
° 27RC

©)

where f: is cut off frequency, R is resistance value, and C is
Capacitor value.

+5Y

Instrument Output
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O I -
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=
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FIGURE 4. HPF filter circuit design with cut off frequency of 0.05 Hz

The low pass filter was designed with a cut-off frequency
of 100Hz shown in FIGURE 5, while the 2" order LPF circuit
design used the Sullen-Key topology method. Value al =
1.8478; bl = 1.0000; a2 = 0.7654 and b2 = 1.0000 are the
Butterworth coefficients for order 2. The first order low pass
filter can be calculated by Eq. (6) dan Eq. (7) with C1 valued
of 47 nF.

(al*CZ +./(alZ«C22 — 4*b1*C1*C2))

_ (6)
R1,R2 (4 * Pi* Fo = C1 % C2)
4b
C,2C =—2 v
a
1
HPF Output
ARAA LPF OHIPUt
C "El'l _O

FIGURE 5. LPF filter circuit design with cut off frequency of 100 Hz

lll. RESULT

Based on the results of data collection on the measurement
of each instrumentation, five measurements were carried out
to calculate the mean value and standard deviation.
Furthermore, the acquisition of data obtained from data
collection on the oscilloscope calculated the frequency
domain to determine the frequency of the ECG signal. In this
case, the ECG signal was taken using the ECG simulator.

A. Design Module Build
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Instrument
Instrument Amplifier Bi-
Amplifier Polar Supply

Single Supply

FIGURE 6. Bi-Polar Supply single supply and instrumentation amplifier
module design for lead Il ECG signal tapping

FIGURE 6 consists of a series of instrumentation
amplifier, those are HPF with a cut off frequency of 0.05 Hz
and a series of LPF with a cut off frequency of 100 Hz.
Furthermore, in order to reduce the interference of the power
lines, a notch filter circuit with a cut off frequency of 100Hz
was used.

D. Test Results for Making ECG Instrumentation
FIGURE 7 shows the process of retrieving ECG signal data
which later determined the frequency response in each ECG
instrumentation.

FIGURE 7. Experimental ECG signal displayed on an oscilloscope using
two phantoms to test two instrumentation amplifiers.

To compare the ECG signal output from each ECG
instrumentation using a single supply and Bi-polar supply
instrumentation amplifier, two ECG simulators were used as
shown in FIGURE 7.

The results of testing the ECG signals from the two ECG
instrumentations are described in FIGURE 8. Based on the
output of each ECG instrumentation as shown in FIGURE 8§,
the yellow ECG signal was the output of the instrumentation
amplifier using the AD623 IC, while the blue signal was the
output of the instrumentation amplifier using the AD620 IC.

ADG23

ADG20

FIGURE 8. The results of the ECG signal obtained from the
instrumentation amplifier of bipolar supply and Single supply.

TABLE 1 informs the results of the instrumentation test
for single supply and bi-polar supply amplifiers by
calculating the mean value of the test carried out 5 times with
input voltage settings ranging from 1 Volt to 5 Volt.

TABLE 1

Measurement of the performance of the instrumentation amplifier AD620
and AD623 with a frequency setting of 10 Hz to 250 Hz

Mean Amplitude (Volt)
Input Output AD620  Output AD623
1 6.08 6.08
1.1 6.8 6.8
1.2 7.2 72
1.3 7.52 7.52
1.4 8 8
1.5 8.2 8.2
1.6 8.2 8.2
1.7 8.2 8.2
1.8 8.2 8.2
1.9 8.2 8.2
2 8.2 8.2
2.1 8.2 8.2
2.2 8.2 8.2
2.3 8.2 8.2
24 8.2 8.2
2.5 8.2 8.2
2.6 8.2 8.2
2.7 8.2 8.2
2.8 8.2 8.2
2.9 8.2 8.2
3 8.2 8.2
3.5 8.2 8.2
4 8.2 8.2
4.5 8.2 8.2
5 8.2 8.2
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FIGURE 9. The average calculation results on each instrumentation
amplifier AD620

Output Voltage (Volt)
S = N W A N 0 O

1 2 3 4 5
Input Voltage (Volt)

FIGURE 10. The average calculation results on each instrumentation
amplifier AD623

Based on the explanation of TABLE 1, the gain produced
by the single supply and bi-polar supply instrumentation
amplifier obtained that the output voltage value is the same
as the input voltage of 1 Volt to 5 Volt. In this case, the
output value was stable when 1.5 Volt was applied to the
output voltage of 8.2 Volt. More details are explained by the
graph in FIGURE 9 and FIGURE 10. Based on the
explanation FIGURE 9 and FIGURE 10, the gain value
between the instrumentation amplifier AD620 and A623 had
a gain that is almost the same as the minimum gain that was
set, which is 100 times. In addition, the value of the output
voltage on the instrument amplifier is the same as well. For
the average results of HPF and LPF analog filter tests
measured for 5 trials, it is shown in FIGURE 11 and
FIGURE 12.

Based on the explanation FIGURE 11, The test is carried
out by providing a frequency input to the generator function
starting from a frequency of 0.1 Hz to 10 Hz.

Amplitudo (mVolt)
[ -

—_—

0
01030507091113151719 3 5 7 9
Frekuensi (Hz)

FIGURE 11. HPF filter cut-off frequency response results

4.5

3.5

2.5

Amplitudo (Volt)

L5

0.5

0 50 100 150 200 250 300
Frekuensi (Hz)

FIGURE 12. LPF filter cut-off frequency response results

The result at a frequency of 0.3 Hz, it began to be suppressed,
while at frequency above 0.5 Hz, it began to be released. In
this study, the circuit testing was carried out using an order
1 HPF circuit with a cut off frequency of 0.05 Hz. Based on
the explanation in FIGURE 12, The test is carried out by
providing a frequency input to the generator function starting
from a frequency of 10 Hz to 250 Hz. The results at
frequencies of more than 100 Hz, it was suppressed, while at
frequencies of less than 100 Hz, it was released. The test was
carried out using a series of Low pass filter order 3 with
strengthening of 60 dB.

E. ECG Frequency Spectrum Results using FFT

ECG signals and frequency spectrum using the FFT are
described in FIGURE 13, where the ECG signal data
acquisition was carried out for one minute and data in txt
format which was then processed by FFT signal.
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FIGURE 13. ECG signal searching for the frequency spectrum using FFT

FIGURE 13 further explains that while the results of the FFT
was used to find the frequency spectrum, the FFT results on
the ECG signal provided information that the ECG signal
had a frequency area between 0.05 Hz to 100 Hz. After the
frequency reached 100 Hz, the frequency was suppressed
and the spectrum value of the ECG signal was reduced
further.

IV. DISCUSSION
Based on the test results of each single supply and bipolar
supply instrumentation amplifier, the average gain value
was almost the same as the minimum Gain set of 100 times.
As for the results of the ECG signal output obtained, namely
the instrumentation amplifier single supply, the results of the
ECG signal are more capable in reducing the noise as
evidenced in FIGURE 8. Meanwhile, concerning the output
of the ECG signal from the instrumentation amplifier Bi-
Polar supply noise, there was still noise in the signal. This
shows that the use of a single supply instrumentation can
reduce more noise compared to the Bi-Polar instrumentation
amplifier. Meanwhile, the results of the FFT to find the
frequency spectrum explains that the FFT results on the ECG
signal provides information that the ECG signal had a
frequency area between 0.05 Hz to 100 Hz. At frequency of
more than 100 Hz, the frequency started to be suppressed,
while at the frequency of less than 100 Hz, the frequency was
passed.

Previous related research has been carried out by
Enrique M. Spinelli et al, in applying a low-power scheme

using one battery for the input of a biopotential amplifier
with a gain of 60 dB and a DC input range of = 200 mV. The
system was implemented using a low-power operational
amplifier for detecting the biopotential signals with a single
supply [4]. However, because it only uses one battery, the
performance of the ECG cannot be carried out for a long
time. Meanwhile, another study that was carried out by
Sugondo Hadiyoso et al, designed a wearable ECG using the
Einthoven triangle method using a bi-polar supply, but the
weakness in this study is the presence of noise interference
[15].

This study compared two instrumentation amplifier
using a single supply with bi-polar sulfur. Thus, the
contribution of this research is that it can help other
researchers to choose the right amplifier to reduce noise.
Meanwhile, the weakness of this study is that the output of
the ECG instrumentation is still displayed on the
oscilloscope, making it difficult for researchers to directly
see the signal output because it must be connected to the
oscilloscope.

V. CONCLUSION

In this research, an ECG instrumentation has been made
using a single supply instrumentation amplifier and a Bi-
polar supply instrumentation amplifier. Based on the
measurement results, the output of the ECG signal from the
instrumentation amplifier Bi-Polar supply noise still contains
noise in the signal. This shows that the use of a single supply
instrumentation can reduce more noise compared to the Bi-
Polar instrumentation amplifier. Meanwhile, the results of
the FFT to find the frequency spectrum explain that the FFT
results on the ECG signal provide information that the ECG
signal has a frequency area between 0.05 Hz to 100 Hz. In
this case, at frequency of more than 100 Hz, the frequency
starts to be suppressed, while at the frequency of less than
100 Hz, the frequency is passed. Furthermore, it is
recommended for further study by using digital filter to
reduce the noise on the ECG signal.
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