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ABSTRACT Electrocardiograph (ECG) is one of the diagnostic sciences that is often studied in modern
medicine, one of which is to diagnose and treat diseases caused by the heart. Therefore, it is necessary to
check the function of the ECG recorder tool, namely by carrying out the tool calibration procedure using
Phantom ECG. The purpose of this research is to design a Phantom ECG for a 12 channel ECG device which
includes lead I, lead II, lead III, aVR, aVL, aVF, V1, V2, V3, V4, V5, and V6 and completes it with a
sensitivity selector. The contribution of this research is that the tool can be used as a calibration tool for the
ECG Recorder and can be used as a learning medium in the world of health. In order to create a signal that
matches the original, this tool uses a heart signal formation method using a DAC type MCP4921 with an
ATMEGA2560 microcontroller and for display settings using a 2.4-inch TFT Nextion Display. The
MCP4921 type DAC converts the digital signal data into analog data which will then be forwarded to the
resistor network circuit as a signal formation for each lead. In the measurement results, the error in
measurements with sensitivity of 0.5 mV, 1.0 mV, and 2.0 mV using an ECG Recorder at BPM 30 is 0.00%,
BPM 60 is 0.00%, BPM 120 is 0.00%, and BPM 180 is 0.56%. The results showed that the biggest error was
found in BPM 180, which was 0.56%.

INDEX TERMS BPM, Phantom ECG, Sensitivity

I. INTRODUCTION
The heart is a muscular organ located in the space between

the lungs (mediastinum) in the middle of the chest cavity.
About two-thirds of the heart lies to the left of the midline of
the sternum. The heart is covered by a membrane called the
pericardium. The heart consists of four chambers, namely the
left and right atria, the left and right ventricles.[1]
Electrocardiograph (ECG) is a diagnostic tool that can record
the electrical activity of the human heart. By analyzing the
waveform generated from the recording of the electrical
activity of the heart, it can be seen from several aspects such
as knowing the rhythm abnormalities in the heart, knowing the
effect of drugs on the heart, knowing heart muscle
abnormalities, estimating the enlargement of the heart, the
value of the pacemaker function. Phantom ECG is a tool for
simulating ECG signals. This device is useful for testing ECG
devices during repairs, for research purposes on ECG signals
or for educational purposes. The ECG simulator or often

called phantom ECG is in principle a signal generator in the
form of an ECG like signal or an ECG signal that has been
recorded.[2]

Research on phantom ECG was conducted by Anna
Dawatus Solichah in 2016 with the title ECG simulator. The
tool uses arduino UNO ATMEGA328P and DAC R/2R
ladder. The results and discussion in this study include testing
the R/2R ladder with a sine wave at a frequency of 1-100Hz.
Then it was further developed by Willa Olivia and Arfian
Ahmad in 2017 with the title design of an electrocardiogram
calibrator using an AT89S51 microcontroller with 0800 series
DAC to form a heart signal. The device only has a heart rate
range of 30, 60, and 120 BPM.[3] Then Gregory Mario Tani
in 2017 with the title ECG simulator (phantom
electrocardiograph). The device uses a digital to analog IC
(DAC) type MCP4921 to form the desired heart signal. The
only drawback of this tool is the heart rate value in the range
of 30-110 BPM.[2] It was further developed by Ni Nyoman
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Sri Malini in 2017 to make an ECG simulator tool using the
formation of an ECG signal with a 4017 IC counter and a
NE555 clock. In contrast to the IC DAC which can be formed
according to plotting the original image of the heart signal, IC
counter 4017 still has a weakness in the use of capacitors,
causing an imperfect ECG waveform in the S-T segment and
the large capacitor value affects the segment width and
interval on the PQRST wave. The ECG simulator has a BPM
range of 30–240. In addition, BPM also appears to be weak in
the frequency issued by the microcontroller, so that BPM is
not stable.[4] In 2018 the ECG simulator was developed by M.
Ziko Alamanda with the title phantom ECG. The advantage of
this tool is that it already has a BPM range of 30–240 and uses
a digital to analog IC (DAC) type MCP4921 to form the
desired heart signal. However, the drawback of this tool is that
it only has a sensitivity selection of 0.5 and 1.0 mV.[5] In
2019, the research was continued by I Dewa Gede Budi
Whinangun with the title microcontroller-based ECG
simulator. The ECG simulator made is a 12 channel ECG tool
which includes lead I, lead II, lead III, aVR, aVF, aVL, V1,
V2, V3, V4, V5, and V6 which will be displayed on ECG
paper. This tool is equipped with a sensitivity selection
selector and BPM and uses the method of forming a heart
signal through the MCP 4921 type DAC.[6]

Based on the identification of the research above, the
author intends to design a phantom ECG. Where this tool is
equipped with sensitivity selection, beats per minute (BPM)
and uses a digital to analog converter type MCP4921 as a heart
signal formation. Therefore, this study aim to develop a
phantom ECG that can be used as a 12 channel ECG tool
calibrator which includes lead I, lead II, lead III, aVR, aVL,
aVF, V1, V2, V3, V4, V5, and V6 and completes it with
sensitivity selection.

II. MATERIALS AND METHODS
A. EXPERIMENTAL SETUP

This study uses measurements of BPM values in the range
of 30, 60, 120, and 180. The sensitivity values are in the range
of 0.5 mV, 1 mV, and 2.0 mV. With data retrieval repeated for
5 times. This research uses ATMEGA2560 microcontroller as
data processing. The ATMEGA2560 output is in the form of
a display on a 2.4-inch TFT Nextion as a display. This study
uses the MCP4921 DAC IC as a signal formation with 12-bit
resolution and a resistor network circuit that functions as a
voltage distribution between leads. An ECG Recorder (Digital
Electrocardiograph, Model: ECG-9012A, SN: ECG-
9012A120435) was used as a measurement tool for the
Phantom ECG module. The Fluke Biomedical Phantom ECG
(Model: MPS450, PN: 3789865) was used for comparison
with the module. In this study, after the design was completed,
the output signal of this module was tested using the Phantom
ECG comparison module which was recorded with the ECG
Recorder. Data collection for each BPM was carried out 5
times each with sensitivity settings of 0.5 mV, 1.0 mV, and 2.0
mV.

B. THE DIAGRAM BLOCK
As in FIGURE 1, when the tool is turned on, the display

will display the sensitivity and BPM selection while the
microcontroller will wait for commands from the settings for
the sensitivity and BPM selection to be selected. After setting
the selection, the processed results from the microcontroller
will be forwarded to the DAC (Digital to Analog Converter)
circuit to convert digital data to analog, and the
microcontroller settings will be displayed on the TFT display.
After that the analog data will be forwarded to the Resistor
Network block, which serves to provide the impedance
difference for each lead. Then blocks RA, LA, LL, RL, aVR,
aVL, AVF, V1, V2, V3, V4, V5, and V6 will receive the form
of a signal that is issued by the DAC in analog form which has
previously been processed in the Resistor Network block.

Sensitivity
Selection

BPM
Selection

ATMEGA2560

Liquid Crystal Display
(Thin Film Transistor)

Digital to Analog
Converter (DAC)

Resistor Network

Output LL, LA RA, RL,
V1, V2,V3, V4, V5, V6

FIGURE 1. Diagram Block

START

BPM Selection

Sensitivity
Selection

Converting digital
signal to analog

Current Distribution

Output LL, LA,
RA, RL, V1, V2,
V3, V4, V5, V6

END

FIGURE 2. The Flowchart of Phantom ECG
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C. THE FLOWCHART
When the tool is turned on, the display will light up and

there is a BPM and sensitivity selection. After setting, the
microcontroller will work so that the digital signal will be
converted into an analog signal. Then there will be a current
distribution in the resistor network circuit which serves to
provide impedance differences in each lead so that the signal
can come out according to Leads I, II, III, aVR, aVL, aVF, V1,
V2, V3, V4, V5, and V6. The module flowchart is shown in
FIGURE 2.

D. ANALOG CIRCUIT
The important part of the development of this module is

the analog circuit depicted in FIGURE 3 digital to analog
converter circuit) and FIGURE 4 (resistor network circuit).
Both circuits are used in processing the signals issued by the
microcontroller.

FIGURE 3. Digital to Analog Converter

The DAC circuit is a circuit used for the microcontroller to
communicate with the MCP4921 DAC, namely through the
CS, SCK, and SDI PINs. The microcontroller will provide a
digital signal form through the program and the MCP4921
DAC will translate it into analog data with 12-bit resolution.

FIGURE 4. Resistor Network Circuit

This circuit is used to divide the value of the ECG signal
according to the impedance of the body. Here is a breakdown
of the connector pins: pin1 = LA, pin2 = LL, pin3 = RA, pin4
= RL, pin5 = V4, pin 6 = V3, pin 7 = V5, pin8 = V6, pin9 =
V1, and pin10=V2.

III. RESULT
In this study, the Phantom ECG was tested using a Fluke

Biomedical Phantom ECG comparison module (Model:
MPS450, PN: 3789865). The test results show that the BPM
and module sensitivity settings are in accordance with the
comparison tool. The printout produced by the Phantom ECG
module is shown in FIGURE 5 which was recorded using an
ECG Recorder (Digital Electrocardiograph, Model: ECG-
9012A, SN: ECG-9012A120435).

FIGURE 5. Phantom ECG Printout Results

To find out the number of BPM that is read on the results
of the ECG recording, it can be calculated by:

BPM = (1)

or

BPM = (2)

The design of the Phantom ECG module uses an
ATMEGA2560 microcontroller, a DAC (Digital to Analog
Converter) circuit using MCP4921 which functions to convert
digital data from the microcontroller into analog data, as well
as a resistor network circuit as a current distribution for the
outputs of Lead I, II, III, aVR, aVL, aVF, V1, V2, V3, V4, V5,
and V6, and uses a 2.4-inch TFT Nextion display.

Pseudocode: 1. Generate Data, a program to generate the
digital data of ECG signal.

1.
2.
3.
4.
5.
6.
7.
8.

void generate_data() {
Serial.println("Generate new data");
IF (nilaiBPM == 30) {

short source_0[587] = {
1090*sense, 1090*sense, 1089*sense,
1088*sense, 1088*sense, 1087*sense,
1087*sense, 1086*sense, 1085*sense,
1085*sense, 1084*sense, 1084*sense,
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9.
10.
11.
12
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

1083*sense, 1083*sense, 1083*sense,
1084*sense, 1084*sense, 1085*sense,
1085*sense, 1086*sense, 1086*sense,
1087*sense, 1087*sense, 1088*sense,
1088*sense, 1089*sense, 1090*sense,
1090*sense, 1091*sense, 1091*sense,
1099*sense, 1112*sense, 1125*sense,
1137*sense, 1150*sense, 1163*sense,
1175*sense, 1188*sense, 1200*sense,
1213*sense, 1226*sense, 1238*sense,
1251*sense, 1263*sense, 1276*sense,
1288*sense, 1301*sense, 1314*sense,
1326*sense, 1339*sense, 1351*sense,
1364*sense, 1378*sense, 1393*sense,
1407*sense, 1422*sense, 1437*sense,
1451*sense, 1466*sense, 1480*sense,
1490*sense, 1500*sense, 1510*sense,
1521*sense, 1531*sense, 1541*sense,
1551*sense, 1562*sense, 1563*sense,
1562*sense, 1562*sense, 1562*sense,
1561*sense, 1561*sense, 1561*sense,
1560*sense, 1560*sense, 1560*sense,
1559*sense, 1555*sense, 1551*sense,
1548*sense, 1544*sense, 1541*sense,
1537*sense, 1533*sense, 1530*sense,
1524*sense, 1513*sense, 1502*sense,
1491*sense, 1480*sense, 1469*sense,
1457*sense, 1446*sense, 1434*sense,
1422*sense, 1410*sense, 1398*sense,
1385*sense, 1373*sense, 1361*sense,
1349*sense, 1337*sense, 1324*sense,
1312*sense, 1300*sense, 1288*sense,
1275*sense, 1263*sense, 1251*sense,
1239*sense, 1226*sense, 1214*sense,
1202*sense, 1189*sense, 1177*sense,
1165*sense, 1152*sense, 1139*sense,
1126*sense, 1114*sense, 1101*sense,
1095*sense, 1091*sense, 1087*sense,
1082*sense, 1078*sense, 1073*sense,
1069*sense, 1065*sense, 1060*sense,
1056*sense, 1051*sense, 1047*sense,
1047*sense, 1047*sense, 1048*sense,
1048*sense, 1048*sense, 1049*sense,
1049*sense, 1050*sense, 1050*sense,
1050*sense, 1051*sense, 1051*sense,
1052*sense, 1052*sense, 1052*sense,
1053*sense, 1053*sense, 1053*sense,
1054*sense, 1054*sense, 1055*sense,
1055*sense, 1055*sense, 1056*sense,
1056*sense, 1057*sense, 1057*sense,
1057*sense, 1058*sense, 1058*sense,
1059*sense, 1059*sense, 1059*sense,
1060*sense, 1060*sense, 1060*sense,
1060*sense, 1060*sense, 1060*sense,
1061*sense, 1061*sense, 1061*sense,
1061*sense, 1061*sense, 1061*sense,
1061*sense, 1061*sense, 1061*sense,

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.

1061*sense, 1061*sense, 1061*sense,
1061*sense, 1061*sense, 1058*sense,
1056*sense, 1054*sense, 1051*sense,
1049*sense, 1047*sense, 1044*sense,
1042*sense, 1039*sense, 1037*sense,
1024*sense, 1010*sense, 996*sense, 981*sense,
967*sense, 953*sense, 928*sense, 902*sense,
875*sense, 866*sense, 861*sense, 856*sense,
860*sense, 877*sense, 894*sense, 912*sense,
943*sense, 974*sense, 1005*sense, 1161*sense,
1360*sense, 1548*sense, 1707*sense,
1866*sense, 2025*sense, 2184*sense,
2343*sense, 2567*sense, 2799*sense,
3031*sense, 3263*sense, 3492*sense,
3709*sense, 3856*sense, 3906*sense,
3957*sense, 3992*sense, 4027*sense,
4062*sense, 4097*sense, 4096*sense,
4091*sense, 4086*sense, 4081*sense,
4076*sense, 4071*sense, 4066*sense,
4061*sense, 3852*sense, 3623*sense,
3423*sense, 3224*sense, 3024*sense,
2824*sense, 2624*sense, 2425*sense,
2225*sense, 2025*sense, 1848*sense,
1728*sense, 1607*sense, 1487*sense,
1367*sense, 1247*sense, 1127*sense,
1035*sense, 984*sense, 932*sense, 881*sense,
846*sense, 841*sense, 837*sense, 832*sense,
827*sense, 826*sense, 840*sense, 853*sense,
866*sense, 880*sense, 893*sense, 906*sense,
920*sense, 936*sense, 958*sense, 980*sense,
1003*sense, 1025*sense, 1036*sense,
1041*sense, 1047*sense, 1052*sense,
1058*sense, 1063*sense, 1068*sense,
1073*sense, 1073*sense, 1073*sense,
1073*sense, 1072*sense, 1072*sense,
1072*sense, 1071*sense, 1071*sense,
1071*sense, 1071*sense, 1070*sense,
1070*sense, 1070*sense, 1069*sense,
1069*sense, 1069*sense, 1069*sense,
1068*sense, 1068*sense, 1068*sense,
1067*sense, 1067*sense, 1067*sense,
1067*sense, 1066*sense, 1068*sense,
1070*sense, 1072*sense, 1074*sense,
1075*sense, 1077*sense, 1079*sense,
1081*sense, 1083*sense, 1085*sense,
1086*sense, 1088*sense, 1090*sense,
1092*sense, 1094*sense, 1095*sense,
1097*sense, 1099*sense, 1101*sense,
1103*sense, 1105*sense, 1106*sense,
1108*sense, 1111*sense, 1113*sense,
1115*sense, 1118*sense, 1120*sense,
1122*sense, 1125*sense, 1127*sense,
1130*sense, 1132*sense, 1134*sense,
1137*sense, 1139*sense, 1141*sense,
1144*sense, 1146*sense, 1148*sense,
1151*sense, 1153*sense, 1156*sense,
1158*sense, 1160*sense, 1163*sense,
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123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.

1165*sense, 1167*sense, 1170*sense,
1173*sense, 1176*sense, 1179*sense,
1183*sense, 1186*sense, 1189*sense,
1193*sense, 1196*sense, 1199*sense,
1202*sense, 1206*sense, 1209*sense,
1212*sense, 1216*sense, 1219*sense,
1222*sense, 1226*sense, 1229*sense,
1232*sense, 1235*sense, 1239*sense,
1242*sense, 1245*sense, 1249*sense,
1252*sense, 1255*sense, 1258*sense,
1262*sense, 1265*sense, 1268*sense,
1272*sense, 1275*sense, 1278*sense,
1283*sense, 1288*sense, 1294*sense,
1299*sense, 1304*sense, 1309*sense,
1314*sense, 1319*sense, 1324*sense,
1329*sense, 1334*sense, 1339*sense,
1344*sense, 1349*sense, 1354*sense,
1359*sense, 1364*sense, 1370*sense,
1375*sense, 1380*sense, 1385*sense,
1390*sense, 1395*sense, 1400*sense,
1405*sense, 1410*sense, 1415*sense,
1420*sense, 1425*sense, 1430*sense,
1435*sense, 1441*sense, 1446*sense,
1452*sense, 1457*sense, 1463*sense,
1469*sense, 1474*sense, 1480*sense,
1485*sense, 1491*sense, 1497*sense,
1502*sense, 1508*sense, 1513*sense,
1519*sense, 1525*sense, 1530*sense,
1537*sense, 1546*sense, 1555*sense,
1563*sense, 1572*sense, 1581*sense,
1590*sense, 1599*sense, 1607*sense,
1616*sense, 1625*sense, 1634*sense,
1642*sense, 1651*sense, 1660*sense,
1669*sense, 1677*sense, 1685*sense,
1693*sense, 1701*sense, 1708*sense,
1716*sense, 1723*sense, 1731*sense,
1739*sense, 1746*sense, 1754*sense,
1761*sense, 1769*sense, 1776*sense,
1784*sense, 1792*sense, 1797*sense,
1798*sense, 1800*sense, 1801*sense,
1802*sense, 1804*sense, 1805*sense,
1807*sense, 1808*sense, 1809*sense,
1811*sense, 1812*sense, 1813*sense,
1815*sense, 1816*sense, 1817*sense,
1809*sense, 1802*sense, 1794*sense,
1786*sense, 1779*sense, 1771*sense,
1763*sense, 1756*sense, 1748*sense,
1740*sense, 1733*sense, 1725*sense,
1717*sense, 1710*sense, 1702*sense,
1693*sense, 1676*sense, 1659*sense,
1642*sense, 1625*sense, 1609*sense,
1592*sense, 1575*sense, 1558*sense,
1542*sense, 1525*sense, 1506*sense,
1488*sense, 1470*sense, 1451*sense,
1433*sense, 1415*sense, 1397*sense,
1378*sense, 1360*sense, 1342*sense,
1323*sense, 1305*sense, 1287*sense,

180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.

1269*sense, 1250*sense, 1232*sense,
1217*sense, 1203*sense, 1189*sense,
1176*sense, 1162*sense, 1148*sense,
1135*sense, 1121*sense, 1107*sense,
1095*sense, 1090*sense, 1085*sense,
1080*sense, 1075*sense, 1070*sense,
1065*sense, 1060*sense, 1059*sense,
1058*sense, 1057*sense, 1055*sense,
1054*sense, 1053*sense, 1052*sense,
1051*sense, 1050*sense, 1049*sense,
1048*sense, 1047*sense, 1046*sense,
1045*sense, 1044*sense, 1043*sense,
1042*sense, 1041*sense, 1039*sense,
1038*sense, 1037*sense, 1036*sense,
1035*sense, 1034*sense, 1033*sense,
1032*sense, 1031*sense, 1030*sense,
1029*sense, 1028*sense, 1027*sense,
1026*sense };

for (int i = 0; i < 587; i++) {
data0[i] = source_0[i];

}

The error value on the Phantom ECG is obtained from the
measurement results 5 times with BPM 30, 60, 120, and 180
with a sensitivity of 0.5 mV, 1.0 mV, and 2.0 mV. The error
value at 0.5 mV sensitivity is shown in Table 1, the error value
at 1.0 mV sensitivity is shown in Table 2, and the error value
at 2.0 mV sensitivity is shown in Table 3.

TABLE 1
THE ERROR VALUE AT BPM 30-180 SENSITIVITY 0.5 MV

BPM Value
(BPM)

Error
(%)

30 0.00

60 0.00

120 0.00

180 0.56

TABLE 2
THE ERROR VALUE AT BPM 30-180 SENSITIVITY 1.0 MV

BPM Value Error

30 0.00%

60 0.00%

120 0.00%

180 0.56%
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TABLE 3
THE ERROR VALUE AT BPM 30-180 SENSITIVITY 2.0 MV

BPM Value Error

30 0.00%

60 0.00%

120 0.00%

180 0.56%

IV. DISCUSSION
The microcontroller will work when the BPM and

sensitivity have been set. From the selection, the
microcontroller will send digital data according to the settings,
then it will be sent to the MCP4921 DAC (Digital to Analog
Converter) which functions to convert digital data from the
microcontroller into analog data. The analog data generated by
the MCP4921 DAC will be forwarded to the resistor network
block which functions to distribute the current from the analog
signal so that the appropriate ECG signal output will appear
on each lead.

In this study, the results of BPM measurements at BPM
30, 60, 120, and 180 were carried out by taking data five times
by measuring using an ECG Recorder. From the five data that
have been taken, the measurement error value with a
sensitivity of 0.5 mV at BPM 30 is 0.00%, BPM 60 is 0.00%,
BPM 120 is 0.00%, and BPM 180 is 0.56%. The measurement
error value with a sensitivity of 1.0 mV at BPM 30 is 0.00%,
BPM 60 is 0.00%, BPM 120 is 0.00%, and BPM 180 is 0.56%.
The measurement error value with a sensitivity of 2.0 mV at
BPM 30 is 0.00%, BPM 60 is 0.00%, BPM 120 is 0.00%, and
BPM 180 is 0.56%. The results obtained from this study, when
compared with previous studies, this study has a lower error
rate, namely the largest error value is only 0.56% at BPM 180
with a sensitivity of 0.5 mV, 1.0 mV, and 2.0 mV. While at
BPM 30, 60, and 120 the error value is 0.00% with a
sensitivity of 0.5 mV, 1.0 mV, and 2.0 mV.

This Phantom ECG uses a 2.4-inch Nextion TFT as a
display as well as a BPM and sensitivity selection function.
This study has weaknesses and limitations, namely only able
to issue ECG signals with 3 sensitivities, which are 0.5 mV,
1.0 mV, and 2.0 mV and BPM 30, 60, 120, and 180 only. This
is because this study uses a 2.4-inch TFT Nextion display
whose program takes up quite a lot of memory on the
ATMEGA2560 microcontroller, so its capacity is limited to
BPM 30, 60, 120, and 180 only.

V. CONCLUSION
The purpose of this research is to design a Phantom ECG

for a 12-channel ECG device which includes lead I, lead II,
lead III, aVR, aVL, aVF, V1, V2, V3, V4, V5, and V6 and
completes it with sensitivity selection. From this research, it

can be concluded that the Phantom ECG can be made using
the ATMEGA2560 microcontroller and using the MCP4921
DAC (Digital to Analog Converter) to convert digital data to
analog, and using a resistor network block to distribute the
current so that a signal can be formed on each lead. The
following suggestions can be considered for improvement
from the research that I developed, namely changing the
resistor value at the aVL output so that the signal shape
matches the comparator, and the connector cable socket uses
the same socket as the original device.
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Attachment
a. Schematic

https://drive.google.com/file/d/1q8MkhfNK4ua0HWvMsbcjH
cnNRrqbTvwQ/view?usp=sharing

b. Listing Program
https://drive.google.com/file/d/10IPy88AqwNiTFfGCrCioxRt
QXwWN96Ov/view?usp=sharing


