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Abstract: The paper deals with a design and consequent realization of a monitor tester for validation of the ECG 
devices, and patient’s monitors for the ECG measurement. In the paper, we describe the electrical design of 
the plug-in module, which is intended for a transmission of the digital data from the computer. Data are sent 
by using the controlling SW connected to the parallel port in the plug-in module. An essential part of the 
proposed module is the three-channel 12 bit D/A converter AD 7398. This converter is able to 
simultaneously send data from all the three outputs. The converter output is unipolar in the volts units. For 
this reason, the transmitted signals are adjusted by using the differential amplifiers in order to convert them 
to the bipolar. The signal’s amplitudes are decreased to the millivolts level by using the voltage dividers. On 
the base of this solution, the Einthoven ECG leads may be detected. 

1 INTRODUCTION 

The electrical heart action is represented as a 
continuous signal. In order to process and register 
such kind of signal, it must be converted to the 
digital form. By this procedure, the entire process of 
the ECG processing is being automated. (Acharya, 
2017), (Nguyen, 2018) 

In this procedure, certain rules should be met. 
Since the frequency scale of the ECG signal belongs 
to the range: 0.05-100 Hz, it is necessary to perform 
sampling with a frequency higher than 200 Hz by 
the Shannon theorem. (Cerny, 2017), (De La Rosa, 
2016), (Grepl, 2014), (Halcox, 2017)  

In the practice we use various sampling 
frequencies, but the most frequently 250 and 500 
Hz. Next requirement is the quantization. There are 
quantization steps, commonly in the range 2.5-20 
µV. Choice of the particular discretization depends 
on the requirements for next processing it means 
how accurately and quickly the ECG signal should 
be processed and interpreted. Decreasing the 
sampling frequency on the 250 Hz, and increase of 
the quantization step on 20-25 µV may cause the 
ECG distortion by the errors which are still 
marginally acceptable. (Jeppesen, 2017), (Kromer, 
2016), (Pazart, 2017)  

For the automatic ECG processing, there is a 

prime requirement processing in the real time, 
therefore the accuracy requirements are lower. A 
common sampling frequency is 200 Hz and word 
length 8 bits. (Kubicek, 2017), Lai (2016), Lek-
Uthai (2017) 

2 ECG SIMULATORS 

The ECG simulator is a device having a task to 
simulate various heart function by that way to be 
possible assess of the quality and settings of the 
cardio monitors and ECG devices. During the ECG 
activity detection from the human’s body such signal 
is just little influenced by the noise signals as it is 
disturbing induced frequency of the power grid. In 
order to achieve independence on the disturbing 
induced voltage, it is necessary to supply the 
stimulator form the battery supply. (Machacek, 
2013), (Martinek, 2016), (Mlynczak, 2017) 

The outputs of the ECG simulator reaches the 
millivolts to as most as possible imitate the real heart 
activity. In order to test variable alarms of the cardio 
monitors, the ECG simulator allows for modeling of 
the heart’s failures. The device output should be 
equipped by the standard clamps having 
recommended color marking. The controlling panel 
also contains elements for triggering the common 
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calibration curves having the time and amplitude of 
the output signal. (Powierza, 2017), (Ronzhina, 
2017), (Shahriari, 2017), (Solbiati, 2017) 

The general block diagram of the ECG simulator 
is reported on the Figure 1.  

 

Figure 1: Block diagram of the ECG simulator. 

3 PROPOSAL OF ECG 
SIMULATOR 

The proposed ECG tester (Figure 2) is composed 
from the four essential blocks: 

 Controlling SW of the plug-in module for 
generating the output signals. 

 Operating system under which the SW 
works. 

 Parallel port. 
 Plug-in module containing the 12 bit D/A 

converter with power supply. 

 

Figure 2: Block diagram of the proposed ECG simulator. 

The controlling SW is proposed in the Delphi 5 
Enterprise. In this environment we are using the 
library PORT.DLL which was designed for 
communication with the PC ports in the Delphi. 
The Figure 3 represents a flow-chart of the SW. 
After starting the SW user is asked if the input signal 
shall be inserted. In the case not, the needed 
variables and libraries modules are being initialized. 
In the case of inserting the input signal, the files 
containing data are selected. After this step the 
initialization procedure follows. After selecting the 
signal from the offered list, and pressing the Start, 
the data are loading from the file they are adjusted, 
and shown on the screen. Consequently, a procedure 
for the data sending on the parallel port is started. 
 

 
Figure 3: Block diagram of the proposed ECG algorithm. 
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The SW sends the data on the PC port so long until a 
type of the signal is not being changed, or the SW is 
not terminated, eventually stopped.  
The data corresponding to signals are stored in the 
text files having the ASCII coding. Each selected 
signal is composed from three leads which are saved 
in the files. It means that each lead is loaded 
separately. Each file contains 250 samples 
distributed into maximally 4096 levels. 

4 SOFTWARE DESCRIPTION 

The controlling panel is composed from two basic 
components, and seven controlling procedures. The 
basic procedures include DAC output and type of 
the signal. The DAC procedure allows for data 
sending on the PC parallel port. The data are 
adjusted by that way to achieve combination 
corresponds to the time signals reported on the 
Figure 4. 

 

Figure 4: Signals in the time domain for the converter. 

SDI represents the data bits, CLK is the time 
signal, and LDAC is a signal for simultaneous data 
sending from the registers on the converter output. 
D0-D3 represent individual bits of the parallel 
output of the eight-bit word which can be sent from 
the parallel port. Levels D0-D3 are changed by the 
DAC procedure output, and four parallel channels 
are created sending the binary data in parallel. 

By the procedure Signal type, the respective 
signal is selected. In this procedure, the data of three 
channels are simultaneously loaded. The data are 
adjusted by that way so that the maximal value 
would be 4095 it corresponds with the maximal 
value of the converter, and minimal zero. 

The controlling procedures allow for address 
settings of the parallel port, select the output 
channel, clear the window content, call the help, or 
window containing a brief help about the SW, 
sending data on the port, and terminate data sending 
to the port. These functions can be controlled nearly 
permanently by using the system timer 
(Timer1Timer). 

5 APPLICATION WINDOW 

The software environment is composed from three 
windows representing selected signals. The software 
environment is equipped by the tick buttons 
allowing for switching off some of the channels. By 
default all the channels are set as active. In the case 
of switching off some of the channels, in the 
converter output there is not a signal in the graphical 
window, only the isoelectric line is being drawn.  

The user can select an address of the parallel 
port. The printer port LPT 1 is preset. In the signals 
ECG, user can select kind of the ECG signal. There 
are seven kinds of the ECG signals, and one more 
signal can be added whilst application running. In 
the case when the user does not want to insert own 
signal, the last controlling field in inactive and 
shown as grey. In the field pulse, user can change 
the sending data frequency on the PC parallel port. It 
appears as lengthen of the signals period. The value 
60 beats per minute is preset. 

Reset serves for erasing the window’s content, 
Start serves for sending data to the port, Stop serves 
for stop data sending. The application also contains a 
brief help. The application window is reported in the 
Figure 5. 

 

Figure 5: SW environment of ECG monitor tester. 

6 PLUG-IN MODULE 

An elementary part of the plug-in module is the 
digital/analog converter AD7398. This module also 
contains operational amplifier serving for adjustment 
of the output signal’s levels, charging pump, several 
passive components with power connectors. The 
block scheme of the plug-in module is reported in 
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the Figure 6, and electronic circuit of the module is 
shown on the Figure 7. 

 

Figure 6: Block scheme of plug-in module. 

 

Figure 7: Electronic scheme of the plug-in module 
(Analog Devices, 2006). 

The four-channel 12-bit converter AD7398 
communicates by the own serial interface. It can be 

supplied by the symmetrical voltage 3-5 V, or the 
unsymmetrical voltage ±5 V, and the output voltage 
is in the range 0-Vref where Vref is set in the interval 
of the supply voltage. It is also possible to switch off 
inactive channel, send the data from registers in 
parallel, zeroing either individual or all the registers.  
The converter is formed by the input serial register, 
circuits for decoding, input registers of the 
individual converters, DAC registers, D/A 
converters and the circuit breaker. A block scheme 
containing those components is reported on the 
Figure 8. 

 

Figure 8: Internal block diagram of the converter AD7398 
(Analog Devices, 2006). 

The converter is equipped, for controlling and 
communication, by 5 inputs. CLK (hours), and for 
controlling individual converters and registers there 
are other two: LDAC (parallel sending the data on 
the input) and RS (registers zeroing). The output 
voltage is given by the eq. 1. 

VOUT = (VREF . D)/4096 (1)

D represents a decadic equivalent of the data word. 
The number 4096 represents the converter’s scale. 

The ECG monitor tester is supplied from the 9V 
battery. Firstly, the voltage is adjusted on the +5 V 
by the stabilizer 7805. The capacities C1 and C2 do 
not have to be connected when the module is 
supplied from the battery. The C1 serves for the 
filtration of the supply voltage, and C2 prevents an 
oscillation of the voltage stabilizer. The charging 
pump ICL7660 generates a negative voltage for the 
converter and the operating amplifiers. The supply 
source electrical diagram is shown on the Figure 9. 
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Figure 9: Electrical diagram of the charging pump 
ICL7660 (Renesas, 2010). 

Signals from the converter are only unipolar, and 
they have the maximal amplitude +5 V. ECG signal 
has the maximal value approximately 3 mV, and it is 
bipolar. Therefore, the signals from the converter are 
come to one of the differential amplifiers input 
having set the boost 1 by the resistance site. On the 
second input, a voltage is come which is subtracted 
from the converter’s signal. It is set to the signal 
after the differential amplifier has the isoelectric line 
with the zero voltage. A voltage which is subtracted 
is come from the reference voltage source TL431 
(Figure. 10). 

 

Figure 10: Reference source of the differential voltage 
(Texas Instruments, 2004). 

In order to prevent influence of the reference 
differential voltage on the differential amplifiers by 
a signal from the converter, this voltage is connected 
through the non-inverse amplifier having the boost 
1.1. The electrical connection of the entire input 
circuit is present on the Fig. 11. Capacitors with the 
capacity 100 nF restrict a maximal transferred 
frequency on the 160 Hz, also restrict the amplifier’s 
noise. In the output of the differential amplifiers, the 
voltage divider is connected reducing amplitude to 
the mV level. We have selected the operational 
amplifier LM224 containing four operational 
amplifiers. It is a low-power device, and can be 
supplied by the asymmetrical voltage till 3 V and 
symmetrical voltage from ± 1.5 V.   

 

Figure 11: Electrical diagram of the output circuits. 

Consumption of the whole plug-in module is 10 mA. 
It would be possible to reduce it by increasing the 
resistance values of the differential amplifiers. The 
voltage dividers, placed in the differential 
amplifier’s output, would be more appropriate to 
connect close the tested device because unwanted 
disturbing voltage can be induced to the leads.  

7 CONCLUSION 

We have designed the ECG monitor tester 
generating three ECG leads which would be possible 
to connect to the PC by the standard ports. 

The ECG monitor tester works on the principle 
data loading from the PC memory. The data 
sequence is being processed by the SW which sends 
the data on the PC parallel port. Here, the plug-in 
module is connected. This module is composed from 
the three-channel 12-bit D/A converter, voltage 
stabilizer, charging pump, operating amplifiers, and 
several passive elements. The converter generates 
unipolar analog signals which are consequently 
adjusted by the differential amplifiers on the bipolar. 
The voltage dividers reduce the amplitude on the 
mV levels. This process is being cyclically repeated 
until is not terminated by the user. This device 
allows for detection of the Einthoven leads.  
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The ECG monitor tester has been tested on the 
oscilloscope HP54601A, and also on the cardio 
monitor Nihon Kohden in the clinical environment 
of the University hospital of Ostrava. 
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