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Abstract. The instrumentation stages for the development of a new personal device for control, 
recording and modulation of the electrical activity generated by the hearth, including a stage of remote 
monitoring using a commercial audio transmitter adaptable to the PC sound input are presented. The 
characterization and experimental records of some real human beings are shown. This new device 
could be used to perform telediagnostics using any type of communication device because the carrier 
is in the audible range. 
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1. Introduction 
The typical voltage curves that normally appear in an electrocardiogram consist of a P wave, a 

QRS complex and a T wave. Each segment in an outline that conform an electrocardiographic record 
bestows information on the overall rhythm of the heart. A P wave is produced by the propagation of 
the depolarization wave in the atria 0.16 s from the onset of P, the QRS waves are the ventricular 
depolarization and finally, after 0.25 or 0.35 s appears the T wave that represent ventricular 
repolarization [Artur C. Guyton, 2001]. 

 
Electrocardiographs have an interesting history and their evolution closely followed both technical 

and clinical progress. At present days there has been a renewed interest in enhancing 
electrocardiographs. They have a system for detection and filtering joint to a set of electrodes placed in 
the arms and legs of a person, connected directly on the skin (they usually form the Einthoven´s 
triangle). These electrodes are able to detect the electric impulses from the heart, which are then 
recorded as special tracings on strips of graph paper. 
 

There has been a renewed interest in recent years in electrocardiographs for medical purposes and 
other biomedical research as showed by [Bustamante et al., 2008], such as detecting, recording and 
monitoring cardiac arrhythmias. Chang [Jia-Ren Chang and Cheng-Chi, 2005] developed an 
electrocardiograph using PDA control and Bluetooth technology. Hernandez-Ledezma [Hernandez-
Ledezma and Cordova-Fraga, 2005, Hernandez-Ledezma et al., 2007] developed a device coupled to a 
peripheral port of a computer for the simultaneous monitoring of electrical activity of hearth and 
stomach. Other researchers [Nihal and Ugur, 2006] built another one, which is a wireless 
electrocardiogram transmission system.  

 
This paper shows different stages in the construction of an economical, feasible and compact 

device to record electrical activity generated by the hearth coupled to an AM modulation stage, in turn 
connected to an analogue acquisition and digital demodulator stage using a PC sound input. An AM 
modulated signal is attached to a commercial wireless transmitter device to achieve remote recording. 
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2. Material and Methods 
A personal electrocardiograph device is developed using amplifiers, and passive and active filters 

using operational amplifiers (op-amp), as shown in figure 1.  
 
We can see that the first stage of pre-amplification is based on an instrumental amplifier, a passive 

band-pass filter with frequencies that will only allow passage of those frequencies that are neither too 
high 10 Hz nor too low 0.3 Hz., and a non inverting amplifier, all coupled to the active filtering stage 
consisting of a Butterworth 4th order low-pass filter with a 40 Hz cut off frequency, and finally the 
offset control stage. Figure 2 shows a cardiac record from a human being without hearth illness clinical 
history. A TEKTRONIX mod. TDS2012B oscilloscope was used to obtain the graphs.  

 
 
 
 
 
 
 
 

Figure 1. Diagram for the detection of the PQRST complex. 
 
The electrocardiographic signal can not be coupled directly to the PC sound input because most of 

the times such a peripheral device is designed to record signals in the human audible frequency range 
roughly 20 Hz – 20 kHz, whereas the frequency of a human heart beats is lower than 10Hz and could 
even decrease to some tenths of a Hz. The PC input card sounds are usually analogue interfaces that a 
have a threshold range of ± 1V, a 16 bit resolution, and a maximum acquisition rate of 192 KS/s, 
which makes a good tool for data acquisition of the signals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. PQRST complex 
 

In order to store large segments of cardiac records through the sound input for later analysis, it was 
necessary to modulate some of the obtained AM signals by means of the generated carrier, whose 
frequency is in the human audible range (2.5 kHz). An op-amp configured as double integer and an 
arrangement of transistors are used to find the convolution of both signals. Figure 3 exemplify the 
corresponding diagram to the modulation and acquisition stage. Figures 4A and 4B illustrate two 
modulated signals, which correspond to a 5 Hz sine waveform and to a 1.2 Hz frequency cardiac signal, 
respectively. 
 

 
 
 

 
Figure 3. Diagram for the Modulation acquisition and display of the PQRST complex 
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Due to the fact that the signal is AM modulated and has a carrier in the audible range, it is possible 
to send it through a commercial wireless transmitter-receptor audio device, preferably in a FM band. 
Transmitter-receptor STEREN MIC-219, with a frequency response range of 80 Hz to 12.5 kHz and a 
maximum distance range of 30 mt (90.9 ft) was chosen for this task.  

Figure 5 depicts the modulated signals of the individual’s heart, transmitted from a distance of 25 
mt (75.7 ft) from the PC audio input. 

 
 
 
 
 
 
 
 
 
 

Figure 4 (A) and (B). Graphs of a pair of modulated AM signals. The first set was obtained with a 
scope and the second set with the audio input of a PC. 

 
So far as the advantage that the modulation offer of AM data it is based in fact that the process of 

the demodulation, it is reduce to make a pass-band filter whether in real time or in a software like 
Origin 7.0 In this work the acquisition and demodulation of electrographic records was carried out 
using the PC sound card with frequency response in the range of 14 Hz to 9kHz using subroutine for 
acquisition, storage and filtering of data using the Lab-View software.  

 
 
 
 
 
 
 
 
 
 

 
Figure 5. Modulated AM signal transmitted by wireless and acquired by the audio input of  a PC. 
 
3. Results 

Electrocardiographic records were taken to a group of 10 subjects without heart disease history. In 
order to evaluate the proper performance of the device, the graphs in fig. 6A and 6B can be analysed.  
Graphs show a modulated signal transmitted by wireless and their corresponding demodulated signal. 
The data files were plotted using Origin 7.0 and the demodulation was made using LabView, with a 
Butterworth 4th order bandpass filter with cut off frequencies in the range of 0.1 Hz to 30 Hz. 

 
 
 
 

 
 
 
 
 

Figure 6 (A) and (B). Graphs of modulated and demodulated signals acquired by the audio input of a  
 PC transmitted by wireless. 



88 
 

4. Discussions 
 The records presented in figs 4A, 5 and 6A demonstrate the consistency between the traces obtained 
in the acquisition phase through the audio input with and without the wireless transmitter, almost the 
results obtained by the processes of modulation and demodulation on the card of the PC computer are 
in good agreement with the real signal, as shown by figures 2 and 6B. In each of the records obtained 
it can be observed that the P, Q, R, S and T waveforms are in quite agreement with the reported ones 
by [Arthur C. Guyton, 2001 and Hernández-Ledezma et al. 2007]. 
 
 The modulator device works well in the range of 0.3 Hz to 6 Hz (with a 2.5 kHz carrier). This range is 
adequate to perform a reasonable diagnostic of the heart behaviour. It is possible to extend this range 
by increasing the frequency of the carrier, but at the same time staying inside the audio input range. 

5. Conclusions 
 Records of cardiac signals using a device constructed with operational amplifiers, passive and 
active filters (most of them very commercial and inexpensive) were shown. Stages of analogue AM 
modulation, using a carrier signal whose frequency belongs to the audible range, which is acquired 
through the audio input of a PC or a notebook computer, were developed. These signals are obtained 
by direct coupling (wired) or in a remote way through a wireless FM transmitter, to be demodulated 
later on by passband digital filters. Further research could consider implementing this kind of 
modulator to perform telediagnostics using a transmitter, such as a mobile phone, radio transmitter or 
another type of communication means, since the carrier is in the audible range. 
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