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ABSTRACT  

The purpose of this study was to describe the design of the electronic module for testing bioimpedance measuring 
devices, for example impedance cardiographs or impedance pneumographs. Artificial Patient was conceived as an 
electronic equivalent of the impedance of skin-electrode interface and the impedance between electrodes – measured 
one. Different approaches in imitating a resistance of skin and an impedance of electrode-skin connection were 
presented. 
The module was adapted for frequently applied tetrapolar electrode configuration. Therefore the design do not enclose 
the elements simulating impedance between skin and receiver electrodes due to negligible effect of this impedance on 
the current flow through the receiver. 
The Artificial Patient enables testing either application generators, or receiver parts, particularly the level of noise and 
distortions of the signal. Use of digitally controlled potentiometer allows simulating different  tissue resistances changes 
such as constant values, very-low-frequency and low-frequency changes corresponding to those caused by breathing or 
heart activity. Also it allows distorting signals in order to test algorithms of artifacts attenuation. 
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1. INTRODUCTION   
1.1 Impedance Reography 

Bioimpedance measurements are used to record or monitor functions of cardiovascular system and lungs, as well as for 
thoracic fluid content and body composition measurements.   

Depending on the electrode placement on the body (Fig.1) the signals obtained may be used to measure heart stroke 
volume [1], arterial blood flow in the limbs or lungs tidal volume [2,3].  

Electrical impedance is usually measured with four electrodes (tetrapolar method), two driving, two receiving ones [4]. 
Excitation current (for example sinusoidal 100kHz 400µA) is flowing through driving electrodes and the tissues and the 
measured signal is voltage between receiving electrodes.  

It is known that the tissue impedance is significantly smaller than the impedance of the connection of the electrode and 
the skin-electrode interface. 
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Figure 12. Reography output signal for sinusoidal and cardiac impedance changes 

For the impedance changes there are distortions coming from an inaccuracy of the resistance setting, noises of the 
receiver part and analog-to-digital conversion. The standard deviation of the difference between the measured impedance 
and the reference was ߪሺܼሻ ≈  >) In comparison to the measured basic impedance of 196Ω, the σ at this level .ߗ0.1826
0.1%) seems to be negligible. 

 

5. CONCLUSIONS 
Artificial Patient can imitate impedance changes observed in man. We could program various waveforms of impedance 
changes which relate to heart or lungs influence on thoracic impedance. We believe that the Artificial Patient may be 
used to verify and calibrate various bioimpedance measuring devices by using reference signals of different 
characteristics chosen by operator.  
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