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Sources of methodical measurement errors of immitance parameters of biological tissues are 

described. Modeling measurement errors of RC-parameters of biological tissues equivalent circuits 

into the frequency range is analyzed. Recommendations on the choice of test signal frequency for 

measurement of these elements is provided.  
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Introduction 

The method of bioimpedance is widely used in the diagnosis of human physiological state, 

monitoring of chronic diseases and the evaluation of body composition [1, 2]. This method is non-invasive, 

relatively inexpensive and simple of implementation. 

There are different methods of bioimpedance analysis depending on the purpose of using, methods 

of implementation, the frequency range. The main methods are the method of using a single frequency of 

the test signal, multifrequency method, bioimpedance spectrometry, analysis of bioimpedance of the whole 

body and individual segments [3]. Condition of the human body as a whole or its individual tissues is 

evaluated by monitoring the temporal changes or comparison the parameters of impedance or admittance. 

One of the promising methods of bioimpedance analysis is to determine the condition of human tissues by 

calculating the parameters of the biological tissues electrical equivalent circuit and comparison of these 

results with specific parameters [4, 5]. Since these measurements must be made with high accuracy, the 

analysis of measurement errors of impedance parameters (admittance) and elements of circuits of 

biological tissues in a frequency range is important. 

The main errors of bioimpedance measurements are instrumental and methodical errors. The most 

studies are focused on analysis of instrumental errors. Researchers analyze error of impedance 

measurement and errors of its active and reactive components in the frequency range [6, 7, 8]. Researchers 

pay much attention to methodical errors that arise from the impact of near-electrode effects [9, 10]. It is 

therefore important to consider methodical error of measurement of individual elements parameters of 

biological tissues equivalent circuits.  

Relative errors of measurement of admittance and capacitance C depending on the sampling 

frequency and time measurement are analyzed in the work [11]. The results of research showed that the 

measurement error of capacitance C can linearly increase or decrease on individual frequency of the test 

signal. Admittance measurement error decreases with increasing duration of measurements. However, 

studies of two-element equivalent circuit (parallel connection resistance and capacitance) were conducted 

on specific frequencies (100 kHz, 1 MHz, 10 MHz, 100 MHz) and not in the frequency range.  

The results of elements measurement of biological tissues equivalent circuit in different 

environments of the experiment are discussed in the paper [12]. Measurement of RC-elements parameters 

of two-element biological tissues equivalent circuit was conducted in the frequency range of 100 Hz to 

1 MHz. The results showed that measurement error in-vitro is higher than for measuring in-vivo. And its 

dependence on the frequency of the test signal is not linear throughout the frequency range. Calculation of 

methodical error was carried out by comparing the measured parameters of biological tissues models with 

the relevant parameters for living tissue.  



The measurement of impedance (admittance) or parameters of individual elements of biological 

tissues equivalent circuit is carried out using the most widespread equivalent circuits: Cole model (Fig. 1, 

a) and Freke-Morse (Fig. 1, b) [13, 14]. That’s why analysis of the relative measurement error of RC-

elements in a wide frequency range is important. 
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Figure 1. Electrical equivalent circuit of biological tissues: a - Cole model; b - Freke-Morse model 

Resistance 1R  and capacitance C  characterize the upper layers of tissue and resistance 2R  

characterizes the inner layers of tissue. 

The object, purpose and objectives of the study 

The object of investigation is mathematical model of biological tissues equivalent circuits. 

The aim of the research is measurement errors assessment of parameters of biological tissues 

equivalent circuits in the frequency range. 

In accordance with this goal the following objectives are highlighted: 

1. Definition of mathematical expressions for measurement errors assessment of RC-element of 

known biological tissues equivalent circuits. 

2. Assessment and analysis of errors in the frequency range. 

Mathematical modeling 

Analysis of mathematical models describing the impedance and admittance of biological tissues 

equivalent circuits (Figur 1) showed that for the circuit on Figure 1, a) it is expedient to measure 

impedance parameters, and it is expedient to measure parameters of admittance for the circuit shown on 

Figure 1, b) [15]. 

Scheme of measurements with four electrodes is using in order to eliminate the influence on the 

measurement result of uninformative impedance at the border "electrode-object" [10]. 

The value of impedance for the equivalent circuit on Figure 1, a) is found from the formula: 
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The measurement results of impedance components at a frequency ω will be described by the 

formulas: 
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We need to take boundary conditions, such as 0  та   to determine the value of the 

equivalent circuit elements. Due to the condition   we will obtain the following formulas: 
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However, it is expedient to determine the relative methodical error of measurement by the formulas 

(8-10), because measuring of RC-elements parameters is implemented in the frequency range or on the 

values of individual frequencies: 
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We substitute formulas for the impedance components in boundary conditions (2-5, 7) in the 

formulas (8-10): 
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It is expedient to measure admittance parameters for the electrical circuit shown in Figure 1, b): 

)1(
11

1
11

21

21

2
1 CRjR

CRjCRj

R
Cj

R
Y











 ,            (14) 

 2

2

22

1

2

2

22

21

22

1

1
)Re(

RСR

RСRRС
Y








 ,                 (15) 

2

2

221

1
)Im(

RС
CY





 .                (16) 

If 0 , we will obtain the following formulas: 
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If  , we will obtain the following formulas: 
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We obtain the following formulas for errors: 
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Graphical modeling of relative errors values into the frequency range 

The following values of RC-elements were chosen for modeling of relative errors: C1=0,02 uF, 

C2=0,1 uF, C3=0,5 uF, R1=100 Ohm, R2=1000 Ohm [16]. 
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Figure 2. Methodical error of measuring RC - parameters of equivalent circuit shown on Figure 1, a 
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Figure 3. Methodical error of measuring RC - parameters of equivalent circuit shown on Figure 1, b 

Results of research 

Errors are different for each equivalent circuit, and also depend on the values of the equivalent 

circuit elements. Measurement errors of equivalent circuit parameters (Figure 1, a) are represented on 

Figure 2. 

Measurement error of sum elements R1 and R2 increases with increasing frequency, and 

measurement error R2 and C is decreases in the same frequency range.  

Measurement errors of equivalent circuit parameters (Figure 1, b) are represented on Figure 3. 

Measurement error for admittance of elements R1 and R2, as well as the capacity C decreases with 

increasing frequency (Figure 3, a, b). The value of measurement error for admittance of element R2 

increases with increasing frequency (Figure 3, c). 

We selected three different capacitance values to measurement error modeling of RC-parameters. If 

the capacity is reduced, the error gets values at higher frequency values. 

Formulas for the evaluation of RC-parameters measurement errors of biological tissues equivalent 

circuits and graphical modeling of relative errors values into the frequency range allow to choose the 

frequency of the test signal for a given measurement accuracy and to assess the accuracy of measurement 

at a given frequency. 

Conclusions 

So we got the following conclusions: 

1. Formulas of RC - parameters measurement errors of the biological tissues equivalent circuit and 

its graphical modeling into the frequency range are analyzed. 

2. Measurement error of RC -parameters of the biological tissues equivalent circuit depends on the 

chosen equivalent circuit and its parameters and changes in the frequency range. 



3. We should measure the values of the elements R2 and C at the high frequency range and we need 

to measure the sum of resistances R1 and R2 in the range of low frequencies for the electrical 

circuit on Figure 1, a. 

4. We should measure admittance of elements R1 and R2, C in the range of high frequencies and we 

should measure admittance of element R2 in the range of low frequencies. 

5. We can choose a frequency of the test signal for measuring each element of equivalent circuit 

according to the required accuracy of measurement. 
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