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Introduction  

In the industrial field, impedance is an important 

parameter, and the measurement and analysis of 

impedance help us to understand the changes in the 

morphological characteristics of the object under test 

[1]. For example, in the oil and gas pipeline 

transmission system, the impedance of the pipeline 

corrosion protection layer needs to be measured to 

grasp its service life [2]; in the field of biomedicine, the 

clinical 

application of bioimpedance technology has a great 

front [3]; in the field of corrosion monitoring, the 

monitoring of aircraft coatings, which is an effective 

means to prevent corrosion of the base metal [4], 

these belong to the category of high 

impedance measurement, with an impedance of up 

to 108Ω. Therefore, in the processing of these weak 

signals processing, the idea of the sinusoidal fitting is 

used to process to obtain more information during the 

COVID-19 pandemic. 

Differential amplifier circuit mathematical model 

The excitation signal is formed by bucking the sine 

signal generated by filtering, assuming that the 

bucking scale factor is and the amplitude of the sine 

signal before bucking is 𝐴, the excitation signal is 

expressed as: 

𝑉𝑖 𝑡 = 𝑘1𝐴𝑠𝑖𝑛 𝜔𝑡 （1) 

If the differential amplification is 𝑘2, the output 𝑉𝑜 of 

the differential amplifier circuit and the input 𝑉𝑖satisfy 

the following vector relationship: 

𝑉o = 𝑘2𝑍𝑋 𝑉i （2） 
            𝑍𝑋 +𝑍𝑂 

Translated into a specific functional form of time it can 

be expressed as: 

𝑉O 𝑡 = 𝑘1𝑘2 𝑍𝑋 𝑠𝑖𝑛 𝜔𝑡 + 𝜑 （3） 
                     𝑍𝑋 +𝑍𝑂   

𝑍0: Reference impedance, standard resistance is 

generally used in measurement circuits. 

𝜑: Difference between 𝑍𝑥 and the impedance angle of 

𝑍𝑥 + 𝑍𝑜. 

If the presence of the input capacitance 𝐶0 of the 

amplified input system is not considered, 𝑍𝑥 is the 

measured coating complex impedance 𝑍𝑐, and if the 

presence of the input capacitance is considered, it is 

the combined impedance of the coating complex 

impedance in parallel with the capacitance, satisfying 

the following relationship 

𝑍X=  𝑍𝐶 （4） 

      1+𝑗𝜔 𝐶0 𝑍𝐶 

The complex impedance of the coating under test is: 
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𝑍=  𝑍𝑋 （5） 

      1−𝑗𝜔 𝐶0 𝑍𝑋 

Understanding of sine fitting 

1. Simple moving average method 

First, we use the simple moving average method to 

feel the meaning of "moving". 

There is a sequence as follows 

Table 1: Sequence table

Sequence 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Value 3 5 3 7 7 10 9 6 8 5 2 1 3 6 7 

If a moving average with a window of 5 is used, the 

element with a sequence of 11 and a value of 2 

should be replaced with 

𝑝11 = (8 + 5 + 2 + 1 + 3)/5     (6) 

Then the element with a sequence of 12 and a value 

of 1 should be replaced with 

𝑝12 = (5 + 2 + 1 + 3 + 6)/5    (7) 

For fast calculation, the following formula can be used 

for recursion 

𝑝12 = (5 ∗ 𝑝11 + 6 − 8)/5      (8) 

Simple   moving   average   is   defined as: Simple   

moving   average of   data 

𝑃1, 𝑃2, . . . , 𝑃𝑀 with window 𝑛: 

 

 

 

 

The iteration form is: 

 

 

 

 

 

In MATLAB, there is a corresponding smooth function 

available.  We can use 𝑚𝑎𝑡𝑙𝑎𝑏 to verify smooth (y, 

span). The following figure shows the result of data2= 
smooth (data1,5) 

 

Fig 1: Smooth validation chart 

Digital sine fitting 

We can draw the following discrete curve by inputting 

the following commands in the 𝑚𝑎𝑡𝑙𝑎𝑏 command line 

window 

>>𝑖 = 0: 100; 

>>𝑦 = 2 ∗ 𝑐𝑜𝑠(2 ∗ 𝑝𝑖 ∗ 𝑖./25 + 𝑝𝑖/4) + 3; 

>> 𝑝𝑙𝑜𝑡(𝑖, 𝑦); 

 

Fig 2: Discrete curve chart 

If each point of the above discrete curve is defined by 

𝑥𝑖 = 𝐴 𝑐𝑜𝑠 𝜃 + 𝛥𝑖 + 𝜀𝑖 + 𝐶（11） 

Then there is 

𝐴 = 2 

𝜃 = 𝜋/4 

𝛥𝑖 = 𝑖 ∗ 2𝜋/25 （12） 

𝜀𝑖 = 0 

𝐶 = 3 

Since the known curve is drawn, the above 

parameters can be easily obtained, and the error of 

each point is 0. However, for a relatively disordered 

sequence, there will always be a certain deviation 

from the ideal curve, so the error will not be 0, but our 

purpose is to find a curve that is closest to it, and the 

evaluation standard is the sum of squares of errors, 

which is consistent with the least square method. 

The following diagram shows a discrete sequence of 

approximate cosine curves. 
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Fig 3: Discrete sequences 

Similarly, we use the following expression 

𝑥𝑖 = 𝐴 𝑐𝑜𝑠 𝜃 + 𝛥𝑖 + 𝜀𝑖 + 𝑐（13） 

For subsequent operation processing, another form is 

used to express 

𝑥𝑖 = 𝑎 𝑐𝑜𝑠 𝛥𝑖 + 𝑏 𝑠𝑖𝑛 𝛥𝑖 + 𝑐 + 𝜀𝑖（14） 

So, we think that 𝑥𝑖 = 𝑎 𝑐𝑜𝑠 𝛥𝑖 + 𝑏 𝑠𝑖𝑛 𝛥𝑖 + 𝑐 is the 

function that can best represent the discrete curve in 

the above figure, but a, B and C are temporarily 

unknown. Define the sum of squares of errors as 

𝑓 𝑎, 𝑏, 𝑐 min = 𝜀𝑖2 = 𝑥𝑖 − 𝑎 𝑐𝑜𝑠 𝛥𝑖 + 𝑏 𝑠𝑖𝑛 𝛥𝑖 + 𝑐 2（16） 

In order to find the A, B and C that minimize the above 

formula, the partial derivatives of a, b and c in the 

above formula are obtained, and the partial 

derivatives are zero, then Sorted: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values of a, b and c are: 

 

 

 

 

 

 

 

 

 

We generally use the whole period fitting. For the 

whole period 

 

 

 

 

 

 

 

After getting a and b, of course, you can also know 

the parameter A and  

Moving sine fitting 

For ease of understanding, only the whole cycle is 

described here. Using the method in 2.2, perform sine 

fitting on the interval Zi (corresponding to the moving 

average window, which contains exactly one cycle, 

assuming that the number of cycle points is n) where 

the element Xi is located. 𝑎、𝑏 𝑎𝑛𝑑 𝑐 𝑐𝑎𝑛 𝑏𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑, 

and only 𝑎𝑖、𝑏𝑖、𝑐𝑖of element xi are obtained. Can 

also get 𝐴𝑖 、𝜃𝑖. 

 

Fig 4: Four-period discrete series 

So, Then, the interval 𝑍𝑖+1 of element 

𝑋𝑖+1 is sinusoidally fitted to obtain𝑎𝑖+1、𝑏𝑖+1、𝑐𝑖+1 of 

element 𝑥𝑖+1, and also 𝐴𝑖+1 and 𝑖+1. 

In fact, for the convenience of calculation, the 

calculation formulas of a, b and c in 2.2 are combined. 

It can be inferred that 

https://www.mediresonline.org/journals/research-of-gastric-management-and-hepatology


 
Research of Gastric Management and Hepatology 

How to cite this article: Bin Zhao, Xia Jiang, (2022). Biomathematical analysis on impedance measurement during COVID-19 pandemic. Research of Gastric Management and 

Hepatology. 1(1). DOI: 10.58489/2836-6204/003                                Page 4 of 5 

 

 

 

 

 

 

 

 

 

Where [𝑛/2] is the downward rounding of 𝑛/2, that is, 

when 𝑛 = 5, its value is 2. The moving sine has a 

faster running speed in the microprocessor 

environment because of the recursive idea of 

replacing old and new elements, which is similar to 

the moving average. It is also more suitable for the 

case with unstable amplitude as shown in the figure 

below. It can accurately calculate a, b, c, amplitude A, 

and the initial phase of each point . 

 

Fig 5: Ultrasonic signals 

For an ultrasonic echo signal, after the amplitude A of 

each point is obtained by moving fitting, the amplitude 

envelope can be obtained, as shown in the dotted 

envelope in the figure below. 

 

Fig 6: Ultrasound echo signal 

Results 

In large impedance measurements, the signal is 

extremely weak, so a differential circuit is introduced 

to change it into complex impedance form, and the 

simplicity of sine fitting in amplitude and phase 

calculation is used to assist in calculating the 

impedance magnitude, which plays an important role 

in subsequent large impedance measurements. 
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