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Segment averaging/Linear filtering method would be 
the most suitable to detect signal envelope, considering its 
precision and performance [7]. In this work we will limit 
ourselves to analysis of approximation possibilities of 
signal generated as a reaction to one-time stimulus.  
 Experimental results were obtained by measuring the 
amplitude values on the monitor screen at 56 points of the 
curve. Amplitude (contraction torque) is measured in Nm, 
and time parameter in ms – amplitude values were sampled 
each 5 ms. Measurements were conducted by two 
operators and means of measurement results were taken for 
further processing.  

Measurement results were: Pt = 42±1 Nm, CT = 96±2 
ms,  RT = 76±2 ms.   
 Sixth order polynomial was selected to approximate 
experimental results using gradual approach method, by 
decreasing the sum of deviation squares,  
 

y = 5E-08x6 - 1E-05x5 + 0.0008x4 - 0.028x3 + 0.3212x2 +  
+ 1.8465x + 0.4865,            (8)             

 

the coefficient values of which, used in calculations, are 
given in Table 1. 
 
Table 1.  Polynomial coefficient values 

Coefficient Value 

k0 0.4865093545149650 

k1 1.8465363161267300 

k2 0.321167784932413 

k3 2.79859239518956E-2 

k4 8.06231086762E-4 

k5 1.0276727712E-5 

k6 4.97575035E-8 

 
Experimental results and function used in 

approximation is given in Fig. 3 for illustrative purposes. 
 

 
Fig. 3. Experimental results  

  
 Distribution of deviations between experimental 
results and approximating curve )( ia yyiy   (residual 

plot) is shown in Fig. 4, and the sum of deviation squares 
was 45.62)(  iyay , here ya – the calculated value of 

function (7) at point xi.  
When approximating experimental results using 

lower order polynomials, the sum of deviations increases 
significantly. Distribution of deviations after 
approximation using third order polynomial is presented in 

Fig. 5, and the sum of squared deviations was 

15.1412)(  iyay .  

 

 
Fig. 4. Residual plot of deviations 
 

 
Fig. 5. Residual plot of squared deviations after approximation 
using third order polynomial 
 
 Distribution of relative errors expressed as percentage 
is given in Fig. 6, using sixth order polynomial.  
 

 
Fig. 6.  Distribution of relative errors 

 
 Errors significantly increase after 48th sample. 
Deviation in % is increasing because is decreasing the 
measurement values and their sizes converge. Although 
this to the calculation precision of parameters Pt, CT and 
RT are influenced less, since in the given case data from 
10th to 40th sample is used to calculate them. Deviation in 
% is increasing because is decreasing the measurement 
values and their sizes converge. 

The sequence of steps in the calculation of parameters 
Pt, CT and RT is shown in Fig. 7.  

The calculated values of parameters were: Pt = 41.7 
Nm, CT = 94.3 ms, RT = 78.4 ms.  

The maximum signal amplitude of +5V in 
measurement device Biodex multi-joint system 3 
corresponds to analog-to-digital converter output code 512. 
Maximum signal is obtained under load of 680 Nm, and 
the sampling rate is 200 kHz [1].   
 Therefore 1st quantization level, or maximum 
resolution, corresponds to 1.328125 Nm, and sampling 
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period is 0,05 ms; for this reason, when performing 
calculations using more data received from the system, it is 
possible to increase the evaluation precision of parameters 
Pt, CT and RT.  
 

 
Fig. 7. Algorithm (sequence of steps) used to calculate 
parameters 

 
Conclusions 
 

It is advisable to use sixth order polynomial to

 approximate the function of reaction to one-time stimulus. 
In order to evaluate parameters of signal generated as 

a reaction to multiple stimuli it s more purposeful to use 
signal envelope detection methods. It is likely, that 
Segment averaging/Linear filtering method would be the 
most suitable for this aim, considering precision and 
performance criteria. 

When parameters Pt, CT and RT are determined using 
digital signal processing, the experiment duration 
decreases and also it is possible to eliminate the influence 
of operator actions on measurement results.   
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The aim is to analyze possibilities to approximate the signal of muscle reaction to stimuli using analytical functions, and to calculate 
required parameters Pt, CT and RT. It was shown, that under impact of one-time stimulus pulse it is purposeful to use sixth order 
polynomial for approximation. Polynomial coefficients with no less than 16 decimal places should be used for calculations. Algorithm 
for calculation of parameters Pt, CT and RT was presented. It was shown, that in case of muscle stimulation using complex signal it is 
more advisable to use reaction signal envelope detection methods. Experimental and calculation results are presented. Ill. 7, bibl. 8 (in 
English; abstracts in English and Lithuanian). 
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Darbo tikslas – išanalizuoti galimybes aproksimuoti raumenų reakcijos į stimuliavimą  signalus analitinėmis funkcijomis ir jų 
pagrindu apskaičiuoti dominančius parametrus Pt, CT ir RT. Parodyta, kad veikiant vienkartiniam stimuliavimo impulsui, 
aproksimavimui tikslinga naudoti šeštos eilės polinomą. Skaičiavimams naudoti polinomo koeficientus su mažiau kaip 16 ženklų po 
kablelio. Pateiktas parametrų Pt, CT ir RT apskaičiavimo algorimas. Parodyta, kad stimuliuojant raumenį sudėtingu signalu, tikslingiau 
ieškoti reakcijos signalo gaubtinės. Pateikti eksperimentų ir skaičiavimų rezultatai. Il. 7, bibl. 8 (anglų kalba; santraukos anglų ir lietuvių 
k.).  
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