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Summary. Subject of this article is theoretical 

substantiation of the adaptive algorithm of suppression 

of out-of-band interference. Substantiation is based on 

the method of signal isolation from the background of 

additive interference. The essence of the method is to 

pass a mixture of signal and interference through a filter 

in which interference is suppressed while the signal 

practically does not change. In order to estimate the 

efficiency of the scheme of the additive compensator for 

out-of-band interference and to calculate the output 

signal-to-interference ratio the method of minimum 

mean square error was used. 

Key words: out-of-band interference; interference 

suppression filter; signal / noise at the output of the 

filter; mean square error. 

INTRODUCTION 

During the life course of any biological object a 

complex appearance of the physical field arises. Their 

special distribution and the change in the timeline pro-

vide with significant biological information, which can 

be used, in particular, in order to the veterinary and 

medical diagnostic purposes. Since the physiological ac-

tivation of the animals’ internals relates particularly to 

the pathologic process in them, and is accompanied by a 

rise in their thermogenesis and internals blood flow, it 

can be registered by using the data of heat mapping. The 

foregoing states the fact that the blood should be one of 

the main study subjects in assessing the state of an ani-

mal organism, and also while studying the electromag-

netic field radiation of its organism. 

As a result of the literary sources analysis, it was 

determined that the structure and receiver sensitivity of 

the animals infrared rays will depend on the method and 

circuit design for suppression of out-of-band interfer-

ence [1, 12]. 

The suppression of out-of-band interference in the 

radiometer receiver can be seen as an aspect of the task 

of the optimum filtration, when the signal and noise are 

passed through the filter, in which the noise is sup-

pressed, but the signal is not changed. The suppression 

algorithm of out-of-band interference that can be syn-

thesized on the basis of this method is a solution of the 

Wiener-Hopf equation [2]. 

To create an additive compensator of out-of-band 

interference (ACOI) it is important to undertake a theo-

retical study, related to the obtained proportions for the 

suppression algorithm of out-of-band interference upon 

criterion of the minimum mean square error (MMSE) in 

the complex differential form [3]. 

ANALYSIS OF RESEARCHES AND 

PUBLICATIONS 

Today, the method of the minimum mean square 

error was widely distributed in the adaptive system the-

ory [3, 4]. The algorithm that can be synthesized on the 

basis of this method is a solution of the Wiener-Hopf 

equation through the steepest descent method with the 

help of an approximation, which is that the square of a 

single sample of the error signal at the output of the ad-

ditive compensator of out-of-band interference (ACOI), 

and is accepted as the assessed value of the mean square 

error MSE [5]. 

Therefore, the given algorithm MMSE requires 

minimal information on the interference parameter and 

could provide with a basis for the practical application 

and realization of the adaptation theory while the com-

plex system construction. However, the mathematical 

justification of this algorithm was currently held only in 

discrete time, and known results were obtained in the 

quasistatic approximation [4-7], leading to the limited 

prospects usage of the obtained algorithms to suppress 

interference in complex dynamical systems. 

Since the optimal resolution of the adaptive com-

pensation problem is, as a rule, physically unrealizable 

[4, 5], a quasi-optimal algorithm of suppression of out-

of-band interference must be obtained, and which could 

be relatively easily realized physically [4]. Furthermore, 

it is important to provide it with the rapid convergence 

in time to the optimal resolution [4-13], i.e. could ensure 

suppression in real time, but not in the process of post-

processing [4]. 

OBJECTIVES OF RESEARCH 

Subject of research is the suppression process of 

out-of-band interference with the help of the additive 

compensator of out-of-band interference. 

Objective of research is the theoretical analysis of 

the method and schemes of suppression of out-of-band 

interference in radiometer receiver. 

To reach the objective it was necessary to fulfill 

the following tasks: 

1. To prove generalized structural scheme of the 

additive compensator of out-of-band interference. 

2. To determine the efficiency of the suppression 

additive compensator of out-of-band interference and 

calculate the signal / noise at the output. 
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THE RESULTS OF RESEARCH 

To justify theoretically the suppression adaptive 

algorithm of out-of-band interference the general struc-

tural scheme shown in Fig. 1 was used. 

 

Fig.1. General structural scheme of adaptive com-

pensator: S, M, N – useful and interfering signals 

Consequently, N is correlated to M, but they are 

not statistically interrelated, or it is weakly correlated to 

S [3]. Based on this scheme the suppression adaptive al-

gorithm of out-of-band interference was synthesized: 

where: RSGD – reference signal generation device; AF 

– adaptive filter. 

Synthesizing scheme (Fig. 2) has one common in-

put (for the main and reference inputs), which is the 

main input for the compensating circuit. Useful signal 

and frequency-separable (out-of-band in relation to use-

ful) interference go to this input. In the reference signal 

generation device (RSGD), the useful signal is filtered, 

as a result of which interference will be received on the 

input of the adaptive filter of the adaptive interference 

compensator (AIC) that are correlated only to interfer-

ence in the main input. At the same time, the synthe-

sized adaptive algorithm should definitely determine the 

structure and characteristics of the adaptive compensa-

tor construction of out-of-band interference [3-7]. To 

synthesize the schemes for suppressing frequency-

separable signals with a useful signal, it is necessary to 

obtain an equation for the analogue MMSE algorithm in 

the complex domain. 

Let us write down the equation for the interfering 

signal X (out-of-band signal load on the reference input 

of AIC and for the parameter transfer function AF W as 

follows [10]: 

,)( IR iXXSX     (1) 

,);( IR iWWStW 
 

 (2) 

where: R and I – real and imaginary components of the 

complex quantities; i –unit imaginary number; S – ar-

gument of the Laplace transform. 

Let us write down the equation for the error signal 

and the signal in the main input of AIC Y as follows 

[10]: 

,);( IR iSt  
                          

 (3) 

 

.)( IR iYYSY 
                            

(4) 

As far as the input and output quantities are pre-

sented in complex form, thus, the algorithm should pro-

vide with the reconstruction of both imaginary and real 

components of the parametric transfer function AF. 

Therefore, the output signal AF Z is in complex form, 

the records can be represented as follows [10]: 

.);( IR iZZStZ 
                              

(5) 

Let us write down the equation in short form for the 

error signal in output of AIC and the signal in output AF 

[11]: 

),;()();( StZSYSt                          
(6) 

 

).();();( SXStWStZ 
                        

(7) 

Since the synthesized algorithm provides with the 

reconstruction of both the imaginary and real compo-

nents of the parametric transfer function W (t, S), under 

this, the following conditions are fulfilled [11]: 

,
minRR

t
lim  

                            

(8) 

.
minII

t
lim  



                             (9) 

Notably, the most appropriate for this minimization 

of the objective function is the average power of the 

signal in output of AIC: 

],[][][)];();([ 2222*

IRIR EEEStStE  
         

(10) 

where: E
 
is the symbol of the mathematical expecta-

tion of a random variable is collected in parentheses: an 

asterisk (*) means a complex conjugate (since both 

components of the error signal )St,(
 
are shifted 90° 

in phase relative to one other, their minimization is not 

possible in isolation). 

 

 

Fig. 2. Functional summary scheme of an analog ACOI 
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The equation for the complex-conjugate error to the 

signal looks as follows:  

).();()();( **** SXStWSYSt 
  

(11) 

Let us find the instantaneous value of the gradient 


 
of the quantity )]St,(*)St,([ 

 
along the real and 

imaginary components: 

).({;()}(){;(

)]};([){;()]};([){;()];([

**

**

SXStSXSt

StStStStSt RRR








(12) 

}.;(){;()}(){;(

)]};([){;()]};(){[;()];();([

**

***

StiXStSiXSt

StStStStStSt II








 
(13) 

Applying the steepest descent method to the real 

and imaginary components of the parametric transfer 

function AF by means of their reconstruction along the 

corresponding assessed gradient value, taken with a mi-

nus sign, we have: 

)],;();([ * StSt
dt

dW
R

R 
                       

(14) 

)].;();([ * StSt
dt

dW
I 

               

(15) 

In response to the equation (6) we can write: 

).;();()];();([{
);( ** StStiStSt

dt

StdW
IR   (16) 

Further, using the equations (12) and (15), we final-

ly have the unknown formula for the analog compensa-

tion algorithm of out-of-band interference upon the 

MMSE criterion in complex differential form [10]: 

).();(2
);( * SXSt

dt

StdW
  (17) 

In Fig. 2 the general operating scheme of one-

dimensional AIC constructed in accordance with the ob-

tained analog adaptive algorithm of MMSE in the spec-

tral domain is presented [10]. 

CONCLUSIONS 

1. The influence of high frequency electromagnetic 

field of the radio-frequency voltage zone on the phase 

of animal skin cover will slow down the inflammation 

process, improving the blood circulation, microcircula-

tion of blood and lymph, increasing the absorption of 

oxygen by tissues, activation of regenerative processes 

that will lead to recovery of the animal. The application 

of low-energy electromagnetic fields for restoring ani-

mal skin cover is considered to be significantly different 

from the existing physical and therapy procedures. 

2. In theory, suppression of out-of-band interfer-

ence (for example, through an image channel) can be 

implemented with the help of one AIC if its parameters 

(its own dynamic range, working band) are coordinated 

with the parameters of compensated interference. 

1. The synthesized MMSE algorithm is justifiable 

and unbiased, and obtained efficiency while its imple-

mentation is high enough, accordingly this algorithm 

can be used to compensate out-of-band interference in 

dynamic systems. 
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