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I. INTRODUCTION 

Getting adequate models of control objects are 
based on the theory of identification. When identifi-
cation in low priori information on the object and 
measurement error input X and Y outputs regression 
analysis methods are ineffective. So important is 
researching of new methods that insensitive to de-
scribe the properties of a priori signals. 

II. PROBLEM STATEMENT 
The integrated method of least squares (IMLS) 

reduce the spread of values of functionality, without 
reducing its sensitivity in the area of extremum. This 
can be done for smoothness X, Y by additional aver-
aging on the set of independent functional quasistat-
ic close to the mean [1]. Such functionals can be 
shifted in the time t  on interval   for average prod-

ucts of 
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between Y and model X. Averaging them to get the 
range 1 1[ , ]   of functionality: 
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where )(  is the feature weight. 
A necessary condition I  for k , 1,k n  are: 
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From the expression (2) for discrete time mea-
surements follows the normal system of equations: 

ˆ , A β B                                (3) 

where A  is the matrix n n  of elements ika ; B  is 
the matrix-column 1n  of elements kb . 
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Choosing weight ( )m  functional features (1) 
in the class of multiple adaptive identification sys-
tems [2] carried out by an external indicator of the 
quality of the subsystem upper level. Weight ( )m  
are class function is symmetric 0m   finite func-
tions: 
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where    ,  0,  , kpm  are is determined 
by the condition of positive definiteness matrix A . 

Solution System (3) evaluates the vector β̂ : 

ˆ .-1β = A B  

For the study of the method used IMLS model 
in Simulink environment (Fig. 1). 

 
Fig. 1. Model method IMLS 



50                                                                    ISSN 1990-5548   Electronics and Control Systems  2017. N 1(51): 49-52 
 

 

Power mkp., A and B contain the functions de-
scribed in the environment of Matlab, respectively 
mkr, calcA and calcB. 

Function Code mkr, which calculates the m criti-
cal: 

function mkr=mkr(X) 
%Uобчислює mkr 
f=size(X,2); 
A1=calcA1(X,1); 
A1=normA(A1); 
dA1=det(A1); 
m=2; 
A=calcA1(X,m); 
A=normA(A); 
dA=(det(A)); 
while 

floor(dA*1000000000)~=floor(dA1*100000
000)&(m<f/2-1) 

    m=m+1; 
    A=calcA1(X,m); 
    A=normA(A); 
    dA=det(A); 
end; 
mkr=m; 
end 

 
Function code CalcA, which calculates the 

elements of the matrix A, the equation (4): 
 

function A =calcA(m, X,O,gama) 
% obchuslennja matrix A 
f = size(X, 1); % Number of rows 
t=size(X,2); %число столбцов 
for i=1:1:f 
    for j=1:1:f 
        zagal=0; 
        chast=0; 
        for k=m+1:1:t-m 
            for l=-m:1:m 
                n=(1+abs(l))^O*(1-

cos(2*pi*abs(l))/m)^gama; 
                

aij=X(i,k)*X(j,k+l)+X(i,k+l)*X(j,k); 
                chast=chast+aij*n; 
            end; 
            zagal=zagal+chast; 
        end; 
     A(i,j)=zagal;     
    end; 
end; 
end 
 
Function Code calcB, which calculates the matrix 

elements in the equation (5): 
 
function B =calcB(m, X, Y,O,gama) 
% obchuslennja matrix A 
f = size(Y, 1); % Number of rows 
h=size(X,1) ; 
t=size(X,2); % Number of columns 

for i=1:1:f 
    for j=1:1:h 
        zagal=0; 
        chast=0; 
        for k=m+1:1:t-m 
            for l=-m:1:m 
                n=(1+abs(l))^O*(1-

cos(2*pi*abs(l))/m)^gama; 
                

aij=Y(i,k+l)*X(j,k)+Y(i,k)*X(j,k+l); 
                chast=chast+aij*n; 
            end; 
            zagal=zagal+chast; 
        end; 
     B(i,j)=zagal;     
    end; 
      
end; 
end 

 
III. ILLUSTRATING EXAMPLE 

To test IMLS generated set of input 1 2( , )x x  and 
output ( )y  signals model 1 1( ) ( )y t x t    

2 2 ( ) ( )yx t e t   for 1000 dimensions, where 

1 2 1    ; ( 1, )t k t k N   ; 1000N  ; 
0.001t T   ; 1 1( ) sin ( );x t t e t    2 ( )x t   

2sin( ) ( )t e t     ; 2
T


  ; 30 , 1 2, ,ye e e  

– 10% of "white noise". 
Factors weight function is selected taking into 

account the type of noise that is "white noise": 
2, 0.1     . Figure weighting function ( , , )l    

shown in Fig. 2. 

 

Fig. 2. Figure weighting function ),,l(   

With IMLS received model 1ˆ( ) 0.98 ( )y t x t   

21.05 ( )x t , which estimates 0.98 and 1.05 are close to 
the true individual. As a result of the method of least 
squares among MS Excel, the resulting model 

1 2ˆ( ) 0.76 ( ) 0.75 ( )y t x t x t   with a significantly re-
duced estimates of 0.76 and 0.75 true individual       
factors. 
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III. APPLICATIONS 

Figure 3 illustrates the problem was estimating the 
coefficients of direct and cross gear functions 

),p(W),p(W),p(V),p(V 12111211 )p(W),p(W),p(V),p(V 21222122 , 
as parts of the first order. Then the equations of the 
form: 

1( ) ( ) ( ), 0,1,2,..., .n n n
dy kt y t x t n N
dt

  
   

 
Fig. 3. Scheme dryers

 
IMLS method defined factors 1




, k


. As a re-

sult of the experiment on active grain dryer received: 
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The obtained values coefficients gear functions 
make it possible to construct a solution of control 
channels and, in general, autonomous optimal con-
trol process of drying grain. 

IV. CONCLUSIONS 

The proposed method IMLS to build models of 
objects control in low prior information about the 
object of study makes it possible without increasing 
the number of measurements, that the complexity 
and cost of model experiment, get simple local mod-
els. Proposed method combines a single for the en-
tire range of variable object identification analytical 
dependence, i.e. complete mathematical model using 
the weighting functions – unique frequency filters, 
without significant complications. 

Further development of this method is possible in 
terms of structure optimization of weight functions 
that for a smaller number n they are better ap-
proached the sign-functions that are analogues of 
ideal filters. 
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