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THE USE OF ALGORITHMIC APPROACHES FOR SMOOTHING  

OF MEASUREMENT INFORMATION 

The article is devoted to adaptive filtering in signal’s with complex dynamics measurement. Exam-

ples of such signals are: the wetting speed of the capillary soaking time converter; the leakage value 

during the stop valve diagnosing. For these cases, it is suggested to change the type of smoothing de-

pending on the dynamics. The dynamics is estimated by approximating current values by linear, para-

bolic or other dependencies. 

The results of mathematical modeling of a digital filter’s operation, a running average filter, and 

smoothing by linear and parabolic dependence at various frequencies of a useful signal, carried out with 

the help of MatLab, are presented. The filter efficiency was estimated from the root-mean-square deviation 

from the original sine signal. The conducted researches have shown, that application of local linear or para-

bolic approximation allows essentially to improve smoothing. Their use also allows to simultaneously moni-

tor the dynamics and build adaptive schemes; one-time to control the noise parameters, to deal with impulse 

noise. Based on the results, an adaptation algorithm for the soaking measuring transducer is proposed.  

Key words: adaptive filtering, smoothing, measuring transducer. 

.     -
   ,   

    -
     

 ( ).   , 
   -

.      
    -

  . 
     

 :   
.   

      
  . -

    -
  .  ,  

    

    -
    -

   . -
       . 

      
 . 

 .  -
    [1]  -
  [2]   

.    -
   [3]  -

   -
       

 ( . 1–2).    -
     

,    -
   .  



Ä. À. Ãðèíþê, È. Ã. Ñóõîðóêîâà, Í. Ì. Îëèôåðîâè÷ 83 

Òðóäû ÁÃÒÓ   Ñåðèÿ 3    2   2017 

    -
     -

  ( ) [4].   
     

-  .  -
    

     
 -  .  

-

 

. 1.    

 
 

t

C 

t

C 

   

. 2.    

 : 

a –      

;  –     

    ;  

( ) –  ;  

(   ; - - - - ) –   

    

     -
      

 .     
.    -
    

 
N

xxxx
y NiNiii

i
−+−− ++++

= 11 ...
, (1) 

       

 
N

xxaxaxa
y NiNiNiiiii

i
−+−+−−− ++++

= 1111 ...
,  (2) 

  

 a1 + a2 + ... + aN–1 + aN = N,  

 yi – ; xi –  ; N – -
 ( ) . 

    
    . 

     -
   .  -

       
    , -

    
  .   

    
   :  

 y(t) = c1 + c2t; (3) 

 y(t) = d1 + d2t + d3t
2, (4) 

  

 =
−

2

1

1

23

12

2

1

b

b

ww

ww

c

c
; (5) 

 =

−

3

2

1

1

345

234

123

3

2

1

b

b

b

www

www

www

d

d

d

; (6) 

 wj = (t1)
 j – 1 + (t2)

 j – 1 + ... + (tN) j – 1;  (7) 

 bj = (t1x1)
 j – 1 + (t2 x2)

 j – 1 + ... + (tN xN) j – 1; (8) 

  tk = [0  ∆t  2∆t … (N – 2)∆t  (N – 1)∆t ] , (9) 

∆t –  . 
  (5)–(6)  -

    -
.      ,  

   . 
    yi 

     t = tS 
   [0 (N – 1)∆t].  -

   N   -
 tk    . -

  ,  

 yi(tS) − yS (10) 

  ,  
     -

 ,  yS –   
.   (3)   

tS,    , 
    -

  (2). 
  -  -
      

    
   .  -

     
,      

 .     -
    

  . .    
     -



84  Èñïîëüçîâàíèå àëãîðèòìîâ àïïðîêñèìàöèè äëÿ ñãëàæèâàíèÿ òðåíäîâ èçìåðèòåëüíûõ ïðåîáðàçîâàòåëåé 

Òðóäû ÁÃÒÓ   Ñåðèÿ 3    2   2017 

  .   -
 xi … xi–N+1     

 ,   
      

.    
      

  .  
    

  MatLab. -
     -

  [0 0,0001 0,001 0,01 0,05] . 
    1 . 

     -
 .    -
   ,  
 ,   (3)  (4).  -
    ( ) -

   3-  .  
     -

    
 

 yi − yS → min. (12) 

     -
    N = [3, 5, 9, 11, 

15, 21, 25].  
    

     
  . 3–8.    

     -
.     -

      
  ( . 3). 

 
. 3.    0    

   : 

1 –  ; 2 –  

; 3 –  ;  

4 –  ; 5 –    

    -
    -

     
   ( . 4).  -

    -
   .  
     

   .  
     

 .   -
     -

     -
     .  

 

 

. 4.    0,0001   

  ( )   ( )    

  :  

1 –   (N = 15, 25);  

2 –   (N = 25, 15);  

3 –  ;  

4 –   (N = 25); 5 –  

    
     -

   ,  
  0,001 . 

   -
      

  .     
   -

    -
   ,   -

    . 
    

     
  . -

  ,   -
 N      

 20.    d2  2 -
      -

       
 .  

500 510 520 530 540 
0

 

t, c 

1

2

3

4

5

6

1
2 

3

4 
5 

500 510 520 530 540 t, c 

3,1 

3,3 

3,5 

3,7 
1 2 

3

4 5

 

1 
2  

3 

4
5 

500 510 520 530 540 
–3 

–2 

–1 

0

1

2

3

t, c



Ä. À. Ãðèíþê, È. Ã. Ñóõîðóêîâà, Í. Ì. Îëèôåðîâè÷ 85 

Òðóäû ÁÃÒÓ   Ñåðèÿ 3    2   2017 

 
. 5.    0,001   

  ( )   ( )    
  :  

1 –   (N = 15, 21);  
2 –   (N = 15, 21);  

3 –  ; 4 –  ;  
5 –   (N = 15); 6 –  

 

. 6.    0,01   
  ( )   ( )    -

 :  
1 –   (N = 11, 15);  

2 –   (N = 11); 3 –  
 (N = 11, 15); 4 –  ;  

5 –  ; 6 –  

510 520 530 540 t, c

–10

–5

0

5

10

4 53

1 2 6

500 510 520 530 540 t, c

15

–10

–5

0

5

10

3

1

4

2

5

6

 

. 7.    0,05   

  ( )   ( )    

  :  

1 –   (N = 3, 5); 2 – ;  

3 –  ; 4 –  ;  

5 –   (N = 9, 11);  

6 –   (N = 5) 

530 534 538 542

–9

–7

–5

4
2

1

5

6

3

 

. 8.    0,05   

       

(  ):  

1 –   (N = 3, 5);  

2 – ; 3 –  ;  

4 –  ;  

5 –   (N = 9, 11);  

6 –   (N = 5) 

    d2  2 
       

    -
 . 

   -
     

   .    
    

   .   
     -

    .  

520 560 580 
–15 

–10 

–5 

0 

5 

10 

15 

5 

2 

6 

3 

1 

4 

t, c

500 520 540 560 580

–10 

–5 

0

5 

10 

15 

5 

2 

6 

3 

1 

4 

t, c

540500

600 610 620 630 640 t, c 

–8 

–7 

–6 

–5 
5 

2 

1 

3 

4 6 

610 620 630 640 
–10 

t, 

–9 

–8 

–7 

–6 

–5 1 2 

3 

4 
6 

5



86  Èñïîëüçîâàíèå àëãîðèòìîâ àïïðîêñèìàöèè äëÿ ñãëàæèâàíèÿ òðåíäîâ èçìåðèòåëüíûõ ïðåîáðàçîâàòåëåé 

Òðóäû ÁÃÒÓ   Ñåðèÿ 3    2   2017 

    -
   .  -
     

   -
. 

     
     . 

   -
     

 .   
    -

    -
   . 

    
     -
      

.     
  .   ,   

     -
 ,  -

     -
  .  

 r, n, m  –  ,  
r ≈ N / 3, n ≈ N / 3, m ≈ N / 3  r + n + m = N, 

    

 =

−

3

2

1

1

789

456

123

3

2

1

s

s

s

yyy

yyy

yyy

h

h

h

, (12) 

 

 ry =1 ;  ny =4 ; my =7 ; (13a) 

 
=

=
r

i

ity
1

2 ;  
+=

+=
n

ri

irty
1

5 ; 
++=

++=
N

nri

inrty
1

8 ; (13b) 

=

=
r

i

ity
1

2

3 ; 
+=

+=
n

ri

irty
1

2

6 ; 
++=

++=
N

nri

inrty
1

2

9 ;  (13 ) 

 
=

=
r

i

ixs
1

1 ;  
=

+=
n

i

irxs
1

2 ; 
++=

++=
N

nri

inrxs
1

8 .   (14) 

   

 =
−

2

1

1

34

12

2

1

q

q

vv

vv

g

g
, (15) 

 

 zv =1 ;  zNv −=3 ;  (16a) 

 
=

=
z

i

itv
1

2 ;  
+=

+=
N

zi

iztv
1

4 ;  (16b) 

  
=

=
z

i

ixq
1

1 ;  
+=

+=
N

zi

izxq
1

2 .  (14) 

 z    -
     N.  

. 1.   -
    -
   .  

     -
      .  
2.    -
    

      
. 

3.    -
   -

  ,    
. 

 

1.  . .,  . .,  . .    -
  //  . 2013.  6: .- .   . . 99–103. 

2.  . .,  . .,  . .    -
   //  . 2015.  6: .- .    . 132–136. 

3. Oliferovich N., Hryniuk D., Orobei I. Measuring the speed of capillary soaking with adaptation 
regarding coordinates // 2015 Open Conference of Electrical, Electronic and Information Sciences 
(eStream 2015), Vilnius, Lithuania, 21 April 2015, pp. 1–4. 

4.  . .     :   
. .: , 1985. 336 . 

5.  . .,  . .,  . .   :  
,    . 3-  . .: , . . -  -

, 1967. 368 . 

References 

1. Bogoslav N. M., Hryniuk D. A., Orobei I. O. Experimental research of the dynamics of circular im-
pregnation. Trudy BGTU [Proceedings of BSTU], 2013, no. 6: Physical-mathematical sciences and infor-
matics, pp. 99–103 (In Russian). 

2. Suhorukova I. H., Hryniuk D. A., Orobei I. O. Increased sensitivity stand leaks stop valves. Trudy 
BGTU [Proceedings of BSTU], 2015, no. 6: Physical-mathematical sciences and informatics, pp. 132–136 
(In Russian). 



Ä. À. Ãðèíþê, È. Ã. Ñóõîðóêîâà, Í. Ì. Îëèôåðîâè÷ 87 

Òðóäû ÁÃÒÓ   Ñåðèÿ 3    2   2017 

3. Oliferovich N., Hryniuk D., Orobei I. Measuring the speed of capillary soaking with adaptation re-
garding coordinates. 2015 Open Conference of Electrical, Electronic and Information Sciences (eStream 
2016), Vilnius, Lithuania, 21 April 2015, p . 1–4. 

4. Katkovnik V. Ya. Neparametricheskaya identifikatsiya i sglazhivanie dannykh: metod lokal’noy 
approksimatsii [Nonparametric Identification and Data Smoothing: Method of Local Approximation]. 
Moscow, Nauka Publ., 1985. 336 p. 

5. Demidovich B. P., Maron I. A., Shuvalova E. Z. Chislennye metody analiza: priblizhenie funktsiy, 
differentsial'nye i integral'nye uravneniya [Numerical methods of analysis: approximation of functions, 
differential and integral equations]. Moscow, Nauka Publ., Glavnaya redaktsiya fiziko-matematicheskoy 
literatury, 1967.  368 p. 

   

   –   , ,   -
    .   -

  (220006, . , . , 13 ,  ). -mail: 
hryniuk@tut.by 

   –    . -
    (220006, . , . , 13 , -
 ). -mail: irina_x@rambler.ru 

   –     
  .     (220006, 

. , . , 13 ,  ). -mail: bogosnadya@rambler.ru 

Information about the authors 

Hryniuk Dmitry Anatolyevich – PhD (Engineering), Associate Professor, Assistant Professor, the 
Department of Automation of Production Processes and Electrical Engineering. Belarusian State Techno-
logical University (13a, Sverdlova str., 220006,  Minsk, Republic of Belarus). E-mail: hryniuk@tut.by 

Suhorukova Irina Gennadyevna – assistant lecturer, the Department of Information Technology. 
Belarusian State Technological University (13a, Sverdlova str., 220006, Minsk, Republic of Belarus).  
E-mail: irina_x@rambler.ru 

Oliferovich Nadezhda Mihaylovna – assistant lecturer, the Department of Automation of Production 
Processes and Electrical Engineering. Belarusian State Technological University (13a, Sverdlova str., 
220006, Minsk, Republic of Belarus). E-mail: bogosnadya@rambler.ru 

 25.04.2017 


