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ABSTRACT 
 
The results of the studies of adaptive algorithm of image 
comparison in correlation-extreme navigation system 
(CENS) of aircrafts are presented in this article. The 
possibility of reducing the influence of impulse 
interference, which occurs on the viewing surface of 
reference area, with the help of algorithmic processing, is 
shown. The results of the statistical sampling of adaptive 
algorithm, which allows performing the selection of 
reference objects in conditions of influence of impulse 
interference, are given. 
 
Key words: Adaptive algorithm, correlation-extreme 
navigation systems,viewing surface, impulse interference. 
 
1. INTRODUCTION 
 
Navigation of aircraft, which uses the correlation-extreme 
systems (CENS), in conditions of changes of the state of 
viewing surface (VS), which is caused by heavy 
precipitation events, for example, can disturb the process of 
locating the aircraft. It is based on the primary processing 
sensors’ perception of water spills, for example, as new 
structural elements of VS. Taking into consideration their 
low brightness temperature, the water spills, for example, 
can be perceived by the radiometric CENS as the objects of 
sharp contrast to the typical surfaces, which have the higher 
brightness temperature values. Furthermore, the new 
borders between the existing objects and water spills will 
be visible in the current images of optoelectronic systems. 
The discrepancies, caused by precipitation events, will be 
taken by the system and will cause the inability of 
generation of unimodal decision function (DF) as a result of 
comparison between the current image (CI) and reference 
image (RI). In this regard the necessity of development of 
secondary processing algorithm occurs, the use of which 
will allow ensuring the needed accuracy of aircraft 

localization in conditions of powerful impulse interference, 
causing the distortion of CI [1, 2, 3, 10]. 

1.1 Problem analysis 
In order to ensure the high accuracy of the navigation of 
aircraft equipped with CENS, the works [4, 5, 6, 7] propose 
to create optimal RIs. The results of research on the 
formation of the DF under the influence of the environment 
on the propagation of working signals are presented in the 
work [8].In [9] it is proposed to use the Hough 
transformation to localize the contours of the objects in the 
images. The estimates of the influence of scale distortions 
on the formation of the DF are provided in [3]. 
 
However, the proposed solutions are not related to the 
assessment of the possible impact of powerful impulse 
interference on the end result of CENS operation. One of 
the possible ways of solving the problem of navigation of 
aircraft under conditions of the effect of intentional and 
unintentional interference on the VS is the application of 
adaptive algorithms of DF formation, in which by setting a 
quantization threshold for estimating the mean value of the 
background and converting the CI into a binary image, it is 
possible to select the brightest object used as a reference 
object. 
 
The object of the article is to investigate an adaptive 
algorithm for binary images comparison. 
 
2. MAIN MATERIAL 

2.1 The description of the adaptive algorithm of image 
comparison 
An adaptive algorithm involves the iterative processing of 
information about a measured parameter with a variable 
threshold until a single-valued solution is obtained. 
Commonly, the brightness is taken as a measured parameter 
in CENS, it varies according to the electrophysical 
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characteristics of surfaces and backgrounds. Three-
dimensional objects located by the CENS sensors at 
different angles can add a significant value to the absolute 
brightness values. 
 
The decision is made according to a certain rule (criterion). 
We can select a rule that consists of the following: a 
fragment of the current image HjH, for which when 
comparing CI and RI the condition is met: 

 
j i

i
R = inf R ,  (1) 

 
is declared to be completely identical to the RI. The index i, 
depending on the number of fragments displaced with 
respect to one another in a frame H, can take M values. If 
more than one fragment coincides on criterion (1), no 
decision shall be taken. 
When comparing the fragments of binary CI Hi with the 
binary RI, the decisive rule by which the fragment of CI is 
declared to coincide with RI is as follows: 

 
j i

i 0,M
z = sup z


,  (2) 

 
Based on the general principles of the iterative process 
organization, with regard to CENS, we will form the 
description of the images of the viewing surface, in which 
values 1 represent objects and 0 are the backgrounds. 

2.1.1 The input data for the description of VS images 
The VS CI SCI, generated by the CENS sensors shall be 
expressed via the original image (OI) SOI, which shall be 
assumed to be undistorted and noise-free. These images are 
generally a matrix of the values of brightness of objects and 
VS backgrounds in resolution elements: 

 
 CI OIS =S = S i,j ,  (3) 

 
where 

 

S(i,j)=
Sv(i,j),  at  S(i,j) ∈ Sv
Sw(i,j),  at  S(i,j) ∈ Sw

; 

 
Sv(i,j) is the brightness of (i,j)-th element of v-th object in 
the image; 
Sw(i,j) is the brightness of (i,j)-th element of w-th object in 
the image; 
V and Ware the number of objects and backgrounds in the 
OI. 
 
The impulse interference occurring on the VS shall be 
represented in the CI as S. Hereinafter, let us assume that 
the signal density on the CI from impulse interference has 
the form of: 

 
w ρλ(S -S )

ρ
ρ

ρ

λe ,    S S ;
w (S)=

0,     S>S ,

 



  (4) 

 
where 

 
е

0 w ρ

D
λ=

D (S -S )
; 

 
еD the diameter of resolution cell on the VS; 

0D the average diameter of impulse interference on the 
VS. 

 
Let us make the notations: 
F0the general number of pixels of CI; 
Fvthe number of pixels corresponding to the object in the 
image; 
Fwthe number of pixels corresponding to the background 
of the image; 
Fthe number of pixels corresponding to the impulse 
interference in the image. 
 
When 

ρ v w 0F +F +F =F .    (5) 
 

The expression (5) describes a sample F0 comprising three 
groups i corresponding to the background w, interference 
 and object v. 
 
The sampling density can then be presented as follows: 

 
3

i i
i=1

w(S)= p w (S) ,   (6) 

 

where i
i

0

F
p = ,

F
i=1, 2,3 a priori probabilities of groups; 

i iw (S)=w(S ω ) conditional densities of probability of 
random value S provided that S belongs to the group i. 

 
As a result, for the selection of signals on the CI from the 
object on the VS, let us present a sample (3) in two groups: 
1 group - signals from the object; 
2 group - other signals. 

2.1.2The organization of iterative process 
To determine the initial value of the threshold l0 there is an 
estimate of the mean value wS


 for which the CI is 

converted to a binary image H0. Comparing the CI to the RI 
according to the rule (2), a matrix 0

ijz  is formed and a set 

of values is determined: 
 

0
1 2 kl iji,j

M = (k,l) 1,N ×1,N z = max z  
 

. (6) 

 
The maximum value of this population may differ from Fv 
(it is probable that 0

max vz <F ). 
 
In case whenM0={1(m,l)}, it is decided that the coordinates 
of the pivot element of the object are equal to the CI values 
m,l. 
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If no decision is taken, a three-stage iterative process is 
organized. 
 
In the first stage, the initial value of the threshold l0 is 
replaced by l1. 
 
In the second stage, a new CI H1 is formed relative to the 
threshold l1. 
 

In the third step, the value matrix 1
ijz  for CI H1 is 

calculated and the sum of M1 values is determined. 
 
The organization of the iterative process necessitates the 
determination of the size of the iterative step and its sign. 
The step selection of each iteration must be made with the 
respect to the following: CI Hishould not drastically differ 
from Hi1at the next i-th iteration. 
 
The search is carried out up to the moment when the 
highest value of the result of the comparison of the images 
corresponding to the perfect match of the CI and RI are 
found according to the criterion: 

 
j i

i 0,U
G = sup G


.  (7) 

 
The setGi,in which the largest number of units is written is 
taken as the result of the selection of the target object.The 
cellGj(i,j)with the largest number of units allows to 
determine the number of the step-by-step comparison by 
rows and columns of the set in which the target object is 
selected. 
 
Thus, a decision is made to select the target object in the 
frame of the CI. 

2.2 The results of statistical sampling of adaptive 
algorithm  

Test objectives: To evaluate the performance of an adaptive 
algorithm under different interference conditions using 
statistical modelling. 
 
The test program consisted of: 
1) Simulation of a noise-free CI based on the "object 
against background" image model; 
2) Simulation of the position of impulse interference in the 
frame of the CI and its amplitude; 
3) Simulation of the CI by applying to the noise-free CI 
the noise,simulating the interior noise of radiometric 
channels; 
4) Simulation of the algorithm of selection of an object 
using binary RI and its modification with adaptation of the 
threshold; 
5) Statistical tests of algorithms of both types to assess 
their performance for different parameter values; 
6) a theoretical evaluation of the effectiveness of an non-
adaptive algorithm; 
7) Comparison of theoretical results with those, obtained 
with the help of statistical modelling. 
 

The test procedurewas outlined as follows: 
 
CI and RI were initially modelled based on the "object 
against background" model. 
 
Let us denote by  

m m
ij 1 2T = T , i 1,N , j 1,N     the presentation of CI,  

and by    
im

v v v
1 N im 1 2T = T ,…,T N =N N its vector 

representation obtained by the involute of the CI set by 
rows. 
 
Transitions between the element indices are performed 
according to the following rules: 
 

   
 2 2

2

N N

i,j ak=N i-1 +j;

k i=div k+1, j=mod k
.  (8) 

 
The CI matrix is assigned values фT , i.e. 

 
m
ij 1 2фT =T , i 1,N , j 1,N  . 

 
The binary RI of the elements 3J whose configuration is 
assumed to be known is defined as follows. If you put the 
RI on the CI set, then the reference or characteristic 
element of the target is the element with the smallest 
number in the CI vector representation. In other words, if

 31 Jc= c ,…,c  is the vector of the target numbers, then

op 1c =c  is the reference element number. 
 
Let’s construct the RI vector as follows: 
 

   3 3 31 J -1 2 1 J J -1e= e ,…,e = c -c ,…,c -c . (9) 

 
Then the object vector is recovered by the reference 
element opc  number and the RI vector e by the relation: 
 

 3 3 31 op 2 1 1 J J -1 J -1c= c =c ,c =c +e ,…,c =c +e . (10) 

 
The aim localization problem is to determine the number of 
the reference element, according to which with the help of 
the relation (8) we can find the coordinates of the reference 
element in the matrix representation: 
 

2 2op N op op N opi =div c +1, j =mod c .  (11) 
 

Let us assign elements vT  with numbers 
31 Jc ,…,c  the 

values фT -B . Then, according to the interference model, 
the coordinates of each element of the CI affected by the 
interference are randomly given for each coordinate in 
accordance with the uniform law of distribution, and the 
amplitude of the interference is chosen based on the 
exponential law of probability distribution. It is provided 
that, in case of a disturbance on an element occupied by an 
object, a new drawing of the position of interference shall 
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be made until it hits an element of the image corresponding 
to the background. This completes the formation of a noise-
free CI. 
 
The final construction of the CI is carried out by adding to 
each element of the CI a random normally distributed value 
with zero mean and mean standard deviation , thus 
completing the simulation part of the algorithm. 
 
The algorithm for selecting an object is the following. The 
limits of the RI scanning by CI are defined, i.e. the set of 
valid reference element coordinates such that the RI 
constructed from this element did not exceed the CI. For 
this purpose, some initial value of the support element 
number is given н н 2k , 1 k <N .Based on (8) it follows that

нi =1, н нj =k . 
 
According to formula (10), a vector c is constructed and 
calculated 
 

 1 J3min c cj =min j ,…,j ,  

 1 J J J3 3 3max c c c cj =max j ,…,j , i , j . 

 
Then by the formula: 
 

J3

min н min max 2 н max

min max 1 н c

J =i +1-j ; J =N +i -j ;

I =1; I =N +i -i
 

 
the horizontal and vertical limits of the RI scanning are 
defined. 
 
Next is an estimate of the mean value of the background 

фT̂ , the CI is converted to binary relative to some threshold 
l and by scanning the RI the set of the decision function is 
calculated. 
 
If the maximum is the single one, a decision is made on the 
selection of the object and the position of the coordinates 

 op op
ˆ ˆi ,j  is determined according to the position of the 

maximum of decision function. If the maximum is reached 
on several elements at once, in case of the non-adaptive 
algorithm the decision is made not to take a decision, and in 
case of an adaptive algorithm, the threshold for converting 
the CI into a binary image will be changed in such a 
manner that to reduce the number of extreme elements to 
one element. 
 
Statistical tests of the algorithm are then carried out, i.e. a 
new implementation of the CI is formed and a selection 
algorithm of the object is started. 
 
Multiple runs of the algorithm compute the probability of 
the correct localization of an object as the relation of the 
number of correctly selected cases to the total number of 
algorithm starts in the test series. 
 

For an non-adaptive algorithm, each series calculates 
theoretical efficiency estimates based on the formula: 

   
3

33
33

KJ j-1
j J -kj J -j k k

со JJ
j=1 k=0

P = C 1-α α C β 1-β
 
 
  

  . 

 
Results of statistical tests. 
 
The algorithms were tested with and without adaptation of 
the threshold of conversion of RI to binary image. The 
parameters of the simulated CI were taken equal to: 

1 2N =N =8; imN =64;  
coordinates of the reference element in CI 

 op op opk =27 i =4; j =3 ; σ=1K; background temperature

фT =270K;  

RI parameters: number of elements 3J =3; RI vector

 1, 7e . 
 

 
a) 

 
b) 

Figure 1:The correspondence соP (l/σ)  
 
In Figure 1 a, b the correspondence of the probability of the 
correct localization of the target with the value of the 
relative threshold l = l σ  at the value of the interference 
parameter 2 1S= J J =0  (a) and S=0,24  (b) for the fixed 
value of the signal-noise ratio q= B σ= 3 . Theoretical 
curves for the algorithm without adaptation of the threshold 
are indicated by continuous lines, corresponding results of 
statistical tests are shown by circles and in the case of 
adaptive algorithm by crosses. 
 
The analysis of the graphs in Figure 1 shows that: 
 
1) In general, the theoretical curve reflects correctly the 
course of the experimental relation; 
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2) The maximum experimental curve relative to the 
theoretical one is slightly shifted towards the higher relative 
threshold values, with the displacement decreasing with the 
increase of the interference; 
3) The efficiency of the adaptive algorithm is virtually 
independent of the threshold value and significantly 
exceeds the efficiency of the algorithm without adapting 
the threshold. 
 
In constructing the graphs presented in Figure. 1, 
implementations zN =1000  were processed to form one 
probability count. 
 
In Figure 2 a, b graphs of the correspondence of the 
probability of the correct selection of an object with the 
signal-noise ratio in the image at a fixed value of the 
relative threshold l =1,6  and the values of the parameter 
S=0 (a) and S=0,24 (b) are presented. 
 

 
a) 

 
b) 

Figure 2:The correspondence соP (l/σ)  
 
The results of the statistical tests of the non-adaptive and 
adaptive algorithms for the purpose of the three elements 
are still represented by circles and crosses  “ ”. Diamonds 
and pluses show the results of the tests of the same 
algorithms in the same diagrams, but with respect to an 
object, occupying 3J =21  element with the RI vector 

 
 1,1,1,1, 4,1,1,1,1, 4,1,1,1,1, 4,1,1, 6,1,1e . 

 
The analysis of graphs shows a satisfactory agreement 
between theoretical studies and statistical tests of the 
algorithm without the adaptation of the threshold, as well as 

substantial superiority in the efficiency of the adaptive 
algorithm. As the number of elements of an object 
increases, the characteristics of both algorithms improve, 
but this conclusion is only valid if the object does not go 
beyond the frame of the CI, otherwise the efficiency drops 
rapidly. 
 
A dotted line and a thin continuous line are shown on the 
graphs as the results of the tests of non-adaptive and 
adaptive algorithms, respectively, when the position of the 
pivot element of an object consisting of three elements, was 
not fixed, but was randomly set in accordance with the 
uniform law of probability distribution within the taken 
limits min max min maxI , I , J ,J . 
 
It should be noted that there has been a marked reduction in 
the efficiency of algorithms in the field of large values of 
signal-to-noise ratios. 
 
During the statistical tests of the algorithm with the 
adaptation of the threshold, it was noted that the iterative 
procedure of ascertaining the mean value of the background 
greatly reduces the speed of the algorithm, with little 
impact on its efficiency. Since the use of the principle of 
adaptation reduces the requirements for accuracy in 
estimating the mean of the background, it is sufficient to 
use the method of rough estimation of the mean of the 
background, which allows to increase the speed of the 
algorithm several times without losing its efficiency. 
 
During the statistical tests of algorithms, the probability of 
the correct localization of the target was assessed based on 
the results zN =1000  tests. But in the most unfavorable 

case, corresponding to соP =1 2 , for probability belief 
β=0,9  the confidence interval is  0,474; 0,526 . 

 
3. CONCLUSION 
 
The research has established the good agreement of the 
results of theoretical studies and the statistical sampling of 
the algorithm without the threshold adaptation as well as 
the substantial advantage in the effectiveness of the 
adaptive algorithm. It is found that with an increase in the 
number of elements of an object, the characteristics of both 
algorithms improve, but this is only true if the object does 
not go beyond the frame of the CI. 
 
The iterative procedure of updating the mean of the 
background deteriorates substantially the response speed of 
the algorithm with little impact on its 
effectiveness.Concurrently, the use of adaptation principle 
allows to lower the requirements to the estimating the mean 
of the background, for this procedure it suffice to use the 
method of raw estimation of the mean of the background, 
which allows to increase the response speed of the 
algorithm several times without losing its efficiency. 
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