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ABSTRACT  
 
The paper develops and studies the objects detection 
increasing probability method on integrated images of 
the sight surface (SS) in difficult observation 
conditions. The objects detection increasing probability 
in integrated television (TV) and infrared (IR) images 
is achieved by taking local brightness and contrast 
properties of the image sections into account. The 
objects detection probability increasing method is 
proposed on integrated images of VS obtained under 
difficult environmental conditions. As a possible option 
of the method practical implementation, an algorithm is 
proposed for integrating TV and IR images, taking into 
account their structural similarity. 

 
Key words: Vision surface image, detection 
probability, integration method, multi spectral images 
 
1. INTRODUCTION 
 
Ensuring the required value of the objects correct 
detection (localization) probability on SS images is one 
of the key tasks that is solved in optoelectronic 
correlation-extreme navigation systems for unmanned 
aerial vehicles (UAVs), observation and guidance 
systems [1]. Most modern multispectral optoelectronic 
visual observation systems incorporate the TV and IR 
range sensors that provide high-quality SS images in 
accordance with the observation conditions [2]. 
 
At the same time, the ability to provide the desired 
probability of the objects correct detection substantially 
depends on the complexity of observation conditions, 
which are caused by the presence of atmospheric 
formations, precipitation, active and passive 
interference, camouflage and imitation tools, shadows 
from neighboring objects, etc. [3]. In general use of the 

TV and IR information acquisition sensors during 
difficult surveillance conditions the ability to detect 
and identify targets (objects) by the surveillance system 
improves. However, the best result can only be 
achieved with the integrated use of information from 
the different spectral range sensors through the use of 
methods for the combining multispectral images [4]. 
 

1.1 Problem analysis 

 
The application of the known methods for combining 
multispectral images makes it possible to reduce the 
influence of complex observation conditions on the 
probability of the objects correct detection on the SS 
images by combining the distinctive features of the 
original images in different spectral ranges [3], [5]. At 
the same time, the use of traditional methods for 
combining multispectral images as a tool to ensure the 
necessary probability of the objects correct detection in 
difficult observation conditions, does not always allow 
to achieve the desired result due to the fact that the 
informative differences of the original images are not 
used in full capacity [5]–[6]. The application 
assessment results on a set of known methods for 
integrated images are obtained in [7]. In general use, 
the application of modern integrated methods is to find 
the functions of spatial transformation and brightness 
conversion of the original images. 
 
Spatial transformation is usually implemented by the 
widely known methods, for example, using control 
points or polynomial, sometimes affine transformation, 
which are widely considered in popular publications [8]–[9]. 
Frequently used methods for converting brightness that 
satisfy the time requirements for the process of forming an 
integrated image of the sight surface are disclosed in [10]. 
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Finding a brightness conversion function is to apply 
one or more operators to all discrete samples of the 
output digital images of the sight surface. 
 
In work [7], it was determined that the method of 
integrated images using weight coefficients is rather 
simple to implement and the best criterion for the 
maximum signal-to-noise ratio: 
 

)j,i(F)1()j,i(F)j,i(F irtvk  , (1) 
 
where kF  - is the integrated image element;   - 
weight coefficient; )j,i(Ftv , )j,i(Fir  - are the source 
images in the TV and IR range, respectively. 
The weight coefficient is calculated by the following 
expression [6]: 
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where M  and N  the rows and the columns number of 
the source images, respectively.  
 
At the same time, the coefficient determination in 
expression (2) provides for an increase in the noise 
component, which makes it impossible to take into 
account local features of objects, backgrounds, and 
interference. In this case, the brightness, contrast and 
structural features of the original images are not taken 
into account. 
 
The aim of the paper is to present and evaluate the 
effectiveness of the probability increasing method for 
the objects' detection on integrated SS images in 
difficult observation conditions by preliminary 
determining the properties of the informative areas of 
the source images during integration. 
 
2. MAIN MATERIAL 
 
2.1 The objects detection increasing probability 
method on integrated images of the sight surface. 
 
For a preliminary determination of the source images 
informative areas properties during their integration, it 
is necessary to determine these areas. The 
determination of the source images informative areas is 
carried out by determining the measure of the structural 
images' similarity. Studies conducted in [11] showed 
that the magnitude of the structural similarity measure 
is directly related to the local features of the SS 
location. At the same time, such an indicator when 
solving problems of the correct detection increased 
probability of the observation objects has not been 
considered before. In future, the term 'integration' is 
applied in the context of finding the brightness 
conversion of the source images, since in some cases 
(depending on the optical design of the optoelectronic 

observation systems) the spatial conversion stage 
during integration may be absent 
 
A structural similarity measure is one of the known 
indicators for evaluating images and includes an 
assessment of local differences in brightness n,mB , 

objects contrast n,mC  and structure n,mK  and the 
images' backgrounds, and is most often calculated in a 
sliding window with a size of nm   [12]–[13]: 
 

n,mn,mn,m KCBQ  .    (3) 
 
In this case, a matrix of the structural similarity 
measure values is formed in the range [0,1], which 
characterizes the images local differences in relation to 
which the integration is performed: 
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Each matrix element N,MQ  characterizes the local 
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of the source (original) images. An example of 
assessing the structural similarity degree for the TV 
and IR images of the SS shown in Fig. 1 with a size of 
680x680 pixels obtained from digital aerial 
photography with the Hasselbald-39 camera and the 
“Malachite” thermal imager, which operates in the 
wavelength range of 8–14 μm [6], are shown in the 
matrixes form in Fig. 2. 
 
The images similarity degree in brightness, contrast 
and structure is characterized by a color change in 
accordance with local changes n,mB  (Fig. 2 а), n,mC  

(Fig. 2 b), n,mK  (Fig. 2 c) and n,mQ  (Fig. 2 d) 
ranging from 0 (blue) to 1 (yellow). Matrixes analysis 
of the local differences in images (Fig. 2) allows us to 
determine the differences nature in the original images, 
as well as to identify areas with the maximum 
similarity degree. At the same time, there is a need to 
numerically determine the structural similarity measure 
values for the different spectral images regions, which 
significantly affects the integration result. 
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а) 

  
b) 

Figure 1: Examples: a) TV images; b) IR images 
 

 
а) 

 
b) 

 
c) 

 
d) 

Figure 2: Graphic representation of the local 
differences matrixes images: a) in brightness; b) in 
contrast; c) by structure; d) in terms of structural 

similarity measures 
 
To determine the structural similarity measure effect of 
the output TV and IR images on the result of 
integration, a mathematical model was created that 
implements the integration process by expression (1) 
where the weight coefficient   is determined in 
accordance with the known approach (2). As initial sets 
of pairs of the TV and IR images with different typical 
object saturation were used [1], [11]. When modeling, 
the image elements brightness was set in the range 
from 0 to 255. In accordance with the developed 
model, the structural similarity Q measure was 
calculated for the source images, then the integration 
was performed and the value of the normalized 
correlation coefficient between the source and resulting 
images R was defined/ 
 
According to the statistical modeling results, the 
normalized correlation coefficient dependence of the 
resulting and source images was obtained on the degree 
of the source images structural similarity, which is 
shown in Fig. 3. 
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Figure 3: The dependence of the resulting and source 

images normalized correlation coefficient on the 
measure of the source images structural similarity. 

 
Based on the statistical modeling, it was found that the 
image integration result substantially depends on the 
value of their structural similarity measure. In this case, 
the influence of the structural similarity measure on the 
image integration result is characterized by three 
situations, which are noted in Fig. 3. In accordance 
with this: 
1. With a Q value in the range of 0 ... 0.44, the images 
have significant differences, therefore, the combination 
( integration) of such images causes the appearance of 
both characteristic features source images on the 
resulting image; this case is typical for difficult 
sighting conditions. 
2. In a case when Q takes values in the range of 0.45 ... 
0.61, the original images have slight structural 
differences. The combination of such images enhances 
the objects contours in the resulting image along with a 
decrease in the average brightness level. In this case, in 
order to increase the signal-to-noise ratio the 
integration is reasonable, but only if the brightness of 
the resulting image is increased programmatically. 
3. With a Q value in the range of 0.62 ... 1, the original 
images are characterized by a high degree of structural 
similarity. In this case, the integration images result is 
practically no different from the original images, 
however, the resulting image has a slightly lower 
brightness than the average level. Then the integration 
is unreasonable, and in order to detect the objects in the 
SS image, you must select one of the source images. 
 
Empirically, the weight coefficient   significance for 
the areas of the Q characteristic value was determined, 
which ensures that local differences in the source 
images are taken into account. The source images areas 
with a Q value in the range of 0.62 ... 1 should 
correspond to a coefficient 55,0 , in the case when a 

Q adopts values in the range of 0.45 ... 0.61, the weight 
coefficient should have a value 4,0 . In the case 
when a Q takes on a value in the range 0 ... 0.44, the 
weighting factor must have a value 22,0 . 
 
The developed approach application to determining the 
weight coefficient used for the integrated images is 
ambiguous in accordance with the pair of coefficients 
  and 1  the source (original) image. The solution 
to this ambiguity depends on the features of the 
original images' formation, which must be taken into 
account when combining. 
 
It is known that the image structure in the TV range 
depends on the spectral density of the observation 
object energy brightness )(L   and the spectral density 
of the ideally reflecting reference surface energy 
brightness )(L0   under the same conditions and is 
defined as )(L/)(L)(r 0   [3], [5]. Due to the 
difference in the spectral brightness coefficients of the 
various objects and backgrounds, the contrast of the 
objects in a TV image is random. The image structure 
of the IR range depends on the average thermal 
contrast over the object area RT  and the standard 
deviation of the contrast variations over the object area 

T  and is defined as 2/12
T

2
RR )T(T  [3, 5]. 

The practical use of the IR sensors indicate that in most 
cases, reconnaissance objects will have a positive 
contrast relative to the background, and the average 
brightness level of the entire image is less than the TV 
image. Thus, it is possible to solve the ambiguity of 
determining the weight coefficients correspondence 
with the original image based on the features of the IR 
and TV images formation. Since the image objects 
contrast in the IR range relative to the background is 
positive in most cases, the source image in the IR range 
corresponds to a coefficient 1 , respectively, the TV 
image corresponds to a weighting factor  .  
 
Thus, we propose a method for increasing the 
likelihood of the observation objects correct detection 
on the integrated TV images, based on the determining 
the structural similarity measure between the TV and 
IR images. The method allows to take into account 
local differences in the original images and the features 
of their formation in different spectral ranges. In fig. 4 
an example of the developed method practical 
implementation in the form of an algorithm flowchart 
is shown that describes the integration process of the 
multi spectral SS images based on a structural 
similarity measure. 
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Figure 4: The algorithm block diagram for combining the SS images based on the assessment of the structural 

similarity degree 
 

 
2.2 The results of applying the observation object 
detection increasing probability method on the 
integrated  SS images. 
 
In order to evaluate the results of applying the 
observation object detection increasing probability 
method on the integrated SS images using a method 
based on the structural similarity degree assessment, 
we compared these results with the results obtained for 
the known methods. A comparative analysis was 
carried out by calculating the objects detection 
probability at different signal-to-noise ratios for each of 
the integrated methods. The correct detection (D) 
probability and the false alarm (F) was calculated using 
the expressions presented in [14]–[15]. The 
segmentation threshold in accordance with the Otsu 
method was determined , which is based on minimizing 
the class variance of the image histogram, which is 
defined as the weighted sum of the two classes 
variances [16]: 
 

2
22

2
11

2  ,
  (5) 

 
where 1  and 2  there are the first and second 
classes probabilities. 
Minimizing variance within a class is equivalent to 
maximizing variance between classes: 
 

 )t()t()t()t()t()t( 2121
222

b   , (6) 
 
where 1 , 2  – is the arithmetic mean for each of the 
classes. 
According to the calculated threshold, the image is 
segmented into an object and background. By 
statistical modeling, the averaged dependences of the 
objects detection probability on the integrated SS 
images based on the signal-to-noise ratio for various 
methods of the image integration with the probability 

of false alarm F = 41078,1   were obtained. The 
objects detection was based on the segmentation of the 
images with low, medium and high object saturation 
using the Otsu method. The curves were obtained from 
the 100 noise realizations with a normal distribution 
law and zero mathematical expectation for each of the 
methods. 
 
The application effectiveness of the developed method 
for increasing the probability of the correct detection 
was assessed and the difference in the probabilities of 
the developed method correct detection and the method 
where the resulting image was obtained using the 
weight coefficient method is shown. In fig. 5 it shows 
the averaged dependences of the objects detection 
probability on the integrated SS images of the signal-
to-noise ratio for various integration methods. 
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Figure 5: Dependence of the objects detection 
probability on the integrated SS images obtained by 
different methods, on the magnitude of the signal-to-

noise ratio. 
 
The simulation results show that, with equal signal-to-
noise ratios, the best objects' correct detection 
probability on the integrated images is ensured when 
integrated by a method based on the structural 
similarity degree assessment. 
 
For clarity, the presenting the results obtained as an 
example of the source images, the images selected are 
shown in Fig. 1. In fig. 6 Integration results of the 
original images by the weighting coefficients methods 
(a) and the developed method (b) are shown. The 
assessing results of the objects' correct detection 
probability by the TV and IR output , as well as the 
integrated images by two methods, are shown in Fig. 7. 
In mathematical modeling, the noise seemed to be a 
random variable distributed according to the normal 
law with zero mathematical expectation. 

 
а) 

 
b) 

Figure 6: The integrated result of the TV and IR 
images a) by the weighting coefficients method; b) by 

the structural similarity assessing method. 

 
From the graph in Fig. 7 it shows that the developed 
method application to increase the detection probability 
by integrating the SS images by the method based on a 
structural similarity measure can significantly increase 
the probability of detecting an object in an integrated 
SS image compared to the original images and the 
images obtained by other integration methods. 
 
The application of the developed method can be useful 
for the technical sighting (vision) systems (technical 
surveillance) equipped with multispectral sensors (TV, 
IR, radar), to improve the detection and the 
identification of objects in difficult observation 
conditions. 
 
The mathematical modeling results presented in the 
work indicate that the developed method allows not 
only to increase the likelihood of detecting objects on 
the integrated SS images obtained in the difficult 
environmental conditions, but it is also adaptive to its 
changes. 
 
When studying the developed method effectiveness, it 
wasn't the goal to study its performance and the SS 
scanning speed effect on the images integration result. 
This issue requires further study. However, the 
developed method and the algorithm for the integrated 
images can very well be implemented in surveillance 
systems with a low scanning space speed. Such modern 
technical surveillance systems include the battlefield 
monitoring means, monitoring compliance with the 
split (separation) mode in the military conflict 
situations, and protecting the state border [16]–[17]. 
 
3. CONCLUSION 
 
A method for increasing the objects detection 
probability of observation on the integrated SS images 
obtained in different spectral ranges in difficult 
environmental conditions is proposed. The presented 
method is based on the images' integration in the TV 
and IR ranges, which allows to obtain a resulting image 
with different areas of the original images captured in 
it. 
 
Unlike the existing integration methods, where the 
conversion operator is applied in the same way to all 
parts of the image, the developed method provides for 
the weighting coefficients formation taking into 
account the structural similarity and local features of 
the original images. The transformation operators' 
formation of the source images is carried out on the 
basis of calculating the degree of their structural 
similarity in a moving (sliding) evaluation window. 
 
Based on the obtained results analysis, it was found 
that the proposed application approach to the 
integration of the SS multispectral images makes it 
possible to significantly increase the signal-to-noise 
ratio of the integrated image in comparison with the 
original ones and, as a result, increase the objects' 
correct detection probability of observation in the 
integrated SS images up to 25%. 
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The proposed method can be used in the optoelectronic 
surveillance systems, correlation-extreme navigation 
systems, reconnaissance systems, and other 
optoelectronic systems critical to the quality of the 
obtained images under difficult observation conditions. 
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