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Abstract
The paper considers the different methods of image recognition in unmanned aviation using modern programming 
languages. It is shown that the new era in aviation is characterized by new challenges and threats, as well as uncertainty, 
and it is not always possible to identify a threat through standard means of control. The authors summarize the various 
methodologies of analysis and justify the algorithm for recognition zones of video observation of possible icing of the 
surface of the aircraft. The tested methods, in general, were divided into three groups: the preliminary filtering and image 
preparation, the logical processing of the results of the filtering and—machine learning which in general are divided into 
three groups. The filtering that allows highlighting of images in the recognition area, linearization, the transformation 
of “Hafa” and filtering contours as a separate class of filters were selected as the main methods of filtering images. The 
authors propose to use a device that can determine possible areas of icing of aircraft using airborne meteorological radar. 
The problem is the ratio of the image, which was before the icing, and the changes in this image in the presence of ice.
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1 Introduction

The urgent need to improve the competitiveness of the 
global economy is gradually inclining the vector of human 
development toward the use of artificial intelligence in 
many spheres of life. Aviation is the most urgent area 
because a significant part of the tasks that must be solved 
during the flight must be performed in an automated 
mode. This is due to the fact that the automated systems 
make it possible to reduce the cost of aircraft mainte-
nance, improve piloting accuracy, and in some cases, avoid 
human error, thereby reducing the risk of accidents, which 
generally improves control and flight control.

The use of an unmanned aerial vehicle (UAV) in modern 
conditions is a promising direction in any economic areas 
of public activity, from agriculture to the military-industrial 
complex. In some cases, the economic effect of UAVs is 

higher than the efficiency of manned aircrafts, due to their 
size and fuel costs, as well as the lack of costs for financ-
ing pilots and airborne personnel. However, there is a big 
number of unresolved issues that are caused by the spe-
cifics of the operation of UAVs, their resistance to adverse 
environmental conditions, as well as human factors that 
occur during all stages of aircraft maintenance. Thus, the 
new era in aviation is characterized by new challenges 
and threats, uncertainty, operation complexity, and insuf-
ficient amount of practical and scientific experience. All 
this, as well as the choice of methodology for monitoring 
the necessary stages of aircraft operation (from design to 
landing), requires optimal diagnostic algorithms, automa-
tion of control with modern software and hardware, which 
will enable quick and efficient adaptation of the control 
system to new conditions.
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In many cases, it is not always possible to identify a 
threat through standard means of control. Pilots can diag-
nose visual and acoustic hazards using a manned aircraft 
as a result, and they can better respond to unforeseen cir-
cumstances, for example, diagnosing the icing of the flaps 
or the steering part of the aircraft, diagnosing inadequate 
operator behavior during flight control, identifying an 
obstacle during the passage of the air corridor, diagnos-
ing precipitation and other natural and mechanical haz-
ards without the use of recognition technologies based 
on machine vision and acoustic diagnostics.

Although this direction today is widely explored and 
has some experience, it is not enough to form an inte-
grated pattern recognition system in aviation. Further-
more, the problem of diagnosing the operational stages 
of the UAVs also requires efficient image recognition tech-
niques, due to a significant number of errors during main-
tenance, testing, piloting, takeoffs and landings, and even 
at the design stage of the UAV, which have both visual and 
acoustic features.

Thus, the future of unmanned aviation is impossible 
without the use of artificial intelligence and given that 
human capabilities can be partially replaced by a machine, 
visual and acoustic diagnostics of the environment must 
be implemented in a machine mode. Such needs condi-
tion the development of new modern approaches in the 
application of images recognition technologies in aviation, 
the selection of effective tools for their implementation, as 
well as practical experience.

Today, the formation of the aviation infrastructure for 
flight control of UAVs is questioned, but the lack of criteria 
for evaluating the effectiveness of these systems, the lack 
of standardized rules for the introduction into operation 
by developers of aviation flight complexes, and the insuf-
ficient level of state funding hamper the development of 
unmanned aircraft. Moreover, the testing period of the rel-
evant systems is quite long, which is associated with many 
factors, both of a natural nature (the behavior of the UAV 
control system at different times of the year, resistance 
to freezing, high temperature, etc.), and human factors 
(operator errors, air traffic controllers, etc.). Consequently, 
the UAV management system must be adapted to possible 
threats and risks.

Furthermore, a significant part of the flights is carried 
out in the absence of radio interference, which makes it 
possible to obtain information on the state of the UAVs to 
operators of ground control stations, and despite the using 
of three-position compasses (which implement the flight 
control algorithm based on data from the Earth’s magnetic 
field autonomously, even in conditions of radio interfer-
ence), the range of functions that are realized in conditions 
of radio interference is currently limited. Pattern recogni-
tion algorithms require improvement—today, it is one of 

the most urgent needs of mankind. Developments in this 
area are also at their initial stage.

Given the rapid pace of development of intelligent 
technologies, the issues of standardization of pattern rec-
ognition algorithms in the UAV flight control system are 
only a matter of time. At the same time, there is a high 
degree of risk associated with the reliability of these sys-
tems, on which not only the fate of the UAV depends, but 
also the safety of people. Hence, today there are already a 
significant number of UAVs that can identify video images, 
but, unfortunately, no developer gives one hundred per-
cent accuracy of this system, so it is necessary to apply 
duplicate systems for recognizing similar images; however, 
using other criteria that will allow higher recognition level.

2  Literature review

The fourth technological revolution, which humanity is 
experiencing, is felt in all spheres of human activity: indus-
try, economy, medicine, and social sphere. Aviation is no 
exception. Thus, according to the forecasts of the Ministry 
of Transport of Great Britain, by 2030, the socioeconomic 
benefit of expanding the boundaries of using unmanned 
aircrafts will be approximately 16 billion pounds. Cost 
savings can reach 42 billion pounds, which in general will 
create 600,000 jobs in this area [1]. According to Ministry 
of Transport Ministry of Business, Innovation and Employ-
ment in New Zealand [2], the potential value of the increas-
ing line of sight drone to the global economy use over the 
next 25 years ranges between $2.5 billion and $3.9 billion, 
with dairying contributing between $1.3 billion and $1.5 
billion. The European drone sector is predicted to directly 
employ more than 100,000 people within 20 years. This 
situation will have an economic impact of over €10 million 
per year, mainly on services [3].

Analysis of trends in this area allowed American sci-
entists back in 2005 to determine the prospects for the 
development of unmanned aircrafts for 25 years [4]. And, 
as a result, the USA is one of the leading countries in the 
use of unmanned aircraft systems.

There are many positive examples, but with the devel-
opment of new industry, new needs and threats arise, 
usually associated with errors in the design, testing, and 
operation stages of unmanned aircraft systems. The rel-
evant practice of adapting new types of technology has 
been around for a long time, which allows for testing an 
aircraft in real conditions. But, unfortunately, the human 
factor is always present, which from time to time leads to 
failures of technological equipment. However, the cost of 
such failures in unmanned aircraft, as opposed to manned, 
is much higher, because the machine cannot make critical 
decisions that are not part of the algorithms of its actions 
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and quite often become uncontrollable. Therefore, artifi-
cial intelligence should play a key role during pre-flight 
activities, which boil down to monitoring errors and tech-
nical equipment failures, both at the aircraft design stage 
and during its operation.

The study of the fault tolerance of unmanned aircraft 
paid enough attention. Among the scientists involved in 
this issue was Alain Hobs, who studied the mechanisms 
for the occurrence of failures among military, civilian, and 
transport unmanned aircraft. As a result of analyzing sta-
tistical data, the researcher identified the most sensitive 
factors of threats of failure of process equipment. The most 
significant was the human factor [5]. Kharchenko et al. [6] 
by reviewing threats in aviation noted the relevance of the 
scientific and practical task of creating a methodology for 
making optimal decisions by dispatching personnel dur-
ing flight monitoring, because such decisions depend on 
the information provided to the controller, his professional 
training and psycho-physiological state, which, in general, 
determine the optimality of managerial actions. There is 
also an urgent need to optimize the stages of UAV opera-
tion. On this occasion, Matiychik identified a huge number 
of main operational phases of the UAV, which are carried 
out with the aim of ensuring the safety and resiliency of 
the devices. These stages include the formation of flight 
tasks, takeoff procedures, data transmission to ground 
equipment, and aircraft landing. Among the above points, 
an important component, according to the scientist, is to 
simplify the design of an aircraft in order to reduce the 
time for their “assembly–disassembly” from the position 
in which the aircraft is transported, and on the contrary, 
which reduces the number of verification procedures for 
technical requirements and then optimizes operation pro-
cess. This, in turn, necessitates the automation of control 
over the implementation of these stages [7].

Current trends in increasing use of unmanned aircrafts 
[8] and the urgent needs to optimize their operation and 
control, define new forms of functioning of the UAVs ser-
vice industry, which should include such economic activi-
ties as testing UAV, optimizing flight algorithms, optimiz-
ing software and hardware, training pilots, mechanics, and 
a new generation of UAV operators, as well as creation and 
maintenance of aerodrome infrastructures for UAVs.

Providing each of these needs requires automated 
control systems based on artificial intelligence, by creat-
ing tools based on modern programming languages that 
implement the optimal control algorithms, control, and 
operation of UAV. The implementation of pattern recog-
nition mechanisms is completely dependent on the algo-
rithms and programming languages in which they are 
implemented, which today is not fully investigated.

The widespread use of UAV has led to a significant num-
ber of tasks, methods of monitoring and analysis, as well 

as decision-making systems, which also requires the use 
of software algorithms based on fuzzy logic, probability 
theory, and chaos theory. All this should be combined into 
a single mechanism that ensures the efficiency of aircraft 
use.

Among the most common methods of pattern recogni-
tion are graphic images that implement the basic purpose 
of UAV—video observation.

Scientists from Florida have developed a mechanism for 
recognizing bird images based on the automatic determi-
nation of extreme image spectra using an onboard video 
recorder of UAV. The results showed recognition accuracy 
of over 80%. The speed of implementation of this algo-
rithm was achieved using a programming language that 
is compiled into a microprocessor language (C++) [9]. 
Unmanned aircraft also found wide application in the field 
of graphics object recognition, for example, to identify 
damaged solar panels in solar power plants [10].

In general, modern requirements for the use of com-
puter vision are reflected in space developments and 
in various types of security systems, for example in very 
crowded places, in order to prevent terrorism and recog-
nition of persons who committed crimes. Of course, the 
accuracy of such systems also cannot be 100%, because a 
person can easily hide or change its look.

Leading global companies in the field of information 
technology are constantly working to create software 
libraries for pattern recognition, reducing errors, and cre-
ating new approaches to improvement. Conversely, sci-
entists from India and Great Britain taught the neural net-
work to recognize criminals with items of disguise. Google 
developed an open source machine learning library called 
Tensor Flow, which allows one to solve the problem of 
building and training a neural network in order to auto-
matically detect and classify images.

3  Methodology

In general, the principle of recognition of graphic objects 
is based on contour analysis, as one of the main methods 
of recognition and search.

The analysis considers the contours of a graphic figure, 
which are obtained as a result of optimal selection of the 
saturation of the object; the contrast and its brightness, in 
general, significantly reduce the complexity of algorithms 
and calculations. But, the use of contour analysis has a low 
resistance to interference, which is a significant drawback 
[11, 12]. Therefore, any cross section or only partial vis-
ibility of an object leads to recognition complications. But 
despite this, the efficiency of using this method on clear 
images is quite high.
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The technology of forming contour images was 
founded by the researcher John Canne in 1986, and the 
method he has proposed so far remains relevant in com-
puter vision systems [13].

There are many different approaches to the selec-
tion of contours, but their types and classification are 
revealed by researcher Shih [14]. Thus, the basic mecha-
nisms for the implementation of the selection of con-
tours can be considered as the establishment of maxi-
mum vertices of images based on gradient optimization, 
and the selection of zero contours, reflecting the oppo-
site color values. After that, in the pre-set templates, an 
algorithm is used that uses a Gaussian filter and allows 
smoothing the contours of the image [15].

Further, the image is encoded into an array of coordi-
nates, which can then be effectively used to search for 
similar patterns, matching, transformations, and the like. 
These coding methods include Freeman’s chain code, as 
it allows the creation of an array of data in the form of a 
sequence of segments, that is, straight lines of a certain 
length and direction [16]. The basis of such a presenta-
tion is a four or eight-digit table, each value of which has 
its own binary code (Fig. 1).

The corresponding table describes the direction of 
the vector, which describes each pixel, and its length.

The study of this problem is devoted to the work 
of Vanyukov et al. [17], where the dependence of the 
changes of the digital code of the contour image after 
the change of its structure is clearly revealed, and 

the mechanism of contour image transformation is 
presented.

On the contour fixed the starting point. Then, a contour 
scan occurs, where each bias vector is described by the 
complex number a + ib, where a is the shift of the points 
along the X axis, and b is the displacement along the Y axis. 
Accordingly, the point shift is taken to the previous point. 
The contour is defined as a set of elementary vectors, rep-
resented by its two-dimensional coordinates. In the case 
of a change in the starting point, the vector kernel will be 
offset, and the change in the scale of the image can be 
considered as multiplication of the elementary vector by 
the scale factor.

The scalar products of the circuits N1 and the modified 
contour N2 can be represented as a complex number:

where k—the dimension of the contour vector, �n—ele-
mentary vector of contour N1, �n—elementary vector of 
contour N2, ( �n, �n)—scalar product of complex numbers.

Given the widespread use of contour allocation tools, 
the most up-to-date algorithms are Kenny and Sobel’s 
operator [18, 19]. Shevchenko [20] tried to compare the 
Kenny algorithm and the Sobel operator, which made it 
possible to establish that Kenny’s algorithm is faster, but 
the quality of the circuits is higher with use of the Sobel 
operator.

(1)� =
(
N1,N2

)
=

k−1∑
n=0

(
�n, �n

)
,

Fig. 1  Image encoding by 
Freeman. Created based on 
source 14 (Freeman, H.)

Table of Matching Vector Directions 

0  1  2 

7    3 

6  5  4 

Where: 

…….
Starting point 

Elemental vector 

Code 
2-2-2-2-3-5-5-5-5-5-5-7-7-7-7-
7-1 
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The basis of the Sobel operator is the method of over-
laying each image point of two masks of rotation, which 
are orthogonal matrices, dimension 3 × 3. Such masks 
reveal contours located vertically and horizontally in the 
image.

For each point in the image, the operator uses the value 
of the intensity of the color brightness within the speci-
fied masks (3 × 3). These matrices are collapsed with the 
original image in order to determine the approximate 
derivatives horizontally and vertically. Thus, A is the origi-
nal (initial) image, Gx and Gy are the image matrices, each 
point of which has approximate derivatives along the X 
and Y axes, respectively. The calculation of Gx and Gy can 
be represented as follows:

where * denotes a two-dimensional convolution 
operation.

In this case, the coordinate X rises to the right and Y 
rises down. The new image can be illustrated by summing 
both matrices. This requires the coordinates of the new 
points obtained by the following formula:

Thus, G is calculated as the sum of all points (i, j) of the 
matrices Gx and Gy.

Consequently, this operator calculates the gradient of 
the brightness of the image at each point and as a result 
allows to find the direction of the greatest increase in 
brightness. Thus, it makes it possible to show how “sharply” 
or “smoothly” the brightness of the image at each point 
changes.

Mathematically, the gradient function of two variables 
for each image point is a two-dimensional vector, whose 
components are derivatives of image brightness horizon-
tally and vertically. At each point of the image, the gra-
dient vector is oriented in the direction of the greatest 
increase in brightness, and its length corresponds to the 
magnitude of the change in brightness. This means that at 
the point of the constant brightness region there will be a 
zero vector, and at the point lying on the border of regions 
of different brightness—the vector crosses the boundary 
in the direction of increasing brightness.

The software implementation of these methods is car-
ried out using number of libraries; the most optimal of 
them can be considered OpenCV, written in C/C++ and 
has the open source code. This library includes more than 
1000 functions and algorithms, and its creation dates to 
1998. Intel is considered to have begun the development, 

Gx =

⎡
⎢⎢⎣

−1 −2 −1

0 0 0

+1 +2 +1

⎤
⎥⎥⎦
∗ A, Gy =

⎡
⎢⎢⎣

−1 0 +1

−2 0 +2

−1 0 +1

⎤
⎥⎥⎦
∗ A;

(2)G =
√

G2
x
+ G2

y
,

with the active participation of the developer community. 
In this line, there are libraries with more detailed and spe-
cialized functions and settings, such as, for example, Hal-
con and libmv. OpenCV can be attributed to be the most 
complete in terms of capabilities and number of topics on 
image processing. It has a free BSD license, and its use can 
be both free and commercial. The only requirement for a 
license is that the accompanying materials must contain 
information about this library.

Its functionality is available in various languages: C, 
C++, Python, CUDA, Java, etc. It is supported by operat-
ing systems such as Windows, Linux, Mac, Android, iOS.

In conclusion, summing up the above, it should be 
noted that the use of computer vision technology today 
is widely used in various fields, including during piloting 
of UAV. Opinions of different scientists agree that the issue 
of optimizing image recognition technologies should be 
considered at the level of the methodology, which even 
today is highly developed; however, there is a need to 
improve the existing and develop new methods of con-
tour analysis, methods of hyperspectral analysis and video 
stream analysis. OpenCV library, which is universal for use 
by many programming languages, can be highlighted as 
among some of the software tools,.

4  Empirical results

The formation of templates based on which recognition 
of graphic images should take place depends on many 
factors on the basis of which it is possible to create tasks 
for computer vision. Therefore, it is necessary to focus on 
already tested methods, which in general are divided into 
three groups:

• The first group: the preliminary filtering and image 
preparation.

• The second group: the logical processing of the results 
of the filtering.

• The third group: machine learning.

The boundaries between the groups are very condi-
tional. To solve a problem, it is not always necessary to 
apply methods from all groups, as sometimes two suffice, 
and sometimes even one.

The main methods of filtering images can include the 
following:

1. Filtering that allows highlighting of images in the rec-
ognition area.

2. Linearization (for RGB images and images in grayscale 
colors).
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3. The transformation of “Hafa,” which allows finding out 
any geometric shapes. It is an algorithm that is used in 
numerical methods of image processing. At the heart 
of this algorithm lies the mechanism for identifying 
lines in the image, as well as ellipses and circles.

4. Filtering contours as a separate class of filters.

Contours are extremely useful when moving from work-
ing with an image to working with objects in this image. 
When an object is rather complex, but it stands out well, 
often the only way to work with it is to select the contours. 
There are a number of algorithms that solve the problem of 
contour filtration:

• Operator Kenny,
• Sobel operator,
• The Laplace operator,
• Operator Pruitt,
• Roberts operator.

In the first stage of the implementation of the operator 
Kenny, the image is blurred using a Gaussian blur:

Then, the gradients are searched. Boundaries are marked 
where the image gradient is maximized.

Four filters for detecting horizontal, vertical, and diagonal 
edges in the blurred image are used in this algorithm. The 
next stage is the suppression of the maxima of the function. 
Thus, only local maxima are marked as contour boundaries. 
Subsequently, low-pass and high-pass filters are filtered to 
suppress noise by suppressing all edges unconnected with 
the main borders of the image.

The Laplace operator is invariant to rotate the image. This 
operator is based on the calculation of the image gradient, 
which is widely used methods based on Laplace image, the 
function of which is minimized as follows:

Second-order partial derivatives are used to calculate 
Laplace:

(3)f(x,y) =
1

2��2
exp

(
−
x2 + x2

2 ∗ �2

)
,

(4)∇2f =
�2

�x2
f +

�2

�y2
f .

�2f

�x2
((f (x + 1, y) − f (x, y)) − (f (x, y)

− f (x − l, y))) = f (x + 1, y) − 2f (x, y) + f (x − 1, y);

In this case, their sum will be equal to:

This means that, as in the other operators considered, 
the convolution matrix is used to calculate Laplace:

where A is the original (raw) image.
Dr. Judy Pruitt proposed her own operator, known as 

Pruitt. This operator has two 3 × 3 kernels that help to col-
lapse the image in order to calculate the approximate val-
ues of the derivatives. One value is calculated horizontally 
and the other value vertically. The operator is based on the 
concept of central difference:

Using an initial image A, images in which each point 
contains the horizontal and vertical approximation of the 
derivative Gx , Gy can be calculated by the gradient of the 
image on the convolution matrix:

The Roberts operator is called a cross-operator because 
of the use of cross-mathematical options over the values of 
image matrices. This operator is the simplest and in turn, 
the fastest method of contour selection. The Roberts oper-
ator is used to obtain a higher speed gradient calculation, 
but the accuracy decreases:

where A′ is the processed image, A is the original image.

(5)
�2f

�y2
((f (x, y + 1) − f (x, y)) − (f (x, y)

− f (x, y − 1))) = f (x, y + 1) − 2f (x, y) + f (x, y − 1)

.

(6)
�2f

�x2
+

�2f

�y2
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− 4f (x , y) + f (x , y + 1) + f (x, y − 1)

.

(7)∇2 =
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0 +1 0

⎤
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(8)
�f (x, y)∕�x =(f (x + 1, y) − f (x − 1, y))∕2;
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The most commonly used detector is Canny, which is 
implemented in the OpenCV software library as this library 
is integrated into almost any programming language [21].

Filtering provides a set of data suitable for processing, 
but most often they use this data without processing it.

The transition from filtering to logic is the operation 
of building and erosion of binary images. These methods 
allow the removal of noise from a binary image by increas-
ing or decreasing existing elements.

The logical processing of filtering results consists in 
determining the singular points that can be correlated 
with other images for similarity.

Such points are unique characteristics of the object, 
allowing to compare it with similar classes of objects. 
There are several dozens of ways that these points can be 
selected. Some techniques make it possible to select spe-
cific points in adjacent frames, some after a certain period 
and when the lighting changes, some allow the finding of 
specific points, even when the object turns.

The use of machine learning occurs at the last stage of 
image processing using methods that do not work directly 
with the image but allow the making of certain decisions. 
The learning algorithm itself builds such a model by which 
it will be able to analyze the new image and decide which 
of the objects is on the test images.

Each of these test images consists of an array of points. 
Their coordinates are the weight of an individual image 
feature. For example, signs can be: “The presence of eyes,” 
“The presence of a nose,” “The presence of two hands,” “The 
presence of ears,” and the like. All of them stand out above 
the detectors, which are in their comparative patterns, like 
human, geometric shapes.

The purpose of such a classification is to conduct filter-
ing in the feature space of areas, as a result of which they 
are trying to obtain a certain accuracy of image recogni-
tion. To effectively solve such problems, they are trying 
to make an effective selection of classifiers that meet the 
desired criterion.

Aviators also work on the tasks of creating effective 
templates in order to effectively solve problems of terrain 
recognition, recognition of ground objects, and recogni-
tion of UAV defects that appear during a flight. The latter 
has been widely used to detect icing on the outer parts of 
aircraft, as this often leads to crashes and emergency situ-
ations. There are various approaches to possible warnings 
and identification of such dangerous phenomena. There-
fore, researchers from the National Aviation University 
invented a device that can determine possible areas of 
icing of aircraft using airborne meteorological radar [22]. 
Although, the expediency of using machine vision for such 

tasks is of a controversial nature (there is a possibility of 
false alarms, pollution of optical devices, shadows from 
clouds, weather conditions, etc.); however, they could be 
used as a duplicate element of existing control systems.

The need to identify changes in the external parts of 
the UAV can be implemented by the video recording of 
individual (most vulnerable to icing) zones, the change of 
which can signal the presence of foreign objects outside 
the UAV.

Since icing is characterized by bulges on the surface 
of the object, directing light at a certain angle will cause 

Fig. 2  Possibility of video recorders to capture areas of possible 
icing (developed by authors)

Fig. 3  Zones of video observation of possible icing of the surface of 
the aircraft (developed by authors)
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shadow and, in turn, will create a clear contrast in colors. 
It is this contrast that can be identified by several machine 
algorithms for carrying out an effective contour analysis 
of graphics changes.

The corresponding procedure can be implemented 
using the Kenny algorithm for detecting changes in image 
boundaries. Video registration should be focused on indi-
vidual areas of the aircraft so that foreign objects do not 
fall into the observation area by placing the DVRs in places 
of optimal observation, for example, as shown in Fig. 2. An 
observation zone in accordance with the DVRs located can 
be installed in the direction of air flow (Fig. 3).

Therefore, in this case, the problem is the ratio of the 
image, which was before the icing, and the changes in this 
image in the presence of ice. An important aspect in setting 
the task is the optimal direction of the DVR. It should cover 
the entire area in such a way that it does not contain other 
graphic objects, because the algorithm for comparing the 
recorded video to the icing and after it will be implemented.

The solution to this problem can be accomplished by 
comparing arrays of data that describe a graphic object 

using almost any programming language. For example, 
using the Python programming language, it is possible to 
work with the OpenCV library. The “imread” function of this 
library makes it possible to convert the raster image into 
an array of data, where each pixel has its numerical char-
acteristic. By passing the created arrays into the “calcHist” 
function, the total value of all the digital color values that 
are represented in the image can be obtained, followed 
by comparison of their histograms using the “comparHist” 
function. The “matchTemplate” function can be applied to 
match the image areas that match. The results returning by 
both functions can be correlated in the form of a sum, which 
characterizes the quantitative difference in the process of 
comparing two images, which can be applied to determine 
the changes of a homogeneous surface of the body of the 
aircraft if ice begins to form. So, the base image (1.jpg) can 
be compared to the current (2.jpg) for the discrepancy in 
the quantitative measurement. The code that can be used 
for such a comparison is given below:

Image before icing the first stage of icing the second stage of 
icing 

the third stage of icing the fourth stage of icing 

0%  difference 6.58 % difference 13.29% difference 23.22% difference 85.96% difference 

Fig. 4  The results of the implementation of the program code. Simulation of icing of the working surface of the wing of an aircraft and the 
establishment of discrepancies in the images
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import cv2 
import os 
 class Image(object): 
   def __init__(self, im_1_path, im_2_path): 
    self.min_com_im_diff = 1 
    self.im_1_path = im_1_path 
    self.im_2_path = im_2_path 
   def compare_im(self): 
    im_1 = cv2.imread(self.im_1_path, 0) 
    im_2 = cv2.imread(self.im_2_path, 0) 
    com_im_diff = self.get_im_difference(im_1, im_2) 
   if com_im_diff < self.min_com_im_diff: 
    print ("Disagreement") 
    return str(com_im_diff * 100) + ‘ %’ 
   return ‘Disagreement 100 %’ 
   @staticmethod 
   def get_im_difference(im_1, im_2): 
    first_im_hist = cv2.calcHist([im_1], [0], None, [256], [0, 256])
    second_im_hist = cv2.calcHist([im_2], [0], None, [256], [0, 256])
    img_hist_diff = cv2.compareHist(first_im_hist, second_im_hist,
 cv2.HISTCMP_BHATTACHARYYA) 
    img_templ_probability_match = cv2.matchTemplate(first_im_hist,
 second_im_hist, cv2.TM_CCOEFF_NORMED)[0][0] 
    img_templ_diff = 1 - img_templ_probability_match 
    commutative_im_diff = (img_hist_diff / 10) + img_templ_diff 
    return commutative_im_diff 
if __name__ == ‘__main__’: 
 compare_im = Image(‘1.jpg’, ‘2.jpg’) 
  im_difference = compare_im.compare_im() 
  print (im_difference) 

Code testing made it possible to establish the following 
results when comparing a reference image with a modi-
fied (Fig. 4). 

5  Conclusions and discussion

The problems of using machine vision in unmanned avia-
tion are due to the probability of occurrence of errors, 
which requires developer’s greater accuracy of pattern 
recognition. Therefore, among a lot of software, there are 
several tools for implementing mechanisms for diagnos-
ing graphic images. The most common are algorithms 
for contour analysis, which have found their application 
in many software libraries. Programming languages for 
working with them have a wide range of implementations. 
An example of comparing two raster images defines the 
broad features of Python programming language and the 
use of the OpenCV software library in order to detect dif-
ferences in graphics objects and may be further developed 
during aircraft operation.

Thus, the problem of diagnostics of icing of fuselage 
UAV can be solved using machine vision. Experiments on 
this example were not carried out; therefore, the question 
is put forward for further development.
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