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image and search for keywords based on the context of the 
image. The use of content-based search methods could provide 
an opportunity to search a larger volume of data, as well as 
improve its quality.

Corporations such as Google, Microsoft, and Amazon 
develop and support similar image search products to enable 
users to find related images on the Internet. Google Images (a 
Google product) and Bing Image Search (a Microsoft product) 
are two popular Internet search services that allow users to 
find similar images on the Internet. They use a number of tech-
nologies to analyze and compare visual features of images. In 
particular, Google Images uses computer vision and machine 
learning algorithms to visually identify objects and features in 
images. Bing Image Search uses proprietary image processing 
and machine learning technologies. This is achieved through 
integration with Microsoft Azure technologies, including 
the Computer Vision API, which provides additional image 
analysis and recognition capabilities. Amazon Rekognition, of-
fered by Amazon, makes it possible to construct image search 
engines based on similarity and other parameters. Amazon 
Rekognition easily integrates with Amazon S3 for convenient 
storage and processing of large volumes of images.

Also, determining the similarity of images to establish 
the similarity of images and diagnosis is an important task 
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The object of research is the process of searching and 
analyzing images of raster graphics. In the context of this 
work, the problem of the lack of an effective and fast 
procedure for determining the similarity of images was 
solved.

The technology for improving the construction of a 
software tool for determining the similarity of raster graphics 
images by devising a procedure for determining the similarity 
of images using a hash code that corresponds to all variants 
of the image, regardless of size and aspect ratio, is reported. 
The image features of raster graphics were systematized.

A procedure for determining the similarity of images using 
a hash code is proposed. This procedure makes it possible to 
process all possible variants of the image, regardless of the 
size and aspect ratio. The resulting indicator of the proposed 
procedure is the value of the hash codes.

It is proposed to use the mathematical apparatus of 
fuzzy logic by introducing linguistic variables to estimate 
the similarity index. A comparison of the numerical values 
of similarity, obtained on the basis of the use of information 
systems, and the linguistic values revealed in the survey 
process was carried out. Threshold values were obtained 
that make it possible to assess the degree of similarity of the 
images.

Based on the proposed algorithm, a prototype of 
the information system for determining the similarity of 
images of raster graphics has been designed. As a result 
of the calculation of the numerical characteristics of the 
improvement of the technology of constructing a software tool 
for determining the similarity of images of raster graphics, 
the value of the precision indicators was approximately 
0.89 and the completeness was 0.8. The advantage of the 
proposed technology for determining the similarity of images 
over known analog technologies is illustrated by the amount 
of RAM of the developed software, which is 210 MB
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1. Introduction

Image retrieval has received much attention in recent de-
cades. First of all, it is connected with the rapid growth of the 
volume of multimedia information, and as a result, with the 
emergence of problems of searching and navigating through it. 
One of the approaches to solving the task of finding visually 
similar images is search by content. It is based on the analysis 
of numerous characteristics of image pixels, that is, it takes 
into account color and texture characteristics, the shape of 
objects, the composition of the scene, and more.

Despite the variety of proposed algorithms for solving this 
problem, the quality of the search leaves much to be desired. 
This is primarily due to the “semantic gap”, which is the main 
problem of content-based image retrieval. The “semantic gap” 
is the fact that people and machines compare images complete-
ly differently: a person compares semantic content (semantics), 
and machines are based on the comparison of features that 
describe the visual characteristics of an image (color, texture, 
shape of objects).

The task of image search by content is relevant and its 
solution is potentially applicable in many areas. For example, 
this is a search in large collections or on the Internet. Search 
engines usually do not take into account the content of the 
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Work [4] presents a systematic review and discussion of 
the problems of quality control of printing illustrations. But 
in this work, there is no focus on informational support of 
the process of determining the similarity of images of raster 
graphics.

The method of automated balancing of a vector illustra-
tion and its software implementation are proposed in [5]. 
At the same time, the specific features of the features of the 
raster graphics image, which should be taken into account in 
the process of determining the similarity of the images, are 
not considered.

The mechanisms of using different color models in the 
process of determining the similarity of images of raster 
graphics are considered in [6]. However, in this paper there is 
no algorithm for determining the similarity of images.

Study [7] provides recommendations for automated 
image processing for certain prepress tasks. Examples of au-
tomated image processing are given. However, this research 
lacks a prototype software tool for determining the similari-
ty of raster graphics images.

Work [8] considers the development of a global image 
similarity metric called “central similarity”. However, this 
work does not include a description and detailed consider-
ation of the image texture at different scales.

Paper [9] considers the specificity of processing graphic 
raster images in the context of constructing mobile online 
assistants. However, this study does not include recommen-
dations for the assessment of the similarity index.

Study [10] offers a comparative analysis of metrics of 
perceptual similarity of images. However, the question of 
defining the conceptual provisions of the method for deter-
mining the similarity of raster graphics images in this study 
remains open.

Aspects of improving the quality of graphic images in 
the process of publishing publications are considered in 
work [11]. However, this scientific work does not take into 
account the need to formalize certain variables in order to 
determine the similarity of images.

The general drawback of the above-described approaches 
to determining the similarity of raster graphics images is the 
lack of a method of determining similarity that corresponds 
to all variants of the image, regardless of size and aspect ra-
tio. In addition, the lack of an efficient and fast software tool 
for determining the similarity of images is also a drawback of 
the analyzed approaches. Therefore, there is a need to devise 
a method for determining the similarity of images of raster 
graphics and construct a suitable software tool based on it.

3. The aim and objectives of the study

The purpose of our work is to improve the design of a 
software tool for determining the similarity of images of 
raster graphics. This will make it possible to improve the 
information support of illustration processing by devising a 
method for determining the similarity of images using a hash 
code that corresponds to all variants of the image, regardless 
of the size and aspect ratio.

To achieve the goal, the following tasks were solved:
– to analyze and systematize features of the image of 

raster graphics;
– to devise a procedure for determining the similarity of 

images using a hash code;

in modern medicine. In the medical field, technologies such 
as Deep Learning and neural networks, Transfer Learning, 
Image Registration, medical APIs, and cloud services are 
used to determine the similarity of images.

Usually, the determination of the similarity of bit-
map images is based on the use of various algorithms and 
methods of image processing. These methods are feature 
extraction, wavelet transformation, machine learning meth-
ods, structural methods, segmentation, calculating a color 
histogram for each image and comparing their histograms 
to determine similarity. But at the same time, it is very dif-
ficult to choose the exact algorithm or method that would 
make it possible to match all image options, regardless of the 
size and aspect ratio. As a result, there is an urgent need to 
devise such a method that corresponds to all image options, 
regardless of size and aspect ratio. When trying to go beyond 
these limitations for operational image processing, objective 
difficulties arise. These difficulties are associated with the 
lack of automated tools that allow optimizing the process of 
processing graphic illustrations, in particular, increasing the 
efficiency of determining the similarity of images. In addi-
tion, existing methods do not always correspond to human 
perception of image similarity.

Overcoming these difficulties should be carried out by 
devising an improvement technology for constructing a soft-
ware tool for determining the similarity of images of raster 
graphics. The essence of information support in this sense is 
to determine the similarity of images using the appropriate 
information system. The central link of this advanced tech-
nology is the method of determining the similarity of images 
using a hash code that corresponds to all variants of the 
image, regardless of size and aspect ratio.

Devising the specified technology will provide an effec-
tive toolkit for improving the information support of pub-
lishing and printing. In addition, improving the technology 
of constructing a software tool for determining the similar-
ity of raster graphics images will create conditions for im-
proving the competitiveness of multimedia web studios and 
obtaining certain effects from the introduction into produc-
tion. In particular, an increase in the number of customers of 
illustrated editions can be ensured due to the improvement 
of the quality of graphic image processing.

These aspects indicate the relevance of research aimed 
at devising a technology for constructing a software tool for 
determining the similarity of images of raster graphics.

2. Literature review and problem statement

The task to determine the similarity of images of raster 
graphics was addressed by a number of researchers. Thus, 
in [1], a systematic review and discussion of various ap-
proaches to constructing a final illustration of a prepress 
design is offered. But this work does not take into account 
the specificity of determining the similarity of images.

Study [2] proposes a dynamic curve color model for 
image processing. However, this study does not provide an 
opportunity to consider the specificity of image processing 
automation.

Work [3] reports analysis of color transfer in the pro-
cess of image processing. However, this work does not 
include a description of the parameterization of features of 
raster images.
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– to define the concept of similarity and introduce lin-
guistic variables to estimate the similarity indicator;

– to implement the improved technology of constructing 
a software tool for determining the similarity of images of 
raster graphics.

4. The study materials and methods

The object of research is the process of searching and 
analyzing images of raster graphics.

During the research, the following hypothesis was for-
mulated: it is possible to determine the similarity of images 
using a hash code that corresponds to all variants of the 
image, regardless of the size and aspect ratio.

The following research methods were chosen:
– generalization – for the formation of conceptual pro-

visions of the procedure for determining the similarity of 
images of raster graphics. The choice of generalization meth-
od is justified by the variety of bitmap graphics formats (for 
example, JPEG, PNG, BMP). The generalization method 
works effectively with different types of raster images;

– classification – with the aim of highlighting and sub-
stantiating the main features of a bitmap image, which should 
be taken into account in the process of determining the simi-
larity of images. The choice of this method is justified by the 
need to highlight classification features of the image;

– deduction – for parameterization of features of bitmap 
images. The deduction method is chosen based on its ability 
to identify key image features;

– analysis and synthesis – in order to consider the tex-
ture of the image at different scales. The choice of these 
methods is explained by the fact that analysis can provide a 
local view of texture, paying attention to small details, while 
synthesis can provide a global view, determining the overall 
structure;

– fuzzy logic – in the process of entering linguistic 
variables to evaluate the image similarity index. Images and 
notions of similarity between them may be subjective and 
may contain vagueness. Fuzzy logic allows modeling this 
fuzziness in language and evaluations, allowing for more 
flexible consideration of linguistic expressions.

– expert assessment – to determine linguistic variables 
in order to determine the similarity of images. Linguistic 
variables often have vague and subjective characteristics. 
Expert judgment provides an opportunity to model this un-
certainty and account for differences in expert judgments. In 
addition, experts can take into account contextual features 
that can affect the perception of image similarity, such as 
lighting, perspective, time, and other factors.

Precision and Recall were chosen as the numerical 
characteristics of the improvement of the technology of con-
structing a software tool for determining the similarity of 
images of raster graphics. This choice is justified by the fact 
that the use of both metrics makes it possible to balance the 
errors of the system and obtain an objective assessment of its 
effectiveness in the task of determining the similarity of im-
ages. In particular, the use of these metrics is very important 
for the medical field where false identification of dissimilar 
images (for example, X-ray images) as similar could have 
great negative consequences.

Precision determines what proportion of all objects 
marked by the model are actually positive:

True Positives
Precision ,

True Positives+False Positives
=  (1)

where True Positives (TP) is the number of images that 
the program correctly identified as similar; False Posi-
tives (FP) – the number of images that the program mistak-
enly identified as similar.

Recall determines what proportion of all truly positive 
objects the model was able to identify:

True Positives
Recall ,

True Positives+False Negatives
=   (2)

where False Negatives (FN) is the number of images that the 
program did not recognize as similar, although they should 
have been recognized.

By combining both metrics, a comprehensive assessment 
of the effectiveness of the image similarity detection system 
is obtained. For example, if a system has high precision but 
low recall, this may indicate that it is too conservative and 
identifies only obviously similar objects, leaving out less ob-
vious ones. On the other hand, if there is high recall but low 
precision, this may indicate that the system identifies many 
objects as similar, even though they are not really similar.

Thus, the use of both metrics makes it possible to balance 
the errors of the system and obtain an objective assessment 
of its effectiveness in the task of determining the similarity 
of images.

5. Research results regarding the improvement of the 
technology for determining the similarity of images of 

raster graphics

5. 1. Analysis and systematization of image features
Feature analysis of a bitmap image can include a variety 

of methods and techniques to identify key image characteris-
tics. In the process of analyzing the features of raster images, 
the following parameters should be taken into account:

1. Color characteristics:
1) color histogram, i.e., analysis of color distribution in 

the image;
2) average color – determination of the average color of 

the entire image;
3) color profiles – study of color space and distribution.
2. Textural characteristics:
1) texture matrices – use of GLCM (Gray Level Co-oc-

currence Matrix) to determine texture characteristics;
2) wavelet transformation – texture analysis based on 

wavelet transformation;
3) local binary samples – definition of local texture 

samples0.
3. Geometric characteristics:
1) dimensions and proportions – determination of di-

mensions and proportions of objects in the image;
2) moments of the image – use of moments to describe 

the shape and position of objects.
4. Frequency characteristics:
1) spectral analysis – determination of the frequency 

spectrum in the image;
2) frequency filtering – using filters to highlight or hide 

certain frequencies.
5. Contextual characteristics:
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1) pixel dependencies – analysis of dependencies between 
pixels to identify areas and structures;

2) unification of objects – definition of the united areas 
and their characteristics.

6. Features of the form:
1) contour characteristics – determination of the shape 

of objects based on contours;
2) elliptical features – analysis of elliptical features of 

objects.
7. Local features: reference points – use of key points to 

determine the characteristics of image areas.
These features can be used individually or in combi-

nation to construct a detailed image description. Feature 
analysis helps in the recognition and comparison of images, 
which is an important step in solving many tasks of bitmap 
processing and analysis.

In image processing, computer vision, and related areas, 
the moment of an image is equal to a specific weighted av-
erage value (moment) of the intensities of the image pixels.

Image moments are useful for describing objects after 
segmentation. Simple image properties that can be found 
from image moments include area (or total intensity), cen-
troid, and information about its orientation.

Like other tasks in computer vision, such as recognition 
and detection, the latest neural network-based search algo-
rithms are vulnerable to both candidate and query adver-
sarial attacks. It is shown that the obtained ranking can be 
drastically changed only by small perturbations, impercep-
tible to humans.

Due to the fact that the search for similar images is based 
on content, and not on description, we shall consider only 
those features of images that can be automatically calculated 
using image processing methods:

– attributes of color;
– attributes of texture;
– attributes of form.
The most common representation of color is a color his-

togram (color distribution histogram).
The approach is that the color space is divided into inter-

vals and for each interval the proportion of pixels from the 
given interval is calculated. The process of dividing the color 
space into a limited number of color ranges is called quan-
tization. Calculation of color histograms, which effectively 
characterize the global and local distribution of colors in the 
image, does not require significant hardware resources. In 
addition, they are resistant to turns, and also change slightly 
with changes in scale and viewing angle.

To consider the texture of the image at different scales, 
one can use wavelet analysis, which consists in decompos-
ing the signal by basis functions. Basis functions (wave-
lets) are built on the basis of the generating wavelet by 
shifting and scaling. The original image is taken, and the 
first projection of the signal is constructed (convolution 
with the first basis function), then the difference of the 
original signal with the received one is calculated and the 
second projection of this difference is constructed (con-
volution with the second basis function), etc. Moreover, 
each basis function is a shift of the previous, stretched 2n 
times (n characterizes the scale). Thus, as a result, we get 
a rough version of the image.

Another important feature for comparing images is the 
shape of objects. The simplest features are the center of 
gravity of the figures, the area, the direction of the main 

axis, etc. There are also more complex methods that rep-
resent the figures in more detail, they can be divided into 
two classes:

1) a regenerative description of the shape of the image, 
according to which it is possible to completely restore the 
image of the shape (for example, Fourier attributes);

2) non-restorable description of the shape (descriptive 
features) by which it is possible to distinguish a given shape 
from other shapes but it is not possible to completely restore 
the picture image.

5. 2. The procedure for determining the similarity of 
images using a hash code

Since perceptual primitives, i.e., distinctive features, 
must be used to compare images, it has been proposed to 
use a hash function representing the average value of low 
frequencies.

This choice is justified by the fact that in an image, high 
frequencies provide detail, while low frequencies show struc-
ture. A large, detailed photo contains many high frequencies. 
There is no detail in the very small image, so it consists en-
tirely of low frequencies.

Since the goal is to save time and computing power, the 
fastest way to get rid of high frequencies is to downscale the 
image. And you don’t need to worry about the proportions, 
just reduce the image to n*n sizes. The dimensions should be 
as small as possible in order to speed up image processing, 
but the image should not be too small.

Experimental optimization of the graphic raster image to 
remove high frequencies, by reducing the graphic raster im-
age, was performed using the image size reduction algorithm 
and low-pass filtering to remove high-frequency noise. This 
algorithm included the following stages:

1. Loading the initial graphic bitmap to be optimized.
2. Setting the filtering parameters. Parameters for low-

pass filtering were chosen, such as the size of the filter ker-
nel and the degree of sweep (sigma) for the Gaussian filter. 
These parameters determine the level of smoothness and 
preservation of details in the image. The size of the Gauss-
ian filter kernel is an odd number that defines the width 
and height of the kernel. In our case, the size of the filter 
kernel was 5. The degree of expansion (sigma) determines 
the degree of expansion of the Gaussian filter. Larger sigma 
values result in more filter sweep and more smoothing. 
This parameter should be adjusted manually depending on 
the noise level and desired effect. In our case, the value of 
sigma was 0.5.

3. Reducing the image size. A downscaling algorithm 
such as resampling was used to reduce the size of the image. 
In the context of the given task, it is appropriate to reduce 
RAM requirements and speed up loading.

4. Low-pass filtering. A low-pass Gaussian filter was ap-
plied to remove high-frequency noise and smooth the image. 
Filtering helps reduce artifacts and improve overall quality.

5. Evaluation of optimization results, taking into ac-
count image quality and size. A comparison with the original 
image was performed and it was determined whether they 
meet the requirements of the given task.

As a result of the application of this algorithm, it was 
experimentally determined that it is optimal to reduce the 
size of the image to 8×8 pixels (Fig. 1). Thus, the hash code 
will match all variants of the image, regardless of size and 
aspect ratio.
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Fig.	1.	Getting	rid	of	high	frequencies	by	reducing	the	high	
frequencies	of	an	image

The next step is the conversion of the received image in 
gray scale (Fig. 2). This is necessary in order to reduce the 
size of the hash code three times: from 64 pixels (64 red, 
64 green, and 64 blue) to a total of 64 color values.

Next, it is necessary to determine the average value of 
brightness. After that, the image is binarized, that is, those 
pixels whose brightness value is greater than the average 
brightness value are taken as 1, and the others as 0.

Fig.	2.	Image	binarization

After that, the hash code is built. The resulting 64 values 
of 1 and 0 are translated into one 64-bit hash code value, 
which is 8a0303769b3ec8cd.

The resulting hash code values must be compared. We 
proposed the hypothesis that the similarity of two images 
should be determined using the Hamming distance.

When comparing two image hash codes, a zero distance 
means that they are most likely the same images (or varia-
tions of the same image). Next, the received image similarity 
indicators are converted into percentages.

5. 3. Definition of the concept of similarity and intro-
duction of linguistic variables to estimate the indicator 
of similarity

Since assigning the value of a variable in words, without 
using numbers, is more natural for a person, it will be appropri-
ate to introduce linguistic variables for the similarity indicator.

Before entering the linguistic variables for the similarity 
indicator, it is necessary to define the concept of similarity.

Similarity is defined as a fuzzy equivalence relation, or, 
as it is also called, a similarity relation S on a set X. Similar-
ity is mathematically defined as a function µS: Х×Х→[0,1], 
called the membership function of the fuzzy relation S, which 
takes values on the segment [0, 1] and satisfies the following 
properties:

1) symmetry:

µS(x, y)=µS(x, y), , ;x y X∀ ∈   (3)

2) reflexivity:

µS(x, y)=1, ;x X∀ ∈    (4)

3) transitivity:

µS(x, z)≥˅(µS(x, y)˄µS(x, z)), , , ,x y z X∀ ∈  (5)

where the symbols ˅ and ˄ denote, respectively, the operations 
of taking the maximum and minimum values, and the expres-
sion Х×Х is the Cartesian product of the object set by itself.

Thus, the expression µS (x, y)=0,7, x, y∈Х or, using the 
algebraic form of notation S(x, y)=0,7, x, y∈Х, can be in-
terpreted as follows: “the object x belonging to the set X is 
similar to the object y belonging to the set X at power 0.7”.

The value 0 in the right-hand side of the equality means 
the complete difference of objects x and y, and the value 1, 
respectively, means the complete identity of the considered 
objects. It should be noted that the set X is an ordinary 
distinct set of objects in its classical sense. The symmetry 
condition (3) of relation S is interpreted as “object x is sim-
ilar to object y to the same extent that object y is similar to 
object x”, and the reflexivity condition (4) of relation S is 
interpreted as “object x is identical to itself”. The transitivity 
condition (5) of the relation S was called by Professor Zadeh 
the property of fuzzy transitivity and interpreted as follows: 
“The similarity of x and z has at least the same value as the 
similarity of x and y or the similarity of y and z”.

The similarity relation, which is determined by conditions 
(3) and (4), which has a natural interpretation, and which was 
designated S2 in the special literature in order to distinguish 
it from the similarity relation S, divides the subject area X into 
intersecting classes. For the similarity ratio, the expression µS 

(x, y)=0,7, x, y∈Х can be interpreted as follows: “the degree 
of similarity of objects x and y belonging to the set X is equal 
to 0.7.” The degree of similarity of elements can be indicated not 
only by a number from the interval [0, 1] but also by language 
expressions. These linguistic expressions are linearly ordered 
among themselves, such as “very weak similarity”, “weak sim-
ilarity”, “medium similarity”, “strong similarity”, “very strong 
similarity”. In the example, when using a linguistic variable, the 
original expression can be interpreted as follows: “objects x and 
y belonging to the set X are very similar.”

In order to determine the linguistic variables, expert eval-
uation was carried out. Graphic designers from multimedia 
web studios TessLab (Kharkiv, Ukraine), Studio-Site (Kyiv, 
Ukraine), Art Lemon (Kharkiv, Ukraine) acted as experts.

They were asked to compare several collections with 
images and determine their similarity scores (“very weak 
similarity”, “weak similarity”, “medium similarity”, “strong 
similarity”, “very strong similarity”).

In Fig. 3, images from the “Portraits” collection are 
shown, which were offered for comparison.

The results of the assessment are given in Table 1 (the fol-
lowing designations are proposed: a – “very weak similarity”, 
b – “weak similarity”, c – “medium similarity”, d – “strong 
similarity”, e – “very strong similarity”).

Table 1 demonstrates that images 1 and 2 are very similar, 
1 and 3 are moderately similar, 1 and 4 are weakly similar, 1 
and 5 are strongly similar, 1 and 6 are very weakly similar.
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Table	1

Results	of	expert	evaluation

Image Expert No. 1 and 2 1 and 3 1 and 4 1 and 5 1 and 6
1 e с b d а
2 e с b d а
3 e d b с а
4 e с b d а
5 e с b d а
6 e с b d а
7 e с b d а
8 e с b d а
9 e с b d а

10 e с b d а
11 e с b d а
12 e с b d а
13 e d b с а
14 e d b с а
15 e с b d а
16 e с b d а
17 e с b d а
18 e с b d а
19 e с b d а
20 e d b с а

If we compare the numerical similarity values obtained 
using software tools and the linguistic values found in the 
survey process, we can conclude that:

– “very weak similarity” – [0; 49];
– “weak similarity” – [50; 59];
– “average similarity” – [60; 74];
– “strong similarity” – [75; 89];
– “very strong similarity” – [90; 100].

5. 4. Implementation of the improved technology for 
constructing a software tool to determine the similarity 
of images of raster graphics

5. 4. 1. Development of a prototype algorithm for de-
termining the similarity of images

The developed prototype of the system for determining 
the similarity of images should have the following functions:

– image hashing;
– calculation of image similarity;
– visualization of the results.
Before constructing a prototype, it is necessary to devel-

op an algorithm that will allow a clear understanding of the 
procedure for determining the similarity of images.

The block diagram of the algorithm is shown in Fig. 4.
Fig.	4.	Block	diagram	of	the	algorithm	of	the	prototype	of	the	

system	for	determining	the	similarity	of	images

 

 
  1 2 3 4 5 6

Fig.	3.	Images	offered	for	comparison:	1	–	large-scale	image;	2	–	image	of	a	slightly	reduced	scale;		
3	–	illuminated	image	with	superimposed	background;	4	–	image	of	another	person;	5	–	image	with	an	overlaid	layer	mask;		

6	–	image	of	an	animal	on	a	light	background
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The input data is an image, that is, the user uploads an im-
age to the program that s/he wants to save in her/his collection.

After that, the program analyzes the image and removes 
high-frequency features. The next step is to get the hash code 
of the image and store it in the database. This is necessary in 
order to minimize information and facilitate its processing.

After that, the prototype selects a hash code from the da-
tabase and compares it with the hash code of the image that 
was uploaded by the user, thus determining the similarity.

The similarity index that falls within the interval speci-
fied by the user is stored together with the file name.

After all iterations have been performed, that is, all hash 
codes in the database have been checked, the results will be 
displayed on the screen.

5. 4. 2. Construction of a prototype of a software tool 
for determining the similarity of images

The development of a prototype system for determining 
the similarity of images may involve the use of different 
libraries and approaches. The program code in the Python 
language is given in [12].

This code uses OpenCV to work with images and com-
pare by structural similarity.

The OpenCV library was used to determine the similar-
ity of images using key points and descriptors.

A practical implementation of the technology of con-
structing a software tool for determining the similarity of 
images of raster graphics has been carried out.

Fig. 5 shows a typical architecture based on a content-based 
image retrieval system – the CBIR system (CBIR – Con-
tent-based image retrieval). It performs two main functions: 
data entry and request processing.

The data entry subsystem is responsible for extracting 
the relevant features of the image and saving them in the 
image database (dotted arrows). This process is usually done 
automatically.

The processing of requests, in turn, has the follow-
ing structure: the interface allows the user to ask the 
necessary request according to the sample and visualize 
the search result – similar images. The query processing 
module extracts the feature vector from the sample and 
evaluates the similarity between the image request and 
the database of existing images. Next, it ranks the degree 
of similarity of the images with the query and performs 
feedback, that is, it transmits the most similar images to 
the front-end module.

Thus, the constructed prototype of the system for deter-
mining the similarity of images should include the following 
subsystems:

– image database;
– image feature extraction subsystems;
– base of visual attributes;
– user interface;
– a subsystem for determining the similarity of images, 

which corresponds to the human perception of the similarity 
of images;

– a subsystem for evaluating and ranking the similarity 
of images.

To develop a software prototype interface, you can use 
the Tkinter library, which is a standard for constructing a 
graphical user interface in Python.

The constructed interface of the developed prototype 
software tool for determining the similarity of images is 
shown in Fig. 6.

In the menu bar, the user can perform some settings and 
read help and information about the author.

Next, you need to adjust the similarity level. The level of 
similarity can be selected from the drop-down list where it is 
specified in the form of linguistic variables. Five similarity 
levels can be selected: very strong similarity, strong simi-
larity, medium similarity, weak similarity, and very weak 
similarity. If it is more convenient for the user to set the 
level of similarity in the form of percentages, s/he can enter 
similarity limits.

The user must then upload the image they wish to add 
to the collection. Next, the similarity of the uploaded image 
with the images in the database is determined. The results 
are displayed on the right side of the form, namely the sim-
ilarity level and the file name.

If the user is satisfied with the result, s/he can save the 
image in the database.

A prototype software tool was implemented to deter-
mine image similarity on the Google Landmarks dataset. 
A total of 110 images were processed using the developed 
software tool. A fragment of the result of the prototype of 
a software tool for determining the similarity of images is 
shown in Fig. 7.

According to formulas (1) and (2), the calculation of 
the numerical characteristics of the improvement of the 
technology of constructing a software tool for determining 
the similarity of images of raster graphics was performed. 
The values of the True Positives (TP), False Positives (FP), 
and False Negatives (FN) indicators were obtained based 
on the involvement of experts who were graphic designers 
from Global Digital Technology LLC (Balta, Odesa oblast, 
Ukraine). As a result of expert assessment, the following 

values were obtained:
– True Positives (TP)=80;
– False Positives (FP)=10;
– False Negatives (FN)=20.
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Fig.	5.	Typical	CBIR	system	architecture
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The results of the calculations are as follows:

80
Precision 0.89,

80 10
= ≈

+
 

80
Recall 0.8.

80 20
= ≈

+

So, as a result of the calculations, the Precision is ap-
proximately 0.89, and the Recall is 0.8. These metrics can 

be interpreted as follows: the program 
correctly recognizes similarities in 89 % 
of cases (Precision), and in samples that 
are really similar, the program recognizes 
them in 80 % of cases (Recall).

6. Discussion of results of improving 
the technology of constructing a 
software tool for determining the 

similarity of images of raster graphics

As part of this study, an improved tech-
nology for constructing a software tool for 
determining the similarity of raster images 
has been devised. In the process of devising 
the technology, the key features of the im-
age were considered, which should be taken 
into account in the process of determining 
the degree of similarity of raster drawings. 
The proposed technology is a continuation 
of our research on the development of a 
procedure of information support for pub-
lishing and printing.

As a characteristic that confirms the 
superiority of the proposed technology 
for determining the similarity of imag-
es over known analog technologies, the 
amount of RAM is used. After all, the 
amount of RAM is an important char-
acteristic of computer systems that can 
affect various aspects of productivity 
and efficiency. The developed prototype 
of the software tool for determining the 
similarity of images requires 210 MB 
of RAM. The amount of RAM used by 
the VGG16 model of Convolutional Neu-
ral Networks technology is approximate-
ly 410 megabytes. And the services Mic-
rosoft Azure Computer Vision, Amazon 
Rekognition, AWS DeepLens, Google 
Cloud Vision API, Google Similar Imag-
es require significant amounts of RAM, 
from 1 GB and above.

Possible areas of practical application 
of the proposed methodology include:

– computer graphics programming;
– assessment of the quality of graphic 

images;
– informational support for publishing 

and printing.
The proposed technology solves the 

problem of informational support for the 
assessment of the quality of graphic im-

ages in the aspects of determining the similarity of im-
ages using a hash code. This is achieved thanks to the 
image hashing procedure that we devised and explained 
using the corresponding results of the designed proto-
type of the software tool for determining the similarity 
of images (Fig. 6). In turn, the software prototype was 
constructed on the basis of the proposed algorithm of the 
system prototype for determining the similarity of imag-
es (Fig. 4) and using the typical architecture of the CBIR 
system (Fig. 5).

 

 
  

Fig.	6.	Prototype	interface	of	the	image	similarity	software
 

 
  

Fig.	7.	The	result	of	the	prototype	of	a	software	tool	for	determining	the	
similarity	of	images
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The results of the current study are adequate within the 
scope of operations for determining the similarity of raster 
graphic images.

A feature of the proposed technology in comparison with 
works [2, 5, 7] is the use of the method of determining the 
similarity of images using a hash code.

The advantages of the proposed technology for con-
structing a software tool for determining the similarity of 
bitmap images are:

– taking into account the opinions by leading specialists 
of multimedia web studios regarding the selection of linguis-
tic variables for determining the similarity of images (in the 
process of expert evaluation, Table 1);

– the use of a hash code that corresponds to all variants 
of the image, regardless of the size and aspect ratio (by 
getting rid of the high frequencies of the image by reducing 
it, Fig. 1, and further binarizing the image, Fig. 2);

– the presence in the developed software of a subsystem 
for determining the similarity of images, which corresponds 
to the human perception of the similarity of images (Fig. 7).

The disadvantage of our research is that the results of the 
prototype of the software tool for determining the similarity 
of images could sometimes be sensitive to changes in light-
ing, angles, image sizes, etc. This shortcoming can be elim-
inated in the future by using more complex architectures of 
neural networks that can automatically learn useful features.

In the process of using the proposed results, the follow-
ing limitations of a subjective nature may be imposed:

– the use of expert evaluations to determine the indica-
tors of similarity of images can lead to the subjectivity of the 
obtained results;

– the list of image characteristics may change depending 
on the specific conditions of a certain graphic design task.

Further areas of research may involve:
– development and optimization of deep models of raster 

graphics analysis;
– devising a procedure for constructing neural networks 

for automatic study of high-level features and traits that 
determine similarities between images;

– improvement of pixel comparison algorithms and 
structural characteristics of bitmap images.

7. Conclusions 

1. This paper systematizes the features of the raster 
graphic image based on the principle of dividing them into 
different categories depending on the measurement tech-
nique, analysis, and interpretation of the information they 
provide. As a result, such characteristics of a raster image 
as color characteristics, texture characteristics, geometric 
characteristics, frequency characteristics, contextual char-
acteristics, shape features, local characteristics were ob-
tained. Systematized features allow constructing a detailed 
description of the image. In addition, the analysis of these 
features allows the recognition and comparison of graphic 
raster images.

2. We have proposed a procedure for determining the 
similarity of images using a hash code, which allows pro-
cessing all possible variants of the image, regardless of 
the size and aspect ratio. The resulting indicator of the 
proposed procedure is the value of the hash codes. As a 
result of the implementation of the specified procedure, a 
64-bit value of the hash code was obtained, which is equal 
to 8a0303769b3ec8cd.

3. It is proposed to introduce linguistic variables to es-
timate the similarity index. Numerical values of similarity, 
obtained on the basis of the use of information systems, and 
linguistic values revealed in the survey process were com-
pared. As a result, threshold values were obtained that make 
it possible to assess the degree of similarity of images. Namely, 
very weak similarity” – [0; 49]; “weak similarity” – [50; 59]; 
“average similarity” – [60; 74]; “strong similarity” – [75; 89]; 
“very strong similarity” – [90; 100].

4. The working algorithm of the prototype for determin-
ing the similarity of images has been developed, which makes 
it possible to regulate the procedure of image processing. 
Based on the algorithm, a prototype of the information system 
for determining the similarity of images of raster graphics has 
been developed. The developed prototype allows automation 
of the process of searching for similar images, as a result of 
which the time spent by the user on searching for similar 
images is saved. The value of the numerical characteristics of 
the improvement of the technology of constructing a software 
tool for determining the similarity of images of raster graphics 
was obtained. Namely, the precision index was approximately 
0.89, the recall index was 0.8. A characteristic that confirms 
the superiority of the proposed technology for determining 
the similarity of images over known analog technologies is the 
amount of RAM of the developed prototype, which is 210 MB.
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