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The subject matter of this article involves reviewing and developing methods for the comparison and
transformation of images obtained using UAV via Computer Vision tools. The goal is to improve methods for
image comparison and transformation. Various image-processing methods were employed to achieve the goal
of this study,~thereby contributing to the development of practical algorithms and approaches for image
analysis and comparison. The tasks can be described as follows: 1) development of image comparison
methods: design tools for the comparison of images from UAV that efficiently detect differences using
algorithms such as cv2.absdiff and the PIL module; 2) Image transformation: implement transformation
methods for images from UAV, including perspective transformation and thresholding, to enhance the quality
and accuracy of image analysis. The methods used were algorithm development, image transformation
methods, statistical analysis, experimental testing, and performance evaluation. The metrics used in this
article are response time and accuracy. Algorithms for image comparison have also been refined, particularly
those transformed through Global Threshold Value, Adaptive Mean Thresholding, and Adaptive Gaussian
Thresholding. A novel change filtering method was introduced to enhance the precision of image comparison
by filtering out insignificant alterations following image transformation. Comprehensive investigation of image
comparison involving edge detection methods has been systematically presented. The results contain the
development of practical algorithms and approaches for image analysis and comparison applicable in diverse
areas such as military, security, and agriculture. Possibilities of applying our methods and algorithms in the
context of drones were also considered, which is particularly relevant in tasks related to computer vision in
unmanned aerial vehicles, where limited resources and the need for real-time processing of a large volume of
data create unique challenges. Conclusions. The results contain OpenCV and PIL image comparison methods.
OpenCV pixel-by-pixel comparison algorithm showed a better response time with the same accuracy. OpenCV
method has 92,46% response time improvement compared with PIL and is 276ms. As for image thresholding
with comparison, a method based on Global Threshold Value showed the shortest response time (266ms) and
the lowest accuracy. The highest accuracy and response time (366ms) were obtained using the Adaptive
Gaussian Thresholding method.
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and object recognition. With the introduction of neural
networks and deep learning, significant strides have

1. Introduction

1.1. Motivation

Nowadays, a crucial area of study revolves around
developing innovative solutions in computer vision and
unmanned aerial vehicle (UAV) technologies: This
research domain involves an analysis of image
comparison and transformation tools in Computer
Vision, their practical applications, and the resolution of
various theoretical and practical challenges faced by
modern scientific communities.

Drones with image analysis hardware can
effectively analyze data and provide operators with
valuable real-time information.

Computer vision has significantly evolved with
technological advancements, particularly the increase in
computational power and the improvement of
algorithms. Following this, pivotal methodologies have
emerged, including but not limited to image processing

been made in the field of computer vision.

This advancement empowers developers to craft
sophisticated systems capable of precisely parsing
images captured by drones, ensuring accurate
identification and categorization of objects within both
images and videos [1].

The initial methods included image filtering and
enhancement, edge detection, and essential shape
recognition. With the development of machine learning
algorithms, object classification and localization
methods have been introduced, allowing for more
accurate identification and analysis of visual data.

Computer Vision plays a crucial role in many
modern technologies, providing essential technological
support  from automated quality control in
manufacturing to facial recognition in smartphones and
from security systems to autonomous transportation [2].
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Despite significant advancements in this area,
there are situations where computer vision systems may
still make errors, especially in complex lighting
conditions or when detecting beautiful details.

Another crucial challenge is the speed of image
processing. Processing speed is critically important for
many applications, particularly those requiring real-time
capabilities such as automated driving or video
surveillance systems [3].

1.2. State of the Art

Over the past few years, drones have become
integral components of computer vision and the Internet
of Things (1oT).

Researchers such as Volodymyr Rebrov and
Vladimir Lukin focus on the post-processing of
compressed noisy images using BM3D filters.
Researchers explored the use of the BM3D filter to
improve the quality of noisy, compressed images,
finding that it surpasses traditional options and offers
valuable parameter setting recommendations [4].

Another important application area for drones is
video stream brightness stabilization. The work of
Vladyslav Bilozerskyi, Kostyantyn Dergachov, Leonid
Krasnov, Anatolii Zymovin, and Anatoliy Popov tackles
video brightness fluctuations caused by lighting and
noise. This study proposes a novel brightness stability
method using the "average frame brightness" indicator
and digital filtering algorithms, achieving promising
results in real-world scenarios [5].

The adaptation of FPGA architecture for
accelerated image preprocessing, presented in the work
of Olesia Barkovska, Inna Filippenko, Ivan Semenenko,
Valentyn Korniienko, Peter Sedlacek, shown how to
improve slow image processing by building a
reconfigurable FPGA system, demonstrating a 60x
speed-up compared to software solutions. The resilient
design offers real-time reconfiguration and high
throughput, making it ideal for embedded tasks
requiring fast image processing [6].

Zhaolong Ning, H. Hu, and Xiaojie Wang explore
the use of edge computing and machine learning in the
Internet of Things (1oT) for Unmanned Aerial Vehicles
(UAVS). This study examines the potential use of UAV
resources for distributed data processing and real-time
decision-making. The research emphasizes the
significance of leveraging edge computing and machine
learning to enhance efficiency and automate UAV
operations in various sectors, including monitoring and
rescue operations [7].

Research conducted by Arsen Petrosian, Ruslan
Petrosian, Ihor Pilkevych, and Maryna Graf is focused
on advancing and refining Unmanned Aerial Vehicle
(UAV) control systems. The primary emphasis of this

study lies in optimizing algorithms and using cloud and
distributed computing for efficient management and
processing of the substantial amount of data generated
by drones. The research also considers the growing
complexity of the drone flight environment, particularly
the presence of moving obstacles [8].

Ming-You Ma, Shang-En Shen, and Yi-Cheng
Huang [9], has studied areas of object detection ability
and finding the emergent landing platform and for
future reconnaissance.

Lijia Cao, Pinde Song, Yongchao Wang, Yang
Yang, and Baoyu Peng [10] studied algorithms for
image recognition of unmanned aerial vehicles for
military countermeasures and disaster search and
rescue.

In research, provided by Sergio Bemposta
Rosende, Sergio Ghisler, Javier Fernandez-Andrés, and
Javier Sanchez-Soriano, different computer vision
models and reduced-board (and small-power) hardware
were developed, evaluated, and compared to optimize
traffic management in these scenarios [11].

All of these studies emphasize the importance of
using drones in various applications because they
facilitate real-time data collection and analysis, which is
crucial.

1.3. Obijectives and Approach

This study aims to develop and implement
methods for image comparison and transformation in
the field of Computer Vision to enhance the efficiency
of visual data analysis from UAVs and across various
application domains.

The tasks can be described as follows:

1) development of image comparison methods:
design tools for image comparison that efficiently detect
differences using algorithms such as cv2.absdiff and the
PIL module;

2) image transformation: implement image
transformation  methods, including  perspective
transformation and thresholding, to enhance the quality
and accuracy of image analysis.

The assistance of Copilot was used to refactor the
code and provide insights into identifying and rectifying
errors encountered during the development process.
ChatGPT was used to help with the article translation
and to check parts of the text to avoid
misinterpretations.

The approach to this research included the
analysis of various image comparison methods,
designing algorithms and architecture of image
comparison, and improving existing algorithms.

Research contained the next stages:

- analysis of the existing image comparison
methods;
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- implementation PoC of image comparison
algorithms;

- architecture design and solution validation;

- development;

- testing and measuring;

- improvement of existing image comparison
algorithms.

In this study, we will use the following metrics:
response time in milliseconds, response time compared
to other methods, and accuracy.

Response time (in milliseconds) shows the amount
of time from sending the request with images that we
must compare to achieve the result.

Response time will also be compared between
methods in this research to show differences as a
percentage.

Accuracy in terms of this research is a boolean
value which indicates were differences found or not.
Additional details will be provided for this value.

Current research includes only methods that can be
automated and do not require human interaction or
routine.

2. Materials and methods of research

2.1. Pixel-wise comparison using cv2.absdiff
with difference highlighting

Pixel-wise image comparison is a method that
allows detection of the difference between two images
at the most minor level. OpenCV (or cv2 in Python) is a
popular library for implementing such a comparison.
This library's cv2.absdiff() function enables the quick
obtaining of an image representing the difference
between two other images.

OpenCV (Open Source Computer Vision Library)
is an open-source computer vision and machine-learning
library. Licensed under the Apache 2 license, OpenCV
enables companies to easily use and modify the
code [12].

The cv2.absdiff() function takes two input images
and returns a new image representing their absolute
difference. For each pixel in the input images, the
corresponding pixels are subtracted, and the result is
taken as an absolute value, forming the output image's
pixels.

To make the difference more noticeable in the
resulting image, you can apply the following specific
highlighting methods:

- binarisation: after obtaining the difference
image, you can use thresholding (cv2.threshold()) to
highlight changed areas;

- colour map: to enhance visibility, you can use
a colour map (cv2.applyColorMap()) that makes the
difference more pronounced with contrasting colours;

- dilation: to widen and make the difference
more noticeable, you can apply dilation (cv2.dilate()).

Pixel-by-pixel comparison using cv2.absdiff() is
an effective method for detecting differences between
two images, especially when the shooting conditions are
almost 100% similar (stationary). When photos were
taken at different angles, changed shooting locations, or
under altered conditions, the results may be inaccurate.

2.2. Overlaying two BGR2GRAY photos

Overlaying photos, whether in colour or
monochrome format, can create a visual effect useful
for analyzing and demonstrating changes. Converting
images from the BGR (Blue-Green-Red) format to the

GRAY  (monochrome) format helps emphasize
brightness and contrast by discarding colour
information.

When referring to overlaying two images, it
implies creating a composite image where one image is
superimposed on another. This can be done using
various merging methods such as simple addition,
averaging, and multiplication [13].

To overlay two grayscale (GRAY) images, follow
these steps [14]:

1. Load images and convert them to grayscale.

2. Overlaying images. One method uses the mean
squared error.

3. Displaying or saving the result.

Overlaying grayscale images can be used in
various scenarios:

- difference analysis: if you have two similar
photos taken at different times, overlaying them can
help identify changes between them;

- information merging: for example, if you have
a topographic map and a rainfall map, you can combine
them to obtain an image that shows both sets of
information together.

Comparing two BGR2GRAY drone photos using
overlaying may show a less effective result than
comparison using cv2.absdiff().

Converting to grayscale somewhat mitigates the
impact of changes in the shooting angle and, to some
extent, reduces the influence of lighting and weather
conditions at the time of shooting.

Therefore, overlaying grayscale images helps to
combine, analyze, and create new visual compositions.

2.3. Comparison using the PIL module

The Python Imaging Library (PIL) is a library for
image processing in Python. It provides tools for
loading, processing, and saving images in various
formats. One of its key features is the ability to compare
images at different levels [15].
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The main comparison methods include:

- Pixel-by-pixel: this straightforward method
involves checking each pixel of one image against the
corresponding pixel of another image. Although this
method is linear, it may not always be efficient, as
minor changes in the image can result in several pixel
differences.

- Histograms: comparing images using their
histograms allows assessing the distribution of
brightness and colour components in the image. This
can be useful when finding general differences between
two images rather than specific pixel discrepancies;

- shape and features: instead of directly
comparing pixels or histograms, more complex
algorithms can be used to detect shapes or features in an
image and then compare these features between images.

PIL is well-suited for simple image comparison
tasks. For example, it can be useful for detecting
duplicates or checking for changes on a website.

However, it is recommended to use specialised
libraries such as OpenCV for more complex tasks, such
as finding differences in drone images or comparing
faces,.

2.4. Image Transformation
with Subsequent Comparison

Perspective Transformation

OpenCV, or Open Source Computer Vision
Library, is one of the most popular libraries for
computer vision. It provides a range of tools for image
processing, including perspective transformation. The
method cv2.warpPerspective allows altering the
perspective of an image in OpenCV, which can be
useful for correcting distortions or changing the
viewpoint.

Key concepts [16]:

1. Defining points: to perform a perspective
transformation, it is necessary to define four points on
the input image and four corresponding points on the
output image. These points are used to create a
prospective matrix.

2. Creating a  prospective  matrix:  the
cv2.getPerspectiveTransform function takes two arrays
of four points each for the input and output images and
returns the prospective matrix.

3. Applying the transformation: the
cv2.warpPerspective function uses the prospective
matrix to change the image’s perspective.

Perspective transformation can be applied in the
following cases:

- distortion correction: if a photo was taken at an
angle to a flat surface, perspective transformation can be
used to obtain a "top-down" view;

- changing the  viewpoint: perspective
transformation can be used to simulate a change in the
observer's position;

- augmented reality: integrating virtual world
objects into the real world requires changing the
perspective to make them look natural.

Let us consider the perspective transformation on a
drone image. For example, to create a map of the terrain
or, more accurately, determine the coordinates of a point
on the terrain by referencing landmarks, it is necessary
to transform an image taken at an angle into an image
with a "top-down" view [17].

The limitations of perspective transformation
include the choice of key points, data loss, and
computational complexity. Proper selection of
corresponding points is crucial for obtaining an accurate
prospective matrix. Correct choices can lead to proper
transformation. Significant perspective changes may
result in the loss of parts of the image or low-quality
resulting images.

While OpenCV is optimized for image processing,
high-resolution perspective transformation can be
resource-intensive.

2.5. Global Threshold Value

Thresholding, or image binarization, is one of the
most common image processing methods. This
technique allows the highlighting of specific areas of an
image by converting it into a binary (black and white)
representation. A global threshold value means setting a
single threshold value for the entire image.

The same threshold value is applied to the entire
image when referring to a global threshold value.

This means that all pixels with brightness values
lower than the threshold value will be converted to
black and all others to white (Figure 1).

Fig. 1. Image Transformation Using
a Global Threshold Value

The thresholding process consists of:
1. Loading the image: load the input image that
requires binarisation.
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2. Conversion to grayscale: typically, images are
converted to grayscale (grey levels) to work only with
brightness rather than three colour channels.

3. Applying the threshold value: all pixels with
brightness below the threshold value are converted to
black and others to white (Figure 2).

Advantages of global thresholding include
simplicity - global thresholding is a straightforward
method that does not require complex calculations or
parameters. Because of its simplicity, this method is
speedy and efficient for processing large images.

Limitations include suboptimal performance for
imperfect images - global thresholding may need to be
more efficient for images with varying lighting or low
contrast.

Loading the
image
L J

Conversion to
grayscale

1 /
Applying the
threshold value

Fig. 2. Thresholding process

Another limitation is the loss of details — some
details may be lost after binarisation, especially in
images with low contrast between the object and
background.

Therefore, image thresholding is a fundamental
tool in image processing that can be used in various
applications, from object highlighting to preparing data
for machine learning. Global thresholding is a simple
and fast method for obtaining binary images. However,
its effectiveness may depend on the quality of the input
image and the tasks’ specific requirements.

2.6. Adaptive Mean Thresholding

Image thresholding allows the highlighting of
important areas by converting them into a binary
representation. Adaptive thresholding attempts to
calculate an adaptive threshold for different regions of
the image.

Adaptive mean thresholding, for instance,
determines the threshold for each pixel by calculating
the average brightness value in its neighbouring pixels
(Figure 3).

Fig. 3. Example of Applying the Adaptive
Mean Thresholding

Process of adaptive mean thresholding:

1. Loading and preparing the image: load it and
convert it to grayscale.

2. Choosing the window size: select the window
size in pixels (e.g., 11x11) used to determine the
threshold for each pixel.

3. Calculating the threshold: for each pixel in the
image, calculate the average brightness value from all
pixels in the selected window and use this average value
as the threshold.

4. Binarisation: using the calculated threshold,
convert each pixel to black or white depending on its
brightness (Figure 4).

Loading and
preparing the
image

A
"4

Choosing the
window size

[
TIT

Calculating the
threshold

Binarisation

Fig. 4. Adaptive Mean Thresholding process

The advantages of the algorithm include handling
uneven illumination and preserving details. Because of
the local threshold calculation, this method effectively
works with images with uneven lighting. In addition, it
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often preserves details that may be lost with global
thresholding.

Limitations include computational complexity
because adaptive thresholding requires more
computations than global thresholding. The choice of
window size is crucial, and an incorrect selection may
lead to the loss of details or unwanted noise in the
image.

Therefore, adaptive mean thresholding is an
effective method for thresholding images with uneven
illumination or contrast. Determining the threshold
helps achieve more accurate binarisation than global
methods. However, the correct selection of parameters,
such as window size, is crucial for obtaining the best
results.

2.7. Adaptive Gaussian Threshold Value

Threshold image adjustment converts images into
binary (black-and-white) representations. However, not
all images have a uniform background or lighting. In
such cases, a global threshold value may not provide
optimal results. Adaptive thresholding comes to the
rescue, and one of its variants is Adaptive Gaussian
thresholding (Figure 5).

Fig. 5. Example of applying Adaptive
Gaussian Thresholding

e

2

With  Adaptive Gaussian thresholding, the
threshold for each pixel in the image is calculated on the
basis of the weighted sum of pixel intensities in the
window around that pixel. A Gaussian function gives
the weights, so close pixels will significantly influence
the threshold value more than those farther away [18].

The process of Adaptive Gaussian Thresholding
involves:

1. Loading and preparing the image: load it and
convert it to grayscale.

2. Choosing the window size: select the local
window size used to calculate the threshold value.

3. Calculating the threshold: for each pixel in the
image, calculate the threshold based on the weighted
sum of pixel intensities in the corresponding window
using the Gaussian function.

4. Binarisation: apply the calculated threshold to
each pixel, converting it to black or white, depending on
its intensity (Figure 6).

Advantages of Adaptive Gaussian Thresholding
include:

- accuracy in unevenly illuminated areas:
because of the use of weighting coefficients, the method
is more sensitive to local features of the image, such as
shadows or highlights;

- preservation of details: simple binarisation
often leads to detail loss, but the Gaussian method can
retain more details because of its adaptability.

The limitations of this algorithm include higher
computational complexity and the need to choose
appropriate parameters. Adaptive Gaussian thresholding
is computationally more demanding than other
thresholdin_g methods.

~

Load and
prepare the
image

;

)
Convert to

grayscale
—_—J

[} VA
Choose the
window size

?

)
Calculate the
threshold

;

Binarisation

Fig. 6. Adaptive Gaussian Thresholding process

Therefore, Adaptive Gaussian Thresholding is a
powerful tool for thresholding images with uneven
backgrounds or lighting. It considers local image
information and applies a Gaussian weighting scheme to
obtain more accurate threshold values. If properly
tuned, this method can provide clear, detailed binary
images.

2.8. Edge Detection

Edge detection is one of the fundamental
operations in image processing used to identify areas
where there is a change in the intensity of brightness or
colour in an image. This change in intensity may
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indicate an edge, which in turn can suggest the 3. Results and Discussion
boundary between two objects or parts of an object.
Methods of edge detection [19]: 3.1. Pixel-wise Comparison
1. Gradient-based methods: using gradient Using Computer Vision
operations, you can determine the direction in which the
intensity of the image changes most rapidly. Key Overlaying two BGR2GRAY images and

methods include:

- sobel method: uses two 3x3 Kkernels to
determine horizontal and vertical intensity changes;

- prewitt method: similar to Sobel but with a
different kernel;

- scharr's method uses
increased accuracy.

2. Laplace method: Applies the second derivative
to detect edges, which can identify edges where the
image gradient passes through zero.

3. The canny method is one of the most popular
and involves several steps, including smoothing,

larger kernels for

gradient detection, non-maximum suppression, and
double thresholding (Figure 7).

Fig. 7. Example of applying
the edge detection algorithm.

Challenges of this algorithm include noise in the
image, which can detect incorrect edges. Often, before
edge detection, images undergo smoothing to reduce the
impact of noise.

Another challenge is the discontinuous edges and
thickness of the edges. Ideally, the edge should be a
one-pixel-wide line. However, some methods may result
in wide or blurry edges.

The algorithm is applied in various fields:

- medical imaging: for detecting pathological
changes such as tumours;

- automatic object recognition: to determine the
object boundaries in an image;

- video surveillance: for
objects.

Edge detection is a crucial component in image
processing. It helps highlight important information in
an image and can be used in various applications, from
medical diagnostics to object recognition.

detecting moving

subsequent comparison.

Developing server applications to handle requests
is integral to many information technologies. In this
context, one of the popular libraries for creating web
servers in the Python programming language is Flask.

Flask is a lightweight and flexible framework
designed for rapid web application development. Using
Flask, you can create a server that handles HTTP
requests and sends HTTP responses [20]. Flask is based
on the principles of web application development using
the "routing-function” model. A URL to which HTTP
requests can be sent, associated with a specific
processing function, represents the «route». Processing
functions define the logic of responding to requests and
may include operations such as data processing and
interaction with a database, and more. Creating a server
with Flask involves importing the Flask class and
defining routes using decorators.

In many cases, image processing on the server is
an important task. Using Flask, you can create a server
that accepts images as requests and returns the results of
their processing.

A "compare_gray" endpoint (Listing 1) compares
two images in grayscale mode. One approach to
implementing this is to create the
"compare_gray_image_pixels" function, which takes
two images in PNG format and compares them using
pixels. Subsequently, the "compare_ gray" endpoint,
which handles POST requests, accepts files and calls the
specified function, was created.

Listing 1
Implementation of the server
with the «compare gray» endpoint

from flask import Flask,
send file

from compare gray image pixels import
compare gray image pixels

app = Flask( name )

request,

@app.route ('/compare gray',
methods=["'POST'])
def compare gray():
if 'filel' is not requested.files
or 'file2' is not in request.files:
Return 'Files are not uploaded',
400
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filel = request.files['filel'] web applications.
file2 = request.files['file2'] The choice and use of Postman in the project were
fileMimeType = filel.mime-type driven by its high functionality and convenience for
if testing and interacting with APIs.

filel.mimetype.startswith('image/")
and
file2.mimetype.startswith('image/"') :

# Save the files to disk or
process them in memory

filel.save('./compare/pixel compare i
mg_1l.png'")

file2.save('./compare/pixel compare i

mg_2.png')
# Compare the images

compare gray image pixels('./compare/
pixel compare img 1.png',
'./compare/pixel compare img 2.png')
result =
open ('./compare/pixel compare result.
png', 'rb')
return send file(result,
mimetype=fileMimeType)

else:
return 'Invalid file type', 400
Let us take a closer look at the

"compare_gray_image_pixels" function (Listing 2):

1. The function should include importing the cv2
(OpenCV) and imutils libraries. OpenCV is used for
image processing operations [12], while imutils
provides several convenient functions for working with
images.

2. It takes the paths to the original and new
images as arguments.

3. The original and new images are read using
OpenCV and resized using the imutils.resize function.

4. A copy of the original image is created, and the
absolute difference between the original and new
images is computed.

5. The comparison result is converted to
grayscale [13], and dilation highlights the differences.

6. Binarisation is used to determine the contours,
which are then used to highlight differences in the new
image [21].

7. A rectangle is drawn for each contour on the
new image, and the result is saved in the
"pixel_compare_result.png" file [14].

8. Adding function export using _all__

Postman is used to test the web server endpoint.
Postman simplifies the testing process, allowing
efficient verification of the correctness of endpoint
operations and confident implementation of changes in

Listing 2
Implementation of «compare gray image pixels»
import cv2

import imutils

def
compare gray image pixels (original pa
th: str, new path: str):

original =
cv2.imread(original path)

new = cv2.imread(new_path)

original = imutils.resize (original,
height = 600)

new = imutils.resize(new, height =
600)

diff = original.copy()

cv2.absdiff (original, new, diff)

gray = cv2.cvtColor(diff,
cv2.COLOR_BGR2GRAY)

for i in range (0, 3):
dilated = cv2.dilate(gray.copy (),
None, iterations= i + 1)

(T, thresh) =
cv2.threshold(dilated, 3,
CV2.THRESH_BINARY)

255,

cnts = cv2.findContours (thresh,
CVZ.RETR_LIST,
CVZ.CHAIN_APPROX_SIMPLE)

cnts = imutils.grab contours (cnts)

for ¢ in cnts:
(x, y, w, h) =
cv2.boundingRect (c)
cv2.rectangle (new, (%,
w, y + h), (0, 255, 0), 2)

Y)I (x +

cv2.imwrite ("./compare gray/pixel com
pare result.png", new)

all =

['compare gray image pixels']
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The images for comparison are provided below
(Figure 8). The obtained result is shown in Figure 9.

Fig. 8. Images for Comparison

Fig. 9. Comparison Result of «compare_gray»

The average response time for images with
resolution 2400x1597 pixels is 276ms. All images in
this research contain one object as a difference to make
measurements more accurate and to be able to find
average values.

This method was chosen as a comparison point
and the relative response time for it is 100%.

This method is accurate because it found the
difference between two compared images.

3.2. Comparison using the PIL module

Continuing the functionality already implemented
in the ‘compare_gray’ endpoint, a new endpoint
‘compare_pillow' has been added. This new endpoint

further expands the image comparison capabilities in the
Flask-based web application.

The 'compare_pillow' endpoint takes two PNG
format files for comparison and invokes the
‘compare_pillow'  function  (Listing 3), which
implements the photo comparison algorithm using the
Pillow library. This algorithm allows for a more detailed
comparison and detection of differences in various
aspects of the images.

Listing 3
Implementation of the «compare_pillow» function
from PIL import Image, ImageDraw

import numpy as np

def compare pillow(imagel, image2):
#0pening images and converting to

B&W
original =
new =

Image.open (imagel)
Image.open (image?2)

original converted =
original.convert ("L")
the same result

new converted = new.convert ("L") #
I and L have the same result

original data =
original converted.getdata ()

new data = new_ converted.getdata ()

# I and L have

#Subtracting pixels
diff pix =
np.subtract (original data, new data)

#Creating a new image with only the
different pixels

img final = Image.new("L",
original.size)

img final.putdata (diff pix)

#Calculating box coordinates

threshold = 25

box width = 50

Drawer = ImageDraw.Draw (new)

for y in range(original.size[1l])
for x in range(original.size[0]):

i =y * original.size[0] + x
if abs(diff pix[i]) >
threshold:

Drawer.rectangle ( (x, v,
x+box width, y+box width),
outline="red", width=3)

#Saving the image with box
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new.save ('./compare pil/pillow_ compar
e result.png')

all = ['compare pillow']

The main idea of ‘compare_pillow'" is as follows:

1. Two images are read and converted to
grayscale.

2. Pixel values of one image are subtracted from
the other.

3. A new image is created, where each pixel
represents the difference between the corresponding
pixels of the original image.

4. Coordinates of rectangles (boxes) are
determined to highlight the differences outlined in red
on the new image.

5. The image with highlighted differences is
saved in the specified directory.

For comparison, the images shown in Figure 9
were used. The obtained result is depicted in the figure
below (Figure 10).

Fig. 10. Result
of the «compare_pillow» comparison

The “compare gray" and "compare_ pillow"
endpoints represent two different approaches to image
comparison in a Flask-based web application.

The "compare_gray" endpoint uses the OpenCV
library to compare images in grayscale. This method
allows for quick detection of differences, but it is
sensitive to changes in lighting and colour.

On the other hand, the "compare_pillow" endpoint
uses the Pillow library and presents a more flexible
approach. It utilizes black-and-white versions of the
images and identifies differences in pixel intensity. This
method is less sensitive to colour variations and allows
for more accurate highlighting of differences in images.

The average response time for image comparison
via PIL is 3230ms. This algorithm showed a 1070%
increase in response time compared with an algorithm
based on OpenCV.

Similar to OpenCV, the current algorithm is
accurate as it could find a difference between 2 images.

3.3. Image Transformation
with Subsequent Perspective Comparison

Perspective transformation in the OpenCV library
is a crucial aspect of image processing that allows
changing and adapting the perspective of an image by
considering its geometric characteristics.

We create the 'perspective_transform' endpoint,
which takes a PNG file and known coordinates to
perform a perspective transformation. For convenience,
the coordinates are specified in percentages.

Afterwards, the 'perspective_transform' function is
called, which executes the transformation of the image,
considering the specified parameters and transformation
settings [16].

We will not provide a listing of the
'perspective_transform' endpoint. The code for creating
a new endpoint is analogous to the abovementioned
ones.

Let us delve into the details of the
‘perspective_transform' function (Listing 4), which is
called in the endpoint.

Listing 4
Implementation
of the «perspective_transform» function.

import cv2
import numpy as np

def perspective transform(img path,
inputPoints) :
img = cv2.imread(img path)

assert img is not None, "file could
not be read, check with
os.path.exists ()"

height, width, channel = img.shape

pixelCoords = [ ((point[0] / 100) *
width, (point[1l] / 100) * height) for

point in inputPoints]

resultPoints = np.float32([[0,

01, [width, 01,10, height], [width,
height]])

M =
cv2.getPerspectiveTransform(np.float3
2 (pixelCoords), resultPoints)

dst = cv2.warpPerspective (img, M,
(width, height))

cv2.imwrite ('./transformation/transfo
rm _result.png', dst)
__all = ['perspective transform']

Let us take a closer look at how it works:
1) img_path is the path to the input image that
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will be transformed;

2) inputPoints is a list of coordinates on the input
image that define the region for the perspective
transformation. Coordinates are specified as percentages
of the image width and height;

3) cv2.imread(img_path) reads the input image
from the specified path;

4) assert img is not None checks if the image was
successfully read;

5) pixelCoords translates percentage coordinates
into pixel coordinates to determine the perspective
transformation points;

6) resultPoints are the final coordinates for the
transformation specified as a quadrilateral;

7) cv2.getPerspectiveTransform(np.float32
(pixelCoords),resultPoints) obtains the perspective
transformation matrix based on the input and output
coordinates;

8) cv2.warpPerspective(img, M, (width, height))
applies the transformation to the input image;

9) cv2.imwrite('./transformation/transform_
result.png',dst) saves the transformed image to the
specified path.

The photo for the transformation and the results
are shown in Figure 11.

Fig. 11. Perspective Transformation Result

3.4. Global threshold value (V=127)

The next endpoints focus on image thresholding
and subsequent comparison. In particular, the
global_thresholding endpoint will receive two images in

PNG format and invoke the global_thresholding
function. In this function, a global threshold is applied
to each pixel in the image, changing its value based on
the threshold value. The modified images represent the
result of threshold processing [22].

After obtaining the modified images, the
global_thresholding endpoint invokes the
compare_thresholded_image method, comparing the
corresponding pixels on the two images and
highlighting areas where changes occurred due to
threshold processing.

This approach efficiently identifies differences
between two photos resulting from global threshold
value changes in pixel values. Let us now provide the
code implementation for applying a global threshold
value (Listing 5).

Listing 5
Implementation
of the «global thresholding» function

import cv2

def global thresholding(image path,
result path):

img = cv2.imread(image_ path,
cv2.IMREAD GRAYSCALE)

assert img is not None,
not be read, check with
os.path.exists ()"

img = cv2.medianBlur (img, 5)

thresholdedImage =
cv2.threshold (img, 127,
cv2.THRESH BINARY) [1]

cv2.imwrite (result path,
thresholdedImage)

"file could

255,

all = ['global thresholding']

Next, we carefully examine the code of the
"compare_thresholded_image" function (Listing 6).
This function plays a crucial role in comparing images
that have undergone global thresholding. We will
analyze each step of this code, revealing how the
comparison and determination of differences between
images occur.

Listing 6
Implementation of the «compare_thresholded image»
function

import cv2

def
compare_ thresholded image (original im
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g path: str, new img path: str,
result img path: str,
min contour area: int =
original =
cv2.imread(original img path)
cvZ.imread(new_img path)

100) :

new =

result =
diff =

new.copy ()

cv2.absdiff (original, new)
diff gray = cv2.cvtColor (diff,

CV2.COLOR_BGR2GRAY)

_, thresh =

cvZ2.threshold(diff gray,
cvZ.THRESH BINARY)

25, 255,

contours,
cv2.findContours (thresh,
CVZ.RETR_EXTERNAL,
ch.CHAIN_APPROX_SIMPLE)

contours = [cnt for cnt in contours
if cv2.contourArea (cnt) >
min contour area]
for contour in contours:
(x, vy, w, h) =
cv2.boundingRect (contour)
cv2.rectangle (result, (x,
+ w, y + h), (0, 255, 0), 2)
cvZ.imwrite (result img path,
result)

_all =
['compare thresholded image']

First, the function loads the original and new
images. Then, it calculates the difference between them
using the cv2.absdiff() function, which subtracts the
value of each pixel in one image from the corresponding
pixel in the other.

The obtained difference is transformed into a
black-and-white image, and thresholding is applied to
highlight areas where changes have occurred. The
contours in this image help identify the boundaries of
the altered areas.

The function uses the min_contour_area parameter
to filter out small contours, which can be useful for
ignoring minor changes or noise in the image.

Finally, the contours are displayed on the new
image with green rectangles highlighting the changed
areas. The comparison result is saved at the specified
result_img_path.

It is worth noting that the function also saves the
original and new images in the

compare_thresholded_image.original and
compare_thresholded_image.new
respectively.

Photos for comparison are shown in Figure 9.
Below are the results of applying a global threshold,
comparing two photos, and highlighting the differences
(Figures 12 and 13).

properties,

Fig. 12. Comparison of the results of photos with an
applied global threshold value and noise filtering

Fig. 13. Comparison of the results of photos with the
applied global threshold value without noise filtering

The average response time for transforming
images via Global threshold value and subsequent
comparison is 266ms. Transforming images via Global
threshold value was chosen as a comparison point and
relative response time for it is 100%.

This algorithm is based on OpenCV image
comparison and shows accurate results. The difference
was found and the response time was improved.

3.5. Adaptive mean threshold value

Similar to comparing images using a global
threshold  value, we are introducing the
"mean_thresholding" endpoint (Listing 7). This
endpoint identifies the changed areas in photos by
applying the mean thresholding method.
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Listing 7
Implementation of the «mean_thresholding» function

import cv2
def mean thresholding(image path,
result path):
img = cv2.imread(image_path,
CVZ.IMREAD_GRAYSCALE)
assert img is not None,
not be read, check with
os.path.exists ()"
img = cv2.medianBlur (img, 5)
thresholdedImage =
cv2.adaptiveThreshold (img,
cv2.ADAPTIVE_THRESH_MEAN_C,
cv2.THRESH BINARY, 11, 2)
cvZ.imwrite (result path,
thresholdedImage)

"file could

255,

all =

['mean thresholding']

After obtaining the modified images using this
method, their comparison is conducted using the
"compare_thresholded_image" function. Using the
images from Figure 8, we obtain the result in the image
below (Figure 14).

Fig. 14. Result of comparing images
using adaptive thresholding

The average response time for transforming
images via Adaptive mean threshold value is 350ms.
This method shows a 32% increase compared to Global
threshold value.

This algorithm is also based on OpenCV image
comparison and shows accurate results.

The difference between the previous and current
algorithms is that Adaptive mean threshold shows more
detailed results. For example, a car was shown as a
single difference. In the Global threshold value
algorithm, the car was shown as two objects.

3.6. Adaptive Gaussian thresholding

The last example of thresholding presented in this
study is adaptive Gaussian thresholding. The

‘gaussian_thresholding' endpoint (Listing 8) invokes the
corresponding function to perform adaptive Gaussian
thresholding and compares the resulting transformed
images [21].

The request in Postman is similar to the previous
endpoints and contains two images.

The comparison result is shown in the figure
below (Figure 15).

Listing 8
Implementation
of the «gaussian_thresholdingy function.

import cv2

def gaussian_ thresholding (image path,
result path):

img = cv2.imread(image_ path,
CVZ.IMREAD_GRAYSCALE)
assert img is not None,
not be read, check with
os.path.exists ()"

img = cv2.medianBlur (img, 5)
thresholdedImage =
cv2.adaptiveThreshold (img, 255, cv2.ADA
PTIVE_THRESH_GAUSSIAN_C,\
cv2.THRESH BINARY,11,2)

cv2.imwrite (result path,
thresholdedImage)
all = ['gaussian_ thresholding']

"file could

Fig. 15. The result of comparing the images
with the application of adaptive Gaussian thresholding

Table 1 presents the response time analysis for
various image processing methods, including OpenCV,
PIL (Python Imaging Library), Global Thresholding,
Adaptive Thresholding, and Gaussian Thresholding.
The response time was measured in milliseconds, and
the percentage values were calculated relative to the
response time of the OpenCV method, which served as
the baseline (100%).

The analysis of the presented table (see Table 1)
reveals distinct response time characteristics for
different image processing methods.
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Notably, the OpenCV method exhibited a response
time of 276 ms, serving as the baseline with a relative
percentage of 100%. In contrast, the PIL method
demonstrated a considerably higher response time of
3,230 ms, representing an increase of approximately
1170% compared with OpenCV. The Global threshold
value method showed a response time of 266 ms,
aligning closely with the OpenCV baseline. However,
the Adaptive mean threshold value and Adaptive
Gaussian thresholding methods displayed response
times of 350 ms and 366 ms, respectively,
corresponding to a percentage increase of approximately
132% for both.

Table 1
Response time analysis for various
image-processing methods
Method Response R.esponse
time, ms time, %

OpenCV 276 100
PIL 3230 1170
Global threshold 266 100
value
Adaptive mean 350 132
threshold value
Adaptive 366 132
Gaussian
thresholding

Variation in response times underscores the
importance of selecting an appropriate image processing
method based on the specific requirements and
constraints of the application.

Based on the results of the research, we can
definitely say that OpenCV provides a more effective
pixel-by-pixel comparison. OpenCV consumes fewer
resources and provides faster results.

The decision that images thresholding algorithm to
choose can be made based on requirements to accuracy
and available resources.

The use of global threshold values consumes fewer
resources and provides faster results. However, the
results provide worse accuracy compared to other
methods.

Adaptive mean threshold values and adaptive
Gaussian thresholding provide results that are more
accurate but consume more resources.

With additional configuration, we can increase the
number of pixels (window around pixel) that will affect
pixel transformation. Such configuration increases the
accuracy of image comparison, but requires more
resources.

Based on available computer capacity and
requirements for accuracy, the decision on which

thresholding method should be made. For example, for
devices with low computer capacity and low demand for
comparison accuracy, it is suggested to use a global
threshold value.

3.7. Edge Detection

The edge detection method, represented by the
"edge_detection” endpoint, proved interesting for
further image comparison. This method highlights the
prominent edges of objects in the image, allowing
identification of their shapes and positions. However, its
use is broader than just detecting the contours of
objects.

The "edge_detection" endpoint (Listing 9) can be
an effective tool for identifying changes in images, as
changes often accompany alterations in the contours of
objects. This approach enables highlighting areas where
changes have occurred, which can be useful for
analyzing the dynamics of changes in an image.

The edge detection and comparison results are
shown in the figure below (Figure 16).

Listing 9
Implementation of the «detect edges» function

import cv2
import numpy as np

def detect edges(image path,
result path):

img = cv2.imread(image_ path)

gray = cv2.cvtColor (img,
cv2.COLOR_BGR2GRAY)

edges = cv2.Canny(gray,
apertureSize = 3)

50, 150,

cv2.imwrite (result path, edges)

all = ['detect edges']

Fig. 16. Result of comparing the images
with detected edges
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4. Conclusions

Efficient image comparison algorithms were
developed and improved, enabling the detection of
minor differences and highlighting similarities with high
precision. These algorithms served as a basis for further
research and ensured high accuracy in detecting changes
in images.

In addition, image transformation methods were
optimized to enhance quality and prepare them for
further analysis. This approach improved working with
visual data and provided more accurate results in
various tasks.

Measurements collected during the research
showed that the OpenCV method had a response time of
276 ms (100%), whereas PIL had a significantly higher
response time of 3,230 ms (~1170% increase). The
Global threshold value method closely matched the
OpenCV baseline at 266 ms. However, the Adaptive
mean threshold value and Adaptive Gaussian
thresholding methods had response times of 350 ms and
366 ms, respectively, representing approximately a
132% increase for both.

For future scientific research, it is recommended
that efforts be focused on improving algorithms to
reduce computational complexity and increase
processing speed. Exploring  opportunities  for
integrating the developed methods into other computer
systems and software complexes is also essential.
Further development of deep learning algorithms could
be a crucial direction, providing even greater accuracy
and efficiency when working with visual data.

Author Contributions
Conceptualization, methodology - Roman
Savitskyi; formulation of tasks, analysis — Bohdan
Karapet, Roman Savitskyi; development of model,
software, verification — Bohdan Karapet; analysis of
results, visualization — Bohdan Karapet, Tetiana
Vakaliuk; writing — original draft preparation, writing —

review and editing — Tetiana Vakaliuk.

Financing
This study was conducted without financial
support.

Conflicts of Interest
The authors declare no conflict of interest.

Data availability
Data will be made available upon reasonable
request.

Use of Artificial Intelligence
The authors have used artificial intelligence
technologies within acceptable limits to provide their
own verified data, as described in the research
methodology section.

Acknowledgments
The authors would like to thank the scientific and
teaching staff of Zhytomyr Polytechnic State University
for their support.

All the authors have read and agreed to the
published version of this manuscript.

References

1. Bhatt, D., Patel, C., Talsania, H., Patel, J.,
Vaghela, R., Pandya, S., & Ghayvat, H. CNN variants
for computer vision: History, architecture, application,
challenges and future scope. Electronics, 2021, vol. 10,
iss. 20, article no. 2470. DOIl. 10.3390/
electronics10202470.

2. Davies, E. R. Computer vision: principles,
algorithms, applications, learning. Academic Press
Publ., 2018. DOI: 10.1016/C2015-0-05563-0.

3. Janai, J., Giiney, F., Behl, A., & Geiger, A.,
2020. Computer vision for autonomous vehicles:
Problems, datasets and state of the art. Foundations and
Trends® in Computer Graphics and Vision, 2020, vol.
12, iss. 1-3, pp. 1-308. DOI: 10.1561/0600000079.

4. Rebrov, V., & Lukin, V. Post-processing of
compressed noisy images using BM3D filter.
Radioelectronic and Computer Systems, 2023, no. 4, pp.
100-111. DOI: 10.32620/reks.2023.4.09.

5. Bilozerskyi, V., Dergachov, K., Krasnhov, L.,
Zymovin, A., & Popov, A. New method for video
stream  brightness stabilization: algorithms and
performance evaluation. Radioelectronic and Computer
Systems, 2023, no. 3, pp. 125-135. DOI:
10.32620/reks.2023.3.10.

6. Barkovska, O., Filippenko, I., Semenenko, I.,
Korniienko, V., & Sedlac¢ek, P. Adaptation of FPGA
architecture for accelerated image preprocessing.
Radioelectronic and Computer Systems, 2023, no. 2, pp.
94-106. DOI: 10.32620/reks.2023.2.08.

7. Ning, Z., Hu, H., Wang, X., Guo, L., Guo, S.,
Wang, G., & Gao, X. Mobile edge computing and
machine learning in the internet of unmanned aerial
vehicles: A survey. ACM Computing Surveys, 2023, vol.
56, iss. 1, article no. 13, pp. 1-31. DOI:
10.1145/3604933.

8. Petrosian, A. R., Petrosyan, R. V., Pilkevych, I.
A., & Graf, M. S. Efficient model of PID controller of
unmanned aerial vehicle. Journal of Edge Computing,



114

Radioelectronic and Computer Systems, 2024, no. 1(109)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

2023, wvol. 2, iss. 2, pp.
10.55056/jec.593.

9. Ma, M.-Y., Shen, S.-E., & Huang, Y.-C.
Enhancing UAV Visual Landing Recognition with
YOLO’s Object Detection by Onboard Edge
Computing. Sensors, 2023, vol. 23, iss. 21, article no.
8999. DOI: 10.3390/523218999.

10. Cao, L., Song, P., Wang, Y., Yang, Y., &
Peng, B. An Improved Lightweight Real-Time
Detection Algorithm Based on the Edge Computing
Platform for UAV Images. Electronics, 2023, vol. 12,
iss. 10, article no. 2274. DOI:  10.3390/
electronics12102274.

11. Bemposta Rosende, S., Ghisler, S., Fernandez-
Andrés, J., & Sanchez-Soriano, J. Implementation of an
Edge-Computing Vision System on Reduced-Board
Computers Embedded in UAVs for Intelligent Traffic
Management. Drones, 2023, vol. 7, iss. 11, article no.
682. DOI: 10.3390/drones7110682.

12. Gollapudi, S. OpenCV with Python. In: Learn
Computer Vision Using OpenCV, Apress, Berkeley, CA,
2019, pp. 31-50. DOI: 10.1007/978-1-4842-4261-2_2.

13. Yulina, S. Implementation of Haar Cascade
Classifier for Face Detection and Grayscale Image
Transformation Using OpenCV. Jurnal Komputer
Terapan, 2021, vol. 7, iss. 1, pp. 100-109. DOI:
10.35143/jkt.v7i1.3411.

14. Chadha, A., Kashyap, S., Gupta, M., & Kumar,
V. License plate recognition system using OpenCV &
PyTesseract. CSI Journal of Computing, 2020, vol. 3,
iss. 3, pp. 31-35. Awvailable at: https://www.
researchgate.net/profile/Jyoti-Deone/publication/
348232599 CSI_Journal_of COMPUTING/links/5ff44
163299hf14088707fa8/CSl-Journal-of-COMPUTING.
pdf?_sg[O]=started_experiment_milestone&origin=jour
nalDetail& rtd=e30%3D (Accessed 17 Jan. 2024).

15. Lindblad, T., & Kinser, J. M. NumPy, SciPy
and Python Image Library. Image Processing using
Pulse-Coupled Neural Networks. Biological and
Medical Physics, Biomedical Engineering. Springer,
Berlin, Heidelberg, 2013, pp. 35-56. DOI: 10.1007/978-
3-642-36877-6_3.

104-124. DOI:

16. Zhang, Ju., Zhang, Ji., Chen, B., Gao, J., Ji, S.,
Zhang, X., & Wang, Z. A perspective transformation
method based on computer vision. 2020 IEEE
International Conference on Artificial Intelligence and
Computer Applications (ICAICA), Dalian, China, 2020,
pp. 765-768. DOI: 10.1109/ICAICA50127.2020.
9182641.

17. Batubara, M. A., Alam, S., Nisa, K., Utami, R.
W., Fitriawan, H., & Ulvan, A. Estimating the number
of trees in Margasari mangrove forests of Lampung
through aerial images using adaptive thresholding and
contour extraction methods. Proceedings of the
International Conference on Sustainable Biomass (ICSB
2019), Atlantis Press Publ., 2021, vol. 202, pp. 131-136.
DOI: 10.2991/aer.k.210603.022.

18.Rehman, N. A., & Haroon, F. Adaptive
Gaussian and double thresholding for contour detection
and character recognition of two-dimensional area using
computer vision. Engineering Proceedings, 2023, vol.
32, iss. 1, article no. 23. DOI: 10.3390/
engproc2023032023.

19. Sultana, H., Kamal, A. H. M., Apon, T. S., &
Alam, M. G. R. Increasing embedding capacity of stego
images by exploiting edge pixels in prediction error
space. Cyber Security and Applications, 2024, vol. 2,
article no. 100028. DOI: 10.1016/j.csa.2023.100028.

20. Grinberg, M. Flask web development:
developing web applications with Python. 2nd edition.
O’Reilly Media, Inc., 2018. 312 p. ISBN: 978-
1491991732.

21. Orban, C. How to track objects with stationary
background? Available at: https://www.authentise.com/
post/how-to-track-objects-with-stationary-background
(Accessed 17 Jan. 2024).

22.Devi, R. Geometric transformations and
thresholding of images using Opencv-Python. GRD
Journal for Engineering, 2017, vol. 2, iss. 11, pp. 49-52.
Available at: https://www.grdjournals.com/uploads/
article/ GRDJE/V02/111/0020/GRDJEV021110020.pdf
(Accessed 17 Jan. 2024).

Received 15.01.2024, Accepted 20.02.2024

METO/ IIOPIBHAHHSI TA TPAHC®OPMYBAHHS 306PA’KEHD,
OTPUMAHHX 3A JJOITIOMOI'OIO BILJIA

bozoan Kapanem, Poman Casiypkuii,
Temsana Baxaniok

IIpenmeToM HOTO TOCTIMKEHHS € TIEPEryIsia i po3poOKa METOMIB MOPIBHAHHA Ta TpaHchopmarii 300pakeHsp,
orpumaHux 3a momomoroto BITJIA, 3acobamu koM toTepHOro 3opy. MeTa momsirae B YIOCKOHAJIEHHI METOIIB
TIOPIBHAHHSA Ta TpaHchopMarlii 300pakeHsb. [ TOCATHEHHS i€l METH BUKOPHCTOBYBAIHCS Pi3HI METOIM 00pOOKH
300pakeHb, BKJIIOYAIOYM TMOPIBHSAHHA Ta TpaHcopMarlito 300pa’keHb, IO CIPHUAIO PO3pOOI TPAKTUIHHUX
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ITOPUTMIB 1 MAXOAIB JUIS aHANI3y Ta MOPIBHSAHHSA 300pakeHb. 3aBAAaHHS MOXHa C(HOPMYITIOBATH HACTYITHUM
yruHOM: 1) po3poOKa METOiB TMOPIBHAHHS 300pa)KeHb: CTBOPEHHS IHCTPYMEHTIB JUIS TOPIBHSHHS 300pakeHb,
orpumanux 3a gonomoroto BITIA, sixi epeKkTHBHO BHSBIISIOTH BiIMIHHOCTI 3a JIONOMOTOIO ajIrOPUTMIB, TaKHX SIK
cv2.absdiff Ta momyns PIL; 2) Tpanchopmarisi 300pakeHb: BIIPOBaDKEHHSI METOIB TpaHchopMarii 300paxkeHp 3
BIUIA, BKmIOYaroYM INEpCIEeKTHBHY TpaHC(OpMalilo Ta TOPOroBY 3MiHY, JUIS IOKPALIEHHS SKOCTI Ta TOYHOCTI
aHaJi3y 300pakeHb. BUKOpuCTaHi MeToau BKIIOYAIOTh PO3POOKY alNrOpUTMIB, METOM TpaHchopmalii 300paxeHs,
CTaTUCTUYHHMI aHaNi3, EKCHepUMEHTAJbHE TECTYBaHHS Ta OIIHKY NPOAYKTUBHOCTI. MeTpUKH, sKi Oynu
BUKOPHCTaHI B Wil cTaTTi, - Ie 4Yac BIATYKY, TOYHICTb Ta €(eKTHBHICTb. [lOCHi/KeHHS Ta BJOCKOHAJCHHS
MIOpiBHSIHHS 300paxkeHb 3a nonomoror OpenCV i PIL € Ba)JIMBUM acreKTOM IbOTO JOCHiKeHHs. Takox Oyno
TIOKPAIIEHO aJITOPUTMU TTOPIBHAHHS 300paxkeHb, siki Oynmu TpancdopmoBaHi 3a gonomoroto Global Threshold Value,
Adaptive Mean Thresholding Ta Adaptive Gaussian Thresholding. Byno BBeneno HoBuit Meron ¢inbrparii 3miH,
mo0 MiJBUIIUTH TOYHICTH TMOPIBHSHHS 300pa)keHb HUIIXOM (UIbTpalil He3HaYHWX 3MIiH Micis TpaHchopMarii
300paxenHs. Kpim Toro, Oy/no crucTeMaTHYHO NPENCTaBICHO KOMIUIEKCHE JOCIIKEHHS Ta TOSICHEHHS! TTOpPiBHIHHS
300pa)KeHb 13 3aCTOCYBaHHSM METOAIB BHSBIEHHsS KpaiB. OTpumaHi pe3yJbTaTH BKIIOYAIOTH PO3POOKY
e(EeKTUBHUX JTOPUTMIB Ta IIJXOIB Uil aHAJI3y Ta MOPIBHSAHHS 300pa’keHb, IO MOXYTb OYTH BHKOpPHCTaHi y
pi3HHX 00JIACTAX, TaKUX SK BIHCHKOBA, OC3MEKOBA, CIIBCHKOTOCIOAAPCHKA TOIMIO. 3BAXKAIOUM HA 3POCTAFOUMI
inTepec 10 BITJIA, Takox Oyio BpaxoBaHO MOXKJIMBOCTI 3aCTOCYBAaHHsI HalllUX METOIB Ta aJlTOPUTMIB y KOHTEKCTI
300paxxeHb, oTpuManux 3a gornomoroto BITJIA. I1lo ocobnmBo akTyaiabHO B 3a/1a4ax, MMOB'S3aHUX 3 KOMI'IOTEPHUM
30pOM y OE3MiJIOTHUX JIITAJBHUX amapartiB, J¢ OOMEXKEHI pecypcH Ta HEOOXiJHICTh OOpPOOKH BEIHUKOr0 00CATY
JIAHUX B pEaJbHOMY 4Yaci CTBOPIOIOTh YHIKallbHI BUKJIMKU. Pe3ynbraTd MICTSATh METOJHM MOPIBHSHHSA 300pakeHb
OpenCV ta PIL. Anropurm nopiBasiHHS mikceniB OpenCV mnoka3aB Kpaiuid 4ac BIATYKY 3 TaKOK K TOYHICTIO.
Merton OpenCV mnokas3aB HOiMIIEHHS 4acy BiAryKy Ha 92,46% y nopiBHsaHHI 3 PIL ta cranoButs 276 Mmc. lllono
TIOpIBHSHHS 300pa)k€Hb 3 BHKOPHCTAHHSM IOPOrOBOi OOpOOKH, METOJ, 3aCHOBAaHMH Ha TJI00aIBbHOMY 3HAYEHHI
HIOpOry, MOKa3aB HAMKOpPOTIIMK Yac BiAryKy (266 Mc) Ta HallHW)XKYY TOYHICTh. HaliBuIlly TOUHICTH Ta yac BIATYKY
(366 Mc) nokazaB METOJl aJIaNITUBHOI I'ayCiBChKOI IOPOTOBOi 00POOKH.

Karwuosi caoBa: BITJIA; Computer Vision; mopiBHSIHHSA 300pakeHb; TpaHchopmalrisi 300paxeHsb; o0podka
300paKeHb.
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