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Abstract: A STEM project was implemented, which is intended for students of technical specialties to study the
principles of building and using a computer system for segmentation of images of railway transport using fuzzy logic.
The project consists of 4 stages, namely stage #1 "Reading images from video cameras using a personal computer or
Raspberry Pi microcomputer"”, stage #2 "Digital image pre-processing (noise removal, contrast enhancement, contour
selection)", stage #3 "Segmentation of images", stage #4 "Detection and analysis of objects on segmented images by
means of fuzzy logic". Hardware and software tools have been developed for the implementation of the STEM project.
A personal computer and a Raspberry Pi 3B+ microcomputer with attached video cameras were used as hardware.
Software tools are implemented in the Python language using the Google Colab cloud platform. At each stage of the
project, students deepen their knowledge and gain practical skills: they perform hardware and software settings, change
program code, and process experimental images of vehicles. It is shown that the processing of experimental images
ensures the correct selection of meaningful parts in images of vehicles, for example, windows and number plates in
images of locomotives. Assessment of students' educational achievements was carried out by testing them before the
start of the STEM project, as well as after the completion of the project. The topics of the test tasks corresponded to the
topics of the stages of the STEM project. Improvements in educational achievements were obtained for all stages of the
project.

Index Terms: STEM Education, STEM Project, Project-Based Learning (PjBL), Artificial Intelligence in Education,
Image Segmentation, Fuzzy Logic.
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1. Introduction

In the modern educational process, various STEM projects (S - science, T - technology, E - engineering, M -
mathematics) are often implemented, which combine natural sciences, technologies, engineering and mathematics [1, 2,
3]. Such projects, in addition to studying a certain topic, are also designed to solve practical problems. Due to this, the
participants of STEM projects are highly motivated to implementation of the project. A feature of STEM projects is the
technical orientation and integration with the project of a number of educational subjects and scientific areas. Therefore,
to generalize and deepen students' knowledge of technical subjects, it is advisable to implement STEM projects.

When training students of technical specialties at the university, in particular, the specialty "Professional Education
(Mechanical Engineering)", it is important to provide students with the necessary competencies for building and using
intelligent data analysis systems [4, 5, 6]. The application of intelligent data analysis, in particular, intelligent image
analysis [7], allows to automate many tasks in industry, science, transport and other fields. For example, in transport
systems, intelligent data analysis is used to recognize vehicles and their details, for technical diagnostics of objects, to
control their position and speed of movement, as well as for educational purposes. Currently, there is a need for the
development of computer systems for the analysis of the state of rolling stock in railway transport, namely the state of
locomotives and wagons. At the same time, in many cases, information about vehicles is obtained using video cameras.

In the images of vehicles, their details and areas in most cases differ in brightness, color, and texture, so it is
advisable to use segmentation methods for the analysis of such images [8]. Today, there are a significant number of
different segmentation methods, in particular, the region-growing method and the watershed method. The watershed
method is particularly effective in segmenting images with clear contours. According to this method, the contours are
first highlighted in the image, and then the boundaries of the segments are found taking into account the contours. As a
result of segmentation, meaningful areas (segments) are distinguished on the images of locomotives and wagons, for
example, windows, headlights, uniform sections of walls, license plates, wheels, etc. are distinguished as segments.
Highlighting segments on images greatly simplifies their further computer processing, in particular, determination of
turns, sizes and areas of objects, object recognition.

In experimental images, there is not always an unambiguous correspondence of segments to certain objects, for
example, the image of a locomotive window may be divided into several segments. Therefore, it is advisable to detect
objects in images based on their segments, establish correspondence between objects and their segments using fuzzy
functions of segment belonging to a certain object (for example, to a window) [9].

However, a separate study of image segmentation methods and fuzzy logic tools used to build an intelligent
vehicle image analysis system does not provide the necessary understanding of the relationships between different parts
of the system. Therefore, the goal of the work is to implement an intelligent vehicle image segmentation system using
fuzzy logic in the form of a STEM project.

This work is relevant because students' implementation of the STEM project ensures their high motivation and
orientation to practical results, deepens students' knowledge and practical skills in the field of digital image processing
and artificial intelligence. In the field of digital image processing, students improved their knowledge and skills in
practical use of video cameras and software processing of video streams. In the field of artificial intelligence, students
improved their knowledge and skills in the practical application of image segmentation methods and fuzzy logic.

2. Related Works

The issue of the huge development of STEM education over the last decade is discussed in the study [2]. The
development of STEM is confirmed by the rapid increase in the number of scientific publications on STEM education.
A systematic review of publications on the topic of STEM education from 2014 to 2021 showed an increasing trend in
the number of quality publications based on citations and substantiated conclusions. Through public engagement,
national priority education initiatives, and scientific research, STEM education has become an influential educational
movement. An important feature of STEM education is an interdisciplinary approach. Thanks to this, within the
framework of one STEM project, students can effectively deepen their knowledge and skills in various scientific areas
related, in particular, to the construction and use of computer systems for intelligent image processing.

The use of artificial intelligence in STEM education is considered in the work [10]. Artificial Intelligence in
Education (AIEd) is a new interdisciplinary field that applies artificial intelligence technologies in education to improve
learning and assessment. Applications of Artificial Intelligence in STEM Education (AI-STEM) is a component of
AIEd and focuses on the development and implementation of artificial intelligence applications to support STEM
education. Automated artificial intelligence technologies such as machine learning, automated assessment, data mining,
and learning analytics have been used in STEM education to improve teaching and learning. To obtain a holistic
understanding of the application and integration of artificial intelligence in STEM education, artificial intelligence
technologies, subject, information, medium and environment in the AI-STEM system were considered. STEM projects
are also an effective means of learning artificial intelligence technology, which are based, in particular, on image
segmentation methods and fuzzy logic.
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Application of projects in vocational education is considered in the study [11]. A bibliometric approach was used,
which makes it possible to understand the structure, directions of research and topics of the projects. 60 articles
published in Scopus indexed journals between 2010 and 2022 were used for the analysis. Research has shown that the
use of computer technology and STEM projects can increase the effectiveness of student learning.

The STEM Project-based Learning (PjBL) approach is considered in the work [12]. This approach encourages
students to investigate complex but important problems for practice. The STEM PjBL approach is student-oriented, has
a practical orientation, promotes cooperation, team communication, and better assimilation of knowledge. During
project-based learning, students are involved in solving real-world projects, working in collaborative groups, which can
increase student success in STEM fields.

Modern methods of semantic image segmentation are discussed in the study [13]. The paper proposes a method of
semantic segmentation of images using the developed convolutional neural network (CNN), which involves adaptation
to the image size, number of color channels, permissible minimum accuracy of segmentation and other parameters. It is
shown that a promising direction for improving segmentation methods is the use of artificial neural networks. The
developed method was tested experimentally on the example of semantic segmentation of car images. The obtained
experimental results show that the built CNN with a sufficiently short training period ensures the achievement of
acceptable accuracy of image segmentation. However, artificial neural networks require rather complex training, and
their effectiveness is largely determined by the level of adaptability to the conditions of the task. Therefore, when
performing a STEM project, it is advisable to use classic methods of segmentation, for example, the method of
watersheds, which is relatively easy to study and implement in software.

The work [14] describes the use of fuzzy logic in educational systems. The structure of a Fuzzy Logic System,
which contains blocks of Fuzzification, Fuzzy Logic Inference and Defuzzification, is considered. Fuzzy triangular and
trapezoidal membership functions are used to describe fuzzy quantities. Fuzzy Logical Inference is performed based on
fuzzy rules using developed fuzzy membership functions. In this paper, fuzzy logic is used in the educational system,
however, fuzzy membership functions can be used to describe the membership of image segments to a certain object.
This is useful if the image of one object (for example, a vehicle door) is divided into several segments (for example, due
to uneven illumination of the object). That is, fuzzy logic can be applied to improve the analysis of segmented images.

In work [15], an analysis of the success of students in higher education was carried out by fuzzy logic. Student
success is described by fuzzy triangular and trapezoidal membership functions. Fuzzy logical derivation is performed
by the Mamdani algorithm. However, the discussed fuzzy logic tools used to analyze student performance can be used
to analyze segmented images.

The possibilities of fuzzy logic for controlling complex systems are described in the work [9]. In particular, Fuzzy
Machine Learning Techniques and Fuzzy Optimization Techniques are described. Therefore, in order to increase the
efficiency of the proposed system of intellectual analysis of images of vehicles, it is advisable to use fuzzy functions of
belonging of image segments to certain objects. Based on the analysis of modern research, a conclusion was made about
the feasibility of implementing a STEM project for the segmentation of images of vehicles using fuzzy logic. Carrying
out a STEM project will allow students to deepen their knowledge and develop practical skills in artificial intelligence
technologies that are used in computer systems for intelligent image processing.

3. Methodology

3.1. Stages of STEM project implementation

The STEM project involves students studying the principles of building and using a computer system for
intelligent image analysis. The project includes the following stages:

1. Reading images from video cameras using a personal computer or a Raspberry Pi microcomputer (duration 1

week).

2. Digital image pre-processing (noise removal, contrast enhancement, contour selection) (duration 1 week).

3. Image segmentation (duration 1 week).

4. Detection and analysis of objects on segmented images by means of fuzzy logic (duration 1 week).

TOTAL PROJECT TIME — 1 month.

KEY CONCEPTS: STEM education, digital image processing, noise removal, contrast enhancement, contour
selection, image segmentation, fuzzy logic, intelligent image processing system.

3.2. Reading images from video cameras (stage #1 of the project)

To read images, USB video cameras are used, the video stream from which is read through the USB ports of a
personal computer or a Raspberry Pi microcomputer. Images of objects are received as individual frames of a video
stream. The initial color image is read as a three-dimensional array fres(i, k, ¢), where i =0, ..., M-1; k=0, ..., N-1; M —
image height in pixels, N — image width in pixels, ¢ =0, ..., 2 — color channel number (Red, Green, Blue) [8]. The freg
color images are converted to shades of gray (image f), which are processed by software as rectangular matrices
f=(f(i, k), where i = 0,..., M-1, k = 0,..., N-1. The brightness of an image pixel (in grayscale) is described by one byte
(8 bits), so the pixel brightness value is in the range 0 to 255.
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The task of the students at this stage is to connect a certain model of video camera (for example, Logitech HD
Webcam C270) to the computer, programmatically adjust the parameters of the video cameras, and obtain a series of
photos for the objects under study using the video cameras. Software setting of video camera parameters consists in
setting image resolution, "Brightness" and "Contrast”" parameters of video cameras (which are selected from the list of
valid values). The parameters of the video cameras are set to ensure the maximum visual quality of the read images.

3.3. Digital image pre-processing (stage #2 of the project)

The digital image pre-processing of images consists in removing noise, increasing contrast, highlighting contours.
This makes it possible to increase the accuracy of segmentation, since the experimental images of trains contain a
certain level of noise, the images have a non-uniform background and contrast.

The experimental images mainly contain Gaussian and impulse noise. Removal of Gaussian noise is performed by
a Gaussian filter, the kernel of which is described by the Standard deviation ong [16]. Reduction of the level of impulse
noise in the image is performed using a median filter with a window size of dy.

The students' task is to determine what kind of noise is present in the image by analyzing image profiles [17].
Depending on this, Gaussian or impulse noise (or two types of noise at the same time) is removed. The parameters of
the filters are chosen to reduce the noise level without significantly damaging the useful signal.

The developed program increases both global and local contrast. Increasing the contrast allows you to highlight the
contours of the image more accurately. Local contrast enhancement is performed as a result of window processing of
image f in shades of gray (size M =< N pixels) [18]. Within each window w (size M,, < N,, pixels) the minimum and
maximum brightness values are calculated. The obtained values of local minima are recorded in the rectangular matrix
of the lower envelope fins = fmine (i, k), where i =0, ..., M-1; k = 0, ..., N-1. The obtained values of local maxima are
recorded in the rectangular matrix of the upper envelope fax1 = fnaxt (i, K), where i =0, ..., M-1; k=0, ..., N-1. In order
to avoid brightness distortions when local contrast is increased, filtering of the lower (fyin) and upper (fnaxt) brightness
envelopes of images is performed. Filtering of the envelopes is performed by a Gaussian filter with a Standard
Deviation oy (for example, 6, =16).

On the basis of the envelopes (fuinis: fmaxis) and the initial image f, the resulting image fc with increased local
contrast and removed inhomogeneous background is calculated by the formula

. _ f k)~ fmin1c(.k) _ ; _ . 1 . [
ol = LR minsdll) (74, k) = fr o6, K0) - ke K, ®

where

i=0,..,M-1;k=0,.., N-1;

frninze = fmina (i, K) — filtered lower envelope of image brightness;
fnaxic = fmaxt (i, K) — filtered upper envelope of image brightness;
ke(i, K) = 1/ (fnaxac(i, K) — fminte(i, K)) — local contrast coefficients.

In order to prevent the appearance of artifacts on the reconstructed fc images, a contrast limiting factor keyax (for
example, kemax = 5) is set for the maximum values of the local contrast coefficients kc.

When processing color images, the pixel value of a grgg color image with increased contrast is calculated by the
formula

. fc(ik)-frRee(ik.C)
= 2
Iree (i, k, ¢) D) ' )

where i =0,..., M-1; k=0,..., N-1; ¢ =0, ..., 2 — color channel number;

free — initial color image.

The students' task is to choose the values of the window height M,,, the window width N,, and the contrast limiting
factor kcmax- The selected values should provide an increase in image contrast without the appearance of distortions
(artifacts).

Image contours are distinguished by the Sobel method [8]. The students' task is to choose a binarization threshold
for image contours. In the case of the presence of too many contours in the image, the binarization threshold increases,
and in the other case, it decreases.

3.4. Image segmentation (stage #3 of the project)

Image segmentation is performed by the method of watersheds or the method of contour lines (directly based on
image contours). The watershed method is particularly effective in segmenting images with clear contours [8].
According to this method, the contours are first highlighted in the image, and then the boundaries of the segments are
found taking into account the contours. The name of the method comes from geography, where a watershed means a
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conventional line that separates the catchment areas of different river systems. The water separation method uses this
principle of separation, but instead of water, the image is divided into segments. In the method of watersheds, a halftone
image is represented as a surface of levels, where the brightness values of pixels are interpreted as their heights.

The students' task is to choose a segmentation method (watershed method or contour line method). It is necessary
to choose a method that provides higher segmentation accuracy for a set of experimental images. It is also necessary to
perform a selection of segments by size, that is, discard segments with too small or too large sizes.

3.5. Detection and analysis of objects (stage #4 of the project)

Detection of objects in images (windshield, headlights, license plates, etc.) based on their segments is performed
using fuzzy sets [19]. For example, the detection of headlights and license plates is performed as follows. A set of
experimental images is studied; based on the analysis of the parameters of the segments that correspond to the
headlights and license plates, the parameters of the fuzzy triangular membership functions are determined. For each
segment with the number ng, its normalized height s,y is determined (for an image height of 1000 pixels, and for other
image heights, the values of s,y change proportionally) and the corresponding value of the segment membership
function . n(Siven) to headlights and license plates is found, taking into account its height. Similarly, the values of the
membership functions . w(Skon) taking into account the width of the segment sy,on, the membership function phic(Sicon)
taking into account the coordinates of the center of the segment by height sicon, the membership functions phic(Skcon)
taking into account the coordinates of the center of the segment by width s,y are determined similarly. The values of
the resulting membership functions of the segment with the number ny to headlights and license plates, taking into
account all the parameters of the segment (height, width, coordinates of the center by height and width), are determined
as the product of the values of the corresponding membership functions:

Hnrs (Ms1) = Waph (Siwzn) * Brow (Skwan) * Mavic (Sican) * Mavke (Skean)- 3)

From the maximum of the s membership function, the number of the segment ng ., which most completely
belongs to headlights and license plates, is calculated. Other objects in the image are detected similarly.

Object analysis consists in estimating the size, shape, and position of detected objects in the images.

The students' task is to determine the parameters of fuzzy triangular membership functions. For example, when
detecting headlights and license plates, the maximum of the membership function ush(Siwen) Should correspond to the
average value of the height of the headlights and license plates for the series of investigated images. Parameters of other
fuzzy membership functions are defined similarly.

4. Hardware and software implementation of the project

To implement the STEM project, a computer system with the following structure was developed (Fig. 1).

Google Colab

Video camera .
_ Noise

Eé' removal

Contrast
enhancement

Image
segmentation

Computer !
Software
interface
Selection of

contours
Monitor

Detection of
objects

A

Analysis of
objects

Fig. 1. Deployment diagram of a computer system for vehicle image segmentation using fuzzy logic.

During the implementation of the STEM project, the developed hardware and software tools of the computer
system are used. A personal computer or a Raspberry Pi 3B+ microcomputer [20] with attached video cameras was used
as hardware. Software tools of the computer system for the segmentation of images of trains are implemented in the
Python language using the Google Colab cloud platform (in the Jupyter Notebook) [21].

The software uses several libraries:

»  Scipy (import of the ndimage class) is a library for processing digital images.

* NumPy (imported as np) is a library for processing multidimensional arrays, contains a set of basic
mathematical functions.
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»  MatPlotLib (imported as plt) is a library for plotting and rendering images.
»  Scikit-fuzzy (imported as fuzz) is a library for working with fuzzy logic (Fuzzy Logic).

Software image processing consists in reading initial images from digital video cameras, removing noise,
increasing contrast, highlighting contours, segmenting images, detecting objects on segmented images by means of
fuzzy logic, analyzing the shape and size of detected objects.

The initial (input) data for the developed program are digital images read from a video camera or from graphic
files (images of trains, locomotives, wagons) (Fig. 2). The program supports reading images of basic graphic formats
(.bmp, .jpg, .tiff); processing of the following types of images is provided: grayscale, color, indexed.

Output data (results) of the program are image segments and coordinates of rectangles that correspond to
meaningful areas of objects (for example, windows, license plates).

In Python, image filtering with a Gaussian filter kernel (with standard deviation oyg) is performed by the
"gaussian_filter" function of the Scipy library. Median filtering (with window size dy) is performed by the
"median_filter" function of the Scipy library (Fig. 3).

0 fRGB, file_name=E|675_2.jpg fo, file_name=E|675_2.jpg
X 0 -

100 100

o . 200
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I

= %0 Z 300
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k, N=757 k, N=757
a) b)
Fig. 2. Initial fres color image (a) and initial f, grayscale image (b)

f (median_filter), file_name=E|675_2.jpg
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Fig. 3. Image f after median filtering, filter window size dy =3
On the basis of image brightness envelopes (fuinie: fraxic) (Fig. 4) and the initial image f according to formula (1),

the image fc with increased contrast is calculated (Fig. 5a). The greg color image (Fig. 5b) with increased contrast is
calculated according to formula (2).
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Fig. 4. Profiles of filtered lower fminic and upper fraxic brightness envelopes of image f, as well as image f (Fig. 3) for pixel row i =220
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Fig. 5. Images with removed heterogeneous background and increased local contrast, obtained on the basis of image f (Fig. 3): a) image fc in shades
of gray; b) gres color image

Calculation of gcs contours (Fig. 6) on the fc image is performed by the "sobel™ function of the Scipy library. The
binarization threshold for the contour image is calculated by multiplying the given coefficient by the Th_otsu threshold,
which is calculated according to the Otsu method.

0 10
100 0.8
200 4 0.6
300

0.4
400 45
; i 0.2
500 s
e
= Z 0.0

Fig. 6. Contours of the gcs image obtained on the basis of the fc image (Fig. 5) by the Sobel method

Segmentation of images in Python is performed by the watershed method (the "watershed" function of the Scipy
library) or the contour line method (the "label" function of the Scipy library) based on gcs contours that highlight
segment boundaries. As a result of image segmentation, a gy _array is obtained, in which segment numbers are recorded.
For the received image segments, their selection is performed by size, as a result of which segments of a certain height
(greater than Siy min; for example, Si, min = 30) and width (greater than sy min; for example, sq, min = 30) are selected
(Fig. 7).
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Fig. 7. Segmented gs., image after segment selection, segments with small sizes are discarded; Qns, is the number of segments

Detection of objects in the image is performed using fuzzy sets. Calculation of fuzzy triangular membership
functions is performed by the "trimf" function of the Scikit-fuzzy library. Let's consider the detection of objects using
the example of detecting headlights and number plates on the image of a locomotive. Based on the analysis of the
parameters of the segments that correspond to headlights and license plates, the parameters of fuzzy triangular
membership functions are determined (Fig. 8). For each segment with the number ng, its normalized height Sj,n iS
determined (for an image height of 1000 pixels) and the corresponding value of the segment membership function
hin(Siwen) 1o the area of headlights and license plates is found, taking into account its height (Fig. 8a).
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Fig. 8. Membership functions of fuzzy sets that describe the membership of the segment numbered ng; to headlights and license plates depending on: a)
normalized segment height siwn (for an image height of 1000 pixels); b) normalized segment width sien (for an image width of 1000 pixels); c)
normalized coordinate of the segment center by height sicon (for an image height of 1000 pixels); d) normalized coordinates of the segment center by

width sy (for an image width of 1000 pixels).

Similarly, the values of the membership functions k. w(Skwon) are determined taking into account the width of the

segment (Fig. 8b) and the membership functions phic(Sicon), Mhike(Skeon) taking into account the position of segment
center (Fig. 8c, Fig. 8d). The value of the resulting membership functions s of the segment with the number ng to
headlights and license plates, taking into account all parameters of the segment (height, width, coordinates of the center
by height and width), is determined as the product of the values of the corresponding membership functions according
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to formula (3) (Fig. 9).
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Fig. 9. The value of the resulting functions of belonging phs(ns1) of segments with numbers ng to headlights and license plates, taking into account all
the parameters of the segments (height, width, coordinates of the center); ny ws - the number of the segment that most fully belongs to headlights and
license plates

nsl

From the maximum of the membership function phs(ns1), the number of the segment ng ., which most fully
belongs to headlights and license plates, is calculated (Fig. 10). The obtained result is correct.
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Fig. 10. The result of detecting headlights and license plates

Similarly, the windshield is detected in the image (Fig. 11).
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Fig. 11. Windshield detection result: a) initial image; b) detection result
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The developed STEM project is implemented in stages. At each stage, students configure hardware and software,
change program code, and process experimental images of vehicles. As a result of such stages of the project, students
deepen their knowledge and acquire practical skills.

5. Results and Discussion

To evaluate the effectiveness of the STEM project, the educational achievements of a group of 12 students
(specialty "Professional Education (Mechanical Engineering)") were evaluated before the start of the project, as well as
after the completion of the project. Evaluation of educational achievements was carried out by performing 4 tests, the
maximum possible number of points for each test is equal to 100. The topics of the test tasks corresponded to the topics
of the STEM project stages. Test questions were both theoretical and practical.

The results of the testing of the students in all subjects were analyzed, for each test the Mean score for the group
and the Standard Deviation of the students’ scores relative to the mean score were calculated [22] (Fig. 12, Table 1).
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Fig. 12. Mean values of student test results

Table 1. Student test results

Tests Mean Standard Deviation
Before Project After Project Before Project | After Project
test #1 72.667 77.583 12.153 11.966
test #2 73.583 79.833 12.810 12.037
test #3 75.000 79.167 12.828 11.831
test #4 65.417 68.250 10.431 9.937

For tests #1-#4 the mean score for the students' group after the STEM project increased by 4.917, 6.250, 4.167 and
2.833 points, respectively (Table 1). The Standard Deviation of students' grades after the implementation of the project
slightly decreased (from 12.055 to 11.443 for all tests). As a result of the project, students' academic achievement
improved the most for test 2, which corresponds to the topic of stage #2 of the project "Digital Image Preprocessing™.
This can be explained by the fact that the issues of image noise removal, contrast enhancement, and contour selection
are relatively easy to understand and implement in software.

The mean improvement in student achievement was obtained for Test #1 (Stage #1 “Reading images from video
cameras using a PC or Raspberry Pi microcomputer”) and Test #3 (Stage #3 “Image segmentation”). The lowest
improvement in students' academic achievements was obtained for test #4 (stage #4 "Detection and analysis of objects
on segmented images by means of fuzzy logic"). This is explained by certain difficulties in learning the principles of
fuzzy logic.

6. Conclusions

As a result of the work, a STEM project was developed, which is designed for students to learn the principles of
building and using a computer system for segmenting images of vehicles using fuzzy logic. The project includes the
following 4 stages:

1. Reading images from video cameras using a personal computer or a Raspberry Pi microcomputer.
2. Digital image pre-processing (noise removal, contrast enhancement, contour selection).

3. Image segmentation.

4. Detection and analysis of objects on segmented images using fuzzy logic.

During the implementation of the STEM project, hardware and software tools of a computer system for intelligent
image analysis were developed. A personal computer or Raspberry Pi 3B+ microcomputer with attached video cameras
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was used as hardware. Software tools for train image segmentation are implemented in Python using the Google Colab
cloud platform. At each stage of the project, students configure hardware and software, change program code, and
process experimental images of vehicles. The processing of experimental images showed the correct result of
segmentation of images and selection of meaningful parts of vehicles, for example, windows and license plates on
images of locomotives.

The scientific novelty of the work is the use of fuzzy membership functions, which made it possible to correctly
determine the membership of image segments to component parts of vehicles.

Assessment of educational achievements of students of the "Professional Education (Mechanical Engineering)"
specialty was carried out by testing them before the start of the STEM project, as well as after the completion of the
project. The topics of the test tasks corresponded to the topics of the stages of the STEM project. The average score for
the group after the STEM project increased for all tests #1-#4 by 4,917, 5,667, 3,250, and 2,833 points, respectively. As
a result of the project, students' educational achievements improved the most for test 2, which corresponds to the topic
of stage 2 of the "Digital Image Pre-processing” project. Since the improvement of educational achievements was
obtained for all stages of the project, therefore, the implementation of the project can be considered successful.
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