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DEVELOPMENT OFAVISION SYSTEM FOR CALCULATING THE NUMBER OF
PARTS

Abstract. The paper presents a vision system for calculating the number of parts on a
conveyor belt. The system is designed to solve the problems of quality control and product
counting in industrial production conditions. The system consists of hardware and software. The
hardware includes a high-resolution camera that captures detailed images of objects, a lighting
system for evenly illuminating objects for accurate segmentation and recognition, and a
computer with sufficient computing power to process images in real time. The software includes
machine learning algorithms implemented on the basis of modern libraries and frameworks, an
image preprocessing module that includes noise reduction, contrast and normalization methods,
an object segmentation module that highlights individual objects in an image, an object
recognition module that classifies selected objects by type, an object counting module that
determines the number of objects of each type. As a result, the system was tested on a set of
images with details. The accuracy of the calculation was 98%. This system can be used in
various industries to automatically count parts on conveyor belts.

Keywords. Vision system, parts counting, machine learning, conveyor belt, industrial
production.

Introduction.

In modern industrial production, the tasks of quality control and product counting are
among the most important. Manual control does not always provide the required accuracy and
speed, which leads to defects, losses and reduced productivity.

Technical vision systems based on cameras and machine learning algorithms allow you to
automate these tasks, providing high accuracy, speed and efficiency.

The purpose of this study is to develop a vision system for counting the number of parts
on a conveyor belt. At the same time, the objectives of the study include:

- analysis of existing machine vision methods and algorithms for counting objects;

- selection of hardware (cameras, lighting) for the system;

- development of software for image processing and counting of details;

- testing and optimization of the system.

The scientific novelty of the research is a new algorithm for counting parts, which has
high accuracy and speed of operation. The developed system can be applied in various industries
for automatic counting of parts on conveyor belts, which will improve the accuracy and speed of
control, reduce the number of defects, increase labor productivity, and optimize production
processes.

Materials and methods.

Vision systems usually include several key components.

The first is the imaging subsystem. This component includes image capture equipment
such as video cameras or other sensors. The imaging subsystem is responsible for collecting
visual information from the environment.
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Next, image analysis algorithms, which make up a set of methods and procedures for
processing and analyzing the obtained images. These algorithms are used for object recognition,
feature extraction, classification, and other operations aimed at obtaining the necessary
information from visual data [1].

Then, a computing system that includes computing equipment (computers,
microcontrollers, etc.) performs image analysis algorithms. This system processes the received
data, makes decisions and, depending on the tasks assigned, manages other components of the
system.

All these components work together to create automated systems capable of perceiving
and analyzing visual information in real time. Such systems are used in various fields, including
industry, medicine, transportation, security and others.

To write software code that includes a machine vision algorithm, the Python
programming language was chosen, since this language is one of the most popular for the
development of technical vision systems. This choice is due to the following main objective
reasons.

Firstly, Python has a rich set of libraries and frameworks specifically designed for the
development of vision systems such as OpenCV, TensorFlow, Keras, PyTorch, etc. [2]

Secondly, Python has sufficient performance to develop real-time vision systems.

And finally, thirdly, Python is a cross-platform language that allows you to develop
vision systems running on various operating systems.

In addition to the above, Python has the following advantages:

- Python code is easy to read and understand, which makes it easier to maintain and
refine;

- Python allows you to quickly create prototypes of systems, which speeds up the
development process;

- Python allows you to develop both simple and complex vision systems.

Results.

Thus, Python is the most optimal choice of programming language for developing a
vision system for counting the number of parts. First of all, you should import the necessary
libraries:

cv2

numpy np
imutils

Here ‘cv2’ is the OpenCV library for computer vision, ‘numpy as np’ is the NumPy
library for numerical operations, and ‘imutils’ is an auxiliary function for OpenCV [3].

OpenCV is actually a standard library in the field of computer vision. It has such key
characteristics as rich functionality, which includes more than 1000 functions and algorithms for
image processing, object recognition, machine learning and much more. OpenCV is one of the
most popular libraries in the field of computer vision and image processing.

Its active use in the industry and an active developer community attest to its wide
acceptance. In addition, OpenCV is an open source project, which allows developers to freely
use, modify and distribute the library in accordance with the license. Bindings for various
programming languages are available based on OpenCV, including Python, Java, C#, and others.
This makes it easier to use the library in various development environments. At the moment,
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OpenCV continues to actively develop, including new functions and algorithms, as well as
support for new technologies and standards [4].

Overall, this library remains one of the key tools for computer vision developers and
plays an important role in the progress of this field.

Although OpenCV is the largest and most widely used library, other specialized libraries
provide opportunities to solve highly specialized tasks in a more efficient and optimized form.
The choice of a library depends on the specific requirements of the task and the specifics of the
project [5].

OpenCV is distributed under the BSD license, which means free and free use in open and
closed projects. It is not necessary to fully embed the library in the project; developers can use
individual code snippets. OpenCV mainly implements basic computer vision operations, which
makes it a low-level library. To solve complex tasks, developers must combine the provided
blocks and build more complex applications based on them.

The following is the definition of the ‘count bolts nuts’ function. This function performs
the detection of parts, namely bolts and nuts in real time using a video stream from a webcam

[6].

--name__

count_bolts_nuts()

Then the video stream is initialized: the connection to the camera is opened by default
(index 0) using ‘cv2.VideoCapture; the bolt and nut counter is initialized.

cap = cv2.VideoCapture(0)
bolt_count =

nut_count =

There is a video processing cycle, i.e. frames from the video stream are continuously
captured in the loop.

ret, frame = cap.read()

Images are processed in three stages:

- converting the frame to grayscale;

- the use of median blur to reduce noise;

- Application of the Canny edge detector to search for boundaries.

134



Ka3KKA Xa6apumsicst Ne 6 (136), 2024 ISSN 1609-1817 (Print) The Bulletin of KazATC
Bectauk KasATK Ne 6 (135), 2024 ISSN 2790-5802 (Online) DOI 10.52167/1609-1817
vestnik.alt.edu.kz

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

blurred = cv2.medianBlur(gray, ©)

edges = cv2.Canny(blurred, .

Then there is the process of searching for contours in the image.

contours, = cv2.findContours(edges, cv2.RETR_EXTERNAL, cv2.C

After that, the found contours are analyzed and the objects are counted.

contour contours:

cv2.putText(frame, _
cv2.putText(frame, ), cv2.FONT_HER

This code iterates over each contour and calculates its area and center, classifies the
object based on its area, draws contours and centers on the frame, and updates the counter [7].
As a result, annotated frames with object counts are displayed on the screen.

cv2.imshow( , imutils.resize(frame, width=

To break the cycle, press the ‘q’ key.

cv2.waitKey (1) &

After that, all resources are released and the connection to the camera, as well as OpenCV
windows, are closed.

cap.release()

cv2.destroyAllWindows()
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During the launch of the above code, a window with a bolt and nut counter appears.

[W§ Object Detection — O X

Drawing 1

Depending on which detail appears in front of the camera, the program recognizes and
automatically counts their number in order.

[m§ Object Detection _ o x

Drawing 2
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At the same time, the number of bolts and nuts is counted separately, and the counter is
regularly updated.

|B1 Object Detection — o X

Drawing 3

Discussion.

The result of the research work is a vision program for automated accounting of parts.
Thus, the research and development of a vision system includes the following stages:

- analysis of the current process of accounting for details and an overview of similar
hardware and software solutions;

- formulation of the basic requirements and recommendations for the vision system to
account for details;

- an overview of digital image processing methods used in vision systems;

- development of a functional scheme of a vision system for accounting for details;

- analysis of computing devices for image processing and control, with the choice and
justification of application in the system being created,

- development of the software part of the vision system, including the proposal of a
method for identifying distinctive features. Confirmation of the effectiveness of the proposed
correction method;

- software implementation of saving information about recognized details in the database,
with the possibility for the user to view the history for a certain period of time [8].

Conclusion.

During the initial testing of the program, problems were identified in recognizing parts
that have a similar appearance. Low accuracy was observed, manifested in a small percentage of
deviations (not exceeding 1-2%) between the best and the smallest matches among the details
from the database.

Nevertheless, all the tasks have been successfully completed, and the purpose of the study
has been achieved. In the long term, there are opportunities for further development of this work.
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At the moment, the model does not implement the functionality of recognizing two or more
objects that may be in the field of view, touching or overlapping each other.
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BOJIINEKTEP CAHBIH CAHAY YIITH TEXHUKAJIBIK KOPY )KYHECIH 93IPJIEY

Angatna. JKyMmbpIcTa KOHBeWep JI€HTachIHIAFbl OOINIIEKTEp/iH CaHBIH €CeNTeyre
apHaJFfaH TEXHUKAJIbIK Kepy »yiHeci ychiHbUiFaH. JKylie eHEpKaCINTIK eHAIpiCc KarJalblHaa
camanbl OakplIay >KOHE OHIMII caHay MOCENeNepiH IIenryre apHairad. JKyile anmaparThiK KoHE
OarmapiaMaliblK  KYpalJlaH Typajbl. AMNMApaTThIK Kypal OOBEKTUICPAIH erKen-TerKeul
KECKIHJIEpiH TYCIpyre apHalFaH >KOFapbl aKbIPATBIMJIBUIBIFEI 0ap KaMepaHbI, IO CErMEHTTEY
JKOHe TaHy YHIIH oOBeKTiIepai OlpKenKi >KapbIKTaHABIPYFa apHaJFaH >KapbIKTaHJBIPY >KYHeciH
JKOHE HAaKTBl YaKbIT PEXHMIHAE KECKIHAepAl OHJey YIIiH XKEeTKUTIKTI eHIey KyaTbl Oap
KOMITBIOTEP/II KaMTHU/Ibl. barmapimamanblk Kypaiara 3aMaHayd KiTamxaHajiap MeH (peiMBOpKTap
HETi31H/e 1CKE aChIPBUIFaH MAIIMHAJBIK OKBITY alrOpUTMIEpi, HIYAbl a3alTy, KOHTPACT KOHE
KaJIBIIIKA KENTIPYy OMICTepIH KaMTUTHIH KECKIHJI aJIbIH aja eHJAeY MOJYJ, KEeCKIHACTI >KeKe
HBICAHJAP/IbI TAHJANTHIH HBICAHABI CETMEHTTEY MOMAYJi, TaHJAIFaHAAPAbl KIKTEHTIH OOBEKTIHI
TaHy MOJyJI Kipemi. HbICaHmap Typi Oo#bIHIIA, opOip TYpAeri HbICAaHAAPIbIH CaHBIH
AHBIKTAUTHIH 00BEKTUIEP/II caHay Moaymii. HoTrkeciHe Kyiie erkei-Terskeinepi 6ap cyperrep
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JKUHaArbIHAa cbhlHakTaH eoTTi. Canay pnomniri 98% kypanel. byn skyiieHi koHBeieprepzeri
OeJIIeKTep i aBTOMATTHI TYPAE CaHay YIIiH SPTYPIIi cananap/a KoJigaHyra 00ma b,

Tyiiinai ce3nep. TexHUKAIBIK Kopy Kyieci, OeimIeKTepai caHay, MAalIMHAHBI OKBITY,
KOHBEHEp JICHTAChl, OHEPKACITITIK OH/IIpIC.
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PASPABOTKA CUCTEMbI TEXHUYECKOI'O 3PEHUSA 1A HIOACYETA
KOJIMYECTBA JIETAJIEN

B pabote mpencraBieHa cucTeMa TEXHUYECKOTO 3pEHUS JUIS IMOJACYETa KOJUYECTBA
neTanei Ha KoHBelepHo# jeHte. CucreMa pa3zpaboTaHa s pelieHus 3aa4 KOHTPOJISl KauecTBa
U TIOJICUeTa MPOAYKIMH B YCIOBUAX IMPOMBIIUICHHOTO Tpou3BojacTBa. CHUCTeMa COCTOUT W3
anmapaTHOTO W MPOTPAMMHOTO oOecreueHus. AMmapaTHoe oOecleyeHUe BKIIIOYaeT B cels
KaMepy C BBICOKHM pa3pelieHrneM, 00eCTeurnBaroeil 3axXBar AeTAIM3UPOBAHHBIX H300paKeHU!
O00BEKTOB, CHCTEMY OCBEUICHHS s DPABHOMEPHOTO OCBEIICHHUS OOBEKTOB Ui TOYHOMN
CEerMEHTAIlM U PACIIO3HABAHUS U KOMIMBIOTEP C JIOCTATOYHON BBIYUCIHTEIHHONW MOITHOCTHIO
IUist 00paboTKK M300pakeHUil B peanbHOM BpeMmeHHU. [IporpammHoe obecrieueHre BKIIOYAET B
ce0s1 aIrOPUTMBI MAIIIMHHOTO OOYYEHHUsI, peaTu30BaHHBIC HA OCHOBE COBPEMEHHBIX OMOIHUOTEK U
bpeiiMBOpPKOB, MOIYNb MPeAoOpadOTKH W300paKeHM, KOTOPBI BKIIOYaeT B ce0s METOJBI
IIYMOIIOAABJICHUSI, KOHTPACTHUPOBAHUS M HOPMAIM3AIMU, MOAYJIh CErMEHTAIluu OOBEKTOB,
KOTOPBIN BBIJAENSET OTAENbHbIE OOBEKThl Ha H300paKEHUHU, MOJYJIb paclo3HaBaHUs OOBHEKTOB,
KOTOpPBIA KJIacCU(UIUPYET BBIICICHHBIE OOBEKTHI IO THUITY, MOJIYJb TOJCUYETa OOBEKTOB,
KOTOPBI OTMpeenseT KOIWYeCTBO OOBEKTOB KaXKIOro Tuma. B pesynbpTare cuctema Oblna
POTECTHUpOBaHA Ha Habope n300pakeHUil ¢ AerainsiMu. To4yHOCTH mojcuera cocraBuia 98%.
JlanHast cuctemMa MOXKET OBITh NMPUMEHEHA B Pa3UYHBIX OTPACISIX MPOMBIIUIEHHOCTH MJist
ABTOMATUYECKOT0 MOJICUETa JIeTaleil HAa KOHBEHEPHBIX JICHTaX.

KiioueBbie cioBa. Cucrtema TEXHHYECKOTO 3pPEHHUSA, TOJCYET JeTajeil, MaluHHOE
oOydeHue, KOHBeepHas JICHTa, MPOMBIIUIEHHOE POU3BOJICTBO.
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