InpopmaTuKa, 06uKCII0BAIbHA TEXHIKA Ta aBTOMAaTH3aLlis

UDK 004.93°1: 338.4
DOI https://doi.org/10.32782/2663-5941/2024.2/23

Stelmakh N.V.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

Mastenko LV.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

CLASSIFICATION AND DETECTION OF DEFECTS
IN TUBULAR PRODUCTS USING MACHINE VISION

Inspection is a critical component of a production management system, involving the measurement and
inspection of products to ensure that they meet required specifications and performance. Quality control
standards are usually dictated by quality assurance approaches such as 1SO 9001. These approaches define
protocols for the manufacturing process, and quality control ensures that the required tasks are performed.
In a manufacturing environment, businesses can perform various types of quality control, including material
inspection, in-process inspection, and final inspection. By performing these checks, you can ensure that quality
control is on the right track, resulting in lower costs and increased efficiency. Implementing quality control
best practices can improve quality control. The key ingredients for success in building a quality control system
are automation, inspection, and tracking.

Non-automated visual inspection, which is still used in many enterprises, has a number of disadvantages,
namely subjectivity and low reliability, as well as low performance on complex products with fine topology.
According to the operators, inspection of complex products using simple optical devices is very stressful on

their eyes, which is probably a danger to their health.

The growing interest in computer vision technology is due to the non-contact method of control, high

accuracy and productivity, at a relatively low cost

The paper considers the problem of controlling the output characteristics of finished products, which is
proposed to be solved using computer vision methods, and proposes a mathematical description of one type
of defect using the Hough transform, which is successfully used to describe and detect objects of round shape.

Also, the paper analyses the most typical defects for the object of control of a tubular body and proposes a
classification of these defects by grades for further use in training a neural network.
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neural networks.

Formulation of the problem. One of the most
important aspects of product quality management in
the instrumentation industry is testing and all types of
control. Specialised research laboratories and technical
facilities allow us to test and inspect products for com-
pliance with specifications and standards. This includes
testing at least for reliability, accuracy, and other char-
acteristics. Automation of quality management pro-
cesses is also becoming more and more practical in the
instrumentation industry. The use of special software
for monitoring and analysing data helps to reduce the
human factor, increase productivity and improve the
accuracy of quality control. Modern technologies, such
as machine learning and the Internet of Things (IoT),
also have applications in quality management in instru-
mentation. For example, IoT devices can collect data
on the operation of devices in real time, and machine
learning algorithms can predict potential failures and
perform preventive maintenance [1].

The use of computer vision techniques is rap-
idly expanding to cover all spectrums of production
technology. The task to be solved includes the initial
quality control of tubular products, which are natu-
rally occurring objects and include a variety of cri-
teria for control, which greatly complicates the task
of initial quality control. Defects such as stains and
microcracks are not critical to the functionality of
the object of study, but directly affect the appearance
of the product and the quality control process. The
main classification is based on the shape, size, type of
defect and its location.

To assess the external condition of product ele-
ments, either visual inspection of the structure or
analysis of images taken with digital cameras is usu-
ally used. Non-automated visual inspection, which
is still used at many enterprises, has a number of
disadvantages that prevent its use in modern condi-
tions [2]. The main negative aspects in this case are
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subjectivity and low reliability, as well as low per-
formance on complex products with a thin topology.
According to the operators, inspection of complex
products using simple optical devices refines their
vision too much, which is probably dangerous for
their health [3].

Analysis of recent research and publications.
Today, significant experience has already been gained
in the use of machine vision to solve various problems
in production processes, the results of which are pre-
sented in the works of domestic and foreign research-
ers. For example, Nandini et al. in [4] extensively dis-
cuss the application of machine vision technologies
in various industries, such as the food industry, tex-
tile industry, and printed circuit board industry. The
team of researchers proposes to improve the meth-
ods of output quality control by analysing images of
finished products. Their research demonstrates an
improvement in results compared to manual inspec-
tion of products.

Paper [5] presents a comprehensive view and the
important role of computer vision as a key advanced
technology in the materialisation of various global
visions of a new generation of ICT solutions in
manufacturing and industry in general. The authors
position visual computing as a key role for Industrie
4.0 and provide a general and broad overview with
specific directions and scenarios for future research.
The visual computing research community will have
exciting new areas of research to address the chal-
lenges of the next industrial revolution.

The authors' research [6] demonstrates the posi-
tive impact of the introduction of continuous quality
control, technologies and approaches used in Industry
4.0. They argue that it is important to conduct further
applied research, not to stop at the results obtained, in
order to obtain statistical data that can be processed
in real time.

In article [7], the authors demonstrated the ten-
dency of transition from manual visual inspection to
computer vision. The advantage of machine vision
as a non-destructive method is given. It was used
for external determination and showed an increase
in product quality and its efficiency, objectivity,
consistency and reliability. Machine vision systems
used to measure size, shape and colour are described,
including improvements in cameras, lighting settings,
image processing and analysis methods, and experi-
mental results. In addition, the advantages and disad-
vantages of machine vision systems are outlined with
recommendations for future developments.

For visual product inspection tasks, the use of
deep learning solutions is increasingly being adopted.
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However, new data and product-specific consider-
ations are still required to solve each specific prob-
lem. Study [8] proposes a method inspired by class
activation maps (CAM) to improve deep neural net-
work-based image classification algorithms. image
classification algorithms by creating an attention map
that marks the defective area.

As can be seen from the above examples of
research by scientists, computer vision technology is
an important feature of modern production in ensur-
ing product quality, as such systems can check for
defects faster and more accurately than humans.

Purpose and task statement. The aim of the study
is to analyse and classify defects in tubular products
and, on its basis, to develop a set of product quality
criteria for further processing by a machine vision
system that will allow detecting product defects with
a given probability and sorting them according to the
proposed classes.

Presentation of the main research material.
Computer vision methods for outbound quality con-
trol are widely used due to their efficiency and objec-
tive results compared to human inspection. But, on
the other hand, in some cases, a major drawback is
that the development of such systems is time-con-
suming. Hence the desire to find new, fast and reliable
solutions [9].

For quality control of tubular products, the advan-
tage is that the body can be viewed on the basis of a
cylinder and divided into independent zones, allow-
ing for parallel output inspection. One of these zones
is the end part. The main task is to correctly identify
and classify defects.

Thus, when classifying defects by shape, three
main cases are distinguished (Fig. 1): a) defects of
regular shape, oval, close to cylindrical or spherical,
without sharp edges; b) defects of lentil shape, with
sharp edges; c) defects of arbitrary, indefinite shape,
with sharp edges — cracks, tears, foreign inclusions

Oo DY

a b C

Fig. 1. Classification of defects by shape: a — regular
shape; b — lentil-like shape with sharp edges;
¢ — arbitrary, indefinite shape with sharp edges
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When classitying defects by location, four cases
are distinguished Fig. 2: a — surface defects located
on the surface of a material, semi-finished product or
article — cracks, dents, foreign inclusions; b — sub-sur-
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face defects — defects located under the surface of the
controlled article, but near the surface itself; ¢ — volu-
metric defects — defects located inside the article. For
example, the presence of phosphide and nitride inclu-
sions and layers can lead to the formation of defects
of the fourth type — through defects.
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Fig. 2. Classification of defects by position
in the controlled object: a — surface; b — sub-surface;
¢ — volumetric

According to the shape of the cross-section,
through defects are round (pores, slag inclusions) and
slit-shaped (cracks, structural defects, discontinuities
in the location of oxide and other inclusions and lay-
ers). According to the size of the effective diameter
or width of the opening (for cracks and crevices),
through defects are divided into ordinary (> 0.5 mm),
microcapillary (0.5 ... 4 2 10 mm) and microcapillary
(<4 2 10- x mm) defects [10].

As an object of control, let's consider a bever-
age tube, which is a complex-shaped product for
initial inspection by computer vision. It has several
surfaces, which can be considered as a side surface,
which takes the form of a rectangle when expanded,
and an end face, which takes the form of an isosceles
trapezoid when expanded Fig. 3.

Fig. 3. Object of control reed tube

In this paper, we will consider the end part of a
reed tube, which is geometrically characterised by
the inner and outer diameters; among the permissible
defects, we can distinguish an end crack and a neo-
plasm in the middle of the product Fig. 4.

As a first step, according to the Hough transform
technique, which is the most suitable and widely
used method among the methods for detecting round

J

Fig. 4. End part of the reed tube

shapes, we determine the centre of the tube to deter-
mine the inner and outer diameters, which will also
give an understanding of the still unknown coordi-
nates of the product centre (x0, y0), as well as the
outer and inner diameters as rl and r2, respectively.

Using the circular Hough transform method again,
but reducing the search area, we check the product
for neoplasms, since they are mostly not dense and
have a gap, so we can distinguish among them a circle
using the Hough transform Fig. 5.

Fig. S. End part of a reed tube with a defect

The detection of neoplasms is performed in the
plane bounded by the radius ,, found at the previous
stage. After the Hough inspection operations, the reed
tube is checked in several successive stages, and if at
least one of them shows deviations from the specified
parameters, this control object, i.e. the product, will
be sorted or rejected.

The first step is to pre-process the image and
isolate all external factors. The second step is to
transform the circle area into a plane, for which we
denote the outer and inner diameters as rl and r2,
respectively.

The next step is to expand the circle area to create
a rectangular area to simplify information process-
ing. The perimeter of the circle with radius r will be
2mr, since we have r1>12, so 2nir1>2mnr2. The area of
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our circle with diameters rl and r2 in the expanded

view will take the form of an isosceles trapezoid with '
aspect ratios of r1/r2. Working with the shape in this

way, important pixels are lost, which affects the final

result, so the best option is to solve the matrix as 2zrl

and add the missing pixels by duplicating the neigh-

bouring ones. Note that the number of missing pixels

is proportional to the ratio r1/r2.

Using the initial data, we unfold the circle to
obtain a rectangular matrix with a height of r1-r2+1
and a length of 2nr1. The unwrapping process can be
represented as a transformation from the polar coor-
dinate system to the Cartesian coordinate system.
Let's introduce new values (xc, yc) as the coordinates

of the centre of the circle in Fig. 6. Each pixel in the Fig. 6. End part of the reed tube with parameters
Table 1
Classification of the most typical defects of the object of control and their correspondence to the class
Type of defect Type of defect Type of defect Type of defect
Pigmentation Explicit, corrective; | Chemical treatment

Insignificant; 1 Grade,
Superficial defect; 2 Grade

Colour Explicit, corrective; | Chemical treatment
Insignificant; 1 Grade,
Superficial defect; 2 Grade

Cutting defects Explicit, incorrigible; | Waste

(chipped ends) Critical,
Superficial defect;

The presence of a film Explicit, incorrigible; | Mechanical

inside Minor defect; modification
large-scale defect;

Cracks Manifest, irreparable; | Waste
Significant;
Superficial defect;

Compliance with Explicit, corrective; |1 Sort S

sealing parameters Significant; 1 Sort M
(product length L, Superficial defect; 1 SortL
outer diameter D, inner 1 Sort XL
diameter d) 2 Sort S
2 Sort M
2 Sort L
2 Sort XL
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Sorting structure of a tubular product after visual inspection by machine vision

|

}Ssor:ti{ 2 Sort S Mechanical Chemical
Waste 1 Szrt L 2 Sort M modification treatment
1 Sort XL 2 SortL
© 2 Sort XL

Fig. 7. Product sorting structure according to defect classes

polar coordinate system is represented by a radius r
and an angle 0 [11].
The transition system can be represented as fol-
lows:
x=x,+r%*cos(0)
y=y, +r*sin(6)

where (X, y) are the Cartesian coordinates of the
corresponding polar coordinates (r, 0).

Having analysed the object of control in accord-
ance with the considered possible defects (Figs. 1, 2),
we have developed a classification of the most typical
product defects and introduced the concept of defect
class Table 1.

Thus, according to the proposed classification of the
most characteristic defects of the object of inspection
and their compliance with the class, the sorting structure
of a tubular product after visual inspection by means of
machine vision can be presented as follows Fig. 7.

Based on the results of the classification in Table 1,
the following criteria give us the following results:

Pigmentation is not a critical defect, therefore,
depending on the percentage of contamination, it can
be corrected by washing in a chemical solution and
subsequently classified as grade 1 or 2.

Similarly, considering the colour of the object of
control, we divide the products into grade 1 or 2.

If there is a cutting defect or a crack on a tubular
product, it is rejected.

If there is a film in the middle, the product is
assigned a separate grade, and all these products with
a defect are sent for revision by mechanical and then
chemical methods for better results and are re-in-
spected.

The last important defect is the conformity of
geometric parameters; if there are any curved or bent
products, they are rejected. At the same time, the
diameters of the products are analysed and allocated
to the appropriate size.

Conclusions. The paper considers the problems
of controlling the output characteristics of finished
products and proposes a classification and criteria
for determining defects in the future using com-
puter vision, namely the use of optical cameras will
allow to obtain images that clearly show the col-
our gradient, geometric shape, and internal state of
the objects under control. The most typical defects
for a tubular product were analysed, which made
it possible to classify them accordingly and select
the most rational mathematical apparatus for their
description.

The work has several directions for continuation,
namely, it is necessary to implement a procedure for
sorting tubular objects based on the proposed classes,
i.e., detecting by a neural network the presence or
absence of defects on them, colour and diameter
according to the proposed classes of defects. It is also
necessary to develop a segmentation method that will
help, in addition to detecting the defect, to track its
changes and parameters in the overall product quality
management system.

It is planned that the developed system of out-
put control by computer vision may be of interest
to organisations and contribute to the automation of
their output or intermediate quality control by com-
puter vision, which will allow production to exercise
full control over the conveyor production process and
reduce the likelihood of rejects.
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Creanmax H.B., Mactenko I.B. AHAJII3 TA KJJACU®IKAIIA BUSABJIEHHS JE®EKTIB
BUPOBIB TPYBYACTOI ®OPMHU 3ACOFAMHU MAIIIMHHOT'O 30PY

Konmponw € natigasicnugivium KOMNOHeHmMoMm CUCmeMU YRPAGIIHHA GUPOOHUYMBOM, WO BKIIOYAE GUMIDIO-
8aHHsL Ma nepesipku eupodis, wob nepeKoHamucs, wo 80HU GiON0Gi0arme HeoOXiOHUM cneyuikayism ma
mexniunum xapaxmepucmurxam. Cmanoapmu KOHMPOIIO AKOCMI 3a36U4ali OUKMYIOMbCsL NiOX00amu 00 3a6e3-
neyens axocmi, sk-om ISO 9001. L]i nioxoou suznayaoms npomoxou 0Jisi BUPOOHUYL020 NPOYeCy, A KOHMP-
0/1b IKOCMI 3a6e3neyye BUKOHAHHS HeOOXIOHUX 3a80aHb. Y 8UPOOHULOMY CepedosULyi NIONPUEMCMBA MONCY b
30TUCHIOBAMU Pi3HI 8UOU KOHMPOIO AKOCMI, BKIIOYAIOHU NepesipKy Mamepianie, nepesipky y npoyeci upoo-
HUYmMea ma oCcmamouHy nepesipky. Bukonyiouu yi nepesipku, ModcHa nepekoHamucs, uwo KOHmMpOoJb AKOCHI
3HAXOOUMbCS HA NPABUTLHOMY WIAXY, WO NPU3IB0OUMb 00 3HUMCEHHS 8UMPAM, NiOBULEHHS eqheKMmUBHOCHIL.
Bnposaodoicenns natikpawux npakmux KOHmMpOnio AKOCMi Mo#ce NOKPAWUmu KOHmpoiv akocmi. I onoeui ckaa-
00861 ycnixy npu oopmysanHi cucmemu KOHMPOIIO AKOCMI. A8MOMAMU3ayis, 02110, i0CMedNCeHHs.

Heasmomamu3osanuil 8i3yanbHuti KOKMPONb, AKULL 00 YUX Nip BUKOPUCTNOBYEMbCA HA OA2AMbOX NIONPUEM-
CMBax Mae pso HeooiKis, a came cyo'eKmusHicms i HU3bKA 00CMOBIPHICb, A MAKOIC MALA NPOOYKMUBHICTb
Ha CKAIAOHUX 8UPOOAX 3 MOHKOW mononoziero. Konmpons ckiaouux eupobis i3 3acmocy8aHHAM NPOCHUX
ONMUYHUX NPUCTNOCYBAHD, 34 COBAMU ONEPAMOPIB, OYHce CUNbHO HANPYICYE 3Ip, W0, HANE8HO, CIMAHO8UMb
Hebe3neky 0/ ix 300pos's.

3pocmaioua 3ayikasnenicms 00 mexHon02ii Komn'tomepHozo bauenns 3ymoeiena, Oe3KOHMAKMHUM Memo-
00M KOHMPOII0, BUCOKOIO MOYHICHIO Ma NPOOYKMUBHICIO, 3a 8IOHOCHO HU3bKY 8aPMICMb

B pooomi posenanymo npobremamuxy KOHMPOII0 GUXIOHUX XAPAKMEPUCMUK 20MO80i NPOOYKYii, AKY Npo-
NOHYEMbCA UPTUUMU BUKOPUCTHAHHAM Memodi8 KOMN TOMePHO20 30py ma 3anponoHO8AHO MAMEMAMUYHUL
onuc 00Ho020 3 8Udi8 deghekmis 3acmocy8asuiu nepemeopernis Xagpa, sKe yCniuino 8UKOPUCMosyemobcs Ol
onucy ma euseients 00 'ekmie Kpyanoi gpopmu.

Takooic 8 pobomi npoananizosano HaUbiIbuW Munosi deexmu 015 00 €Kmy KOHMPOaIo miia mpyouacmoi
dopmu ma 3anpononosano Kiacugikayiro yux oegexmis no copmam 07 NOOAIbULO2O 3ACTNOCYBAHH NPU
HABYAHHI HEUPOHHOT MEPEHCI.

Knrwuosi cnosa: oegpexm supody, kepy8anus AKiCMIO, ABMOMAMU308AHe BUPOOHUYMEBO, KOHMPOIb AKOCMI,
MAUWUHHUL 3D, HEUPOHHT MepediC.
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