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The questions of obtaining initial data on the shape of cross-winding textile
packages are considered.

It has been established that geometric properties are characterized by a number
of indicators, which in its turn can be subdivided into nominal and deviations from
nominal ones.

Deviations of these parameters from the specified values lead to a loss of pack
quality. The winding conditions become worse. The packages are not triggered at
the same time during warping, which leads to the necessity of using additional wind-
ing equipment for the rewinding of residues and more frequent changing of pack-
ages with decreasing winding density and volume.

To obtain primary data on the shape of the package, it is proposed to use the
shadow projection method in combination with automated pattern recognition tools.
To analyze the shape of the winding in the process of its formation, it is proposed to
obtain primary images in the form of video clips. Primary data is processed using
the original software. The paper describes the structure of the algorithms underlying
the present software. The developed processing algorithm involves splitting the video
image into separate frames. It also involves conversion to a black-and-white palette,
filtering, reading the edge coordinates of the bobbin image, scaling, and building a
3D image of the package.

An algorithm has been created that allows the online processing of data on the
shape of packages. This builds 3D models of real packages in the process of their
winding. Comparison of the obtained models with the exemplary ones allows for
identifying the causes of defects, as well as violations of the technological process
that cause them. The information obtained in this way allows for optimizing the pro-
cess of cross-winding package production in textile production.

Paccmompennl 60npocot nojiyueHus UcxXo0HbIX OAHHBIX 0 hopme meKCm UnbHbIX
NAKOBOK KPeCcmo6oil HAMOMKU. YCMAHOGICHO, YMO 2e0MempuiecKue ceoicmaed
XAPAKmMepu3yiomcs psaoom nokKasameleil, KOmopble 8 C60I0 04epedb MOIHCHO NOO-
paszoenums HaA HOMUHAIbHBLE U OMKIOHEHUSA OM HOMUHAIbHBIX.

OmKIOHeHUA YKA3AHHBIX NAPAMEMPO8 OM 3A0AHHBIX 3HAYEHUN NPUBOOAM K
nomepe Kauecmea nakoeku. Yxyowaromcsa yciosus cmamoiéanus. Ilakosxku npu
CHOGAHUU CPADAMBIEAIOM CA HEOOHOBPEMEHHO, UM O NPUBOOUNL K HEOOX00UMOCHU
UCnOIb306amMb OONOJIHUME/IbHOE MOMANbHOE 000pY00saHue 011 NEPEMONKU
0CmamKo6 u 6oJiee 4acmoil cmene NaK0BOK NPU CHUNCCHUU NIOMHOCH U HAMOM KU
U YMEHbUEHUU UX 00bema.

Ne 2 (416) TEXHOJIOT Ml TEKCTWJIBHOWM TTPOMBIIIJIEHHOCTH 2025 253


mailto:mehman62@mail.ru

/lna nonyuenus 0anHuvix 0 popme naKoeKu RPeodI0HCeHO UCNOTb306AN b MEM OO
meneesoil npoeKyul, a 01:a aHaiusa Gopmsl HAMOmMKuU 6 npoyecce ee opmuposa-
HUA — U300pasxcenus 6 euoe udeoporurkos. Qopadbomka nepeuyHbIX OAHHBIX NPO-
U3600UMCA C ROMOWBIO CPEOCHE AGM OMAM UUPOBAHHO20 PACNO3HABAHUSA 00PA308
U OpUZUHATBHO20 RPOPAMMHO20 0becneyenus. B cmamwve onucana cmpykmypa
aneopummos, NOJNOHCEHHBHIX 8 OCHOGY HACHOAULEZ0 NPOZPAMMHO20 0DecneyeHusl.
Pazpabomannstit anzopumm odpadbomku npeononazaem pazouexy eudeou3oopa-
HCeHUs Ha omoebHble Kadpbl, npeodpasoseanue K 4epHo-oenoi naiumpe, uip-
mpayur, CHumvléanue KOOPOUHAM Kpas uzooparxcenus 600unsl, Macuimadouposa-
Hue u nocmpoenue 3D-u3zoopasrcenus nakosku.

Co3o0an anzopumm, nozeonarouuii 6 pexcume on-line oopabameieamo oannvie
0 hopme nakoeok, cmpoumsv 3D-modenu peanvHbvIX NAKOGOK 6 npoyecce ux Hama-
muteanus. Cpaenenue noayueHHvIx Mooeeil ¢ 00pa3yoeviMu NO36011€m GblAGUMDb
NpUYUHBL 603HUKHOGEHUA OPAKA, 4 MAKIHCE HAPYWIEHUA MeXHOI02UYeCK020 nPo-
yecca, komopule ux evizvigarom. llonyuennvie maxum oopazom ceedeHun no360-
JIAIOM ORMUMU3UPOBANb NPOUECC NOJIYYEHUA NAKOBOK KPECm o080l HAMOMKU 6
M eKCmUuiIbHOM HPOU3B00CHIBe.

Keywords: packing, shadow projection, image filtering, image recognition,
recognition algorithm, shape deviations, quality indicators.
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pacno3HaBaHue 00pa3a, aJrOPUTM PACNO3HABAHUS, OTKJIOHeHUs (OpMBI, NOKa-

3aTe/In KaveCcTrBa.

Introduction

The use of instruments makes it possible to
determine the presence and count the number
of defects of a certain type on the yarn, as well
as to assign the yarn under examination to a
certain purity class. The final result must be an
assessment of the suitability of the examined
yarn for the production of a particular fabric or
knitted fabric. When using instruments and
methods, such a judgment must be made by the
technologist on the basis of his/her experience.
The use of computer analysis with pattem
recognition methods allows this task to be au-
tomated to a greater or lesser extent.

Traditionally, optical methods are used to
control surface micro roughness in mechanical
engineering. The two most common methods
are light section and shadow projection.

In contrast to methods using surface scan-
ning, the shadow projection method does not
require a long time to capture the primary im-
age. In this regard, the combination of the
shadow projection method with modern means
of automated pattern recognition seems to be
the most promising. It allows to create a sys-

tem of three-dimensional modeling of a textile
package on the basis of experimental data.
Such a model can be used for complex estima-
tion of geometrical parameters of textile pack-
ages.

The most promising method for obtaining
such images is the method of shadow projec-
tion in combination with means of automated
pattern recognition. The implementation of
this method is based on the use of a device for
obtaining a shadow projection image, a device
for the registration of this image and its digiti-
zation. In its turn, the latter requires special
software designed to recognize the image of
the package in the image and build a three-di-
mensional model of the package. Let's con-
sider the solution to the listed number of ques-
tions.

In this connection, conducting research
aimed at the development of an algorithm for
obtaining initial data and their processing to
obtain information on the shape of textile
packages of cross winding seems to be rele-
vant.
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Using the device [1], images of shadow
projections on the side and end surfaces of the
cross-winding bobbins are captured and rec-
orded with a digital camera. In the process of
imaging, the bobbin is rotated, which allows
for obtaining data about the entire outer sur-
face of the bobbin. The resulting data is stored
in the computer's memory. These video clips
contain fairly complete information about the
actual shape of the bobbin. After appropriate

‘ The commencement ‘

1.Video clip shooting

2. Partitioning of video
clip nto frames

3. Using the
original palette

processing, they can be used to obtain a three-
dimensional visual model of the package [2]
and quantitative assessments of various de-
fects.

An enlarged scheme of the algorithm for
obtaining initial data and their processing to
obtain a visual model and quality indicators
characterizing the bobbin shape is shown in
fig. 1.

Y

9 Obtaining coordinates
of the pack profile

10.Scaling

6.Conversion to a

black and white
palette

11.Building a visual
model

4. Searching for a
bobbin in the frame }

7 Filtration

12.Calculation of

5Reading coordinates {

quality indicators

8 Reading coordinates

0,

The implementation of operations that
make up the content of block 1 is described in
detail in [1]. Let's consider the contents of the
other blocks in detail. Partitioning of video
clips into frames. The primary information re-
ceived by the hardware-software complex are
video clips shot using a digital camera. The
clips are recorded in QuickTime format with
the MOV extension, which is defined by digi-
tal camera software. This format is a standard
for working with video images in the MacOS
family of operating systems on Macintosh
computers [3].
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Fig. 1

This format cannot be played back on Win-
dows as a standard. To do so, you must install
a set of specialized QuickTime libraries. There
are at least two ways to solve this problem. The
first is to convert the MOV format to a format
supported by Windows, i.e. avi.

The second involves the use of a special li-
brary, QTMLClient.dll [4, 5], containing a set
of functions. Functions from this library allow
you to work directly with the frames of a MOV
format video clip. For example, the OpenMov-
ieFile function opens a MOV file directly, and
MCGetControllerBoundsRect reads dataabout
the video clip borders.
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When analyzing the possibilities of using
the first approach, it was found that there is a
sufficient number of software products for
conversion from one format to another [6 8].
However, all of them work via GUI (Graphical
User Interface) and do not allow you to per-
form conversions from the command line in
batch mode. This limitation is unacceptable
because the speed of video clips processing
will be significantly reduced due to the fact
that the user will have to "manually” convert
all video clips and only then perform the pro-
cedure of their storyboarding. However, the
most significant disadvantage of all format
converters is the loss of the original dataduring
conversion.

The second method is more complicated to
implement, but it relieves the user of such a
chore as converting each clip from mov format
to avi format via GUI. In this method, the for-
mat conversion is handled by the specialized
library gtmiClient.dll from QuickTime.

The second method is more complicated to
implement, but it relieves the user of such a
chore as converting each clip from mov format
to avi format via GUI. In this method, the for-
mat conversion is handled by the specialized
library gtmiClient.dll from QuickTime.

Thus, [9] proposes an optical system for
yarn defect evaluation on the bundle. In this
system, the primary image was acquired using
a video microscope and transferred to a per-
sonal computer for processing.

In[10], the influence of the quality of yarn
package preparation for weaving was ana-
lyzed. Itis shown that the final quality of prod-
ucts of textile production dependssignificantly
on the quality of the bobbins. Irregularities in
the bobbin shape are often the cause of uneven
yarn tension, which leads to instability of the
technological process.

In [11], a yarn quality control system on
packages is described as a basis for quality as-
surance of finished products. An image pro-
cessing method is used in this studyto evaluate
yarn defects. Initially, images were taken using
a scanner, and then the acquired images were
modified using several filters. Yarn defects
were then identified based on their geometric
shape and surface area. As the results show,
image processing methods are quite reliable at

estimating the number and type of yarn de-
fects.

Materials and methods

At the initial stage of development, it was
suggested to save each frame obtained as a
result of video clip splitting in a separate bmp
format file on the hard disc and then process
the resulting set of files. As practice has
shown, this method requires a lot of space on
the hard disc when processing a large number
of video clips. Besides, the process of writing
into and reading from the hard disc is a much
slower operation compared to accessing the
RAM. And because frame processing requires
multiple accesses to data storage, the
processing process can be unacceptably slow.
This process can be performed much fasterdue
to the fact that each frame received with the
help of a function from the QTMLclient.dll
library is loaded into the computer's RAM and
processed directly there. This method is
applied in the developed software. It allowed
us to increase the speed of execution of the
storyboarding procedure several  times.
Algorithms of the storyboarding procedure are
shown in fig. 2 (recording to memory are
shown) and fig. 3 (recording on a hard disc).

The commencement

|
Receiving video
clips
|

Processing of the K
video clip K=1.3

Setting the working area
and pack centre

Processing of the m frame
m=1, the number of frames
I
Recording the m
frame to memory

I

Reading of profile
coordinates

LT

Fig. 2
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Results and discussion

The pack profile coordinates can be
obtained in two ways. The algorithm for video
clip splitting into frames is shown in Fig. 1:
blocks 6-7-8, or 4-5.

The first of them was applied at the
initial stage of development. It consists of the
following operations. After dividing the video
clip into frames, an initial image of the profile
of the side or end surface of the package is
obtained (fig. 4). On it, the package is
represented by some set of colors lighter than
the background colors. At the border of the
package profile, there is a smooth transition
from the package colors to the background
colors.

m

Fig. 4

The source image is converted to a black
and white palette (Fig. 5). For this purpose, a

threshold value is set in the software, which
was obtained experimentally based on the pro-
cessing of a batch of packages. This threshold
can be changed by the user in the settings. In
this case, on the contour boundary, there is a
number of points of black color on a white
background and white color on a black back-
ground. These points can complicate the un-
ambiguous determination of the profile coordi-
nates during subsequent processing. Besides,
the frame includes the background image,
which should be minimized to reduce the vol-
ume of files storing the intermediate image and
to exclude unnecessary image elements, which
require additional time for processing.

Fig. 5

In this case, it was assumed that the pack-
age profile image is located in the center of the
frame with predetermined fields. That is, the
significant area of the image was set statically.

After selecting a significant area of the
frame, the image was filtered. This consisted
of changing the color to a contrasting one for
black areas surrounded by white areas and for
white areas surrounded by black areas. The
area of the processed region was limited to a
square of three by three pixels.

The image of the lateral surface profile of
the package after filtration is shown in Fig. 6.

w

Fig. 6

Then the reading of profile coordinates was
performed. It consisted in consecutive interro-
gation of the color of image points vertically,
starting from the top point belonging to the
background and having a black color. The first
point having white color is considered to be-
long to the package profile. Its coordinates are
multiplied by scaling factors that take into ac-
count the scale of transformation, optical and
digital magnification of the recording camera.
They are entered into an array storing infor-
mation about the shape of the profile of the lat-
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eral surface of the package. The results ob-
tained can be illustrated by the graph shown in
Fig. 7. The Z axis on the graph is directed
along the bobbin axis, and the Y axis is di-
rected along the bobbin radius.
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Fig. 7

In addition, the frame includes a back-
ground image. This image must be minimized
to reduce the size of files storing the interme-
diate image and eliminate unnecessary image
elements that require additional processing
time.

When developing the algorithm, it was as-
sumed that the image of the package profile is
located in the center of the frame with prelim-
inarily known fields, i.e. the significant area of
the image was set statically. In practice, the
frame boundaries were set by the operator.

Images of the package end surfaces were
processed in a similar way. The obtained data
can be used to calculate unit indices character-
izing the deviation of the package shape from
the specified one. On their basis, it is also pos-
sible to detect shape defects and build a three-
dimensional visual model of packing.

When processing spools made of viscose
complex yarn, it was revealed that the material
reflects well the incoming light. Inthis connec-
tion, it is practically impossible to register the
real package profile when processing the ob-
tained video image. In order to obtain the real
profile of the package, it is necessary to use
special polarizing and fluorescent filters. As
shown in the study, yarn coloring does not pre-
vent package shape analysis by the shadow
projection method.

In the development of new spinning and
winding machines, the application of the pro-
posed method is even broader. This is because,
in a newly developed design, the number of
controllable design parameters is many times
greater than in series production machines.
Each of them must be set in such a way as to

ensure the formation of packs of the required
quality, both in terms of shape and other tech-
nological parameters.

Conclusions

1. On the basis of the analysis of exist

ing solutions, the choice of a rational
method of transformation of primary infor-
mation about the pack profile into a format
convenient for its further processing has been
made.

2. Algorithms for processing video clips
containing primary data on the bobbin shape
and obtaining arrays of coordinates of points
characterizing the bobbin shape on their basis
are developed.

3. An algorithm for obtaining a volumetric
graphical model of the package on the basis of
arrays of coordinates of points characterizing
the bobbin shape is developed.
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