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The issues of creating a method for controlling the shape of cross-wound pack-
ages based on the shadow projection of the section are considered.
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As a result of the analysis of technological processes of textile production, it
was found that control methods at each technological transition are essential to
ensure high product quality and labor productivity. In the spinning and rewinding
phase of the formation of textile packages, their shape is an important parameter.
The shape of the package and its deviations from the given one can be used as a
complex indicator that characterizes the quality of the product of the correspond-
ing technological transition, but also as a characteristic of the technical level and
condition of the equipment used and the optimality of technological production
modes.

To obtain complete information about the shape of the package, it is necessary
to have cross-sectional profile images at the ends and generatrix. An analysis of
the methods for controlling the shape of technical objects showed that a promising
direction for controlling the shape of cross-wound packages in the textile industry
is the shadow projection method in combination with automated pattern recogni-
tion tools. For the successful implementation of the method, a theoretical analysis
of the influence of the design parameters of the transducer on measurement errors
was carried out. Reasonable requirements for the mutual arrangement of the ele-
ments of the transducer relative to the controlled object are established. Relation-
ships are obtained that allow predicting the parameters of the device, in particular,
the scale of the transformation.

The substantiation of the choice of means for digitizing the resulting images
for subsequent automated pattern recognition has been carried out.

Paccmompensl 6onpocwl co30anHus memooa ynpaeieHus (hopmoii naKkosox c
Kpecmogoil HaMOMKOIl HA OCHOGE MeHeB0ll NPOCKYUU CeYeHUs.

B pe3ynomame ananuza mexnonouueckux npouecco8 meKCmuibHo20 nPou3-
600Ccmea yCmano6i1eHo, Ymo mMemoosvl KOHMPOa HA KAHCOOM MEXHOI02UHEeCKOM
nepexooe umerom 8axcHoe 3Hauenue 014 ofecneueHus 8blCOK020 Kaiecmea npo-
OyKyuu u npouszeooumenvhocmu mpyoa. Ha smane npadenun u nepemomxu mekx-
CHUIBHBIX NAKOBOK 8AMCHBIM napamempom asnaemca ux popma. Popma nakos-
KU U ee OMKIOHEHUsA Om 3A0AHHOI MO2Yym 0blmb UCNOIb306AHbl KAK KOMNJIEKC-
HbLIl nOKa3ameinv, XapaKmepusyiouwuil Kauecmeo npooyKma cooOmeemcmayu,ezo
MEexXHO102UHeCK020 nepexood, a maxHce MmexHuuecKuil ypoeeHs U COCMOAHUE UC-
nonv3yemozo 000py006anus u ONMUMATLHOCHb MEXHOI02UYECKUX PeHCUMOE
npouszeoocmea.

/Jlna nonyyenusn noanou ungopmayuu o gpopme naKkoeKu HeodOXo0uUMo umemsp
U300padrcenusn npoPuas nonepeuHo20 ceyenus Ha Konyax oopasyrowien. Ananus
Memoo08 KOHmMpOAA (opmvl mexHuueckux 00beKmoe Nnoxazai, 4Ymo nepchnex-
MUGHBIM HANPAGIEHUEM KOHMPOJIA HAMOMAHHBIX NAKOGOK KPECmogoii (popmol 6
MEeKCMUIbHOU NPOMBIUUIEHHOCIU AGIAEMCA MEMO0 MeHeeoll NPoeKuul é coue-
mManuu ¢ A6MOMAmMuU3UPOCAHHBIMU CPEOCMEAMU PACNO3ZHABaAHUA 00pa3os. /na
YCREWH O peanu3ayuu Memooa npoeedeH meopemudeckKuil Aanaiu3 6aUAHUA KOH-
CMPYKIMUGHBLIX RNApamempoé npeodpazoeamenna HA NOZPEUIHOCHU UIMeEPEHU.
Yemanoenenvr o6ocnosannvie mpebosanua K 63auMHOMY PACHOSIONCEHUIO ITle-
MEHmMOo6 npeodpazoeamens OMHOCUMENbHO KOHmpoaupyemozo odvekma. Ilony-
YeHbl COOMHOUIEHUS, NO360NAIOULUE RPOCHOZUPOBAMb RAPAMEMPYL YCMPOIICMEa,
6 uacmuocmu macuimad npeoopa3oeanusl.

Ilposedeno obocnosanue evibopa cpedcme oyupposKu noJIy4eHHbIX U300pa-
HCEHUTL 07151 NOCT1E0YIOULE20 AGMOMAMUZUPOBAHHO20 PACNO3HAGARUS 00PA306.
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1. Introduction

The mass nature of the use of packages in
modern high-speed technologies for the
production of yarn at domestic and foreign
enterprises of the textile industry determines
the relevance of the chosen topic and subject
of research.

One of the most common types of

textile packages are cross-wound packages
[1]. This is due to the fact that they meet a
wide range of requirements that are placed on
them by technologists. These requirements
include: compactness, free descent of the
thread during processing at subsequent
transitions, uniform permeability during
processing with solutions, suitability for long-
term storage and transportation without loss
of quality. The fulfillment of these
requirements is ensured by the corresponding
properties of cross-wound packages: its
shape, structure and stress-strain state of the
winding body. The properties of the packages
that ensure the fulfillment of technological
requirements can be considered the main
ones. Maintaining them at the required level
is a criterion for choosing rational design
parameters of winding mechanisms and
winding technological modes. The indicators
characterizing these properties are subject to
regulation in  accordance  with  the
requirements for a particular package.

In this regard, a study aimed at developing
a method for controlling the shape of cross-
wound packages based on the shadow
projection of the section seems relevant.

Optical methods and devices implemented
on their basis are non-contact, therefore they
do not introduce distortions into the shape of
the controlled winding body during
measurements. The absence of mechanical
contact with the measured body allows
measurements to be made on a moving object,
which, at a sufficiently high reading and
processing speed, allows obtaining high

resolution, which means detecting the
smallest defects on the winding body.

The simplest of the optical methods is the
photographic or shadow method for
controlling the geometric dimensions of
packages [2, 3], in which, after winding the
package, it is photographed together with a
scale bar or a shadow silhouette is recorded
on the screen. Based on the dimensions on the
photograph or screen, taking into account the
scale, the actual dimensions are calculated.
This method is only suitable for packages that
do not have recesses on the end surface, such
as roving. Cross coil bobbins, both conical
and cylindrical, usually have a smaller width
near the cartridge than in the middle part.

To control the non-circularity of the
bobbin, Japanese authors proposed a device
[4, 5], which projects its image onto a screen,
at certain points of which photocells are
installed. The signals from the photocells are
processed on an electronic computer
(computer). As follows from the description,
the control of the geometric dimensions in
this device is carried out only at some points
in this case, since the projection of the bobbin
image on the screen is analyzed, information
about the shaded areas of the bobbin is lost.

Some better results can be achieved when
scanning the investigated area of the winding
body with a laser beam, as is done by the
bobbin winding control device [6, 7]. The
device is designed for  non-contact
determination of the angle of elevation of the
coil. Also, this device, based on the
measurements of the angle, can correct it in a
given range, which allows you to wind the
bobbins of the correct shape. The main
disadvantage of the device is that it does not
allow to determine winding defects on the
formed bobbin, and is designed to control
only one parameter-the angle of the turn.

The next stage in the development of
devices based on bobbin image scanning is
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the Beltro-Lis [8, 9] automatic thread package
control system, which is manufactured by
Barmag AG (Germany). The system detects
the presence of broken filaments, stains and
dirt, and also controls the contours of the
packages. Systems based on scanning the
package area under investigation with a laser
beam are quite complex and, as a result,
expensive, requiring  specially  trained
personnel for their operation.

In the device [10, 11] controlled bobbins
move through a control chamber equipped
with optical devices for bobbins control. As a
result of checking each reel, they are sorted.
At the same time, full-fledged reels continue
to move on the conveyor carrying them to the
place of removal. Reels that have defects are
transferred to another conveyor, from which
they are removed at a different location. The
device allows you to fully and quickly
evaluate the quality of packages. However,
the principles of image filtering, its
transformation and defect detection are not
disclosed by the authors.

Traditionally, optical methods are used to
control micro-roughness of surfaces in
mechanical engineering. The most common
are the methods of light section and shadow
projection.

2. Materials and methods

The essence of the first method is that a
slit in the form of a narrow light strip is
projected onto the surface under study at an
angle, the image of which is observed through
a microscope located at the same angle. This
method is applicable for measuring roughness
in the range from 0.5 to 50 pum [12]. The
unevenness of the profile of the end surfaces
of the bobbin and its generatrix are large.
Therefore, this method is not suitable for
measuring the irregularities of a textile
package.

The shadow projection method is designed
to measure the roughness of a weakly
reflective surface over 40 um [13, 14]. When
measuring by this method, a shutter (Sh) is
installed above the controlled surface. At the
same time, it cuts off part of the light beam,
which is directed to the controlled surface
from the illuminator, the optical axis of which
is inclined at an angle a to the normal of the

controlled surface. The shadow from the
curtain, falling on the surface, repeats its
profile. The shape and dimensions of the
section are judged by the visible image of the
shadow in the observation device, the optical
axis of which is directed at an angle P to the
normal of the controlled surface. Unlike
methods that use surface scanning, the
shadow projection method does not require a
long time to capture the primary image.

3. Results and discussion of the study.

To control package shape defects by the
shadow projection method, it is required to
determine the height of the profile H of the
controlled package section in the normal
section (Fig. 1 — the position in space of
objects of the surveillance camera of the
profile formed by the projection of the edge
of the curtain onto a stepped surface).
However, when using the section shadow
projection method, the camera fixes the
profile height h in some inclined section.
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Fig. 1

Between these quantities there is a directly
proportional relationship:

H =Mh, (1)

where M is the profile transformation scale.

It was shown in [1] that the formation of
an image in the space of objects of a record-
ing camera occurs in different ways, depend-
ing on whether the surface under study is re-
flective or scattering light. The surface of the
winding body is formed by textile threads and
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their constituent fibers and therefore repre-
sents a surface that scatters light.

Let us determine the scale of the profile
transformation and the position of the profile
image in the space of objects of the recording
camera for surfaces that scatter light.

A step height H is shown in fig. 1, formed
by scattering surfaces A and B. Points Ma and
Mg are located on the border of the interme-
diate image of the edge of the curtain W pro-
jected onto these surfaces. O1—01 and O—0O-
optical axes of the illuminator and recording
camera. Lo is the distance of the object point
O to the middle line of the profile, P1 is the
object plane of the recording camera.

The distances from the points Ma and Mg
to the optical axis O.-O; of the camera are
denoted by h: and hy, and the distances from
these points to the object plane P1-P1 by b
and b. Let us determine the profile height h
recorded by the camera. From the triangle
kMaMg we have MaMg=H/cosa, and from
the triangle mMMgsMa we have
h=mMg=MaMgsiny, i.c.

siny

h=H .
cosa

@)

Let the angle snMg=p, then the angle
nMg=900-. As can be seen from fig. one,

y=mMgn—a=90°-B-a.
Then

H sin(a+[3)’

CoSa

3)

those the conversion scale without taking
into account the optical and digital zoom of
the camera is equal to

_H_ cosa )

h sin(o+p)

The position of the shadow image in the
camera's field of view is determined by the
values h; and hz. They essentially depend on
the position of the shutter, which is deter-
mined by the value of dO, and the position of

the object point O, which is determined by the
size of Lo. Figure 1 shows that

h,=sq+qr,-M,r, 5)
h2=|\/|Br2 'Sq'qu- (6)

Let us determine the values of the seg-
ments included in (4) and (5)

H

M, t=L,-—. 7
AFLo- ™
From triangle Mapt
H) 1
M,p=| L,-— |—. 8
AP ( 0 2}005(1 ®)

From triangle Marp

MAr:[LO-ﬂ)m:(LO-E)Sin(a+B). 9)

2 ) cosa. 2 cosa.

Arguing similarly, we obtain an expres-
sion for determining

M,r,= (LO +ﬂ) sine) 4
2 ) coso

From the triangle qOp pg=d,tgo,

gr, =pgcosy=pqsin(o+p). (11)

Substituting (11) into the last expression,
we obtain

qr,=d,tgasin(o+p). (12)
From the triangle gsO
gs=d,siny=d,cos(a+f). (13)

Let us substitute the values of segments
from (8), (12) and (13) into (5) and obtain an
expression for calculating hi:
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h,=d,cos(a+p)+d,tgasin(a+p)- (LO - ﬂj sin(o+p) . (14)

Similarly, after substituting (10), (12), and
(13) into (6), we obtain

2 cosa

h,= ( L,+ EJ sin(o+) -d,tgasin(o+p)-d,cos(o+p). (15)

2

The value b=b,—b: determines the re-
quired depth of field of the recording camera.
Segments b and h are legs in a trianglemMs.
Ma, therefore, taking into account (3), we can
write

cos(o+p)
cosa

b=H (16)

The depth of field for lenses used in digi-
tal cameras, when shooting from a distance of
0.4 m, is about 10 cm, i.e. much larger than b.
Thus, obtaining a sharp image is always guar-
anteed.

It follows from (3) and (16) that the trans-
formation scale depends on the projection an-
gle a and on the angle o+ between the opti-
cal axes of the illuminator and the camera,
which is equal. At a constant value of the
viewing angle B, the transformation scale in-
creases with the projection angle a. If the pro-
jection angles o and observation [ are not
equal, then the scale of the profile transfor-
mation and the segments hi and hz, which de-
termine the position of the profile in the cam-
era's field of view, are different even at Lo=0
and do=0.

In the device for obtaining a primary im-
age, =0, taking this into account, (3), (14)
and (15) will be rewritten in the form

h=H tga, (17)

h,=d,cos a+d,tgasin o- (LO - %j tga, (18)

h, :(LO +gjtga-dotgasin a-d,cos . (19)

Let us consider the case when the normal
to the surface does not lie in the plane passing

Cosa

through the optical axes of the illuminator and
camera, but is deflected by an angle ¢ (Fig. 2
— the position in space of objects of the obser-
vation camera of the profile formed by the
projection of the edge of the shutter onto a
stepped surface inclined to the O100; plane).
In the field of view of the camera, the image
of the surface in the form of a border between
light and shadow will be tilted relative to the
horizontal position by an angle ¢.

Figure 2 shows an image of the boundary
between light and shadow in the object plane
of the recording camera, formed by scattering
surfaces A and B, forming a step of height H.
The optical axes of the illuminator and the
camera lie in the NN plane. After the planes
A and B are rotated by the angle ¢, they will
take the position A' and B', while the angle
between the normal to the surfaces A" and B'
and the plane NN will also be equal to ¢.

The height of the step now depends on the
width of the observed object, in.

Fig. 2

In our case, on the width of the reel or the
thickness of the winding. Let's denote this
value as L. Points Ma and Mg, which were at
the edges of the observed image of the shad-
ow before the rotation of the object, will
move to points M'a and M's, respectively.
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The height of the observed shadow will be
H'. When the normal to the surfaces A and B
is rotated through the angle ¢, the point b on
the border of the shadow will go to the point c
along the circle with the radius bd=cd. Angle
bdc=¢ and angle

o H
bda=arcsin N (20)

The distance from point c to the x-axis can
be  calculated using the  formula
H'/2=bdsin(adc). Considering that the angle
adc=bda+bdc, and the segment
bd=VH? — L2,- after obvious transformations,
we finally get:

h'=+H? +1? sin[¢+arcsin

The formula for calculating the
transformation scale will look like:

hl

L 2
M=—= 1+[ﬁj sin| ¢+ arcsin

H

There is a fairly wide range of devices
used for image registration. Let us formulate
the main requirements that must be met by the
recording device, which is part of the
hardware complex for controlling the shape of
packages:

- the resolution of the device should allow
to register individual threads of the most
common assortment on the surface of the
package;

- the device must have a system for
digitizing the image and its direct
transmission for processing in a computer;

— the device must provide for the
possibility of prompt, sequential shooting of
images on a rotating package.

Let's analyze devices that meet these
requirements.

(1)

H'=VH?+L%sin gp+arcsinL
VH?+L

Correspondingly, from h to h', the
observed magnitude of the shadow will also
change. Since the angles o and B remain
unchanged, the value of H’ can be converted
to h’ using a formula similar to (3):

sin(a+B)
cosa

h'=H’ (22)

Substituting the value of H' from (21) we
finally obtain

sin(o. + B)

H
J (23)
JH? + 1.2 cosa

Sin(oc+[3) . (24)

2 coso
1+(Lj

— The camera as an image recording
device

The resolution of cameras depends on the
quality of the photographic materials used.
Typically, technical shooting of line art is
done on high-resolution film, up to 600
liness/mm. However, the imaging process
requires special equipment, consumables, and
a wet chemical treatment of films and prints.
To process an image on a computer, it must
first be digitized using a scanner. Moreover,
the quality of the resulting images depends on
the quality of the scanner and the scanning
mode. The higher the scan quality, the longer
the scanning process will take. These features
make the use of a camera as a recording
device when evaluating the shape of packages
impractical.
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WEB camera as an image recording
device

With  the development of global
communication channels, WEB-cameras are
becoming widespread. The main task when
creating these devices, developers put ease of
installation and configuration, as well as the
amount of information generated by the
device. In this regard, any camera has a USB
output that connects directly to the computer.
It does not require device drivers or any
mounting or interface boards. Thus, when
using a WEB-camera, it is possible to provide
the required direct connection of the
recording device with the computer for the
transfer of primary data.

The advantage of a WEB-camera is also
that it allows you to control the shooting
directly using software from a computer.
However, the video resolution of such a
camera, as a rule, does not exceed 640x480
pixels, which is not enough to display thin
threads on the surface of the bobbin under
study.

In addition, all USB cameras have a
characteristic drawback - a relatively low
frame rate associated with the limited data
transfer rate via the USB bus (no more than
12 Mbps) [15]. Thus, the WEB-camera does
not quite meet the requirements as an image
recording device in a hardware complex for
controlling the geometric parameters of the
winding body.

~MiniDV —video camera as an image
recording device.

Conventional analog camcorders have
now been replaced by MiniDV standard
digital camcorders. Video cameras of this
format allow you to record on a special
cassette with digital quality. They have many
advantages over conventional analog cameras.
Although the recording is also carried out on
a cassette, but in digital form, this allows you
to copy from the original without losing
quality. The camera contains automatic white
balance, digital effects, computer
communication port, shooting resolution
720x576 pixels, frame rate 25 frames per
second. Despite the higher resolution
compared to WEB-cameras, it is still

insufficient for registering individual threads
on the surface of the package.

The disadvantage of MiniDV cameras is
the connection to the computer via the IEEE
1394 port, which is almost exclusively found
in laptops. There are separate expansion cards
for the IEEE 1394 port. That is, to work with
video, special equipment and software are
required, which makes it difficult to use a
MiniDV camera as a device for image
registration in a device for controlling the
geometric parameters of the winding body.

— Digital camera as an image recording
device.

Digital cameras (digital cameras) are
becoming more and more widespread. Unlike
film cameras, digital cameras use a CCD-
matrix  (charge-coupled device), which
consists of light-sensitive elements, to receive
the image. Each of its elements is charged in
proportion to the intensity of the part of the
image that fell on it, and then converted into a
digital RGB value. An RGB value is a
composite of the levels of the three primary
colors red, green, blue, and brightness. Their
values vary within 0-255. For example, RGB
values for white are 255,255,255 with a
brightness value of 240.

The photographic resolution for digital
cameras is determined by the resolution of the
CCDs used.

The resolution of the matrix is
characterized by the number of elements in
millions of pixels. So matrices with low
resolution consist of 2 million (1600x1200)
pixels. With this number of elements, it is
possible to obtain an imprint on paper of a
standard size of 10x15 cm with a resolution of
approximately 10 lines/mm. The visible
diameter of cotton yarn with a linear density
of 50 tex is 0.25 mm. Thus, the resolution of
inexpensive digital cameras is quite sufficient
for fixing individual threads on the surface of
the package.

It should be noted that almost all digital
cameras have the ability to shoot videos.
Using the video recording mode of a rotating
bobbin will make it possible to obtain an
image of the meridional section of its surface
at different angles of its rotation. Typically,
digital cameras are equipped with a standard
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USB port for connecting to a computer. This
is a big plus when processing footage,
because. will allow direct transfer of the
received primary material to a computer for
processing.

The obtained formula makes it possible to
analyze the errors in the control of the bobbin
surface profile by the shadow projection
method. The main sources of systematic
errors for the chosen measurement method
are: the error of the transformation scale and
the error caused by the curvature of the
shadow edge image.

Thus, the most appropriate image
recording device for controlling the geometric
parameters of the winding body is a digital
camera.

CONCLUSIONS

A formula is obtained for determining the
transformation scale when controlling the
bobbin shape by the method of shadow
projection from the design parameters of the
device.

It is shown that the transformation scale is
affected not only by the angles between the
normal to the bobbin surface and the optical
axes of the illuminator and photodetector, but
also by the width of the controlled bobbin.

It is substantiated that a digital camera has
sufficient resolution, allows you to shoot
videos at a frequency of up to 30 frames / s,
transfer the footage to a computer via a USB
port.
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