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(57) Abstract: In a first aspect, the present invention provides a method for

detecting defects on yarns arranged substantially in parallel from a grey scale

1 10 image (10) of the yarns, said grey scale image being divided into one or more
£« image sections; the method comprising for each image section (10): calculat-

}__ i L odarE 1 P ing a restrictive threshold and a less restrictive threshold from the image sec-
SARAAAA SRR — =etE— X tion (10); obtaining a restrictive image section (11) by applying the restrict-
v ive threshold to the image section (10); obtaining a less restrictive image sec-
H tion (12) by applying the less restrictive threshold to the image section (10).

Said method further comprises: obtaining a ditferential image (13) from the
obtained restrictive image sections (11) and the obtained less restrictive im-
age sections (12); and detecting defects on the yarns by comparing (15) the
pixels (16) of the differential image (13) representing existence of difference

Y with predetermined defect patterns (14).
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METHOD FOR DETECTING DEFECTS ON YARNS

The present invention relates to a method for detecting defects on yarns
arranged substantially in parallel from a grey scale image of the yarns, said
grey scale image being represented through a two-dimensional structure of
original pixels and said grey scale image being divided into one or more image
sections. The invention also refers to a system and a computer program
product suitable for carrying out said method.

BACKGROUND ART

Methods, computer programs and systems dedicated to yarns inspection for
detecting defects on the yarns may be aimed at ensuring good quality of
fabrics produced from said yarns.

Different methods and related computer programs and systems having the
objective of ensuring good quality of fabrics are known in the state of the art,
some of them dedicated to inspect already produced fabrics. For example,
US5301129A discloses a video web inspection system employing filtering and
thresholding to determine surface anomalies. Nevertheless, said kind of
methods have the drawback of being focused to detect defects on the fabric
once the fabric has already been produced, in which case defects of the fabric
with origin in defective yarns are detected very late with the consequent waste

of time and money.

There are other types of methods which are exclusively aimed at inspecting
multiple yarns in parallel to each other. For instance, US2010157301A1
discloses a running yarn line inspection method that inspects yarn lines
running in parallel in the same surface. In this case, it is possible to anticipate
possible defects on fabrics with origin in defective yarns in a not final stage of
the fabric manufacturing process, which implies higher reliability and saving of

time and money in comparison with the methods discussed in the previous
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paragraph.

However, the method described in US2010157301A1 has the limitation of not
being reliable enough, since said method is based on the application of a
predetermined threshold which may be set on the basis of the difference
between the lightness of a normal portion and the lightness of a defect speck
obtained by measuring the normal portion and the defect speck prepared by
an ideal model or obtained by actual sampling. Then, the method uses said
set in advance threshold in a way that when the quantity of a lightness change
or the number of pixels of a dark portion showing each yarn width is larger or
smaller than the threshold value, it is determined that the yarn concerned has

a defect.

With this respect, it has to be taken into account that the light conditions
between different executions of the method may vary depending on, for
example, the state of a corresponding light source causing the lightness
measured by the method. For instance, any kind of lamp normally suffers a
continuous degradation along its lifetime and said degradation may surely
produce a slight variation of the light conditions between different executions
of the method. Thus, the application of such a pre-fixed threshold in a context
of variable light conditions may produce not reliable results.

Moreover, when high quantities of yarns are processed under the method of
US2010157301A1, the light conditions and, thus, the caused lightness may
also vary in the same execution between different regions of the plane in
which the multiple yarns run in parallel to each other. Therefore, the
application of such a pre-fixed threshold in said context of light conditions
variability may cause further reduction of reliability in the results of the
method.

SUMMARY OF THE INVENTION
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There thus still exists a need for solving at least some of the above mentioned
drawbacks. The object of the present invention is to fulfil such a need. Said
object is achieved with a method according to claim 1, a computer program
product according to claim 14, and a system according to claim 17.

In a first aspect, the present invention provides a method that comprises
calculating, for each image section of the grey scale image, a restrictive
threshold from the image section, and obtaining, for each image section and
its related restrictive threshold, a restrictive image section by applying the
restrictive threshold to the image section. Said restrictive image section is
represented through a structure of restrictive pixels identical to the structure of
original pixels of the image section, wherein each restrictive pixel represents
presence/absence of yarn material according to its related original pixel
having a grey level less/greater than the restrictive threshold.

The method further comprises calculating, for each image section of the grey
scale image, a less restrictive threshold from the image section, and obtaining,
for each image section and its related less restrictive threshold, a less
restrictive image section by applying the less restrictive threshold to the image
section. Said less restrictive image section is represented through a structure
of less restrictive pixels identical to the structure of original pixels of the image
section, wherein each less restrictive pixel represents presence/absence of
yarn material according to its related original pixel having a grey level
less/greater than the less restrictive threshold.

Then, once all the restrictive image sections and all the less restrictive image
sections have been obtained, a differential image is obtained from said
obtained restrictive image sections and said obtained less restrictive image
sections. Said differential image is represented through a structure of
differential pixels identical to the structure of original pixels of the grey scale
image, wherein each differential pixel represents existence/absence of

difference between each pair of related restrictive and less restrictive pixels.
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Particularly, each pair of related restrictive and less restrictive pixels wherein
the restrictive pixel represents absence of yarn material and the related less
restrictive pixel represents existence of yarn material, may result in a related
differential pixel representing existence of difference. The inverse situation
may be also possible, that is to say, each pair of related restrictive and less
restrictive pixels wherein the restrictive pixel represents existence of yarn
material and the related less restrictive pixel represents absence of yarn
material, may result in a related differential pixel representing existence of
difference. Moreover, each pair of related restrictive and less restrictive pixels
wherein both the restrictive pixel and its related less restrictive pixel
represents the same situation (presence or absence of yarn material), may

result in a related differential pixel representing absence of difference.

Once the differential image has been obtained, the differential pixels of said
differential image representing existence of difference are compared with
predetermined defect patterns for detecting defects on the yarns.

This method has the advantage of compensating any variation of the light
conditions under which different grey scale images may have been obtained
for their processing through different executions of the method. This
advantage is consequence of the restrictive threshold and the less restrictive
threshold being obtained dynamically in each execution and directly related to
each image section under process in said execution. In other words, different
grey scale images taken under different light conditions are associated with
different thresholds depending on said different light conditions, which permit
to reduce the probabilities of erroneous results derived from said variability
and, therefore, making this method more reliable.

Moreover, this method takes into account that the grey scale image may
comprise one or more sections. The combination of this feature and the

previously commented calculation of restrictive and less restrictive thresholds
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from each of said sections allow attenuating the impact of different light
conditions under which the grey scale image may have been taken.
Particularly, taking an image of a high number of parallel yarns surely implies
not uniform light conditions along the entire theoretic plane made up by the
parallel yarns. For example, it is very difficult to ensure that central and
peripheral regions of said theoretic plane have the same light conditions when
taking an image of the yarns, in which case considering several sections of
the image and obtaining the related thresholds from each of said sections
allow increasing the reliability of the method in relation to, for example,
calculating and applying only one restrictive and one less restrictive threshold

related to the entire grey scale image.

Furthermore, the method is based on the idea of each restrictive image
section representing only the main body of the yarns (without possible
deviated fibers) and each less restrictive image section representing the main
body and the fibers potentially deviated from the main body. Thus, the way of
obtaining the differential image from the restrictive image sections and the
less restrictive image sections permits selecting only the possible deviated
fibers, so that, from this point of the method, all the actions are concentrated
to detect defects from only the differential pixels representing possible
deviated fibers, which improves efficiency of the method.

Additionally, the comparison of said differential pixels representing possible
deviated fibers with predetermined defect patterns gives to the method a very
high flexibility, since said patterns may be predefined according to different
criteria, as for example, depending on the type of yarns to be inspected,
and/or depending on the light conditions under which the grey scale image
has been taken, and/or any other condition with possible impact on the
method and its reliability, efficacy, efficiency, etc.

In a second aspect of the present invention, it is provided a computer program

product comprising program instructions for causing a computer to perform
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said method for detecting defects on yarns. The invention also relates to such
a computer program product embodied on a storage medium (for example, a
CD-ROM, a DVD, a USB drive, on a computer memory or on a read-only
memory) or carried on a carrier signal (for example, on an electrical or optical

carrier signal).

In a third aspect, the present invention provides a system for detecting defects
on yarns arranged substantially in parallel from a grey scale image of the
yarns, said grey scale image being represented through a two-dimensional
structure of original pixels and said grey scale image being divided into one or
more image sections. The system comprises computing means for calculating,
for each image section of the grey scale image, a restrictive threshold from the
image section; and computing means for obtaining, for each image section
and its related restrictive threshold, a restrictive image section by applying the
restrictive threshold to the image section. Said restrictive image section is
represented through a structure of restrictive pixels identical to the structure of
original pixels of the image section, wherein each restrictive pixel represents
presence/absence of yarn material according to its related original pixel

having a grey level less/greater than the restrictive threshold.

The system further comprises computing means for calculating, for each
image section of the grey scale image, a less restrictive threshold from the
image section; and computing means for obtaining, for each image section
and its related less restrictive threshold, a less restrictive image section by
applying the less restrictive threshold to the image section. Said less
restrictive image section is represented through a structure of less restrictive
pixels identical to the structure of original pixels of the image section, wherein
each less restrictive pixel represents presence/absence of yarn material
according to its related original pixel having a grey level less/greater than the
less restrictive threshold.

The system further comprises computing means for obtaining, once all the
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restrictive image sections and all the less restrictive image sections have been
generated, a differential image from said restrictive image sections and said
less restrictive image sections. Said differential image is represented through
a structure of differential pixels identical to the structure of original pixels of the
grey scale image, wherein each differential pixel represents
existence/absence of difference between each pair of related restrictive and

less restrictive pixels.

The system further comprises computing means for comparing, once the
differential image has been obtained, the differential pixels of the differential
image representing existence of difference with predetermined defect patterns
for detecting defects on the yarns.

Throughout the description and claims the word "comprise" and variations of
the word, are not intended to exclude other technical features, additives,
components, or steps. Additional objects, advantages and features of the
invention will become apparent to those skilled in the art upon examination of
the description or may be learned by practice of the invention. The following
examples and drawings are provided by way of illustration, and they are not
intended to be limiting of the present invention. Reference signs related to
drawings and placed in parentheses in a claim, are solely for attempting to
increase the intelligibility of the claim, and shall not be construed as limiting
the scope of the claim. Furthermore, the present invention covers all possible
combinations of particular and preferred embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Particular embodiments of the present invention will be described in the
following by way of non-limiting examples, with reference to the appended

drawings, in which:

Figure 1 is a schematic representation of a method for detecting defects on



WO 2012/152336 PCT/EP2011/057719

10

15

20

25

30

yarns arranged substantially in parallel from a grey scale image of the yarns,
according to an embodiment of the invention;

Figure 2 is a schematic representation of calculating a restrictive threshold
and a less restrictive threshold, according to an embodiment of the invention;
Figure 3 is a schematic representation of packing a restrictive image section
or a less restrictive image section, according to an embodiment of the
invention;

Figure 4 is a schematic representation of expanding width of yarns in a
restrictive image section, according to an embodiment of the invention;

Figure 5 is a schematic representation of comparing differential pixels
representing existence of difference with predetermined defect patterns,
according to an embodiment of the invention;

Figure 6 is a schematic representation of comparing differential pixels
representing existence of difference with predetermined defect patterns
oriented to detect horizontal sequences of contiguous differential pixels
representing existence of difference, according to an embodiment of the
invention;

Figure 7 is a schematic representation of detecting defects from vertical
accumulations of differential pixels representing existence of difference,
according to an embodiment of the invention;

Figure 8 is a schematic representation of detecting defects from horizontal
accumulations of differential pixels representing existence of difference,
according to an embodiment of the invention;

Figure 9 is a schematic representation of detecting defects from problematic
inter-yarn sections, according to an embodiment of the invention; and

Figure 10 is a schematic representation of a lateral view and a frontal view of
a system for detecting defects on a plurality of yarns running substantially in
parallel, according to an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
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In the following descriptions, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
understood, however, by one skilled in the art, that the present invention may
be practiced without some or all of these specific details. In other instances,
well known elements have not been described in detail in order not to

unnecessarily obscure the description of the present invention.

Figure 10 schematically shows a lateral view 10a and a frontal view 10b of a
system for detecting defects on a plurality of yarns 1003 running substantially
in parallel, according to an embodiment of the invention. Said system
comprises an image capturing device 1001 (e.g. a lineal camera) connected
1002 to a computer system 1000. This computer system 1000 comprises
means for storing and executing a computer program suitable for carrying out
an embodiment of a method for detecting defects on a plurality of yarns 1003
running substantially in parallel, said method comprising an embodiment of
the method for detecting defects on yarns 1003 arranged substantially in
parallel from a grey scale image of the yarns 1003.

The operation of the camera 1001 is under control of the computer program in
a way that a grey scale image of the yarns 1003 is taken within a frequency,
and said image is processed by the computer program for detecting defects
on the yarns 1003 as will be explained in later descriptions. Said frequency
may be set in advance in accordance with the configuration of the mechanism
causing the yarns 1003 to run in parallel, as for example minimum and/or
maximum speed. In other embodiments, said mechanism may comprise
sensor elements being in charge of dynamically detecting the speed of the
yarns 1003 and transmitting it to the computer system for its evaluation and
dynamic determination of the frequency. In this case, the frequency may vary
along the time, since it depends on the speed of the yarns 1003 which, of
course, may be variable. In other embodiments, the mechanism causing the
yarns 1003 to run may comprise an encoder sending to the computer 1000 a

number of pulses for each number of millimetres that the running yarns 1003
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have covered. Then, an image line may be captured for each received pulse,
so that the grey scale image of the yarns 1003 may be obtained from a
predetermined number (e.g. 512) of said captured lines. In this case, the

frequency may also vary along the time.

The system of Figure 10 also comprises lighting means 1004 (e.g. a
fluorescent) arranged just under the theoretical plane made up by the parallel
yarns, said lighting means generating the necessary light conditions for
ensuring that each obtained grey scale image represents yarn material and
background in a way that the yarn material may be distinguished from the
background as better as possible taking into account the grey level of each
pixel of the grey scale image. However, it has to be considered that when
processing a medium/big amount of yarns it is very difficult, maybe

impossible, to ensure maximum uniformity of light conditions.

Then, each grey scale image obtained through the image capturing means
1001 may be divided into a plurality of image sections according to
predetermined splitting parameters, with the objective of attenuating possible
negative effects of a not uniform lighting conditions along the entire theoretical
plane made up by the parallel yarns 1003. Once the grey scale image has
been divided into said sections, the computer program proceeds to detect
defects on the yarns 1003 by executing the computer vision actions that will

be detailed in following descriptions.

Figure 1 graphically represents the main conceptual principles of an
embodiment of the method for detecting defects on yarns arranged
substantially in parallel from a grey scale image 10 of the yarns. Said grey
scale image may be obtained through the image capturing device 1001, and
may be represented through a two-dimensional (X)Y) structure of original
pixels, and may be divided into one or more image sections, as commented

before.
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In the embodiment conceptually represented through Figure 1, the method
comprises, for each image section 10 of the grey scale image, calculating a
restrictive threshold and a less restrictive threshold from the image section 10.
After that, a restrictive image section 11 is generated by applying the
restrictive threshold to the image section 10, and a less restrictive image
section 12 is generated by applying the less restrictive threshold to the image
section 10. Said restrictive image section 11 may be represented through a
structure of restrictive pixels identical to the structure of original pixels of the
image section 10, wherein each restrictive pixel represents presence/absence
of yarn material according to its related original pixel having a grey level
less/greater than the restrictive threshold. And said less restrictive image
section 12 may be represented through a structure of less restrictive pixels
identical to the structure of original pixels of the image section 10, wherein
each less restrictive pixel represents presence/absence of yarn material
according to its related original pixel having a grey level less/greater than the
less restrictive threshold.

This way of obtaining the restrictive and the less restrictive image sections
respond to the idea of selecting on the restrictive image sections only the
pixels representing the main body of the yarns (without possible deviated
fibers), and selecting on the less restrictive image sections the main body of
the yarns and the possible deviated fibers. Then, said restrictive and less
restrictive image sections are used to generate a differential image 13, which
is represented through a structure of differential pixels identical to the
structure of original pixels of the grey scale image 10, wherein each
differential pixel 16 represents existence/absence of difference between each

pair of related restrictive and less restrictive pixels.

Particularly, each pair of related restrictive and less restrictive pixels wherein
the restrictive pixel represents absence of yarn material and the related less
restrictive pixel represents existence of yarn material, may result in a related

differential pixel representing existence of difference. The inverse situation
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may be also possible, that is to say, each pair of related restrictive and less
restrictive pixels wherein the restrictive pixel represents existence of yarn
material and the related less restrictive pixel represents absence of yarn
material, may result in a related differential pixel representing existence of
difference. Moreover, each pair of related restrictive and less restrictive pixels
wherein both the restrictive pixel and its related less restrictive pixel
represents the same situation (presence or absence of yarn material), may
result in a related differential pixel representing absence of difference. Thus, in
the context of the idea related to yarns body and deviated fibers, it may be
interpreted that the obtained differential pixels representing existence of
difference refers to only deviated fibers which are candidates to be part of a
defect.

In the Figure 1, the grey scale image 10 only comprises one image section 10
for simplicity and best understanding reasons, but it is considered that any
skilled (even not skilled) person will be able to expand this mono-section
approach to a multi-section approach in a very simple and direct manner
taking into account the descriptions referred to Figure 1.

Once the differential image 13 has been obtained, this embodiment of the
method comprises comparing 15 the differential pixels 16 representing
existence of difference with predetermined defect patterns 14 in order to

detect any possible defect on the yarns 1003.

Figure 2 graphically shows the main concepts and logics of calculating the
restrictive threshold 207 and the less restrictive threshold 206 from the image
section 10, according to an embodiment based on the Otsu’s method. Firstly,
it is calculated a histogram 200 of the image section 10 representing for each
grey level 203 the number of pixels 202 having said grey level 203, said
calculation of the histogram 200 producing a bimodal histogram 200

comprising a relative peak 210 most representative of presence of yarn
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material and a relative peak 211 most representative of absence of yarn

material.

Once the bimodal histogram 200 has been generated, it is determined a first
grey level 204 corresponding to the relative peak 210 most representative of
presence of yarn material, and a second grey level 205 corresponding to the
relative peak 211 most representative of absence of yarn material. Then, the
restrictive threshold 207 is calculated by selecting an intermediate grey level
207 between the first grey level 204 and the second grey level 205, and the
less restrictive threshold 206 is calculated by applying a predetermined
percentage 208 to the difference 201 between the second grey level 205 and
the first grey level 204.

Figure 3 refers to a small region 300 of a grey scale image section 10 and its
related region 301 in the restrictive 11 or less restrictive 12 image section
associated with said grey scale image section 10. This Figure shows the main
concepts and principles of packing the restrictive sections 11, which
comprises converting each restrictive pixel 309,310 into a binary digit 311,312,
one of the possible values 311 (e.g. '0') of said binary digit representing
presence of yarn material and the other possible value 312 (e.g. '1") of said
binary digit representing absence of yarn material. Equivalently, the less
restrictive image sections 12 may be packed by converting each less
restrictive pixel 309,310 into a binary digit 311,312, one of the possible values
311 (e.g. '0') of said binary digit representing presence of yarn material and
the other possible value 312 (e.g. '1') of said binary digit representing absence

of yarn material.

This manner of packing both the restrictive 11 and the less restrictive 12
image sections permits to highly reduce the necessary memory to store said
sections and the necessary processing resources to undertake any of the later
algorithms on said sections. For instance, the differential image 12 may be
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generated through very simple logic operations (e.g. AND, XOR, etc.) applied
to the restrictive 11 and the less restrictive 12 image sections.

In some embodiments of the method with reference to Figure 4, the two-
dimensional X,Y structure of original pixels comprises an horizontal dimension
X and a vertical dimension Y according to a two-dimensional Cartesian
coordinate system X,Y, each value of the horizontal dimension X identifying a
column of original pixels and each value of the vertical dimension Y identifying
a row of original pixels. Furthermore, the longitudinal axis 411 of each yarn
represented in the grey scale image is substantially parallel to the axis of the

Cartesian coordinate system X,Y corresponding to the vertical dimension Y.

Figure 4 conceptually represents a way of expanding the width of the resulting
bodies of the yarns in the restrictive image sections 11, according to an
embodiment of the invention. The previously explained way of obtaining the
restrictive image sections 11 based on its related restrictive threshold 207,
apart from eliminating pixels representing deviated fibers, may cause
elimination of peripheral pixels of the body of the yarns representing existence
of yarn material. This possible bad consequence may be attenuated by forcing
said expansion of the width of the bodies of the yarns as will be described
below.

This expansion may be achieved by detecting, for each row 401 of restrictive
pixels, pairs 404 of contiguous restrictive pixels in which one 405 of said
contiguous restrictive pixels represents presence of yarn material and the
other 406 contiguous restrictive pixel represents absence of yarn material.
Then, for each detected pair 404 of contiguous restrictive pixels, it is
converted 410 the contiguous restrictive pixel 406 representing absence of
yarn material into 407 representing presence of yarn material. These actions
generate expansion of the yarns bodies in one pixel per side of the body, but
said actions may be repeated a determined number of times depending on, for

example, the type of the yarns to be inspected.
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Said logic based on detecting pairs 404 of contiguous restrictive pixels in
which one 405 of said contiguous restrictive pixels represents presence of
yarn material and the other 406 contiguous restrictive pixel represents
absence of yarn material, may also be applied to calculate the number of
yarns represented in a specific grey scale image with the objective of verifying
if said calculated number of yarns has changed in relation to previously
processed grey scale images. Then, if a change in the number of yarns is
detected, it may be concluded that a fatal error has been produced, in which
case an alarm signal indicating that the image number of yarns has changed
may be generated.

More specifically, still with reference to Figure 4, the method for detecting
defects on yarns arranged substantially in parallel from a grey scale image 10
may further comprise, for each obtained restrictive image section 11,
calculating a section number of yarns of the restrictive image section 11 from
at least three of the rows 401 of restrictive pixels of the restrictive image
section 11, taking into account the corresponding detected pairs 404 of
contiguous restrictive pixels in which one 405 of said contiguous restrictive
pixels represents presence of yarn material and the other 406 contiguous
restrictive pixel represents absence of yarn material. After that, the calculated
section numbers of yarns may be added for obtaining an image number of
yarns, which may be compared with other image numbers of yarns of
previously processed grey scale images in order to detect a change in this
respect, in which case an alarm signal indicating that the image number of
yarns has changed may be generated.

In some embodiments, calculating a section number of yarns of the restrictive
image section (11) from at least three of the rows (401) of restrictive pixels of
the restrictive image section (11), may comprise calculating a row number of
yarns for each of said at least three rows (401) of restrictive pixels of the

restrictive image section (11), taking into account the corresponding detected
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pairs (404) of contiguous restrictive pixels in which one (405) of said
contiguous restrictive pixels represents presence of yarn material and the
other (406) contiguous restrictive pixel represents absence of yarn material.
Then, the value that occurs most frequently in the set of calculated row
numbers of yarns may be selected as the section number of yarns of the
restrictive image section (11).

In embodiments of the invention, verifying if the calculated image number of
yarns has changed in relation to previously obtained grey scale images of the
yarns may comprise taking into account a predetermined number of previously
obtained grey scale images of the yarns, and ignoring some punctual change
in the number of yarns and, thus, considering that the number of yarns has not
changed. For instance, if the predetermined number of previously obtained
grey scale images is five and said five images has a number of yarns N,
whereas only the image in process has a number of yarns M, this punctual
change may be considered a momentary union of yarns which not necessarily
implies a defect to be reported. However, if, for example, the first three
previous images have a number of yarns N, but the last two previous images
and the image in process have a number of yarns M, this situation may be
considered a defect to be reported, so the result of the verification will be

positive result.

Figure 5 graphically illustrates the comparison 15 of differential pixels 16
representing existence of difference with predetermined defect patterns 14,
according to an embodiment of the invention. Said way of comparison 15
comprises, for each differential pixel 514 representing existence of difference,
obtaining a differential neighbourhood 511,512 comprising differential pixels
500-507 contiguous to said differential pixel 514 representing existence of
difference. Then, in case of the differential neighbourhood 511,512 not
matching 15 any of the predetermined defect patterns 14, the differential pixel
514 is converted into representing inexistence of difference. After that, the

remaining differential pixels representing existence of difference are marked
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as detected defects.

In the particular example of Figure 5, the values of the differential pixels 500-
507 make up a binary number 511 ('10001001" in the example) taking into
account that the pixel 507 has the higher weight ('7' in the example) and the
pixel 500 has the lower weight (‘0" in the example). This binary number 511
whose decimal representation 512 is '"137' may be used for accessing to the
corresponding position ('137') of a look-up-table 14 indicating if the
configuration of pixels 500-507 matches 15 or not a defect pattern. In case of
not matching, the differential pixel 514 is converted into representing
inexistence of difference. In case of matching, the differential pixel 514

remains as representing existence of difference.

Figure 6 refers to that the predetermined defect patterns 14 may be oriented
to detect horizontal sequences 600 of contiguous differential pixels
representing existence of difference, according to an embodiment of the

invention.

Under the premise of the predetermined defect patterns 14 being oriented to
detect horizontal sequences 600 of contiguous differential pixels representing
existence of difference, the Figure 7 refers to an embodiment in which
marking as detected defects the differential pixels representing existence of
difference comprises obtaining 721 a vertical accumulation 701 for each
column of differential pixels, said vertical accumulation 701 representing the
number of differential pixels of the column representing existence of
difference. Once said vertical accumulations 701 have been generated, a
columns window 705 covering a predetermined number 713 of columns of

differential pixels and related vertical accumulations 701 is defined.

After that, a sequence of horizontal X positions 716-718 of the columns
window 705 is determined in a way that each vertical accumulation 701 is

covered by the columns window 705 in at least one of said horizontal X
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positions 716-718 and each horizontal X position 716-718 and its next
horizontal X position in the sequence of horizontal X positions 716-718 are
separated by a predetermined number of columns of differential pixels. For
example, said sequence of horizontal X positions may comprise an initial
position 716, a final position 717 and a plurality of intermediate positions 718.

For instance, a first intermediate position may be obtained by adding the
predetermined number of columns to the initial position 716, a second
intermediate position may be obtained by adding the predetermined number of
columns to the first intermediate position, a third intermediate position may be
obtained by adding the predetermined number of columns to the second
intermediate position, and so on, until the final position 717 is reached. The
predetermined number of columns may be one or more columns, but taking
into account that the maximum reliability will be ensured by setting said

predetermined number of columns to one column.

In case of, for example, defining a columns window 705 covering eleven
columns the initial position 716 may be coded with the number six
(11=5+1+5), that is to say the central column of the columns window 705 in
said initial position 716. Another option would be to code said initial position
716 with the pair of numbers one and eleven, that is to say the initial column
(one) and the final column (eleven) of the columns window 705 in said initial

position 716.

Once the sequence of horizontal X positions 716-718 of the columns window
705 has been determined, a columns window accumulation 702 is obtained
722 for each determined horizontal X position 718 of the columns window 705,
said columns window accumulation 702 being obtained by accumulating the
vertical accumulations 701 covered by the columns window 705 in said
determined horizontal X position 718.

After that, problematic columns 719 are determined by selecting each column
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of differential pixels corresponding to a horizontal X position 718 of the
columns window 705 having a columns window accumulation 702 exceeding
a columns window threshold 703. Then, only the differential pixels of the
determined problematic columns 719 representing existence of difference may
be marked as detected defects.

This defects detection approach graphically represented through the Figure 7
increases the reliability of the method, since the concept of columns window
705 permits evaluate, in each horizontal position of said columns window 705,
a set of proximal columns 713 and their related vertical accumulations 701, so
that the columns window accumulation 702 generated for said columns
window 705 in said horizontal position constitutes a good indicator of the level
of accumulation of pixels representing existence of difference within said set
of proximal columns 713. A high level of accumulation will probably determine

some defect.

Figure 8 refers to concepts and logics very similar to the concepts and logics
supported by Figure 7. The main difference is that Figure 7 refers to vertical
accumulations 701 and columns window accumulations 702 for determination
of problematic columns 719 whereas Figure 8 refers to horizontal
accumulations 801 and rows window accumulations 802 within said
determined problematic columns 719. Said horizontal scanning within the
problematic columns 719 adds even more reliability to the method, since a
double evaluation (vertical and horizontal) of differential pixels representing
existence of difference is undertaken, so the possibilities of detecting real
defects are increased.

Particularly, Figure 8 refers to an embodiment in which marking as detected
defects the differential pixels of the determined problematic columns 719
representing existence of difference comprises, for each concentration of
problematic columns 719, obtaining 821 a horizontal accumulation 801 for

each row of differential pixels in said concentration of problematic columns
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719, defining a rows window 805 covering a predetermined number 813 of
rows of differential pixels and related horizontal accumulations 801 in said
concentration of problematic columns 719, determining a sequence of vertical
Y positions 816-818 of the rows window 805 in said concentration of
problematic columns 719, obtaining a rows window accumulation 802 for each
determined vertical Y position 817 of the rows window 805 in said
concentration of problematic columns 719, verifying if at least one of the
obtained rows window accumulations 802 exceeds a rows window threshold
803 in said concentration of problematic columns 719, and, in case of positive
result of said verification, marking as detected defects the differential pixels of
said concentration of problematic columns 719 representing existence of

difference.

In relation to the abovementioned generation 821 of a horizontal accumulation
801 for each row of differential pixels in said concentration of problematic
columns 719, said horizontal accumulation 801 represents the number of
differential pixels of the row representing existence of difference.

In reference to the previously mentioned determination of a sequence of
vertical Y positions 816-818 of the rows window 805 in said concentration of
problematic columns 719, said determination is undertaken in a way that each
horizontal accumulation 801 is covered by the rows window 805 in at least
one of said determined vertical Y positions 816-818 and each vertical Y
position 816-818 and its next vertical Y position in the sequence of vertical Y
positions 816-818 are separated by a predetermined number of rows of
differential pixels. For example, said sequence of vertical Y positions may
comprise an initial position 816, a final position 817 and a plurality of

intermediate positions 818.

For instance, a first intermediate position may be obtained by adding the
predetermined number of rows to the initial position 816, a second

intermediate position may be obtained by adding the predetermined number of
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rows to the first intermediate position, a third intermediate position may be
obtained by adding the predetermined number of rows to the second
intermediate position, and so on, until the final position 817 is reached. The
predetermined number of rows may be one or more rows, but taking into
account that the maximum reliability will be ensured by setting said

predetermined number of rows to one row.

In case of, for example, defining a rows window 805 covering eleven rows the
initial position 816 may be coded with the number six (11=5+1+5), that is to
say the central row of the rows window 805 in said initial position 816. Another
option would be to code said initial position 816 with the pair of numbers one
and eleven, that is to say the initial row (one) and the final row (eleven) of the

rows window 805 in said initial position 816.

In relation to the calculation 822 of a rows window accumulation 802 for each
determined vertical Y position 817 of the rows window 805 in said
concentration of problematic columns 719, said rows window accumulation
802 is obtained by accumulating the horizontal accumulations 801 covered by
the rows window 805 in said determined vertical Y position 817 of the rows
window 805.

Once the rows window accumulations 802 have been calculated in said
concentration of problematic columns 719, it is verified if at least one of the
obtained rows window accumulations 802 exceeds a rows window threshold
803. Then, in case of positive result of said verification, the differential pixels
of said concentration of problematic columns 719 representing existence of

difference are marked as detected defects.

Figure 9 refers to an embodiment in which marking as detected defects the
differential pixels of said concentration of problematic columns 719
representing existence of difference comprises: determining problematic inter-

yarn sections 902 from vertical accumulations 701 greater than a
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predetermined vertical accumulation threshold 903 in said concentration of
problematic columns 719, calculating the number of determined problematic
inter-yarn sections 902, and verifying if said calculated number of determined
problematic inter-yarn sections 902 exceeds a predetermined minimum
number of problematic inter-yarn sections. Then, in case of positive result of
said verification, the differential pixels of said problematic inter-yarn sections

902 representing existence of difference are marked as detected defects.

Still with the support of Figure 9, marking as detected defects the differential
pixels of said problematic inter-yarn sections 902 representing existence of
difference may comprise: detecting concentrations of adjacent problematic
inter-yarn sections 902, and for each of said concentrations of adjacent
problematic inter-yarn sections 902: calculating the number of adjacent
problematic inter-yarn sections 902 in said concentration of adjacent
problematic inter-yarn sections 902, verifying if said calculated number of
adjacent problematic inter-yarn sections 902 exceeds a predetermined
minimum number of adjacent problematic inter-yarn sections and, in case of
positive result of said verification, marking as detected defects the differential
pixels of said concentration of adjacent problematic inter-yarn sections 902

representing existence of difference.

The abovementioned detection of concentrations of adjacent problematic
inter-yarn sections 902 may be very well understood with the support of
Figures 9 and 4, since said detection is carried out by taking into account that
two problematic inter-yarn sections 902 are adjacent in case of being
separated by only one yarn 901 section, said only one yarn 901 section being
determined from the obtained restrictive image sections 11 taking into
account, for at least one of the rows 403 of restrictive pixels of each obtained
restrictive image section 11, the pairs 413 of contiguous restrictive pixels in
which one 407 of said contiguous restrictive pixels represents presence of
yarn material and the other 414 contiguous restrictive pixel represents

absence of yarn material.
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This way of detecting defects by evaluating inter-yarn sections 902 permits a
very reliable detection of very damaging defects during, for example, the wrap
of yarns which is a previous stage to the final production of the corresponding
fabrics.

In other embodiments, the method may further comprise, for each
concentration of problematic columns 719 comprising detected defects,
calculating a ratio of columns window accumulations 720 exceeding the
columns window threshold 703 in said concentration of problematic columns
719 in relation to the columns window threshold 703, calculating a ratio of
rows window accumulations 820 exceeding the rows window threshold 803 in
said concentration of problematic columns 719 in relation to the rows window
threshold 803, calculating a defect ratio from the calculated ratio of columns
window accumulations 720 and the calculated ratio of rows window
accumulations 820, and converting said calculated defect ratio into a defect
category according to a predetermined defect categorization scale.

As illustrated in Figure 7, the line representing all the columns window
accumulations 702 and the X axis constitute at least one surface whose area
may be calculated and referred as total columns area. In the same way, the
line representing all the columns window accumulations 702 exceeding the
columns window threshold 703 and the line corresponding to the columns
window threshold 703 constitute at least one surface 720 whose area may be
calculated and referred as exceeding columns area. The ratio of columns
window accumulations 720 exceeding the columns window threshold 703 may
be calculated, for example, from said total columns area and said exceeding
columns area 720.

As llustrated in Figure 8, the line representing all the rows window
accumulations 802 and the X axis constitute at least one surface whose area

may be calculated and referred as total rows area. In the same way, the line
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representing all the rows window accumulations 802 exceeding the rows
window threshold 803 and the line corresponding to the rows window
threshold 803 constitute at least one surface 820 whose area may be
calculated and referred as exceeding rows area. The ratio of rows window
accumulations 802 exceeding the rows window threshold 803 may be
calculated, for example, from said total rows area and said exceeding rows
area 820.

This categorization of the defects may be very useful for the users of the
system (and method) being in charge of, for example, a yarns wrap process
and its monitoring. The obtained defect categories may be, for example, very
good indicators for evaluating quality of yarns suppliers, for reconfiguring the
system (and method) by changing some variable parameters, as for example:
columns window threshold 703, rows window threshold 803, vertical

accumulation threshold 903, etc.

Although this invention has been disclosed in the context of certain preferred
embodiments and examples, it will be understood by those skilled in the art
that the present invention extends beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. Thus, it is intended that
the scope of the present invention herein disclosed should not be limited by
the particular disclosed embodiments described before, but should be
determined only by a fair reading of the claims that follow.

Further, although the embodiments of the invention described with reference
to the drawings comprise computer apparatus and processes performed in
computer apparatus, the invention also extends to computer programs,
particularly computer programs on or in a carrier, adapted for putting the
invention into practice. The program may be in the form of source code, object
code, a code intermediate source and object code such as in partially

compiled form, or in any other form suitable for use in the implementation of
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device capable of carrying the program.

For example, the carrier may comprise a storage medium, such as a ROM, for
example a CD ROM or a semiconductor ROM, or a magnetic recording
medium, for example a floppy disc or hard disk. Further, the carrier may be a
transmissible carrier such as an electrical or optical signal, which may be
conveyed via electrical or optical cable or by radio or other means.

When the program is embodied in a signal that may be conveyed directly by a
cable or other device or means, the carrier may be constituted by such cable

or other device or means.

Alternatively, the carrier may be an integrated circuit in which the program is
embedded, the integrated circuit being adapted for performing, or for use in

the performance of, the relevant processes.
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CLAIMS

1. Method for detecting defects on yarns arranged substantially in parallel
from a grey scale image (10) of the yarns, said grey scale image being
represented through a two-dimensional (X,Y) structure of original pixels and
said grey scale image being divided into one or more image sections; the
method comprising:

for each image section (10) of the grey scale image:

+ calculating a restrictive threshold (207) from the image section (10);

+ obtaining a restrictive image section (11) by applying the restrictive
threshold (207) to the image section (10), said restrictive image section (11)
being represented through a structure of restrictive pixels identical to the
structure of original pixels of the image section (10), wherein each
restrictive pixel represents presence/absence of yarn material according to
its related original pixel having a grey level less/greater than the restrictive
threshold (207);

+ calculating a less restrictive threshold (206) from the image section
(10);

+ obtaining a less restrictive image section (12) by applying the less
restrictive threshold (206) to the image section (10), said less restrictive
image section (12) being represented through a structure of less restrictive
pixels identical to the structure of original pixels of the image section (10),
wherein each less restrictive pixel represents presence/absence of yarn
material according to its related original pixel having a grey level
less/greater than the less restrictive threshold (206);

» obtaining a differential image (13) from the obtained restrictive image

sections (11) and the obtained less restrictive image sections (12), said
differential image (13) being represented through a structure of differential
pixels identical to the structure of original pixels of the grey scale image (10),
wherein each differential pixel (16) represents existence of difference between
each pair of related restrictive and less restrictive pixels;

» detecting defects on the yarns by comparing (15) the differential pixels
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(16) representing existence of difference with predetermined defect patterns
(14).

2. Method according to claim 1, wherein calculating the restrictive threshold
(207) from the image section (10) is based on the Otsu's method, said
calculation of the restrictive threshold (207) comprising:

» calculating a histogram (200) of the image section (10) representing for
each grey level (203) the number of pixels (202) having said grey level (203),
said calculation of the histogram (200) producing a bimodal histogram (200)
comprising a relative peak (210) most representative of presence of yarn
material and a relative peak (211) most representative of absence of yarn
material;

+ determining a first grey level (204) corresponding to the relative peak
(210) most representative of presence of yarn material;

» determining a second grey level (205) corresponding to the relative peak
(211) most representative of absence of yarn material,

 calculating the restrictive threshold (207) by selecting an intermediate
grey level (207) between the first grey level (204) and the second grey level
(205).

3. Method according to claim 2, wherein calculating the less restrictive
threshold (206) from the image section (10) comprises:

» calculating the less restrictive threshold (206) by applying a
predetermined percentage (208) to the difference (201) between the second
grey level (205) and the first grey level (204).

4. Method according to any of claims 1 to 3, wherein obtaining the restrictive
image section (11) further comprises:

» converting each restrictive pixel (309,310) into a binary digit (311,312),
one of the possible values (311) of said binary digit representing presence of
yarn material and the other possible value (312) of said binary digit

representing absence of yarn material;
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and wherein obtaining the less restrictive image section (12) further
comprises:

« converting each less restrictive pixel (309,310) into a binary digit
(311,312), one of the possible values (311) of said binary digit representing
presence of yarn material and the other possible value (312) of said binary
digit representing absence of yarn material.

5. Method according to any of claims 1 to 4, wherein the two-dimensional
(X,Y) structure of original pixels comprises an horizontal dimension (X) and a
vertical dimension (Y) according to a two-dimensional Cartesian coordinate
system (X,Y), each value of the horizontal dimension (X) identifying a column
of original pixels and each value of the vertical dimension (Y) identifying a row
of original pixels;
wherein the longitudinal axis (411) of each yarn represented in the grey scale
image is substantially parallel to the axis of the Cartesian coordinate system
(X,Y) corresponding to the vertical dimension (Y);
and wherein obtaining the restrictive image section (11) further comprises:
repeating a predetermined number of expanding repetitions:
for each row (401) of restrictive pixels of the restrictive image section
(11):
» detecting pairs (404) of contiguous restrictive pixels in which one
(405) of said contiguous restrictive pixels represents presence of yarn
material and the other (406) contiguous restrictive pixel represents
absence of yarn material;
for each detected pair (404) of contiguous restrictive pixels:
« converting (410) the contiguous restrictive pixel (406)
representing absence of yarn material into (407) representing

presence of yarn material.

6. Method according to claim 5, wherein detecting defects on the yarns by
comparing (15) the differential pixels (16) representing existence of difference

with predetermined defect patterns (14) comprises:
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for each differential pixel (514) of the differential image (13) representing
existence of difference:

« obtaining a differential neighbourhood (511,512) comprising
differential pixels (500-507) contiguous to said differential pixel (514)
representing existence of difference;

* in case of the differential neighbourhood (511,512) not matching (15)
any of the predetermined defect patterns (14): converting the differential
pixel (514) into representing inexistence of difference;

» marking as detected defects the differential pixels representing existence
of difference.

7. Method according to claim 6, wherein the predetermined defect patterns
(14) are oriented to detect horizontal sequences (600) of contiguous
differential pixels representing existence of difference;

and wherein marking as detected defects the differential pixels representing
existence of difference comprises:

» obtaining (721) a vertical accumulation (701) for each column of
differential pixels, said vertical accumulation (701) representing the number of
differential pixels of the column representing existence of difference;

» defining a columns window (705) covering a predetermined number
(713) of columns of differential pixels and related vertical accumulations (701);

« determining a sequence of horizontal (X) positions (716-718) of the
columns window (705) in a way that each vertical accumulation (701) is
covered by the columns window (705) in at least one of said horizontal (X)
positions (716-718) and each horizontal (X) position (716-718) and its next
horizontal (X) position in the sequence of horizontal (X) positions (716-718)
are separated by a predetermined number of columns of differential pixels;

« obtaining (722) a columns window accumulation (702) for each
determined horizontal (X) position (718) of the columns window (705), said
columns window accumulation (702) being obtained by accumulating the
vertical accumulations (701) covered by the columns window (705) in said

determined horizontal (X) position (718) of the columns window (705);
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» determining problematic columns (719) by selecting each column of
differential pixels corresponding to a horizontal (X) position (718) of the
columns window (705) having a columns window accumulation (702) that
exceeds a columns window threshold (703);

» marking as detected defects the differential pixels of the determined
problematic columns (719) representing existence of difference.

8. Method according to claim 7, wherein marking as detected defects the
differential pixels of the determined problematic columns (719) representing
existence of difference comprises:

for each concentration of problematic columns (719):

» obtaining (821) a horizontal accumulation (801) for each row of
differential pixels in said concentration of problematic columns (719), said
horizontal accumulation (801) representing the number of differential pixels
of the row representing existence of difference;

» defining a rows window (805) covering a predetermined number (813)
of rows of differential pixels and related horizontal accumulations (801) in
said concentration of problematic columns (719);

+ determining, in said concentration of problematic columns (719), a
sequence of vertical (Y) positions (816-818) of the rows window (805) in a
way that each horizontal accumulation (801) is covered by the rows window
(805) in at least one of said determined vertical (Y) positions (816-818) and
each vertical (Y) position (816-818) and its next vertical (Y) position in the
sequence of vertical (Y) positions (816-818) are separated by a
predetermined number of rows of differential pixels;

+ obtaining, in said concentration of problematic columns (719), a rows
window accumulation (802) for each determined vertical (Y) position (817)
of the rows window (805), said rows window accumulation (802) being
obtained by accumulating the horizontal accumulations (801) covered by
the rows window (805) in said determined vertical (Y) position (817) of the
rows window (805);

 verifying, in said concentration of problematic columns (719), if at
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least one of the obtained rows window accumulations (802) exceeds a rows
window threshold (803):
in case of positive result:
 marking as detected defects the differential pixels of said
concentration of problematic columns (719) representing existence of
difference.

9. Method according to claim 8, wherein marking as detected defects the
differential pixels of said concentration of problematic columns (719)
representing existence of difference comprises:

« determining problematic inter-yarn sections (902) from vertical
accumulations (701) greater than a predetermined vertical accumulation
threshold (903) in said concentration of problematic columns (719);

» calculating the number of determined problematic inter-yarn sections
(902);

+ verifying if said calculated number of determined problematic inter-yarn
sections (902) exceeds a predetermined minimum number of problematic
inter-yarn sections;

in case of positive result:

* marking as detected defects the differential pixels of said problematic
inter-yarn sections (902) representing existence of difference.

10. Method according to claim 9, wherein marking as detected defects the
differential pixels of said problematic inter-yarn sections (902) representing
existence of difference comprises:

» detecting concentrations of adjacent problematic inter-yarn sections
(902) taking into account that two problematic inter-yarn sections (902) are
adjacent in case of being separated by only one yarn (901) section, said only
one yarn (901) section being determined from the obtained restrictive image
sections (11) taking into account, for at least one of the rows (403) of
restrictive pixels of each obtained restrictive image section (11), the pairs

(413) of contiguous restrictive pixels in which one (407) of said contiguous
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restrictive pixels represents presence of yarn material and the other (414)
contiguous restrictive pixel represents absence of yarn material;
for each concentration of adjacent problematic inter-yarn sections (902):

» calculating the number of adjacent problematic inter-yarn sections
(902) in said concentration of adjacent problematic inter-yarn sections
(902);

+ verifying if said calculated number of adjacent problematic inter-yarn
sections (902) exceeds a predetermined minimum number of adjacent
problematic inter-yarn sections;

in case of positive result:

« marking as detected defects the differential pixels of said

concentration of adjacent problematic inter-yarn sections (902)

representing existence of difference.

11. Method according to any of claims 8 to 10, further comprising:
for each concentration of problematic columns (719) comprising detected
defects:

+ calculating a ratio of columns window accumulations (720) exceeding
the columns window threshold (703) in said concentration of problematic
columns (719) in relation to the columns window threshold (703);

+ calculating a ratio of rows window accumulations (820) exceeding the
rows window threshold (803) in said concentration of problematic columns
(719) in relation to the rows window threshold (803);

» calculating a defect ratio from the calculated ratio of columns window
accumulations (720) and the calculated ratio of rows window accumulations
(820);

« converting said calculated defect ratio into a defect category
according to a predetermined defect categorization scale.

12. Method for detecting defects on a plurality of yarns running substantially in
parallel, comprising:

repeating according to a frequency:



WO 2012/152336 PCT/EP2011/057719

10

15

20

25

30

33

» obtaining a grey scale image of the yarns which are running
substantially in parallel,

+ dividing the obtained grey scale image into a plurality of image
sections according to predetermined splitting parameters;

+ detecting defects on the yarns by applying the method for detecting
defects on yarns according to any of claims 1 to 11 to said obtained grey

scale image of the yarns divided into said plurality of image sections.

13. Method according to claim 12, when claim 12 depends on any of claims 5
to 11, wherein the method further comprises:
for each obtained restrictive image section (11):

+ calculating a section number of yarns of the restrictive image
section (11) from at least three of the rows (401) of restrictive pixels of
the restrictive image section (11), taking into account the corresponding
detected pairs (404) of contiguous restrictive pixels in which one (405) of
said contiguous restrictive pixels represents presence of yarn material
and the other (406) contiguous restrictive pixel represents absence of
yarn material;

+ calculating an image number of yarns by adding the calculated section
numbers of yarns;

» verifying if said calculated image number of yarns has changed in
relation to previously obtained grey scale images of the yarns;

in case of positive result: generating an alarm signal indicating that the
image number of yarns has changed.

14. A computer program product comprising program instructions for causing
a computer to perform a method for detecting defects on yarns according to
any of claims 1 to 13.

15. A computer program product according to claim 14, embodied on a

storage medium.
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16. A computer program product according to claim 14, carried on a carrier

signal.

17. System for detecting defects on yarns arranged substantially in parallel
from a grey scale image (10) of the yarns, said grey scale image being
represented through a two-dimensional (X,Y) structure of original pixels and
said grey scale image being divided into one or more image sections; the
method comprising:

« computing means for calculating, for each image section (10) of the grey
scale image, a restrictive threshold (207) from the image section (10);

« computing means for obtaining, for each image section (10) and its
related restrictive threshold (207), a restrictive image section (11) by applying
the restrictive threshold (207) to the image section (10), said restrictive image
section (11) being represented through a structure of restrictive pixels identical
to the structure of original pixels of the image section (10), wherein each
restrictive pixel represents presence/absence of yarn material according to its
related original pixel having a grey level less/greater than the restrictive
threshold (207);

« computing means for calculating, for each image section (10) of the grey
scale image, a less restrictive threshold (206) from the image section (10);

« computing means for obtaining, for each image section (10) and its
related less restrictive threshold (206), a less restrictive image section (12) by
applying the less restrictive threshold (206) to the image section (10), said
less restrictive image section (12) being represented through a structure of
less restrictive pixels identical to the structure of original pixels of the image
section (10), wherein each less restrictive pixel represents presence/absence
of yarn material according to its related original pixel having a grey level
less/greater than the less restrictive threshold (206);

« computing means for obtaining a differential image (13) from the
obtained restrictive image sections (11) and the obtained less restrictive
image sections (12), said differential image (13) being represented through a

structure of differential pixels identical to the structure of original pixels of the
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grey scale image (10), wherein each differential pixel (16) represents
existence/absence of difference between each pair of related restrictive and
less restrictive pixels;
« computing means for detecting defects on the yarns by comparing (15)
5 the differential pixels (16) representing existence of difference with
predetermined defect patterns (14).
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