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IMAGE PROCESSING:
CHARACTERISTICS AND APPLICATIONS
IN TEXTILE INDUSTRY AND BIOMEDICINE

- i .
Vitor Carvalho"", Filomena Soares’, Nuno Gongalves’,

Ana Ferraz', Rosa Vasconcelos® and Michael Belsley®
'Department of Industrial Electronics,
*Department of Textile Engineering,
*Department of Physics, Minho University, Guimaraes, Portugal

ABSTRACT

This chapter presents the main characteristics and functionalities of two systems
based on image processing techniques applied to Textile Industry and Biomedicine.

In Textile Industry we used image processing to determine yarn mass parameters as
well as yarn production characteristics. A low cost solution based on a web-pc camera
plus the optics of a low cost analogue microscope and a software tool based on IMAQ
Vision from LabVIEW was designed. Several tests were performed and compared with
other methodologies of yarn parameterization validating the proposed solution. With the
results one can support that this can be an alternative solution to the traditional yurn
testers, with several advantages (among others, low cost, weight, volume, casy
maintenance and reduced hardware).

In Biomedicine we used mmage processing to develop a system capahle of
determining human blood types for emergency situations and so with a [ast response.
With this system it is possible to obtain a reliable result in less than 2 minutes, allowing
the administration of the speeific blood type of the individual in the first transfusion, as
well as avoiding human errors witch several times can result in fatal consequences. A in
the previous system, this solution is based on a web-pc camera plus and a soflware ool
based on IMAQ Vision lrom LabVIEW, and so of low cost. Several lests were performed
in order Lo validate the proposed methodology being obtained rehiable results.

Tl ddress: vearvathogodei wminho.pt.
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INTRODUCTION

In Textile Industry, image processing is employed to characterize yarn diameter,
hairiness, and mass as well as yarn production characteristics (fibers twist orientation, folded
yarn twist step, folded yarn twist orientation and the existence of single, non-folded yarn, or
multiple cables, folded yarn) [1-15]. The correct evaluation of yarns is of utmost importance
for the textile industry as the quality of the final product relies directly on the yarn. Currently,
there is commercial equipment cipable ol testing yarns; one of the most used is the Uster
Tester 5. Despite their contribution to the yarn’s characterization, these devices have some
drawbacks, such as, high cost large size and considerable weight in addition to a limited
resolution and accuracy in determining mass parameters. Technological solutions based on
Tmage Processing (IP). are characterized by high reliability and efficiency and can remove all
the drawbacks identificd in traditional solutions as well as introducing the determination of
new parameters not yet determined by the traditional and commercial equipment (as example,
the distinction between hairiness resulting from loop or protruding fibers and the yam
production characteristics). The wcquisition systenn consists of a low cost CMOS camera
coupled to a low cost analogue microscope I order to obtain the necessary optical
amplification and reducing the camera resolution requirements. To analyze the acquired
images an image processing application was developed using the IMAQ Vision software from
LabVIEW from National Instruments.

In Biomedicine image processing is applied to develop a methodology to determine
human blood types in emergency situations.

Determining the blood type of an individual is an essential procedure before
administering a blood transfusion, avoiding injury and blood incompatibilities. Thus, the
preceding blood test, even in case of medical emergency, is of upmost importance, allowing
the correct administration of the blood type of the receiver in the first unit of blood
transfusion. However, although two of the manual tests used in laboratory, the plate and the
tube test, allow the analysis in a short time interval, which is suitable for emcrgency
situations, they require travel to the lab and the intervention of a technician, thereby
increasing the time spent and the possibility of human error. Given that human errors in the
procedurc of manual tests, in reading or interpreting the results, can lcad to fatal
consequences for patients, being one of the significant causcs of fatal blood transfusions, it is
important to automate the testing, the reading and Lhe interpretation of results.

The developed system is based on the plate test for determining blood types and in
custom developed software using the IMAQ Vision software from LabVIEW from National
Instruments, using image processing techniques. The plate fest consists of four different
mixtures of one drop of blood and one drop of the specific reagent, being the result
interpreted according to the occurrence or not of agglutination. The agglutination means that a
reaction has occurred between the antibody and the cells, indicating the presence of the
appropriate antigen. The combination of the occurrence of agglutination, or non-occurrence.
determines the blood type of the individual. Thus, the developed software allows, through
image processing techniques, to delect the existence of agglutination and consequently the
blood type of an individual eliminating human error and in a short interval of time, to be used
in cmergency situations [10, 11, 16-23).
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Image Processing 3

It is the author’s believe that the proposed solutions based on image processing
techniques enable a correct and complete yarn parameterization, that come across Textile
Industry requircments, as well an accurate human blood type determination.

IMAGE PROCESSING AS A TOOL TO PARAMETERIZE
YARN MASS PARAMETERS

This section presents the framework, the textile parameters theoretical configuration, the
system development and the experimental results,

Framework

The correct and accurate evaluation of yarns is & subject of major importance to the
Textile Industry, as the final fabric quality depends directly on the yarn quality. To undertake
these yarn tests several companies have devetoped specific equipment. The Tester 5 from
Uster is important for its relevant contribution to the development of quantitative yarn
characterization, However, these yarn testers have a significant cost, require a considerable
arca for their installation and present limited resolution and precision in the evaluation of
certain yarn parameters. As a result, many yarn producers do not have their own yarn testers
and, instead, choose to subcontract dedicated testing luboratories for varn quality
determination. This process is time consuming and eliminates the possibility of acting in
useful time during yarn praduction, reducing efficiency.

To overcome these drawbacks. new cquipment, entitled YSQ (Yarn Systcm Quality) [9)
wis developed. The YSQ measures yarn diameter, yarn hairiness and yarn irregularity based
o optical and capacitive sensors. Moreover, it integrates un external module to obtain yarn
production characteristics, based on image processing (IP). At present, in the Textile Industry
there is no available commercial equipment or known prototypes to automatically obtain
these characteristics, Instead. they are obtained manually by human ocular inspection or by
ting an analogue microscope, being the results susceptible to errors {24, 25].

‘the high precision levels of parameterization performed by the YSQ, together with its
los cost and high portability make it a reliable and efficient solution for the Indusiry,

Parthermore, and after studying the image processing possibilities in the production
charactersstics module ol the YSQ, we started considering to specify the traditional yarn mass
jraruneters as technological solutions based on IP, as they are characterized by high reliability
and elliciency and can present some advantages over the traditional methods (low cost, small
siveand werght, reduced hardware, reliability and possibility of high resolution).

H chmage Processing) bascd applications have been used in the textile ficld since 1964
PY altheugh they have not yet been converted to viable quality control methods |6].

Ehes fodsmfluence on the quality of textiles, yarn hairiness is considered to be one of the
st e ndwod parameters. Intextile industry the eguipment used to measure the hairiness
ave Baewst an photocteetric methods, like the Shirley’s apparatus and the Uster Tester 3
Hevie [ Several algorithms are currently under development to characterize the yarn
teennsowoth 117 Fhe method proposed by [8], measures the real length ol the protruding
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fibers from the yarn core, as well as, their number in order to quantify hairiness, In [2], it is
introduced a new method to measure hairiness, based on the assumplion that the hairs close
and parallel to the yarn core would be a better indicator of hairiness. proposing then a new
parameler: Hatr Area Index. This concept measures the area covered by hairs and is divided
by the area of the yarn core to obtain a dimensionless quantity. Nevertheless, it is still
necessary to develop algorithms to detect and characlerize loop fibers length and to clearly
distinguish between protruding fibers and lvop fibers when they are interlaced.

Another important parameter is the yarn diameter, since it is used to predict fabric
structural parameters such as widih, cover faclor, porosity and fabric comfort [26]. The
characterization of yarn diameter with 1P can also bhe achieved with algorithms already
applied to the extraction of yarn core |7, 8] Bul, algorithms to measure the exact length of
yarn irregularities (thin places, thick places and neps)y [12] need to be developed. The
charactenization of yarn mass can be inferred from the yarn diameler, depending, among other
parameters, on the yarn fiber density and porosity.

Besides the YSQ, this section presents a new solution to automatically characterize the
mass purameters of yarm hased on 1P,

Textile Parameters Theoretical Considerations

This section describes the (ypicul configuration of a yam, the definition of [aults,
hairiness and the most important yarn production characteristics [9, 23, 26].

Yarn Configuration, Faults and Hairiness

The most important parameters used to specify yarn quality are linear density, structural
features and fibre content. An example of yarn configuration is shown in Fi gure 1,

As Figure 1 suggests there is a direct relationship between the variation of yarn mass and
the yarn diameter. Thus the calculation of the diamcter can be obtained by the theoretical
correlation d{mm) = 0.037sqrt(Tex) [26], where Tex is the mass of the yarn in one¢ kilometer
of length (g/km) — yarn lincar mass. This relation allows the possibility of determining yarn
irregularity based on yarn diameter measurements.

Diameter

Mean Value

h 4

ol
el

Length

Figure [. Example of yarn configuration.
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Thin Places

Thick Places

Neps

Figure 2. Types of yam faults,

Fipnee 3. Identification of var hairiness in an electron microscope picture.

‘The number of yarn faults and yarn mass measurements enables a quality rating of the
praclucts tested. There are three kinds of yarn faults, classified as (Figure 2): thin places - a
decrease 10 the mass during a short length (4 mimy); thick places - an increase in the mass.
warally less than 100 % of the sensitivity, and lasting more than 4 mm; neps - huge amount of
vati sy (equal or superior to 100 % of sensitivity) in a short length (typically from | mm (o
HTITINS

Apart rom faults, another important feature which greatly influences the appearance of
Lalvn s the fevel of yarn hairiness, Hairiness is the result of relcased [ibres over the steand.
Fignne b presents an example of hairiness 9]

Fhe hinniness cocfficient {H) specifies the length of hairs in a rmeter of yarn. The
mcaanvinents ol yarn hairiness, mass and diameter, allow the determination of several
Aot al parameters which are relevant when characterizing varn quality and. subscquently,
ihe il
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Yarn Production Characteristics

Four important production characteristics of commercial yams are the fiber's twist
oricntation, the number of cables (folded varns and non-folded yarns), the folded yarn twist
step and the folded yam twist orientation |9]. The two final production characteristics
mentioned are only obtained when dealing with folded yarns,

Iigure 4 identities the four described production characteristics using as an example an
electron microscope image of a 4.2 g/km colton yarn. It is a folded yarn as two separate
cables are clearly visible. The folded yarn twist step (d) is 0.3334 mm, with an orientation
clockwise and a fiber twist orientation opposite (anti-clockwise) to the folded yarn direction.

This section describes experimental setup vsed in the image acquisition, as well as the
yarn production characteristics software application, the diameter and impertfections software
application, and the yarn hairiness determination software application.

Figure 4. Identification of the yarn production characteristics in an electron microscope picture.

System Development

Experimental Setup — Acquisition Image Processing Systems

The experimental set-up for obtaining yam images consists of a low cost analogue
microscope coupled to a common web UMOS camera. The microscope provides sufficient
amplification and image detail, while there are no special requirements regarding the camera
resolution. Figure 5 shows a flowchart of the designed systern.

The analogue microscope used is the Biolus Al from Bresser [27], which has the
following main characteristics:

« 2 oculars of 53X and 16X;

*+ 3 objectives of 4X, 10X and 40X
s aBatrlow lens of 2X;

¢ Led illumination.
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Analogue USB - Web
MICIOSCope Camera

NI
IMAQ VISION

h 4
e
(9]

r

Figure 5. Designed system flowchart.

For the images described in this work, the 3X ocular lens was used. together with the 4X
objective and the 2X Barlow fens, leading to an overall optical amplification of 40X {5x4x2).
This amplification level was sufficient to obtain rcliuble results for yarns with a wide range of
linear masscs. However, if necessary, alternative magnifications can be used within the limits
of the available sct of lenses. The USB Web Camera cmployed is the Deluxe model from
Hercules [28], which has the lollowing characteristics:

* Photosensitive element: 1/4" CMOS sensor;
*  Resolution: 640x480 pixels

»  Video mode: VOA;

+»  Color lormat: 24 bit -~ true color.

The web camera was placed at the exit plane of the microscope ocular, capturing the
analogue image produced by the microscope. With an optical amplification of 40X, a sensor
resolution of 640x480 pixels is adequate to correctly evaluate the yarn production
characteristics.

In order to obtain higher contrasts for the yarn geometry relief, the illuminated yarn
sarfuce must be as close as possible to a monochromatic light source. As the white led
ilfaniination available with the microscope emits a wide range of wavelengths, we decided to
nae an external yellow light source, which is somewhat closer to an ideal monochromatic
tyrht source. Figure 6 illustrate two different images acquired when using the white light
woneee fram the microscope and the external yellow light source respectively.

a)

[53

L i i resnlting from white (a) and yellow (b) illumination.
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As shown in these images. with the vellow light source, the contrast between the yarn
zones with higher relief is more accentuated, The regions which correspond to the most
accentuated twist areas or yarn areas closer 1o the hght source (Figure I- 6 b)), are more
clearly distinguished.

To analyze the acquired images an image processing application was developed using the
IMAQ Vision software from LabVIEW from National Instruments.

Image Calibration
In order to calibrafe the images, an image of an object with known dimenstons was

acquired (Figure 7).
In Figure 7 the real world distance between the lines is | mm, while, in the acquired

o+

1mm

image corresponds o 73 pixels.

Figure 7. Image used for calibrating the system with real world measurements.

Yarn Production Characteristics Software Application

In this section we demonstrate the influence of the techniques employed, using two
exampies of the different yarns studied during the development of the system. The
methodologies employed were validated through the common commercial range of 100%
cotlon lincar mass yarns.

The raw images were processed with the following functions from the IMAQ Vision
software in order to determine the production characteristics of a given yarm:

1. Contrasts adjust — expressed as a value hetween 1 and 89. The median value of 45
corresponds to a neulral setting, no contrast alteration, while higher values produce
greater contrast. As it was intended to increase the contrast of the relief transition
zones, the maximum value (89) was selected [10, 11].

2. Gamma Adjust — this specifies the value considered in Gamma Correction. Higher
coefficients are associated with weaker intensity corrections. As it was intended to
reduce as much as possible the intensily correction, in order to scparate the relict
transition zones, the highest value (10) was used [10,11].

Figure 9 presents the results obtained on the original image ( Figure 8) after adjusting the
contrast and gamma, to their highest values.

As a result of the steps 1 and 2, all pixels with intensitics lower than those acquired in the
transition zones have been effectively set to zero inicasity.
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Figure 8, Original image as acquired by the weh camera,

Figure 9. The resulting image after setting the contrast to 89 and the gamma adjust to 10,

VFipure 10, Tmage resulting from the application of the Removal of the Luminance Plane over the 18I,
to the image of Figure 9.

3. To simplity the hinary image conversion process, it is desirable to homogenize the
colour distributions in the image presented in Figure 9. This can be accomplished
using the “Removal of the Luminance Plane over the HSL (Hue Saturation
Luminance) Color Space™ tool {10, 11].

Figure 10 presents the resulting image after applying the Removal of the Luminance
Mlane- o the image in Figure 9.

s step converted the three different tonalities presented in Figure 9. namely. red,
sodlens i white, to dark gray, light gray and white, reducing significantly the color intensity
spwc e ol the originat image.,

t Anto Threshold: Inter Variance — the Threshold function consists of segmenting an
ey inlo Lwo regions, namely, a “particle” region and a background region, setting
to 17 all the image pixels with a gray level equal to or above a given gray level
threslld (threshold interval) and setting to “07 all the other pixels. This process is
waed o asolate certain areas inan image. In order to scleet the threshold interval
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awomatically, the Auto Threshold Interclass Variance tool was emploved. This
method determines an optimal threshold level by maximizing the between-class
variation with respect to the threshold. The threshold value js the pixcl value & (gray
level chosen as the threshold) af which eq. 1 (variance) is maximized [10,11.

Nl I3 ] E
[Z ipliyx Y pti)~ }:ipm]
Ty ()'C) N Lﬂ e 1 i ([)

> p(i)( (=3 pii)

i i)

where, & is the number of gray levels in the

tmage. The numbers p(7), arc the occurrence
probability of a given gray levet J, namely

pli)= \Ll(l)-—

Zh(z’)

(2)

Here, (i}, represents the total number of pixels with a given gray level value 7.
Figure 11 shows the resulting image afier applying the Auto Inter Variance function to

Figure 10. As expected, the application of the binary algorithm has isolated all the pixels with
the relevant information (pixels different from black color, in this case)

Figure 11. Image resulting from the application of the Auto Threshold: Tnter Var

ance, 1o the image of
Figure 10.

Figure 12. Image resulting from the application of the Hole Filling Tunction to the image in Figure 11,
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5. Hole Filling - this function fills the holes within continuous bright parts of the image
in order to homogenize the binary images [[0, [1].

The application of the Hole Filling function to Figure |t is illustrated in Figure 12; three
holes identified in Figure 11 by the white arrows have been filled.

6. Erosion — this function eliminates isolated pixels in the background and erodes the
contour of particles according to a defined structuring element. This structuring
element is a 2D binary mask, which defines the size and etfect of the neighborhood
on cach pixel. controlling the effect of the binary morphological function on the
shape and boundary of a particle. In this case we considered a 3x3 martrix containing
values of 1. For a certain pixel PO, the structuring clement is centered on PO. If the
cocfficient of the structuring clement 15 cqual e 1, (he masked pixels are referred as
Pi|10, 11]:

a. If the value of one pixel Pi, is equal to (), then PO s set to 0, otherwise PO is set to
1.
b.  If the logical AND of Piis equal to 1, then PO is sel to |, otherwise PO s set to 0.

This [unction chminates unwanted particles and avoids the possibility of object
apgregation. Figure 13 presents the application of the Erosion function described above to the
image of Figure 12.

As a result, the particles are now well separated. This is especially important tor those
particles that were particularly close to one another (identified with white arrows in Figure
{11, which could easily been considered as one particle, rather than two, Tn addition, almost
all the other irrelevant information has been also removed.

7. Convex Hull — this function cleses particles in order to allow measurements even
when the particle contour is discontinuous. It calculates & convex envelope around
cuch particle, closing it {10, 11]. This function was uscd Lo allow usc to carry out the
necessary particle measurements.

Ax Vipure 14 shows, the application of the Convex Hull function drastically reduces the
Aewcunlmnity of the particles observed in Figure 13,

fopnes D Juaape pesulting from the application of the Erosien function to the image of Figure 12,
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Frgure 14, Image resuliing from the appication of the Convex Hull function to the image of Figure 13.

8. Smalt Objects Removal - This step is based on successive applications of the crosion
tool followed by dilatation. This results in the elimination of the small particles and
smoothing ol the larger particke boundaries. Since crosion and dilatation are
complementary  transformations,  {or large  particles, this aoperation does not
significantly change the arca or the slape as the borders removed by the erosion
function are restored by the dilatation function (10, 113.

The result of a single application of this operation is shown in Figure 15. The small
particles identified by the white arrow in I gure 12, have been removed in Figure 13,
maintaining the other particles essentially unaltered. However, as this algorithm is for general
use and, as in some cases the undesired small particles are slightly larger than the particles
eliminated by a single iteration, a double iteration of (his operation was used. In this example,
the first particle on the right was eliminated {(Figure 16). However, the loss of this particle is
of little consequence as the number of particles reminin £ 1s enough to determine the desired
parameters,

e, gy e e

Figure 15. Tmage resulling from the first application of the Small Objects Removal function to the
image of Fygure 14,

b W,

Figure 16. Image resulting from the second application of the Small Objects Removal function.
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9. Particle Analysis - This function 1s used to perform several types of measurements
over the particles ol a bimary image. Specifically in this study, the following
parameters were employed {10, 11]:

4. First horizontal pixel — the horizontal coordinate of the first particle pixel.

b.  DPetermination of Orientation: the angle (@) of the linc that passes through the
particle Centre of Mass comresponding to the lowest moment of incriia (cq. 3).
The orientation angle 1s measured counter clockwise using the horizontal axis as a
refercnce, over arange between 0% and 180° (190° is reported as a 107 angle).

22
S-S xx ()

where, x and vy are, respectively, the horizontal and vertical pixel coordinates of the line
corresponding to the lowest moment of incrtia.

)= 1 arctan(

c.  Area: area of the particle

Upon carrying out the above imaging processing procedures, it is possible to apply the
{ollowing steps to determine the desired varn production characteristics:

» Folded yarn twist step, which is the average of the horizontal pixel distance between
particles: This parameter is only relevant when the varn contains more than onc cable
{folded yarn), i.e. when at least two particles have been identified.

¢ Folded yarn twist orientation: This parameter is determined by the orientation angle
for each particle:

o If the orientation angle lics between 90° and 180°, then the twist orientation is
anti-clockwise.

o If the orientation angle lies between O and 90°, then the twist orientation is
identified as being in the clockwise direction. Of course, the yarn must have at
lcast two cables (folded yarn) in order to make it possible to determine the folded
yarn twist orientation.

+  Number of cables (folded or non-folded yarn}):
v If only one particle is identified then the yarn is identified as a single cable {non
folded yarn).
+ I the number of particles is greater than one, then the yarn is identilicd as

possessing multiple cables (folded yurn).

#  Filers lwist orientation: two possible situations may oceur:
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o When the yarn is constituled by more than one cable (folded yam}, the fibers
twist orientation is opposite to the folded varn twist ortentation. This is a
universal situation in Textile Industry, done 1o avoid umtwisting of the fibers over
the varns [3, 4.

o When considering a single cable yarn (non folded yarn) a new {unction is called.

In order to obtain the fibers (wist oricntation in non folded yarns, the following algorithm
was used:

1. Removal of the intensity plane ol the HIS (Hue, Saturation and Intensity) Color
encoding scheme: Insingde cable yams, a large region of the yarmn should have a high
mtensity level [0, T With the removal of the intensity plane, the intensity
distrtbution aver the yarn hecones more homogeneous.

Figure 17 presents the original yarn image and Figure 18 shows the result after the
removal of the intensity planc which produces i nmuch more uniform intensity distribution.

Figure 17. Image used for the development of the twist orientation for a single cable yarn,

Figure 18, Image resulting from the application of the tnlensity plane of the HIS color scheme.
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arm), the fibers 2. Convolution — Highlight Detaiis: A convolution is an algorithm that recalculates the
tion. This is a value of a pixel based on its own value and the pixel values of its neighbors weighted
[ the fibers over by the coefficients of a convolution kernel. The convolution kernel defines how the

associated filter alters the pixel values in a grayscale image. It is a 2D structure
stion is called. whose coefficients define how the filtered value at each pixel is computed.

Considering several iterative tests. a 7x7 kernel containing 60 in the contre and -1 at
wing algorithm all the other positions was used [10, 11]. Two iterations were performed in order o

obtain a good definition of the high relicf fibers (closer (o the light source) which
constitute the yam.
ntensity) Color
uld have a high Figure 19 presents the result of the convolution after the first iteration; in Figure 20 is the
:, the intensity result after the second iteration. The image of figure is used 16 as a reference.

result after the

Jistribution.
Fipure 19, Tmage resulting from the application of the Convolution function to the image of Figure |8,
.
Figeas M0 Ty resulting (rom the second application of the Convolution function.
I obeerved that only two rerations are needed to greatly increase the vistbility of the
satrtpn et Dbers,
cheme.

Aato Phreshold-Moments: The  threshold moments method is based on the
vetiptien that the observed image is a blurred version of the theoretical binary
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original. The blurring that is produced from the acquisition process, causcd by
eleclronic noise or a slight imperfection in the optics, is assumed not to alter
significantly either the average or the variance of the pixels intensity distribution.
This function recalculates a theoretical binary image. The £" moment m of an image
is calculated by cq. 4 [10, | 11.

1 L R I
- / (4)
mk I Z: <[} d I(f)

where, n 15 the total number of pixels in the image.

The Auto Thieshold - Moments were considered to isolate the white details obtained in
the ficure |8,

Figure 21. Image resulting from the application of the Anto Threshold — Morments function to the image
ol Figure 20.

Figure 22 Image resulting from the application of the Smalt Objects Removal function to the image in
Figure 21.
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Figurc 21 presents the results obtained after the application ol the Auto Threshold -
Moments function on the image of Figure 20, showing an excellent isolution of the image
details.

4. Small Objects Removal: This option was used to remove all the small particles
present in Figure 21[10, 11].

Figure 22 presents the results obtained upon applying the Small Objects Removal wol
the image of Figure 21,

5. Labeling: This function assigns a different gray level value to each particle i the
image. The result is not a binary image, but a labeled image which uses i numiber of
gray level values equal to the number of particles in the image, plus the gray level
zero assigned to the background area. This function identifics particles using cither
conmectivity-4 or connectivity-8 criteria. The connectivity criterta deline the
neighborhood a given pixel. For connectivity-4, only adjacent pixels in the horizontal
and vertical directions arc considered neighbors, for connectivity-8, all adjacent
pixcls are considered neighbors. For the cases studied, connectivity-4 produced hetter
results [10, 11]. This reduces the influence ol the neighborhood pixels and
subsequently produces a more differentiated gray level labeling of the particles
corresponding 1o fibers which protrude from the yarn core.

Figure 23 presents the results of the Labeling function used on the image of Figure 22, As
nhserved, the binary image has been separated into several objects, identified by different
colors and where the protruding particles are displayed with a lower grey level.

Figme 4 Lingse resulling from the application of the Labeling function to the image of Figure 22

i1 aponengials This function decreases brightness and increases contrast in bright
i rone ob an image, decreasing contrast in dark regions [19, 11]. Here, this step was
spntand tochimnmate (ibers protruding from the yarn core.
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Figure 25. Image resulting from the application ol 1he Convex Hell funetion 1o the image in Figure 24,

Figure 26. Image resulling from the application of the Paglicle Area Filter [unction to the image of
Figure 1-23,

Figure 24 presents the result of applying the exponential function 1o Figure 23. Besides
removing the protruding particles, the labeling color in the remaining particles has changed.
due to the alterations in brightness.

7. Convex Hull — As previously, this function was used to permilt the necessary particle
measurements [ 10, T1].
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After the application of the convex hull 1ool to the image of Figure 24, the image in
Figure 25 was obtained. As intended, the level ol discontinuity ol each particle has been
reduced.

Particle Filter: The goal of this function is to remove all the panticles with reduced areas.
Considering multiple case studies, it was concluded that for the optical amplification used,
removing all particles with an area inferior to 34 pixels (threshold) altows proper results [10,
117.

Figure 26 presents the use of the particle area [ilter in the previous unage,

8. Particlc Analysis — Orientation: Measuring the orientation angle ol cach particle
enables the determination of the twist orientation [10, T1] The considered stralegy
calculates the average orientation of all particles in the image. Then, as in section B:
: of Figure 23.

a. I the average angle orientation lies between $9U0° and [RO7 then the twist

orientation is anti-clockwise.
b.  Conversely if the orientation angle within the interval from 0% 1o %0°, then the

twist orientation is clockwise.

Diameter and Imperfections Software Application

This section describes the methodology used tor measuring the dismeler. for calculating
of Lhe hairiness coefficient and the detection of imperfections in the yarn, through image
processing techniques.

Start
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; Image
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Figure 28.Original sampic inuge acqueed,

Figure 29, The resulting fmape alier yam roting.

Figure 27 represents the block diagram of (he algorithm vsed to determine the diameter
by image processing techniques. The algorthm summarizes the application of various
techniques of image provessing thi allows obtining, as finaf result, the contours of the yarn
core, excluding, all hatriness arownd the core. The diameter caleulation is made through the
detection of all the edges along a st of paraltel searching lines. Once all cdges are detected,
the distance is calculuted between (he pars of cdpes detected by all the scarch lines. The
diameter is obtained by, the avernge of all the distances calculated. Once obtained the
diameter, the yarn mass is casily acquired through the theorctical correlation between mass
and diameter, presented previously. Figire 28 presents the image-based sample of the yarn
captured by the image acquisition system. In the lollowing, the sequence of functions used to
obtain the yare diameter is explained and their output is presented.

1. Function Rotate - If the yarn is not in the horizontal position, this function allows 1o
rolate until the yarn is in the horizontal position [ 10, 11], &s shown in Figure 29

2. Extract Single Color Plane, specily the luminance Plane over the HSL (Hue.
Saturation and Luminance) - This function has the objective to homogenize 1he
proximal colour patterns in arder to simplify the binary image [10. 11] (Figure 30).

3. Filter nth order - The type of filter used was a zero order filter with a 3x3 matrix.
With this type of filter it is possible to smooth the image and erode brighter objects.
without changing the structure ol the yarn [10, H1]. Figure 31, This operation i
highiy relevant when the varn has lurge number of hairiness around the core.

4. Auto Threshold (cluster method) — This function is used to segmert the image in two
regions, a particle region and the backeround region. Threshold function converts fh
mage to a binary image. with pixel values of 0 or 1. The clustering method is based
on the following condition:
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+
i #Z:k
2

{3)
where g, is the mean of all pixels values that lie between O and k., and g, 15 the iean of all
the pixel values between k+1 and 255. The option for look for the brighier objects was used
to simplify the detection of the contours of the yarn in the following steps (10, 11]. This
approach is possible because the yarn is mainly made up of brighter pixels. Spure 32 shows
the result of the Aute Threshold function applied to Figure 31.

Iigure 30. Tmage resulting after the removal of the luminance plane on the image of Figure 29.

Fipure 31, The resulling image from the application of the Filter o Figure 30,

Fizae VY The resulting image [rom the application of the Auto threshold in Figure 31.

© Wemove particle — This function eliminates particles resistant to a specified number
of 3 x 3 erosions. Five times was the number of erosion necessary in this function, 1o
remove all small particles | 10, 11], as presented in Figure 33,
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6. Open - The open function consists of the operation of erosion followed by the
dilation, it fills tiny holes and smoothes boundaries [10, 111 as shown in Figure 34.
The value of the structuring element used was |, using the following kernel |4, 5]

1 11
1 1 1
1 1 1

In comparison to all morphalogical operators, the open [unction showed minor changes
to the yarn structure. This is an important factor to ensure gre

ater accuracy in measuring the
diameter.

e - Figure 33. Image resulting after the application of the function remove particle to Figure 32.

Figare 34, Image resulting (rom the application of (he open function to Figure 33,

Figure 35. The resulting imuge afier the application of the convolution funclion to Figure 34.

For example, when using the crosion or close function, they cause an increase ol
decrease in the yamn structure, which would influence the measurement of the diameter,

7. Convolute - This function altows recaleulating the value of a pixel bascd on its vwn
value as well as the pixel values ol its neighbors weighted by the coefficients ol
convolution kernel. The Laplacian convolution filter, a second-order derivate. wis
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lowed by the used to extract the contour of objects and outline details, Figure 35, with the
n in Figure 34. following kernel [10, 117
ernel |4, 5]:

0o -1 0

-1 5 =1

0 -1 0

8. Canny edge detection — This function uses a pixel valuc al any point along the pixel

minor changes prolilc ta define the edge strength at that point. To locate an cdge point, several scans

| measuring the of the pixel profile are performed, pixel by pixel from the beginning fo the end [10,
11], as shown in Figure 36.

c32.
Figure 36. Image resulting [rom the application of the Canny edge detection.
Fipue V7 himage tesulting from the application of a and logical between the rectangles mask and Figure
i€

re 34

an increase or
Jiameter.

1sed on its own

oefficients ol

sic v Dot s 1o measure the diameter {rom the application the clamp vertical max function o
r derivate, wa P
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At this point it was cssential eliminating the borders of the yarn, to reduce the error on
measuring the distance between the edges of the yarn. For this, it was used the function
Puarticle analysis report, that provides the coordinates of the center of mass of the abject,
which allow us to apply two rectangle mask based on these coordinates.

An and logical between the two rectangles masks and Figure 36 was performed resulting
the image in Figure 37,

9. Clamp vertical max - This function allows finding, ail cdges along a set of parallel
searching fines, in a region of interest. The diameter is caleulated by the average of
the distance measured between the pair of edges detected by the searching lines.
Figure 38 presents the final result.

Figure 39 presents the another image-based sample caplured by the image acquisition
system and Figure 40 the result afier the application of the sequence of functions presented in
Figure 38. With the yarn diameter and due (o the correlation between the mass and the
diameter, thick places, thin places and neps can be analyzed by comparing the distances
measured along the yarn with the average diameter. Figure 41 shows the algorithm applied.
Alter obtaining all measured distances in an array, it's calculated the refercnce values for the
thin places, thick places and neps. 1s considered a thin place if the current value of the array
1s below 50% of the average dimmieter, as the thick places are considered if the current value is
above 40% of the average didumeter.

Figure 39, Originul sample image acquired.

Figurc 40. Tmage resultant from the application of the alporithm to Figure 39.
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Pignre 41, Algorithm used to detect yarn faults.

l'inally the neps are contemplated for values above 100% of the averuge diameter, To
ivand single values the current value it’s always compared to the previous value, and they
have 1o match, otherwise it’s not considered as a fault.

Yarn Hairiness Determination Software Application

In 1y study, spatial pre-processing techniques, as well s segmentation and spatial
filicing (echniques were used to isolate the yarn core and 1o highhpht snd quantfy the
protimdmg ud foop fibers from the original image. In order to isolate the proteuding and loop
fite drom the yarn, logical operators were used between the imige with the highlight fibers
sl the v core. Figure 42 presents the algorithm implemented.

1arare 13 shows the sample base yarn image where (he inge processing techniques
seie applied

fu the tollowing the functions used to obtain yamn hairiness are explained and their output
goeraental Phe siinple images were first converted to grayscale, Tigure 44.

i tencuon Rotate - H the yarn is not in the horizontal position, this function allows to
vt until it is in the right position (10, 11], as shown in Figure 45.
Bsveas this function inverts the pixel intensitics of an image to compule its
B pateve PHE L)L This operation allowed highlighting white and grey details over
fae anew of Back pixels, Figure 46,
ot This function redistributes the pixel values of an image to lincarize the
s cnnubated histogeam |10, 11, This function was used with the range between 200
i sconlen o fickd the sample yarn with black pixels, Figure 47.
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Figure 42, Algorithm tsed o mensuee (he yarn hadriness index,

Figure 43. Original sample image acquired.
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Figurc 44. The resalting image in grayscale.

Figns 15 Image resultant after rotating.
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Figure 47. Image resultant afier the cequalize function in Figure 46,

4. Auto Threshold - This function is used to segment the image in two regions, a
particle region and a backpround region, Figure 48; limits between O and I, as well
as the option for look to the darkest objects were used.

5. Filter nth order - This function was used to apply a filter of nth order to eliminate the
fibers, as presented in Figure 49. By trial and error, 4 kernel mask 7x7 with N=4 was
used due to the good results obtained |10, 117].

Figure 48. Image resultmt [rom the application of the Auto threshold function in Figure 47,

Figure 49. Resullant image after the application of the filter in Tigure 48,
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Figurc 50. Image resullant from the application of the remove particle function in Figure 49,

6. Remove particle — This fenction eliminates particles resistant 10 a specified number
of 3 x 3 erosions. Five times was the number of erosion necessary in this function, to
remove all small particles [10, 11], as presented in Figure 50

Algorithm to Measure the Hairiness Coefficient

This section describes the algorithm used to enhance the yarn, in particular to highlight
the loop and protruding fibers, by removing the background and all unwanted particles.

In the following, the [unctions used to highlight the fibers are explamed and the resulls
presented. The first three functions described in the previous section were used with the same

POTPOSE.

. Convolute - This function allows recalculating the vatue ol a pixel based on its own
value and the pixel values of its neighbours weighted by the coeflicients of a
convolution kernel. Tt was used a Laplace filter to detect poinis ol discontinuity |10,
1] with the following kernel:

-1 0
1 5 -1
-1 0

ehanie ¥t e alter the application of the convolution function in Figure 47.
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Figure 32. Image resultant from the application of threshokd and small particles removal functions in
Figure 51.

Figure 53. Resulant immapge alier the dogicad operation and small objects removal function applied.

The Tinal step involves the Tunetions threshold and the removed particle, also described in
the previous section, Fignre 5.2

2. The next step was o perform a logical exclusive or (XOR) between the Figure 50
and Figore 52 10 selate the fibers. A small objects removal was used to eliminate
some remiaining particles of the logical operation as shown in Figure 33,

In the following 1t is deseribed the functions that allowed the measurement of the
hairiness coellicient.

3. Skeleton - caleulates the skeletons of the particles within an image or the lines
delineating the zones ol influence of the objects it applies 4 succession of thinning’s
until the width ol cach particle becomes equal to one pixel [10, 11]. The structuring
element used was the skeleton L with the lollowing kerncl:

The resulting image is presented in Figure 54.
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Once the fibers are isolated, the borders of the yarn must be climinated to avoid its
influence in the measurement of the hairiness. This was accomplished by using a (wo
rectangles (200x15) mask with the filling value of 255 pixcl and with the coordinates of the
borders of the varn, Figure 55.

al functions in

Fepure 54, Image resultant from the application of the skeleton function in Figure 53.

on applicd.

Iso described in

i the Figure 50

ied o eliminate
i3

Figme %9 Two rectangles mask used to eliminate the borders.

urgcment of the

ge or the fincs
i of thinmng s
The structuring

5 anhant inage Irom the logical operation between Figure 55 and Figure 54,
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An and logical operation was performed in Figure 54 to eliminate the borders, Figure 56,
and by the resource of the particle analysis report [unction, the area of hairiness is meastred,
Once the skeleton reduces the width of the fibers to oge pixel, the measured area render the
length of the fibers, expresscd in pixcl. The hairiness coellicient is calculated through the
division of the measured area by the length of the yarn.

Experimental Results

This section presents cxperimental results 1o demonstrate the application of the
determination of yarn production characteristics. diameter and hairiness algorithms showed in
the previous sections.

Results Yarn Production Characteristics

This section presents the vesults obtained  with the developed image processing
techniques applicd to Tour dillTerent cotton linear mass yarns, namely, 62 g/km (Figure [7), 55
g/km (Figure 57). 50 g/km (Figure S8y and 22 g/km (Figure 8).

For the 22 g/km yam, the image processing application obtained the final image
presented in Figure 16, The corresponding particle analysis data is presented in Table 1,

Figure 57. Initial image of the 55 g/km yarn.

Figure 58. Initial image of the 50 g/km yarn.

Table 1. Results obtained for the 22 g/km yarn

Particles Fiest Horizontal Pixel Orientation (%) Area (pixcls)
1 52 162.9 128

2 88 168.8 145

3 18 161.6 126

4 144) 168.0 83
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The average distance between particles together with its standard deviation 1y 20 3¢ 8.3
pixels.

Considering the datz obtained in Table 1, the following yarn production clurmeieristics
were determined:

*  Fibers twist orientation: clockwise;

o Polded yarn twist orientation: anti-clockwise;

»  Number of cables: more than 1 cable (folded yarn);
= Folded yarn twist step: 0.420.1 mm.

Figure 59 shows the final 50 g/km yarn image afier image processing while Table 2
displays the particle analysis data obtained.

The distance between the particles is 50.00 pixels. Considering the data obtained i Table
2, the following yarn production characteristics were determined:

e Fibers twist orientation: clockwise;

e Folded yarn twist orientation: anti-clockwise;

e Number of cables: more than [ cable {folded yarn),
e Folded yarn twist step: 0.77 mm.

L

e 59 Image resalting from the developed application in the 50 g/km vam.

Ny h -

Fogre 60 A resnlting [rom the application developed in the 55 g/km yarn.

Table 2. Resulis obtained for the 50 g/km yarn

Plaiiie b | Faest Horizontal Pixel Orientation (%) Area (pixels)
3 I 160.0 156
[ 169.4 276
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Table 3. Results obtained for the 55 g/km varn

Particles First Horizontal Pixel Orientation (%) Area (pixels)
1 73 154.5 377
2 116 158.0 292
3 181 174.6 120

Figure 61. Tmage resulting fronn the applivicsn developed in the 62 g/km yarn.

Table 4. Reslts obhtained for the 62 g/km yarn

Particles First Haorizont 1|l’:n| Orientation (%) Area (pixels)
1 | 176.6 5527

For the 55 g/km yarn, (he final image obtamed after image processing is presented in
Figure 60, while the correspondimg, parhicle analysts data is presented in Table 3.

In this case the distanee belween partivles 15 54415 pixels. Considering the data obtained
tn table HE the Tollowmyg: yarn production characleristios were determined:

o Iibers twist ortentation: clockwise:

s Folded yarn twist onentation: anti-clockwise;
s Number of cables: more than 1 cable (folded yarn);
¢  Folded yarn twist step: 0.7+00.2 mim.

For the 62 g/km yarn, the final image obtained after image processing is shown in Figure
61 and the resulting particle analysis data is listed in Table 4.

As just one particle was detected, this is a single yarn cable and the function of twist
orientation described previously in (he previous seclion was activate. A particle orientation
angle of 136° was obtained (Figure 61} and the following yam production characteristics were
delermined:

» TFibers twist orientation: anti-clockwise;

+ Folded yarn twist orientation: nat available,
e«  Number of cubles: | cable (non folded yarnk
e Folded yarn twist step: not available.

Afterwards, to show that the obtained image processing results are valid and rclhiable
they were compared with the parameters deduced from detailed electronic microscop
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pictures (amplification factor of 40X), for yams of 50, 55 and 62 g/km, represented in Figure
02 to Figure 64, respectively. Observing Figure 62 and Figure 63 for 50 g/km and 55 g/km

:a (pixels) yarns, it is verified that these yarns are formed by morc than one cable (folded yarns), with a

7 folded yarn twist orientation, anti-clockwise and a fibers iwist orientation in the clockwise

X direction. Considering, Figure 64 (62 g/km), it is verificd that this yarn is constituted by a

) single cable (non folded yarn), with a fibers twist orientation in anti-clockwise dircction.
Firure 62, flectron microscope picture of the 50 g/km yarmn.

a (pixels)

T

r is presented in
3
he data obtained

Figie od Llectron microscope picture of the 55 g/km yarn,
shown in Figure
unction of twist

ticle orientation
racleristics wore

o Fle s microscope picture of the 62 g/km yarn.

w0 folded yarn twist step between 0.74mm and (1.82mm has been measured over
B the a0 o/l and between (L64dmm and (.78mm, for the 55 g/km yvarn. These

lid and rehiahic,
NIC IMCTON ope
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results, ohtained from the clectron microscope images, are in agreement with the results
obtained with the developed image processing tool.

This section presents the results obtained with the proposed method for the
characterization of the yarn in terms of diameter and hairiness using image processing
techniques. Tt is also performed a comparisen between the experimental results of diameter,
and the theoretical values of diameter, tor dilferent lineur masses. Moreover, it is presented a
comparison of the hairiness coefficient to the results of the analysis performed using the
commercial equipment Uster Tesler 3.

Results Obtained in Diameter Determination

The algorithm deseribed in the previous section was applied to four sample images with
different linear masses (22 g/km, 50 g/km, 55 g/km and 62 g/km) {(Figure 65).

Figurc 66 presents the images obtained aifter the application of the image processing
techniques to quantify yarn diameler.

Table 3 presents the resulls in pixels (dicuneter in pixel —dp) and in real world units (mm)
after conversion (diamcter experimental - de) It also provides, for a better insight and
precision of the algorithm, the  wvidues  caleulated by the  theoretical  relationship
(d(mn=0.060%sgrt{Tex)) between the yarn mass and the diameter (theoretical diameter - dt)
for the respective lineir masses,

Figure 65. Acquired images i) 22 p/hne yarn, by 50 g/km yarn, ©) 55 g/km yarn, ¢) 16,40 g/km yarn.

Figure 66. Application of the techniques of image processing to quantily yarn diameier to the images of
Figsure 635.
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with the results Table 5. Results of the diameter determination
method for the Sample Lingar Mass | dp (pixels) | dt (mm) de (mm) Standard
mage processing Number (g/km) Deviation {mm)
wits of diameter, 1 22 19.65 0.2814 0.2690 0.0086
. it is presented a : 2 50 2611 0.4242 0.3576 0.0471
ormed using the 3 55 3278 0.4449 0.44%0) 0.0028
4 16.40 17.71 0.2429 0.2426 (.0002

Results Obtained in the Analysis of the Imperfections of the Yarn

1ple images with This study was performed through the theoretical correlation between mass and diameter,
) : allowing determining thin places, thick places and neps when comparing the distances
mage processing : detected between the edges, to their average value, allowing identifying yarn impertections.

vorld units {mm)
qter insight and
cal relationship
al diameter - du)

Fignie 607, lxample of yarn with imperfection.

Table 6. Yarn faults
40 g/km yarmn.
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e Values of the measured
distances

Average distance

Measured Distances

Number of detected edges

Figure 68. Distances measured over o point on the yarn,

A yarn with linear mass of 19.68 g/km was considered {Figure 67).

Table 6 shows the resulis of the yarn faults of the 19.68 g/km yarn along the 10 different
points.

As it can be observed [rom Table 6 sample 7 has the higher number of thick places, only
in two samples were detected thin places and none neps were detected,

In Figure 68 it can be observed the measured distances over the yam with linear mass of
19.68 g/km. which corresponds to the sample number 3 of Table 7. By comparing the values

with the average distance, clearly notices at least two thick places (distances values between
30 to 40 pixels).

Results Obtained in the Hairiness Determination

It was conducted a comparalive test between the proposed approach and the analysis of

cominercial equipment Uster Tester 3. Five yarns with different linear masses (16.4 g/km (o
98g/km) were analyzed, Figure 69.

Figure 69. Results obtained for a)16.4 g/km varn, b)19.68 g/km yarn, ¢)29.5 g/km yarn, )36.9 p/kin
yarn, )98 p/kim yam.
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Figure 70. Example of two dilferent points of the same yarn (19.68 g/kau.

Tabte 7. Comparison between the average experimental values
and the values of Tester 3

'S';lmple Number | Lincar Mass (g/km) | Vu Average ve - Rekative Lrror |
()
| 16.4 4.69 431 : KN
2 | 19.68 7.08 6.69 R R N
v 1205 458 6.64 ' 30
. 36.9 ' 4.37 4.56 4.2 )
by 98 718 7.15 o
; ' Average Frrov: | 10.04%

n the proposed system, images were acquired at ten different positions of the same yarn
sanipbe. Fipure 70, This procedure was performed for the five ywrns, It was culculated the
dverape valoes obtained by the new methodology to ones acquircd by the commereiul
FLlEynLenl

Fable 7 presents the results obtained with the Uster Tester 3 (vu), the average
expuavnental values for different positions of the same yarn obtained by the proposed
setlunlolopy (ve) and its relative error [((vu-ve/ve)| * F0046). The coelficient of hairiness (v)
iz gevn hy the ratio between the hairiness lengthy and the length of yarn analyzed.

A= s be observed in Table 7 the calculation of the hairiness coetficient from the
pFrgreed method 18 very close to the ones obtained with the connmercial equipment validating
Hig wppunach A sinall average error of 10.049% was obtained.

IMAGE PROCESSING AS A TOOL TO CHARACTERIZE
HUMAN BLOOD SAMPLES

Pise covtion pwesents the framework, the image processing lechmques, the database
ativay the et developed, the statistical analysis and the experimental results of an
seiveoinge ool oo characterize human blood samples.
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Framework

Determining the blood type of an individual is an cssential procedure before
administering a blood transfusion, avoiding damage and blood incompatibilities. Thus, the
preceding blood test, even in case of medical emergency, is of upmost importance, allowing

the administration of the blood type of the receiver in the first unit
However, although two of the manual tests used in laboratory, the pl

of blood transfusion.
ate test and tube test,

allow the analysis in a short time interval, which is suitable for emergency situations, they
fequire travel (o the lab and the intervention of i technician, thereby increasing the time spent
and the possibility of human error. Given that human errors in the procedure of manual tests,

in reading or interpreting the results, can lead to fatal consequences for

patients, being one ol

the significant causes of fatal blood (runsfusions is extremely important to automate the

testing, the reading and the interpretation of results 129-38].

In this sense, various systems were developed, Technicon Auto Analyzer {39-41],
Technicon Auto Analyzer It [42, 43], Groupamatic [40. 44], Auto-Grouper [40] Olympus PK
7200 140, 45-48] Immucor Galileo {49-53], Ortho AutoVue ® Innova System [54], Tango ®

Automated Blood Bank [55] and Techno TwinStation 156].
Bul. none of the systems currently available allow oblaining resu
they can be used in emergency situations [54]. This paper presents an

Its on useful time so
innovative system to

automatically perform tests to determine blood type, eliminating human error and in a shor

interval of time, so they can be used in emergency situalions.

This system is based on the plate test for determining blood types and in software
devefoped, using image processing techniques. The plate Lest consist of the mixture of one

drop of blood, and one drop of each reagent, anti-A and anti-B, anti- AR

and anti-D, being the

result interpreted according to the occurrence or not of agglutination. The agglutination
means that a reaction has occurred between the antihody and the cells indicating the presence

of the appropriate anligen,

The combination of the occurrence of agglutination. or non-occurrence, determines the
blood type of the individual [23]. Thus, the developed soltware allows, through tmage

techniques, to deteet the occurrence of agglutination and consequently
mdividual.

Image Processing Techniques

the blood type of an

The result of the plate test is captured by a CCD camera (Sony Cyber-shot DSC-S 744
consisting of a color image composed of four samples of blood and reagent.
This image is processed by tmage processing techniques developed with the IMAL)

Vision software from National Instruments [10]. However, since the
needs to be used again at a later stage of processing, it must remain avai
The following sequences of image processing technigues are used:

l. Tmage Buffer: Add Copy: This feature ailows SAVING a copy
image captured by the CCD camera after performing the

original image ala
lable and unchutg il

of the original vesbo
test procedure i

determining the blood type. It is the first function to be used as it is necessary o koo

the original image intact, i.e. before undergoing transformations carried out by ot
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image processing functions. The image is stored in Buller # 1 and is available for
later use [ 10, 11]. The result of applying

This function is shown in Figure 71, for the four reagents, anti-A and anti-B, anti-AB and
anti-D.

2

Color Plane Extraction: RGB Green Plane: This function is used to extracting green
plans in a RGB image, allowing transforming the original color image composed of
32 bit in a grayscale image of § bit. This step is essential in order to use functions
like threshold that can only be applied to binary images or images with 8 bit, 16 bit
or [loat [10, 11]. The image obtained by applying this function 1o the image of Figure
72 is shown in Figure 71.

E B}

Pigre 710 Original image captured by the CCD camera (a) Reagent Anti-A (b) Reagent anti-B (¢}
Feapent anli-AB (d) Reagent anti-D,

By oblained by applying Color Plane Extraction: RGB Green Plan function in the
s o Ppwire 71,

v Paeshold: Clostering: This function applies a threshold based on a statistical
e boige alled clustering and 10 is used to separate the blood samples and reagent
st teca repons, designated "particle region” and "background region”. This process
i+ scoomplished by changing alb pixels that lie between the range of values
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established (designated threshold range) changing all other image pixels o 0 [10,
11]. Thus, to isolate the particies of interest and convert the gray scale image (pixel
values between (0 and 255) into a binary image (pixel values of 1 and 0. This
function is an automatic threshold, as it is not necessary to specify the minimum and
maxtmum light intensity. To draw the threshold, it is used the image histogram [10,
11]. The image obtained with the application of this function is shown in Figure 73.

Now that the particles of inlerest are scparited from the background of the image, it is
necessary to isolate the four particle image and eliminate any unwanted particles. So, there
were nsed the following three functions, Local Threshold: Niblack. Advanced Morphology:
Fill holes and Advanced Morphology: Remove small objects.

4.

Local threshold: Niblack: In this function the threshold value for ¢ach pixel is
calculated based on statistics from adycent pixels. It uses a kernel, by default, of 32
width and 32 height, with a deviation factor which by default is 0.20 [10, 11]. This
function is extremely important to isolate the particles to be analyzed. The result of
applying this function on the image of Figure 73 can be seen in Figure 74.

Advanced Morphology: Fill holes: This function fills all the holes that are present
inside the puarticles with a pixel of value 1. The binary image resulting from the
application of this function contains particles intact, without holes, corresponding to
samples of blood and reagent [10, 11]. The result of applying this function is
presented in Figure 75.

Figurc 73. Image obtained by applying the Aute Threshold: Clustering in the image of Figure 72

Figure 74. Tmage obtained by applying the Local Threshold: Niblack function under the image ol

Figure 73.
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Figure 75. Tmage resulling from the application of Advanced Function Morphology: Fill hales function
n the image of Figure 74,

Figmre 76, Image resulting from the application of Advanced Function Morphology: Remove small
shjces i the tmage of Figare 73,

v Advanced Morphology: Remove small objects: This function uses a low pass filier (o
remove small particles and the possible noise in the binary image resulting from the
previous function, The particles are removed according to their widths, as defined by
it specific parameter, filter size. Thus, for a given filter size N, the low pass lilter
lemoves the particles whose widths are fess than or equal to (N-13 pixels. These
pinticles disappear after (N-1) / 2 crosions [10, [1]. The function removes particles
thal are not relevant to the analysis, leaving the rest of the particles (larger particles)
sntonchable. The particles that are removed from the step of erosion particles are
isatined (0 be noise. It is mainty used to remove particles that may interfere with the
analysis ol the image, like little drops of blood or reagent at the hackground of the
fnge P10, 1L The result of this function is presented 1n Figure 76.

i iy G, o there are only very small particles in Figure 75, which are difficult to see
# gk oo the application of this function 1s not noticeable in Figure 76.
Howcoe when there are small drops of liquid (blood or reagent) present in the image, it

C Baevases conoal toouse this function to remove the unwanted particles,

Pl et presended at this stage are essential for the andomation of the process of

Hibning e donwd [y])k‘.

Fare b Analysiss A particle is a continuous group of nonzero values in an image.
P parts fos can be cluracterized by measures related to their attributes such as
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location of particles, arca, and shape, among others. Therefore, this step is used to
analyze the propertics of particles in the image, considered as four particles
corresponding to each of the mixtures of blood and reagent. These particles can be
analyzed using various propertics, being the center of mass highly important in this
work. The result of this function is a tuble that contains all the selected properties and
their values for each of the particles. The values of the center of mass X (coordinate
X of the center of mass) and the center of mass Y (coordinate Y of the center of
mass} for each particle are shown in Tabie &,

Table 8. Results of Application of Particle Analysis Function
on image of Figure 75

Particle Cenler of Muss X Center of Mass Y
1 338,48 - 537,65
2 163,82 - 557,58 A
3 735.68 o 54593 ]
4 1570,67 N 545,81 T
2. Tmage Buffer: Retricve Buffer # 1@ This function retrieves a copy of the original

color image stored i BufTer # 1, so it can be used in the next function. The original
image consists of four samples of blood and reagents that will be processed and
analyzed to detect the oceurrence of agglutination [10, 11].The original image, as
previously reterred, is shown in Figure 71,

Color Plane Extraction: HSL Luminance Plane: This function is used 10 extract the
plancs of a color image light obtained with the previous function [10, 11] and allows
transforming (he original image constituted of 32 bit in a grayscale image constituted
ol & bit. Thus, it mitkes possible the use of the Quantify function that can only be
applied 1o images ol binary type, or images with 8-bit and 16 bit floal, or grayscale
images. The mmage obtained by applying this function to the image of Figure 71 is
shown in Figure 77.

Set Coordinate System: This function defines a coordinate system based on the stage
of particle analysis. The function of particle analysis obtains the coordinates (cenier
of mass X and center of mass Y) needed to caleulate the center of mass used in this
function. This functon is cssential because it is based on the coordinate systen.
which is selected (o analyye the region, depending on the center of mass cafculated in
the step of particle analysis. Thus, the selection process in the region of intercst
analysis 1s automatic and depends on the center of mass of cach particle. This step is
repeated for each of the particles w be analyzed. In this case it will be repeated four
times, one for each sample of blood and reagent [29-31]. The image obtained by
applying this function to each particle image is shown in Figure 78.

Quantify: This function can measure the intensity of pixels in the region of intcrest
selected. This step uses the options, Reposition Region of Interest and Refercuce
Coordinate System. The first option, Reposition Region of Interest, dynamically
restores the region of interest based on the coordinate system previously defined. The
second option, Reference Coordinate System, allows 10 select the coordinate system
associated to the region of interest. The analysis of each sample is automatically
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performed. The result of this function is a table that contuins the area (percentage of
surfuce examined for the full image), the mean (average value of pixels), standard
deviation (standard deviation of pixels), the minimum and maximum value of pixels
intensity. Using this feature, it allows identifying the occurrence of agglutination in
the blood sample and reagent based on the value of stundard deviation. As in the
previous function, this step is repeated for each of the particles 1o be analyzed |10,
11]. The image obtained by applying this function 15 shown in Iigure 79 and the
resulting table is shown in Table 9.

The value of standard deviation is essential 1o detect the occurrence of aggefutination. In
swmples where no agglutination occurs, the values of standard deviation do not exceed 16,
taken normally, values between 0 and 1{). Morcover, samples where agglutination occurs
<how standard deviation values greater than or equal to 16, showing cven high standard
ileviation values between 20 and 70.

Pigie 77 Image obtained by applying the Color Plane Extraction: HSL Luminance Plane function (o
His neipinagl wmige of Figare 71,

sape vesuding of the application of Set Coordinate Systern functions to cach of the particles
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Figure 79. Image resulting from the application of the Quantify function.

Table 9. Results of Application of the Quantify Funetion in Figurc 78

I Standard

. | Minimal Maximal
Elg Ared Mean Value - Deviation Value Value
79 |05 57.6 132 43.0 83.0

796y |04 1935 Ax7 63.0 250.0
9@ |05 1769 514 46.0 | 2480
79(d) |04 182y | 255 61.0 234.0

Thus. it wits established as a threshold value for clussification, a standard deviation of 16:
samples with a standard devition value below 16 are classified as samples with no
agglutination and samples with a standard deviation value greater than or equal to 16 are
classilicd as samples in which agglutination occurred. Having verificd the occurrence of
agglulination in anti-B reagent, anti-AB and anti-D, it is confirmed the presence of B antigens
and Rh antigens in the blood sample analyzed. Thus, it can be concluded that the blood type
in question is B Positive. Another example of the application of the methodology described is
presented in Tigure 80, where agglutination occurred in samples a), ¢} and d); in sample b),
there was no agglutination. Through the standard deviation values of Table 10, this is also
confirmed as samples a), ¢), d), present valucs of standard deviation of 57.8, 62.1 and 49.5
respectively (all above 16), sample b), obtained 3.4 (below 16).

L)

Figure B0, The original image of’ A Positive {a) Reagent Anti-A (b) Redgent anti-B {¢) Reagent anti Al
(d) Reagent anti-D.
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ligure 81, Image resulting from application of image processing techniques presented to the imape of
Ligure 80.

Table 10. Results of Application of Quantify Function
on image of Figure 81

i T "

1 Tig. Area Mean Vailue Stan_da'rd Mintmal Value Maximal
R S Deviation - | Value

‘ ®i(a) 0.5 1 1443 57.8 20.0 238.0
CSEhy |05 834 3.4 64.0 95.0
sy |04 147.4 62.1 32.0 2400
CRbedy Jo4 11393 49.5 34.0 L2220

[Having verified the occurrence of aggiutination in anti-A reagent, anti-AB and anti-D, i
ivvontinmed the presence of A antigens and Rh antigens in the blood sample analyzed. Thus.
it can he comcfuded that the blood type in guestion is A Positive.

Pdabuase

i store the information from the analysis of detection of agglutination performed
faniiph e echniques of image processing and the result of the classification algorithm
dhe e doped to delenmine blood type, it was designed and implemented a database. This section
pirwent the lable of the database developed with Microsoft Office Access 2007, where
sebs et will be stored, Figure 82.

Phes tabde, Fagure 82, stores the image captured and used in image processing (each
Higi = outasne four samples of blood and reagents), the standard deviation calculated in each
swenple e, the oceurrence or not of agglutination and the blood type.

st Developed

Vi ot presents on one hand the software developed (aking into consideration the
Foe gt e e previous sections and on the other hand the first prototype of the

i

sin e e designed.
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BloodT
¥ NMumanalysis

image
StandardBeviationl
Resultsl
StandardDeviation2
Results?
standardDeviation3
Results3
StandardDeviationd
Resultsd
Bloodiype

Figure 82. Basc table where the information is enlered.

Software Developed
The software was developed in LablEW from National Instruments |10, 11).The front
panel is shown in Figure 83,

SRR

Figure 83. Developed Software. (a) Selection of the image (b} Selection of File Database.dsn and
enlering the name of the table of dutabasce (¢) Original Image {d) Final image obtained with the imape
processing techniques (¢} Results of the Quantify function (1) Values of standard deviation of cach
sample (g3 Results based on the stundard deviation of each sample (h) Resull of the classilication
algorithm.




), 11].The front

se.dsn and
wvith the image
ion of each
wification

Image Processing 49

This sofltware allows to scleet the image to be used, Figure 83(a), the database to
establish a connection and the table from the database where information is added to the
analysis, Figure 83(b), it displays the original image that is being used, Figure 83(c) as well as
the final image obtained with the image processing techniques, Figure 83(d), it shows the
results of the Quantify function, Figure 83(e), the results of the standard deviation. Figure
83(1), the results based on standard deviation values calculated Figure 83(z), und, finally, the
result in terms of blood type, Figure 83(h).

Hardware Developed

The first prototype of the developed system, which automatically determines the blood
type of an individual, using as reference the plate test [28]. is shown in Figure 84,

The system requires thal the blood samples and the reagents arc manuafly placed. in
plates, by the user. It is placed on the first plate the rcagent anti-A, on the sccond plate the
reagent anti-B, on the third platc the reagent anti-AB and on the fourth plate the reagent anti-
13. Thereafter, the system moves the plates for the mixing arca, where the blood and the
reagents in cach plate, are mixed. This mixture is performed with a DC motor and without
vontamination between the four samples. Upon completion of the mixing, blades are moved
(0 the image capturc area, where a motor drives the webcam Glossy, 5 Mega pixels, along the
sinnples, capturing an image from each of the plates.

These images arc stored for later analysis. The system is controlled by the
microcontroller Arduino. Some of its characteristics are 14 digital 1O, 6 analog inputs. 16KB
of flash memory, 512 bytes of SRAM, 512 bytes of EEPROM and a clock speed of 10 Mz

Fiame {1 System Developed — [irst prototype.

Betafistical Analysis

Hoeachon presents the statistical analysis used to prove that the boundary between the
sesarense of agelitination and non-agglutination is reliable.
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Figure 85 Slandard devistion vatues oblained by the image processing techniques, for all individuals
Rh Positive (1Y Positive).

Namely, there are no values of agglutinated samples below the limit (16) and there are no
values upper the timit (16) for samplcs that are not agglutinated.

This statistical analysis allows determining the reliability of the methodology used as
well as the limit set on the basis of the statistical tests.

To this end, tests were performed on determining blood type of 24 individuals, using the
software devcloped in this work. For each individual, the procedure for determining the blood
type was repeated three limes in order to verify whether the results were similar. There werce
obtained a total of 288 results for analysis.

It is noteworthy that the blood type of the tested individuals was previously determined
by the technique of determining the blood type currently used in laboratories, Cards-1D 23]
in order to verify the validity of the technique developed in this work.,

The results of statistical analysis were obtained using SPSS software (Version 17.0) [57].
being the standard deviation value used to analyze the reliability of the technigue. The
statistical analysis was based on descriptive data analysis. The study of the variability for
each blood type results is shown in Figure 85 and Figure 86.

The study of varability was performed, initiatly for individuals Rh positive and al a
second stage, for individuals Rh Negative. The dashed line represents the limit of standnl
deviation, 16, set out to determine the occurrence or non-occurrence of agelutination. For all
samples, there were no standard deviation values that could lead to wrong decisions. b
example, in case of bicod type A+ (A Positive), agglutination was not observed for tw
reagent anti-B in all tests (Figure 85, green).
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Pronre 86, Standard deviation values obtained by the image processing Lechnigues, for all individeals
Rh Negative (T3 Negative).

Por this case, all standard deviation values obtained are below the threshold. For the case
ol Moed type O-(0 Negative), agglutination does not occur in all reagents and in all tosts, all
slimilard deviation values obtained are below 16 (Figure 86). On the other band. for hlood
ivie AB+ (AB Positive), all values are higher than 16 (Figure 83).

Fow cach test the agglutination was detected always getting standard deviation values
igher than or equal o 16, The same was true for the absence of agglutination, abiaining
vithies of standard deviation always below 16.

CONCLUSION

Testile Industry Application

Beparding the results obtained for each of the parameterization performed (vam
pzabnc b characteristics, yarn diameter and imperfections and yarn hairiness determination)
$owan e congluded that its reliability allows to take into consideration the option of use an
prowessing system instead of a (raditdonal system based on capacitive and oplical
sersar: Apart from other benefits, its low cost, portability and reduced maintenance give
gt midicators i order 1o justify its adoption to offline yara analysis systems. Moreover,
il il the prospect of continuing this project, among other developments, it is suggested
oo the ethods to detect and distinguish between the loop and protruding fibers
pented by arnhicnd intelligenee algorithms. As for the methodologies developed there is
st ebe poccabnlity o fest them in different types of yarns, such as fancy yarns.
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Biomedicine Application

The methodology used in this work (previously validated by conventional methods) is
capable to determinate blood types safely and in a short time {(approximately 2 minutes)
allowing it to be used in emergency situations., As demonstrated, the techniques applied are
able to detect the agglutination (using a standard deviation value of 16 as threshold). and
consequently blood types. The equipment developed is able to determine blood types using
the plate test and to automatically perform the analysis, with exception (o the introducing of
blood and reagents that at this stage of development is performed manually. For future work,
it 15 mtended to evolve the system, reducing its size, automate all the processes and
incorporate GSM technology, among other features.
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