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Editorial

“India, a land which gave birth to civilization in ancient times and where much of
the earlier tradition and wisdom guides actions even in modern times the philosophy
of Vasudhaiva Kutumbakam which means that the whole universe is one family,
dominates global efforts to protect the global commons”.

We are profoundly privileged to bring before you the efforts of a few genius minds in the form of “International
Journal of Theoretical and Applied Sciences”. Its aims to encourage to make aware the human being towards
scientific attitude for the betterment of ecosystem and socid life.

Cheers to al those involved directly on front or indirectly behind the curtain in this noble attempt of serving
ecosystem.

Science belongs to the whole world, and before it, vanish all the barriers of nationality. With the resonance of
science in all the activities of our lives, we are trying to marvel this age of specialization. Standing on this verge of
eternity we are trying to possess more and more of power and pelf. For it, we require a quality of mind, which
should be specia and should have an extreme advantage in leading to make discoveries. What matters is the power
of never letting exceptions go unnoticed.

The foundation blocks of research are to do the right thing, at the right time, in the right way; to anticipate
requirements; to develop resources and then to recognize no impediments and thence to master circumstances. One
has to act from reason rather than rule and to be satisfied with nothing short of perfection. True researcher residesin
the capacity or evaluation of uncertain, hazardous and conflicting information. Curiosity, Confidence, Courage and
Constancy are the hallmarks. Research is along road to be traded by the brave ones. One has to brave all odds, long
pangs of suffering and frustration to bring the work in hand to fruition. To attain the pinnacle of success one ought
to nurture research with hard work and toil.

We congratulate and wish luck to the researchers for their contributions and aspire that these works will leave a
glowing trail for the generations to come. These works will act as lighthouses to the future generations and rare
milestones in the fields of Science and Technology. It may also provide the courage to tread the long and weary path
of research, as success and hard work has a taste beyond everything.

— Editor-in-chief
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Research and Developments on Measurements of Hairiness in Cotton Yarn by
Image Processing based Techniques

R. Sudha' and Dr. V. Chitraa®
Ph.D. Scholar, Department of Computer Science,
CMS College of Science and Commerce, Coimbatore (Tamilnaduy), India
2Associate Professor, Department of Computer Science,
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ABSTRACT: The hair projecting out from the main body of the yarn are called Yarn Hairiness. It is one of the main
aspects, key indicator of limitation to detect the yarn quality. It affects the appearance of yarn and succeeding handing
out of textile process. It isin most state of affairs an undesirable property, giving rise to difficult of fabric production and
also wor sens the fabric appearance. Many growths regarding various researches on yarn hairiness have been described.
These researchers handle the various aspects such as measurement of hairiness, exhibiting, imitation, spinning
adaptations, post spinning managements and new advanced technological solution idea to automatically quantify yarn to
reduce hairiness and many techniques for detecting .by using image processing the yarn associated fabrics prediction are
carried out, and by means of Artificial I ntelligence techniquesin detection too. Thisreview isan attempt to systematically
give all significant recent growth and advancements regarding yarn hairiness, further possibilities of research and future

work arealso briefly deliber ated.

Keywords: Artificial Intelligence, Hairiness Measurement, Hairiness Modeling, Yarn Spinning, Image Processing,

Segmentation, Yarn hairiness.

I.INTRODUCTION

Yarn hairiness is fiber head or fiber tail that exposed to
yarn stem, which is caused by being not twisted
completely [2-5]. The basic form of hairiness is divided
into two categories: one is the protruding fiber ends;
another one is the looped fibers arched out the yarn
stem. The whole body is attached to the surface of the
yarn stem and not involved in the yarn, called ‘floating
hairiness’, which is not regarded as yarn hairiness. The
schematic diagram isshown in Fig. 1. [1]

protruding fibers

yarn core

,
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Fig. 1.

Yarn hairinessis acritical yarn quality parameter. There
has been significant interest in minimizing yarn
hairiness to improve both yarn and fabric quality. The
long yarn hairiness (2 3 mm) in yarn hairiness is more,
the appearance of yarn is coarser, and the hairiness is
more entangled in the process of weaving, so it is
important to accurately measure the long yarn hairiness
[1]. Various methods of hairiness testing have been
developed and evaluated. Attempts to model and

predict yarn hairiness with different techniques have
also been made over the last few years. This study isan
effort to continue the series of reviews on yarn hairiness
previously conducted by Noman Haleem and Xungai
Wang. The last review on this topic was published by
Noman Haleem and Xungai Wang in 2014 with a focus
on various Improvements in yarn hairiness
measurement, development of new spinning systems,
hairiness reducing mechanisms, and post-spinning
processes affected by yarn hairiness [6,7]. Since then,
tremendous progress has been made in the field of yarn
hairiness, ranging from modified spinning systems to
applications of advanced modeling and measurement
techniques to precisely determine true yarn hairiness.
Over 600 research studies directly or indirectly related
to yarn hairiness have been reported in the last decade
from which at least 300 are directly focused on yarn
hairiness. Even long-established theories on the
fundamental characteristics of yarn hairiness are now
challenged by new experimental evidence. It is now
opportune to provide another update on yarn hairiness.
This paper brief the importance and cause of yarn
hairiness in the second section and third sections.it also
discuss on the measurement of yarn using sensor and
signa processing in the fourth sections and in the fifth
section the application of image processing in the
measurements in elaborately discussed in the following
sections sixth section and limitation and conclusionsin
the preceding sections.

www.resear chtrend.net/| JTAS/Special 1ssue Sudhaand Dr. V. Chitraa 1

II. IMPORTANCE OF YARN HAIRINESS

It is in most circumstances an undesirable
property, giving rise to problem of fabric production
and also deteriorates the fabric appearance.
Measurement of hairiness dependent on the method
chosen for detecting the hairs. Fibers protruding out
from the main body of the yarn are called hairiness. In
most circumstances it is an undesirable property, giving
rise to problems in fabric production. In natural short
staple fiber yarns, the reason behind being wide
differences in fiber thickness, maturity and inadequate
spinning process. In filament yarns, hairiness occurs
due to weak monofilaments, inadequate finish, rough
surfaces, loose running monofilaments which break at
subsequent process (due to loose run, denier is reduced
hence weaken yarn). It is not possible to represent
hairiness with a single parameter because the number of
hairs and the length of hairs both vary independently. A
yarn may have a small number of long hairs or alarge
number of short hairs or any combination in between.
The problem is then which combination should be
given a higher hairiness rating. It is considered that
there are two different exponential mechanisms in
operation, one for hairs above 3mm long and one for
these below. The number of hairs exceeding 3mm in
length as a percentage of the total number of hairs is
found to be linearly related to the linear density of the
yarn.

IIl. CAUSES AND FACTS BEHIND YARN
HAIRINESS

Yarn hairiness is a necessary consequence of
twisting Finite length fibers into a yarn in spinning
process. However, the level of hairiness is affected by
the properties of the raw material, yarn parameters, and
processing parameters and various changes in the
Spinning Process. This may leads to directly or
indirectly cause hairinessin yarn.

Pillay proved that there is a high correlation
between the number of protruding ends and the number
of fibers in the yarn cross-section. Torsion rigidity of
the fibers is the most important single property
affecting yarnhairiness. Other factors areflexura
rigidity, fiber length and fiber fineness. Mixing
different length cottons-No substantial gain in airiness.
Although the hairiness of a yarn could be reduced to
some extent by the addition of alonger and finer cotton
to the blend. The extent of reduction is not
proportional to the percentage of the longer and finer
component. This is probably due to the preferential
migration of the coarser and shorter component, which
has longer protruding ends, from the yarn body. The
addition of wastes to the mixingincreases the yarn
hairiness; the effect of adding comber waste is greater
than that of adding soft waste. Blending-not a solution
to hairiness.

The blended yarns are rather more hairy than expected
from the hairiness of the components; a result similar to
that found in cotton blends.

This may be due to the preferential migration of the
shorter cotton fibers; a count of the number of
protruding ends of both types of fiber shows that there
is more cotton fiber ends than expected, although the
differenceis not very great. The number of protruding
ends is independent of twist, whereas the number
of loops decreases when the yarn twist increases
because of a greater degree of binding between the
fibers owing to twist. The number of wild fibers
decreases only very dlightly with twist because of their
position on the yarn periphery. The proportion of fiber
ends that protrude from the yan surface,
counted microscopicaly has been found to be about
31% of the actual number of ends present in the yarn. If
the length of the protruding fiber ends as well as that of
the loops is considered, the mean value of the hairiness
increases as the cross-sectional area increasesand
decreases with the length of the loops. The hairiness is
affected by the yarntwist, since an increase in twist
tends to shorten the fiber ends.

Wild fibers are those for which the head
aone is taken by the twist while the tail is till gripped
by the front drafting rollers. Fiber length influences
hairiness in the sense that a greater length
corresponds to less hairiness. Cotton yarns are known
to be less hairy than yarns spun from man-made
fibers. The possible reason for this is the profile of the
two fibers. Because of taper, only one end, the heavier
root part of the cotton fiber, ends to come out as
aprotruding end in a cotton yarn. With man-made
fibers, both ends have an equal probability of showing
up as protruding ends. If the width of the fiber web in
the drafting field is large, the contact and friction with
the bottom roller reduce the ability of the fibers to
concentrate themselves and hairiness occurs. This effect
is found more in  coarse counts with low TPI. This
suggests that the collectors in the drafting field will
reduce yarn hairiness.

The yarn hairiness definitely depends on the
fibers on the outer layer of the yarn that do not directly
adhere  to the core. Some of them have an end in the
core of the yarn gripped by other fibers whereas
others, because of the mechanical properties of the fiber
(rigidity, shape, etc.) emerge to the surface. During the
twisting of the yarn, other fibers are further displaced
from their central position to the yarn surface. Greater
the fiber parallelization by the draw frame, lower the
yarn hairiness. An increase in roving twist results in
lower yarn hairiness, because of smaller width of fiber
web in the drafting field. The number of fiber ends on
the yarn surface remains fairly constant; the number of
looped fibers reduces in number and length on
increasing twist.
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Combed yarn will have low yarn hairiness, because of
the extraction of shorter fibers by the comber. Yarn
hairiness increases when the roving linear density
increases. Yarn spunfrom double roving will have
more hairiness than the yarn spun from single roving.
This is due to the increased number of fibersin the web
and due to higher draft required to spin the same count.

Drafting waves increase  hairiness.
Irregularity arising from drafting waves increases with
increasing draft. Yarn hairiness also may be accepted to
increasewith  yarn irregularity, because fibers
protruding from the yarn surface are more numerous at
the thickest and least twisted parts of the yarn. Higher
spindle speed — high hairiness. When yarns are spun at
different spindle speed, the centrifugal force acting on
fibersin the spinning zone will increase in proportion to
the square of the spindle speed, causing the fibers
ends as they are emerging from the front rollers to be
deflected from the yarn surface to a greater extent.
Further, at high spindle speed, the shearing action of the
traveler on theyarn is likely to  become great enough
to partialy detach or raise the fibers from the body of
the yarn. As against the above factors, at higher
spindle speeds thetension in the yarn will increase in
proportion to the square of the spindle speed, and
consequently more twist will run back to the roller nip,
so that it is natural to expect that better binding of the
fibers will be achieved. The increase in
hairiness noticed in the results suggests that the forces
involved in raising fibers from theyarn surface are
greater than those tending to incorporate  them within
the body of the yarn at higher spindle speeds.

Higher draft before ring frame-less
hairiness. There is a gradual reduction of hairiness with
increase in draft. In other word, as the fiber
parallelization increases hairiness decreases. Reversing
the card dliver before the first drawing head causes a
reduction in hairiness, the effect being similar to that
resulting from  the inclusion of an extra passage of
drawing. Smaller roving package-less hairiness. Yarn
hairiness decreases with decrease in roving (doff) size,
and yarn spun from front row of roving bobbinsis more
hairy and variable as compare to that spun from back
row of rowing bobbins. It may be noted that though the
trends are consistent yet the differences are non
significant. The spinning tension has a considerable
influence on the yarn hairiness. The smaller the tension,
the greater the hairiness. This is the reason why
heavier travelers result in low yarn hairiness If the
traveler istoo heavy also, yarn hairiness will increase.

Yarn hairiness is caused by protruding ends,
by the presence of a majority of fiber tails. This
suggests that these tails will become heads on
unwinding and that friction to which the yarn is
subjected will tend toincrease their length. It
istherefore logica that a yarn should be more hairy
after winding.

Repeated windings in the cone winding machine will
increase the vyarn hairinessand after three or
four rewinding’s, the yarn hairiness remain same for
cotton yarns. Winding speed influences yarn hairiness,
but the most important increase in hairiness is produced
by the act of winding itself. Because of winding, the
number of short hairs increases more rapidly that
thenumber of long hairs. In two-for-one twisters
(TFO), more hairiness is produced because, twist
isimparted in two steps Yarn hairiness also depends
upon the TFO speed, because it principally affects the
shortest fiber ends. Hairiness variations in the weft yarn
will result in weft bars.

1V. MEASUREMENT OF YARN HAIRINESS

There are many hairiness measurement
techniques are followed, in that two main instruments
based on different working principles are in commercial
use. One method works through a sensor array that
measures the length of protruding fibers from the yarn
core (up to distance) and categorizes them by length.
The Second method works through a light source
incident on the yarn core, and the amount of light
scattered by the protruding fibers is used to work out a
hairiness index value for the yarn. Novel solutions
proposed for yarn hairiness measurement are largely
based on digital image processing because of its ability
to provide an intelligent vision system closely
resembled to the human eye. Yarn hairiness
measurement by means of signal processing is aso
reported by several researchers, which is discussed in
subsequent sections [8].

V. APPLICATION OF SIGNAL AND SENSOR
PROCESSING

There are  various electronic sensor based
systems are used for yarn hairiness measurement. The
hardware consisted of lenses, photodiodes, optical
filter.[9] Publications per year that have directly or
indirectly addressed yarn hairiness diaphragm. The yarn
sample after illumination with a helium neon laser
beam was sensed by means of photodiodes and the
digital signals were processed in Lab View software.
They aso experimented with CMOS line arrays for
sensing hairiness. However, the poor cost-effectiveness
of the solution may hinder its commercial feasibility.
the light beam after passing through a yarn sample
containing both polarized and depolarized components
which retained the information about yarn hairiness
intensity. It was noted that installing the appropriate
polarizers in the path of the light beam propagating
towards the electronic detector can significantly
improve the hair detection by the sensor hence
enhancing the overall efficiency of the instrument.
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VI. APPLICATION OF IMAGE PROCESSING
METHODS

Other than signal and sensor processing there were
Various applications of image processing in textiles,
ranging from fiber characterization to end product
serviceability evaluation, are discussed in a detailed
review by Behera Majumdar reported applications of
soft computing techniques in the textile industry and
highlighted some developments associated with image
processing techniques.

Fig. 2. The original image of yarn.

Utilizing image processing techniques, there are series
of research papers about appropriate hardware selection
and software development for the measurement of yarn
hairiness. Images of yarns are captured by means of a
high speed camera in the presence of back lite
illumination and yarn transport system. In some
research explained about the atomization of capturing.
In further research, Algorithm used to process the yarn
images already captured. The algorithm was capable of
simultaneously identifying the number of hairs and hair
length. Many researchers investigated the possibility of
application of image processing for the characterization
of spun yarns. Firstly the effect of different types of
illumination on yarn imaging was examined. It was
found that back lit illumination is best for visualizing
the structural details of the yarn core. The same authors
processed yarn images for hairiness measurement and
introduced a new parameter called HDDP (Hairiness
density distribution profile), which represents both the
number of hairs and their length. They reported an
image processing algorithm for yarn hairiness
measurement. the focus of their research was to
measure the true or intrinsic yarn hairiness including
those fibers that are entangled with each other. The
algorithm successfully measured the length and number
of hairs.

A possible drawback in this method is very
small scanning segments of yarns which might not give
a true picture of yarn hairiness. Nevertheless the
concept of true hairiness measurement is an important
one. Researchers from the Technical University of Lodz
proposed an algorithm for extraction of the yarn core
from a digital image, based on a graph cut method.

Chimeh et a. reported an approach for determining
yarn hairiness using digital image processing as it plays
a vital role in determining bulkiness of hair textured
yarns. There are computer agorithm that was able to
process the digital images of yarns.

A comparison with microscopic analysis,
electrostatic measurement and optical methods showed
that their method of hariness measurement had
improved measurement accuracy. Yuvaraj and Nayar
proposed a customized method of yarn hairiness
measurement, which utilized an image processing
algorithm. They also discussed the application of high
voltage to erect the hairs from the yarn core during
imaging. This technique can help in untangling the
hairs from the core and give a better estimate of the
hairiness profile of yarn. The commercial feasibility of
this method is not yet known. The use of yarn natural
images taken from and are processed based on the
segmentation, and grey scale specification which is
separated by an additive Gaussian noise with different
standard deviations.

Incorporating such information will help the
algorithm to cope with different image components
leading to an adapted filtering window. More explicitly,
given the position of an observation, our objective is to
know what is the most likely pixel position in the
vicinity with similar image content. This could help to
define the transitions on the image lattice towards
finding similar pixels within a window of a fixed
radius. Such a move is by definition anisotropic and is
deduced from the observations. For this purpose, the
introductions of probability function with respect to the
displacement vector.

A. Algorithms

The advanced modeling techniques, i.e. neural
networks and fuzzy logics for predicting hairiness,
digital image processing, and signal processing for
measurement of yarn hairiness and the effects of
various material and processing parameters on yarn
hairiness using artificial intelligence techniques.

The lists of algorithms are used in the
processes of hairiness of the yarn to find the hair index
and the parameters required for the process of findings
in image processing techniques. Each and every
algorithm has its unique style of processing the image
for the process of segmentation,

. Kittler binary

. Graph cut Segmentation Algorithm
. Double threshold algorithm

. ICM algorithm

. MRMRF agorithm

VII. EXISTING HAIRINESS MEASUREMENT
SYSTEMSLIMITATIONS

A well-established limitation of the hairiness
measurement system is the effect of testing speed on
yarn hairiness results. Various authors focused on this
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issue and discussed the differences in friction and air
drag at different test speeds.

Serious limitations of sensor array based instruments
reported. Were the effects of sensor resolution,
determination of zero reference point on the instrument
and signal threshold level on hairiness results. The
ability of the instrument to detect hair intersections
normally decreases with a decrease in signal threshold
level and similarly the determination of the zero
reference point affects hairiness measurement. Guha et
al. pointed out the effect of orientation of the protruding
hair on detection made by commerce al instrument In
most cases hairs ae not straight or exactly
perpendicular to the yarn core but can be Entangled,
wrapped around the core, twisted with each other and
randomly oriented. This randomness in their structure
does not allow conventional instruments to measure
their true or intrinsic length. It is worth noting here that
even the results of existing systems of hairiness
measurement, working on different principles, cannot
be correlated. A lot of work remains to be done on
harmonization and standardization of hairiness testing.
The devices that measure yarn hairiness based on light
scattering usually use a stoppage device to block the
incident light so the sensor can detect the scattered
signal. This stopping phenomenon can cause a loss of
information, which may result in wrong measurement
of yarn hairiness. All types of existing hairiness
measurement systems scan yarn samples in two
dimensions for hairiness determination. Only those
hairs that spread in front of the sensors will be
considered during the measurement. Some hairs may be
deflected during testing and only segments of these
hairs protrude in front of the sensor. This will result in
misclassification of hairs into wrong length groups.
This issue certainly needs serious attention from the
manufacturer’s side. Hairs may be rubbed up during
hairiness testing by stationary guides on the testing
equipment and produce undesired air drag. Replacing
these stationary guides with moveable pulleys could
improve the accuracy of hairiness test results. Recently,
Haleem and Wang investigated the accuracy of
measurement of existing hairiness systems by
measuring the actual hairiness of different types of
yarns using a tedious yet accurate manual method. They
straightened each hair and fixed it to a sheet of paper.
The sheet was then scanned and analyzed to obtain true
length and number of protruding hairs. The results
revealed very significant discrepancies, not just in the
number of hairs but aso in the actual hair length
distribution profile. The hair numbers obtained from
this manual method were much greater than that
obtained from the hairiness meter, and the true hair
length distribution does not follow the well-known
exponential decay. Most hairs range in length from
Haleem and Wang 1-12mm and then hair frequency
decreases gradually up to alength of around 25 mm.

VIIl. PREDICTION AND MODELLING YARN
HAIRINESS

Advancements in modeling and simulation
techniques have alowed quite accurate prediction of
yarn properties from fiber and processing parameters.
Jackowska-Strumillo et al. developed separate artificial
neural networks using various quality parameters,
including yarn hairiness, for flax/cotton blended spun
yarns. Predicted values from the neural model showed
good agreement with actual values. It was further
observed that finer yarns exhibited less hairiness as
compared to coarser ones and the influence of blend
ratio cannot be unambiguously determined on yarn
hairiness. Similarly, in another study, a comparative
analysis was made between regression, non linear
regression, perceptron, and ADALINE networks for
hairiness prediction. The vital parameters affecting yarn
hairiness were yarn linear density and cohesion of
fibers in fed diver. Some other studies also reported
hairiness models developed by taking various material
and process related parameters as inputs. Both
regression analysis and neural networks were utilized
for modeling yarn hairiness. However, neura models
showed better results while predicting unseen data,
pointing towards their ability to model even nonlinear
relationship is between variables, which are not
possible by line a regression analysis. The logic is aso
supported by higher values of regression coefficient for
neural networks as compared to linear regression.

An important parameter affecting the
performance of neural model is the size of training
dataset. Comprehensive dataset with appropriate size
can train a neural model to predict more efficiently
while a limited dataset can significantly decreases its
performance. Baykal et a. modeled hairiness of
polyester cotton blended yarns by means of regression
analysis taking blending ratio and yarn linear density as
the input variables. The observe defect of yarn linear
density and blend ratio on hariness agreed the
established facts. Finer yarns possessed lower hairiness
compared to coarser yarns. Increment in polyester
content up to a certain limit in the blend reduced
hairiness and later increased hairiness. Later some
researchers compared artificial neural network and
statistics based regresson models for predicting
different yarn properties like unevenness and hairiness.
An important point here is inclusion of roving
parameters in the input variables domain which was not
done before. The neural networks performed better than
regression analysis here as well indicating the
superiority of neura networks due to their ability of
understanding nonlinear relations. According to neural
model, the decisive parameters that impact yarn
hairiness are fiber length uniformity, fiber strength, and
its elongation, while regression analysis points out fiber
elongation and strength as major affecting parameters.
Similarly, Khan et al. proposed two hairiness models
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based on multiple linear regression and artificial neural
networks and compared the results with those obtained
from the CSIRO Sirolan Yarn spec program [19].
Neural networks predicted the results closer to target
values as compared to regression analysis. Through
sensitivity analysis on developed model they found that
yarn twist had the greatest effect on hairiness followed
by other parameters like ring diameter, average fiber
length, fiber diameter, and yarn count. Also, it was
observed that relationships between fiber parameter
sand yarn properties are not perfectly linear. An
interesting publication by Maumdar et a. is worth
mentioning here in which the most cost-effective fiber
properties are predicted from the desired yarn [20,21].
Comparison between the results of tex cotton rotor yarn
from Zweigle hairiness tester and manual method.
Properties by reversing the neural network [21]. In this
case, yarn hairiness was selected as an input parameter
aong with other yarn parameters for choosing the
appropriate raw material.

The crucial parameters of bale selection, i.e.
spinning consistency index and micronaire value of
fiber for laydown in blow room, were predicted. The
same authors proposed a neuro fuzzy model for
predicting cotton yarn hairiness. The analysis showed
that two of the most critical parameters for predicting
yarn hairiness are yarn count and fiber length. Hairiness
decreased when yarn becomes finer and fiber length
increased. Mature cotton fibers tended to produce less
hairy yarns and short fiber content was not found
significantly influencing hairiness. Zhao in his multiple
papers reported models of cotton yarn hairiness
developed through multi-layer perceptron’s. The
hairiness of spun yarns was predicted from ring
processing parameters, i.e. aperture of guide wire, nip
gauge, spindle speed, and back draw time. Also using
multi-layer perceptron, the yarn hairiness after sizing
and warping processes was predicted through the
respective input parameters. However, no information
was provided regarding the predictors and their
respective influence on yarn hairiness.

IX. CONCLUSIONS

Yarn hairiness is an important quality parameter of
Yarns and has vital importance for yarn performance in
further processing and for end product performance.
Accurate measurement of yarn hairiness is necessary
for appropriate quality control. Currently, two hairiness
measurement methods based on either a linear array of
optical sensors or light scattering principles are
commercidly in use. Several limitations with these
systems raised the necessity of development of new
solutions for yarn hairiness determination. Image and
signal processing techniques have been investigated as
effective and efficient means for evaluating this
important yarn characteristic. Successful development
of testing hardware and the design of intelligent

agorithms has been reported but these solutions have
not yet been commercialized. It can be anticipated that
novel solutions for hairiness measurement will be
available soon because of increasing awareness and
demand for quality. Appreciable efforts have been
made in modeling yarn hairiness. Various models
through statistical and artificial intelligence means were
reported predicting the value of yarn hairiness from a
wide range of process and material based parameters.
The predictions of the models were claimed to be very
good. Datasets of acceptable number of observations
were utilized to train and validate the neural networks
and regression equations. However, neura network
based models gave better prediction of output variables
than regression equations because of their ability to
learn from data patterns and nonlinear fitting of data
Appropriate applications of well-designed modelsin the
spinning industry can serve as a decision support
system to achieve high end quality products. In the
context of this study and comprehensive review of
recent developments in improving yarn hairiness, it is
essential to mention some suggestions and possible
future work in this area. Measurement of true yarn
hairiness is far from reality today because of limitations
in existing measurement systems. It is necessary to
utilize the intelligent solutions like image and signal
processing in combination with promising hardware
designs to measure the true hairiness of spun yarns on a
commercia scale. Reducing yarn hairiness by means of
compact spinning might be an expensive solution for
some companies, but simple modifications to existing
machines or even to the fibers themselves may also
produce yarns with improved quality. In addition to
ring spinning, it is important to study other spinning
systems with the latest available techniques and
technology to further improve them for production of
less hairy and highly even yarns.
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