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Abstract: Fibre blend should be composed regarding the requirements and allowable price of the textile end
product. Using the appropriate raw material and qotimised fibre blends we can influence the medhanica
properties and regularity of ayarn aswell as sgnificantly reduce the number of yarn faults.

The contribution presents a study of the influence of quality characteristics of cotton fibres and constructional
parameters of ayarn onthe most important properties of cotton yarn. The adieved results have been used for
determination of optimised cotton fibre blends regarding the quality and price of a cotton yarn. A complex
procedure of cotton fibre blend determination significantly depends on suitable models for prediction of
properties of resulting cotton yarns, in-depth knowledge of charaderistics of cotton fibres and consideration of
parameters of a production process The results of a theoretical part of the research have been summed upin a
model of cotton yarn engineaing, which main comporents are regression model for prediction of properties of
cotton ring and rotor yarns, and model for optimisation of cotton fibre blends regarding the quality and price
The regression grediction model has been designed using one of the popular artificia intelligence methods: the
madine learning from examples. The prediction accuracy for forecasting the breging tenacity, bregking
extension, and regularity of cotton yarns, as well as amourt of yarn faults, was significantly improved. The
obtained regression trees erved as a basis for realisation of a model for optimisation o cotton fibre blends
regarding the quality and price of resulted yarn. Spedal linea programming tedniques, supdemented by
specific spinning techndogy constraints have been used for this purpose.

In order to enable the comparison between the predicted and measured properties of investigated properties of
cotton yarns, a new method of analytical evaluation and graphica representation of a so-cdled Yarn “Total
Quality Index — TQI” was developed. The graphicd representation has aform of a wntrol diagram and because
of its clearnessprovides a potential for areferential document of a modern spinning mill . Furthermore, it can be
successfully used for establishing the indulitable dialogue between a spinning mill and its customers. TQI was
developed based onreferential information of textile fibres and yarns, included into Uster Statistics.
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1 Introduction learning from examples and appropriate
Modern concepts of computer based information optimisation methods were first studied and
systems to suppat the vyarn engineqing/ developed'. Induction of regresson trees to preqllct
optimisation of fibre blends, aswell asfor collection the most important cofton yarn properties coming
and pocessing of data, relevant for the whole out from (_:otton fibre e_nd fibre bIer_ld properties
spinning process, have to be used today in order to made possble to effedively determine the yarn
asure a reliable production pocess and charaderistics before entering the atual production.
high/constant quality of semi- and final products. The onstructed regresson trees and certain

constraints wrved as a base for optimisation o
quality and material costs of cotton mixture
compasition. Machine learning from examples and
optimisation programs were successfully integrated

With the dm to build the computer programme
to support the quality/price optimisation o fibre
blends, a modd for yarn engineaing using machine



into the computer programme for optimisation o
cotton yarn blends.

Collection of relevant spinning data and
application of results of optimisation methods were
caried aut in a real prodwction environment —
spinning plant that produced carded and combed
cotton-type spunyarns.

2 Engineered Fibre Selection

Yarn engineering as a process of yarn quality
planning and manufacturing of yarn based on the
fibre properties is becoming more and more
important in today's textile climate and competitive
environment. The theory on howv fibre materials
react during spinning process is gill insufficient.
This is the reason that the wtton spinning mill s buy
too good and therefore too expensive attons. Only
with detailed knowledge of the raw material to be
processd and its reaction duing the processwe ae
in paition to achieve an optimum setting of
production machines and to fully exploit the quality
potential of the raw material. The acwdrate tods to
predict quality properties of yarn taking into
consideration the raw materia physical and
medhanical characteristics as well as to gptimise the
fibre mixture ae nealed to asarre the effective use
of cotton fibres [1,2]. Raw material can best be
utilised if a computer-based yarn engineering and
bale seledion/ management systems are available.
Madchine learning techniques could be effectively
used to predict the yarn properties coming out from
charaderistics of the raw material. The accurate
prediction of the quality of yarn is afirst step to the
determination of an optimal fibre mix and therefore
the minimisation d the raw materia costs,
appropriate and constant quality of the yarn and
greder share of profit, optimised weaving process
and higher quality of produced fabrics.

In the spinning mill we use the combination of
ontline and df-line quality asaurance axd chta
collection/processing systems which ensure that the
process faults are detected at an ealy stage, so that
the anount of downgrade materia can be reduced.

Yarn engineeing is referred to the fine tuning of
the fibre properties in the bale mix to the
requirements of the end product. With such
optimisation we can achieve improved yarn quality,
higher production, and reduction of yarn costs.
Effective fibre testing systems, together with
application of modern computer hardware and

software, enabled new approaches to yarn
engineaing and cotton fibre selection.

The experience, obtained by development and
use of madiine leaning tedhniques, as well as the
existing CAPP (Computer aided process planning)
software, enabled the design o an integrated
computer programme for use in a cottontype
spinning mill . The programme consists of [34]:

e moddefor input of data,

» database,

» modue for prediction of properties of yarn,

* modue for determination o cotton fibre
mixtures, and

 CAPPmodue.

RETIS madine learning system [5] is used as a
prediction modue and linea inequalities system
solver is used to suppat the fibre blend
determination modue.

3 Data Setsand Optimisation of
Fibre Blends

The system for automatic induction of regression
trees RETIS was used for the construction of several
regression trees with dfferent pruning degrees.
Regresson trees are similar to classificaion trees,
with the difference that while dassification trees are
used to classify objects into dscrete classes,
regresson trees are used when the class is
corntinuaus. The dtributes - fibre qudity
charaderistics — were used to predict the most
important yarn properties for the weaving process.
By leaning regresson trees these properties of
cotton yarn were determined as a function d fibre

properties.

We can present the constructed regression treesin a
textual or in graphica form. The graphical
representation is preferred because of itslogica and
simple interpretation. To determine one of the
properties of a new cotton mix, we simply follow
the values of attributes in the gpropriate tree and
read thevaluein aled. A part of alearning example
set - cotton fibre axd yarn characteristics - is
presented in Table 1.

The basic partition d regresson trees into
subtrees, was made taking into account the main
technological and constructional parameters. type
of technologica process of spinning, linear density
of ayarn, and yarn twist. Properties of cotton fibres,
used as comporents of cotton mixtures, were
included into a separate file. A particular file was



created also for properties of cotton mixtures, from yarns, included in learning examples, is given in
which the yarns, included in learning examples, Table 2.
were produced. A part of mixture composition for

Table 1. Thelearning examples st

No. |[TP| TEXM | TWIST | CROSS | Y-STR | F-STR [MAT |FIN[ M-L | C-L |%U10 | W%U10 | %AML | T-C | SC
1 1 3078 720.00f 160.00] 1330 4224] 8139 4.91] 16.71] 29.90, 33.58 1100 4798 3.38] 0.25
2 1| 2970 670.00] 160.00f 1505 4224 8387 4.90| 14.46| 2859 44.65 1600, 4591 523 0.25
3 1| 2950 697.00] 160.00f 1359 4338 80.00] 4.83| 16.22| 29.30] 36.45 1225 4559 5.80[ 0.13
326 3[ 2980 837.00[ 194.00] 11.70[ 4246| 8124 3.99] 14.64| 32.19| 29.46 9.83] 5333 3.56] 0.00

Table 2: Cotton mixture composition

LEConsNo. | % FT1] % FT2 | % FT3 | % FT4 | % FT15 | % FT6 | % FT7 | % FT18 | % FT9 [% FT10] SUM
1-10 1200 3800 2900 1400 7 100)
11-33 1300 4100 25.00 15.00 6 100
3448 2800 1900 3100 1400 400 3.00 1 100

313-326 5000 4500 5 100)

Remark: LE Cons.No means: Learning Example Conseautive Number from Table 1.

Constructed regression trees were used for To determine one of the mentioned properties of a
prediction of the most important cotton yarn new cotton mix, we simply follow the values of
properties: bre&ing tenacity, breaking extension, fibre atributes in the gpropriate tree and read the
irregularity, number of thin/thick places and neps. valueinaled.

ClassersLength

=< 3141 > 31.41

MeanLength

PreUnder10mm

=< 16.78 > 16.78 =< 28.60 > 28.69

PrcUnder]0mm ( Maturity ] [ 613000

=< 40.26 > 40.26 =< 8140 > 81.40

/
=< 79.33 >179.33
=< 43.36 > 43.36

FibreStrength

Figure 1. Regressiontreefor prediction of yarn tenacity



Designed regression trees can be used to evaluate

the class value for new examples. The atribute

values can be inputted into the system which

interprets the tree automaticaly and caculates the

class value of the new example. One of the

regression treethat served for the prediction d yarn

tenacity (in cN/tex) is srown in Figure 1. Once the

regression trees are built, it is possible to start the

optimisation process using linea programming

algorithms with particular congtraints. The

optimisation must take into acount both quelity of a

yarn to be produwced and material costs. The

optimisation process can be described in a form of

the following steps:

* Appropriate regressiontree must be chosen.

* We decide, which led in aregression treeis the
most important for a certain yarn property.

e Path, describing the way to this led determines a
system of linea inequalities.

» Additional constraints can be given.

» Using the linear inequalities system solver we
seach the objective function.

PROBLEM: YAST1_IN/Leaf #5

4 Resultsand Discussion

High degree of correlation between the predicted
and measured values of yarn properties was
established when testing the aceiracy of prediction
modue of the programme. The @rrelation
coefficients [4] varied between 0.85 (number of
thick places) and 0.98 (yarn breaking tenacity). The
tree, shown in Figure 1, was induwced uwsing the
prediction modue of the programme. It has sven
nodes and eight leaves. The optimisation modue of
the programme produced linear programs for each
of the regression tree leaves. It considered the
number of variables and constraints to set up the
objective function. The minimal vaue of the
objective function, i.e, fibre blend price, was
cdculated as a solution. At the end of the procedure,
the share of each fibre blend comporent was given
in a form of optimal variable values. One of the
optimisation resultsis shown in Figure 2.

Number of variables = 10
Number of constraints = 14
CONSTRAINTS:
C0l: + 30.33 x1 + 29.60 x2 + 28.60 x3 + 26.94 x4 + 28.70 x5 + 28.13 x6 + 2B8.73 x7 + 31.90 x8 + 31.63 x9 + 21.02 x10 <= 31.41
€02: + 16.55 x1 + 15.23 x2 + 14.83 x3 + 13.27 x4 + 13.58 x5 + 14.20 x6 + 13.84 x7 + 19.23 x8 + 16.86 x9 + 10.44 x10 >= 16.78
C03: + 82.87 x1 + 85.50 x2 + 81.57 x3 + 82.71 x4 + 80.00 x5 + 79.49 x6 + 78.02 x7 + 82.37 x8 + 80.35 x9 + 72.47 x10 <= 81.40
C04: + 1.00 x1 + 1.00 x2 + 1.00 x3 + 1.00 x4 + 1.00 x5 + 1.00 x6 + 1.00 x7 + 1.00 x8 + 1.00 x9 + 1.00 x10 = 1.00
C05: + 1.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5S + 0.00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
C06: + 0.00 x1 + 1.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
C07: + 0.00 x1 + 0.00 x2 + 1.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
co8: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 1.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
c09: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 1.00 x5 + 0.00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
C10: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 1,00 x6 + 0.00 x7 + 0.00 x8 + 0.00 x9 + 0,00 x10 <= 1.00
Cll: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 1.00 x7 + 0.00 x8 + 0.00 x9 + 0.00 x10 <= 1.00
C12: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x7 + 1.00 x8 + 0.00 x9 + 0.00 x10 <= 1,00
Cl13: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x7 + 0.00 x8 + 1.00 x9 + 0.00 x10 <= 1.00
Cl4: + 0.00 x1 + 0.00 x2 + 0.00 x3 + 0.00 x4 + 0.00 x5 + 0.00 x6 + 0.00 x?7 + 0.00 x8 + 0.00 x9 + 1.00 x10 <= 1.00
OBJECTIVE FUNCTION:
y = + 324.00 x1 + 310.00 x2 + 297.00 x3 + 290.00 x4 + 270.00 x5 + 257.00 x6 + 296.00 x7 + 315.00 x8 + 298.00 x9 + 130.00 x10
SOLUTION:
Minimal value of objective function:
y = 263.44
Optimal variable values:
x01 = 0.00
x02 = 0.00
x03 = 0.00
x04 = 0.00
x05 = 0.00
x06 = 0.00
x07 = 0.00
x08 = 0.72
x09 = 0.00
x10 = 0.28

Figure2: Optimisation resultsfor leg No. 5

Explanation of terms:

* Number of variables: number of cotton fibres -
comporents of fibre mixtures.

*  Number of constraints - number of all constraints
taken into account.

* Objective function - the price of the wtton fibre
mixture which isto be minimised.

e Solution:

= Minimal value of objective function -
minimised value of the mixture price that can
be adieved considering the given constraints.

= Optimal variable values. share of mixture
comporents.

Eadh leaf of the tree was analysed automaticaly by
the programme in order to achieve best paossible
results of optimisation regarding the give pre-



condtions. In above given example, the solution
which followed from the leaf No. 5can be treated as
optimal one taking into account both cotton yarn
strength and fibre blend price. The solution, given
by the programme module for cotton blend
optimisation, is as follows:

“The optimised cotton fibre blend, which will
(considering the adual production stages and production
lines’/machines, used the regresson prediction model)
enable the production o a yarn with bre&ing tenadty of
15.43 cN/tex, is composed of 72 % of fibre type No. 8
and 28% of fibre type No. 10.”

In close w-operation with ou industrial partner,
we have gplied both described modues of the
programme to ogimise the aitton fibre blend for
spinning using the crded cotton line. We fed the
system with information regarding the available raw
materials. After finished optimisation process the
chegpest cotton fibre mixture was determined that
shoud enable the production d yarns with
properties, required in technical documentation.
Price of the fibre blend, propased by the programme
was lower for nearly 2 % when compared with the
previous one used for production of the same yarn.

5 TQI - Yarn Total Quality Index

In order to assure the comparison ketween the
predicted and measured properties of cotton yarns,
an entirely new methodfor analytical evaluation and
graphical representation d a so-cdled “Total
Quality Index — TQI” [6] was created.

TQI is based on applicaion o Uster Statistics [7]
andis defined in afollowing way:

TQI =f (Yarn Properties(U) *); 0<TQI<1

We dedt with the 6 yarn properties, therefore the
expression gets this form:
TQI = (Ytenacity(U) * +Yelongation(U)+Yirregularity(U)+
+YThick pl.(U)+ YThin pl.(U)+ Yno. of neps(U))/6

The higher TQI, the higher is estimated yarn quality.
Above dl the graphical representation of TQI
enables a clear and quick insight into yarn quality
regarding the most important yarn properties and
can therefore dso be used as a @ntrol/referential
document of a modern spinning mill. Figure 3

presents TQI for OE-rotor yarn having linear
density of 40 tex.

" Remark: Yarn property(U) means arelative value
regarding the Uster Statistics[7].

95% USTER 50% STATISTICS 5%
YARN PROPERTY | UNIT
i | T )
BREAKING TENACITY ~ 5 e /zz 20 2 CN.tex
BREAKING ELONGATION %
IRREGULARITY 158 149 142 133 125 CV %
THINPLACES | 35 = 5 > o (1000 m)™
|| """""""""""""""" Ny 4
1
THICK PLACES | 10 ™ § - " (1000 m)
| l )
NEPS 170 70 25 8 2 (1000 m)
—
== Measured value
TOI =0.617

= Predicted value

Figure3: TQI of OE-rotor yarn, 40tex



6 Conclusions

A complex procedure of cotton fibre blend
determination significantly depends on suitable
models for prediction of properties of resulting
cotton yarns, in-depth knowledge of characteristics
of cotton fibres and consideration of parameters of a
production process The results of a theoretical part
of the reseach have been summed upin a model of
cotton yarn engineaing, which main comporents are
regresson model for prediction of properties of
cotton ring and rotor yarns, and model for
optimisation of cotton fibre blends regarding the
guality and price. The regresson prediction model
has been designed using one of artificial intelligence
methods: the madhine leaning from examples. The
prediction accuracy for forecasting the breaking
tenacity, bre&ing extension, and regularity of cotton
yarns, as well as amourt of yarn faults, was
significantly improved. The obtained regression trees
served as a basis for redlisation of a model for
optimisation of cotton fibre blends regarding the
quality and price of resulted yarn. Specia linear
programming techniques, suppdemented by specific
spinning technology constraints have been used for
this purpose.

A new method d analytica evaluation and graphical
representation o a so-cdled Yarn “Total Quality
Index — TQI" was introduced that enables the
comparison letween the predicted and measured
properties of investigated properties of cotton yarns.
The graphical representation has a form of a control
diagram and lecause of its clearness provides a
potential for a referential document of a modern
spinning mill. Furthermore, it can be successfully
used for establishing the indubitable dialogue
between a spinning mill and its customers.
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