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M Introduction

The properties of textiles, and ultimately
their industrial utility, depend among
other things on the degree of cotton ma-
turity. Determining this degree enables
us to predict textile properties. Literature
regarding determining this degree is lim-
ited to analyses of macroscopic features
of single fibres, or bundles of fibres [1].

A well-known standardised method using
polarised light enables us to determine
the average maturity of cotton fibre bun-
dles [2]. Also well-known is the AFIS sys-
tem to determine the degree of maturity,
in which a computer analysis of cross-sec-
tion images of single fibres is applied [3].

The commonly known ‘Soviet standards’
method is a comparative method, used as
a base for the standardised PN method.

This method consists in observing the
longitudinal view of the fibre (its trans-
parencies, breaks and numbers of turns)
under an optical microscope. The fibre’s
shape is then comprised with the ‘Soviet
standard’ pattern. This estimation is bur-
dened to a large degree with the subjec-
tive factor.

The presented paper introduces a method
for determining the degree of cotton ma-
turity based on images from a scanning
electron microscope (SEM) of the shape
of the cotton fracture. For this purpose,
the fuzzy set theory method is applied.
We were inspired to use this method by
the ambiguity of the characteristic fea-
tures of cotton fractures as assigned for
a given degree of fibre maturity. Whether
or not the given features of fracture occur
is not entirely unambiguous.
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Applying Notions and Methods of Fuzzy
Set Theory to Analysis of Microstructure

of Cotton Fracture

Abstract

The degree of cotton maturity is a significant parameter characterising the properties of a
fibre. Many textile properties depends on the degree of cotton maturity. A frequently applied
method for determining this is based on the so-called ‘Russian standards’which have been
long applied in Poland. This paper proposes another method for determining the degree of
cotton maturity, based on a cotton fracture image from a scanning electron microscope. For
this analysis of the cotton image, the elements of fuzzy set theory are applied. Since categories
of images of cotton fracture do not have clearly defined boundaries, the application of fuzzy
set theory for determining the degree of maturity seems justified.
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images.

Procedure for cotton maturity
identification by the fuzzy set

The procedure for identifying cotton fi-
bre with the fuzzy set approach is shown
in Figure 1.

Let us analyse the stages of this proce-
dure. A population of 200 cotton filament
fibres is randomly chosen from the cotton
samples. For this population a maturity
degree has been determined according to
a standard PN pattern. This comparative
method is based on qualitative analysis
of such features of the cotton as trans-
parency, breaks, number of turns and
comparison with standard PN pattern. It
is obvious that such comparisons are to
some degree subjective. The boundaries
between individual degrees of maturity
are not sharp. For these cotton fibres,
after the PN standard determining the
maturity degree, according to the PN
standard cotton fractures are prepared.
Each cotton fibre is stretched on an In-
stron tensile tester to breaking point.

Images of cotton fractures depend on
the cotton’s microstructure (crystallinity
index, sizes of crystallites, and texture),
and consequently on its maturity degree
[1, 6]. Detailed analyses of cotton fracture
images allow us to distinguish 14 differ-
ent categories [6]. Examples of this cat-
egory images together with the assigned
number are shown in Figure 2 (set Y).

The following categories of fracture,
which are described with linguistic vari-
ables and numbered, are identified on the
broken fibre ends; tensile rubber (1),
broken tree (2), cracked untwisted rope
(3), cohesion of broken fibre end (4),
macro- and micro- fibrils occurring in
the broken fibre end (5), ductile callosi-
ties (6), shapeless agglomerate (7), folds
(8), wrinkles (9), furrows (10), grooves
(11), stratification of morphological fibre
structure (12), appearance of fibril struc-
ture, primary wall (13), brush shape (14).

These features are not defined with com-
pletely distinct boundaries of difference,
categories are not entirely distinguished
among each other, and have been only
linguistically denoted. For each maturity
degree it has been subjectively evaluated
participation of category image broken
cotton to maturity degree. This evalu-
ation is comparative nature, burdened
subjective factor because of not quite
defined boundaries and uncertainty of
evaluation decision. For this reasons
membership of categories to maturity de-
gree has been evaluated on Zadeh’s fuzzy
set theory conception [5]. The member-
ship function value has been subjectively
evaluated according to the concepts pro-
posed by Zadeh (blurred boundaries) and
Sugeno which proposition is based rather
on guessing [8]. The membership func-
tion value ‘1’ is assigned for the category
of ‘completely belonging’ to a given
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Figure 1. Procedure for assessing cotton fibre maturity.
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Figure 2. Category of cotton fracture, visible on the SEM images, and number of category (in brackets): tensile rubber (1), broken tree
(2), cracked untwisted rope (3), cohesion of broken fibre end (4), macro- and micro- fibrils occurring in the broken fibre end (5), ductile
callosities (6), shapeless agglomerate (7), folds (8), wrinkles (9), furrows (10), grooves (11), stratification of morphological fibre structure
(12), appearance of fibril structure, primary wall (13), brush shape (14).
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Table 1. Discrete membership function values for SEM images of cotton fracture.

2 3 4 5 6

Maturity
degree

Plastic fracture
0.5 1 05 | 05 | 05 0 1
1.0 1 1 1 1
15 | 05 1 1 1 0.5 1
20 | 05 05 | 05 1 1 0.5
25 0 05 | 05 | 05 1 0.5
3.0 0 0 0 0 1 0
3.5 0 0 0 0 0.5 0

maturity degree, and ‘0’ for the case of
category ‘evidently not belonging’ to a
maturity degree. The membership func-
tion values between 0 and 1 evaluate the
intermediate state of category, belonging
to a given maturity degree. Fuzziness
should be understood as a subjective
grade of certainty for the category be-
longing to a given maturity degree.

Table 1 shows the estimated values of
membership function for standard pat-
terns. In this manner a fuzzy relation R,
has been generated as pattern standards
based on SEM cotton fracture images.

Formalisation of cotton
maturity degree in the fuzzy
set theory approach

Let us assume the following givens:

1). Discreet set of degrees of cotton
maturity:

X:[xl, ..... ,x7] @))

where x; = 0.5, x,=1,x3= 1.5,
x4=2.0,x5=2.5,x6=3.0x7,=3.5

2). Set of ‘features’ of cotton fracture
defined with linguistic variables (see
Figure 2)

Y yial (2)
3) Let us form the Cartesian product

I': XxY
4) Let us define the fuzzy relation R:
R={Gy)v(ny)et]f T =Pl 3)

The membership function f of the fuzzy
relation R assigns a number from the in-
terval [0, 1] to every pair (x, y).

The values of membership function qual-
ify the membership of pairs ‘category—
maturity degree’ to the fuzzy relation (3).
These values of membership function for
a given category of cotton fracture are
set down in Table 1. Therefore, the fuzzy
relation formed may be interpreted as a
‘micro-scale’ pattern for determining the
degree of cotton maturity, equivalent to
the PN and ‘Soviet’ standards.
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Elastic - plastic fracture

Number of category

8 9 10 11 12 13 14
Elastic fracture

0 0 0 0 0 0 0
05 | 05 0 0 0 0 0
1 05 05 05 0
1 1 1 1 05 05 | 05
0.5 1 1 1 0.5 | 05 1

o
o

0 05 05 05 1 1 1

Figure 3 illustrates the ‘spatial’ extension
of fuzzy relation (3). The values of the
membership function f{x,y) are extended
into intermediate values, because the
support of the fuzzy relation has been
extended.

Determination of maturity
degree on the fuzzy set
pattern relation R,

The above-formed ‘fuzzy pattern’ for
determining the maturity degree may
be a tool for determining the maturity
degree of newly examined cottons. For
this purpose, we suggest using a distinct
representation of fuzzy relation (3) using
Zadeh’s notation [7], namely:

A;j=Rpx;=fixp, yplyy + o+ '
+ flv vigdlvig @

These representations for x; € X consist of
a sequence of discrete fuzzy sets A;. Each
individual fuzzy set A4; corresponds to a
maturity degree. Every maturity degree (x;)
of cotton has a characteristic representation
(4;) identifying this maturity degree.

To assess the maturity degree of the
newly-examined cotton fibres, SEM
microphotographs of the cotton fracture
should be taken, and next the category
should be identified according to Table 1
for the SEM images obtained. This iden-
tification consists in assigning the values
of the membership function &(x..., y...)
for each category.

Therefore we obtain a new fuzzy set:
B =E(x1, y1)|p1 + -+ (51 314))314
(5)
Let us now form a measure of similarity
fuzzy sets 4; and B [8]:
Ai N B
Sj _ ” 1 ” (6)
[r |
where ||Ai B, HAi ] BH denotes the
responsible norm of conjunction and the
sum of fuzzy sets [8]. Determining values

of similarity, we measure S; for each fuzzy
set 4; and B, and we obtain a sequence of
S; values. The supreme value of S; corre-
sponds to the maturity degree of the cotton
investigated.

B Example

Let the fuzzy set B of the maturity degree

be given for the cotton analysed:

B=0/1+0/2+0.6/3+0.8/4+0.9/5 +
+0.9/6 +0.5/7+0.5/8 +0.6/9 +
+1/10+ 1/11 + 0/12+ 0/13 + 0/14

We recall Table 1 and the standard pat-
tern of set A:

B=1/1+0.5/2+0.5/3+0.5/4+0/5 +
+1/6 +0.5/7+ 0/8 + 0/9 + 0/10 +
+0/11+0/12+0/13 +0/14

Let us calculate the similarity index

_lang|

e

A;NB=0/1+0/2+0.5/3 +0.5/4 +
+0/5+0.9/6 +0.5/7+0/8 +

+0/9 +0/10 +0/11 + 0/12 +
+0/13+0/14

1

maturity degree

Figure 3. Dependence of the category of
cotton fracture on its manurity degree.
Correlation between category of cotton

fracture and membership function.

FIBRES & TEXTILES in Eastern Europe January / December 2006, Vol. 14, No. 5 (59)



HAI mBH: 0.5+0.5;:10.9+0.5 :%

A;UB=1/1+0.5/2+0.6/3+0.8/4 +
+0.9/5+1/6 +0.5/7+0.5/8 +
+0.6/9+1/10+ 1/11 +0/12 +
+0/13 +0/14

||A1uB||—(1+05+06+08+
+09+1+05+05+
+0.6+10+1)/14=
=8.4/14

Therefore S; =2.4/8.4 =0.285

In the same way we calculate: S, =0.294,
§3=0.563, S,=0.518, S5=0.385,
S =0.409, S7=0.186.

The sum of §; is:
sup{Sy, S2, 83, 84, S5, S, S7+ = 83

The similarity index reaches a maximum

value for set 43 of the fuzzy standard
and set B of the cotton fibre analysed.
It means that the maturity degree of the
cotton analysed is equal to 1.5.

B Summary

In this work we have introduced a meth-
od for determining the degree of cotton
maturity on the basis of SEM images of
fibre fracture. To analyse the SEM im-
ages of the cotton fracture we applied the
notion and method of fuzzy set theory.

The connection of the experimental
technique of scanning electron micros-
copy and the theoretical method of image
analysis may prove to be valuable. This
initial consideration as we have present-
ed it will be developed in further analysis
with the computer method.
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INSTYTUT BIOPOLIMEROW | WLOKIEN CHEMICZNYCH
INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
£ODZ, POLAND

Established in 1952

The Institute of Biopolymers and Chemical Fibres specialises in scientific and
technological research in natural and synthetic polymers and man-made fibres,
including among others the following:

® modification and utilization of natural and synthetic polymers, e.g. cellulose,
lignin, chitin, chitosan, starch, alginates, keratin, polyamides, polyester, polypro-
pylene, etc.;

B classical, modified, and new generation man-made fibres manufactured from
natural and synthetic polymers, such as cellulose, cellulose carbamate, chitosan,
polyamide, polyacrylonitrile, polyester, and polypropylene, especially alternative
technologies of cellulose fibres, such as cellulose fibres made from direct soluble
cellulose;

m special fibres and fibrous materials from different polymers, fibres and fibrous

materials for medicine, food industry, agriculture, and technics;

biotechnology methods for synthesis and processing of polymers and fibres;

biodegradable polymers and fibres, and their applications in medicine, technics,

and agriculture;

new generation of biomaterials;

utilization of polymeric wastes and by-products;

use of special polymeric materials for environmental protection.

The Institute of Biopolymers and Chemical Fibres offers:

® new technologies based on own research, as well as in cooperation with other
Polish and foreign research centres and companies;

® improvements for existing technologies;

B technologies and techniques in laboratory scale and up-scaling to commercial
units.

The Institute of Biopolymers and Chemicall Fibres provides services in:

B metrological analyses (in the Accredited Analytical Laboratory);

B microbiological analyses (in the Accredited Analytical Laboratory);

B physical-chemical and biochemical analyses for biopolymers, synthetic
polymers, and enzymes (according to GLP system);

m biodegradation tests for polymers, fibres, and textiles;

B scientific, technical, standardization, and patent information;

The Institute of Biopolymers and Chemical Fibres also offers production and
delivery of specialty products, for example special polymeric materials for medicine,
pharmacy, and agriculture.

The Institute of Biopolymers and Chemical Fibres maintains wide contacts and
cooperates with research centres, universities, and industry in Poland and in many
other countries like Austria, Finland, France, Germany, India, Japan, the Nederland,
Norway, and the USA.

The Institute of Biopolymers and Chemical Fibres participates in international
research pro-grammes. In recent years, the Institute participated in the EUREKA,
INCO COPER-NICUS and MARIA SKLODOWSKA-CURIE European Scientific
Programmes, in the NATO SfP (Science for Peace), COST 628, and COST 847
programmes, and at present the Institute participates in EC projects on the basis of
the 5" and 6" Frame Programmes.

During the 48" World Exhibition of Invention, Research and Industrial Innovation
(WEIRII), Brussels Eureka'99 the Institute of Biopolymers and Chemical Fibres
was awarded the "Croix de Chevalier" of the Kingdom of Belgium for the entire
significant inventive activity presented at the Brussels World Exhibitions during
1992-1998; whereas during the 50" WEIRII, Brussels Eureka'2001, the late
Professor Henryk Struszczyk, the Managing Director of the Institute over the years
2002-2005 was also awarded the 'Croix de Chevalier' for his entire outstanding
inventive activity. Over the years 1992-2004 the Institute was awarded 5 gold and 6
silver medals, mainly in the fields of biotechnology, medical textile products, and
environmental-friendly manufac-turing technologies

Instytut Biopolimeréw i Wiékien Chemicznych
- Institute of Biopolymers and ChemicalFibres
ul. Sktodowskiej-Curie 19/27, 90-570 £6dz, Poland

tel. (48) 426 380 300, (48) 426 376 510, fax. (48) 426 376 501

http://www.ibwch.lodz.pl, e-mail: ibwch@ibwch.lodz.pl
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