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Abstract— Because there are many indexes when

evaluating the performance of clothing fabrics, the method

used widely is analytic hierarchy process (AHP). However,

they often neglect the fuzziness when people give the

intensity of importance on an absolute scale, selecting one

index with membership of one and rejecting one index with

membership of zero. In this experiment, we used the Fuzzy

Analytic Hierarchy Process to express brain cognition and

evaluate the synthesis performance of fabrics. Triangular

Fuzzy Numbers (TFN) replaced the crisp number of

pairwise comparison matrix, and then the defuzzification

process was used to establish fuzzy vectors, through which

the final result was obtained by applying the fuzzy relation

composite theory. The results showed that the tested fabric

belonged to the good degree, membership at 41.0%. The

combination of AHP and fuzzy decision was an efficient

way to tackle uncertain problem and design intelligent

wearable devices.
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Triangular fuzzy numbers

I. INTRODUCTION
In most management and engineering problems, the
final decision depends on many indexes or alternatives,
so people need to set up relative evaluating standards and
models. In operational research, this can be called
multi-criteria decision making (MCDM) problem.
However, MCDM may become very sophisticated if the
relative of importance and scores of indexes are difficult
to be measured precisely. In the real life, we often have
to process fuzzy and inaccurate information. This is
particularly for fashion designer, for they need to choose
the fitting fabric for consumers. There are many the
comprehensive performance evaluation index of fabric
and they are always qualitative information, so the
quantitative comparison is not ease sometimes. During
this process, some personal and subjective perception
needs to be analyzed. Unfortunately, traditional weighted
product model, weighted sum model and analytic
hierarchy process fail to evaluate fuzzy information and
uncertainty in this case.

After an American scholar Zadeh came up with the
fuzzy set theory in 1965[1], the fuzzy comprehensive
evaluation (FCE) has experienced a remarkable

development. Then Satty put forward a new theory of
AHP [2, 3]. Although there are some application of FCE
and AHP in textile industry, their calculation method are
usually isolated and are often incorrect, due to the
complicated calculation and analysis process. In previous
research, there are some reports about selecting cotton
fiber in textile spinning industry [4], handling qualitative
and quantitative factors in a facility location planning
problem [5] in MCDM situation and solving other
problems [6,7,8], but the combination of fuzzy
mathematic and AHP have not been used for evaluating
the clothing fabric. In this experiment, Triangular fuzzy
numbers (TFN), presented by two Dutch F.J.M. Van
Laarhoven and W.Pedrycz[9], replaced the crisp number
of pairwise comparison matrix and applied in AHP,
which enabled us to determine the weight of different
indexes.

II. FUZZY ANALYTIC HIERARCHY PROCESS
METHODOLOGY

Step 1: Generation of hierarchical structure
In this step, the hierarchical structure of the problem
was developed (Figure 1). The overall aim is to evaluate
the performance of textile fabric, so it was positioned at
the top of the hierarchical structure. This problem can be
divided into three small tasks, including functionality,
comfort and wearability. These indexes were positioned
at the intermediate level. Finally, at the bottom of the
hierarchical structure was sub-criteria, which was some
definite indexes.
Step 2: Formation of fuzzy judgment matrix

In this step, the data for comparing the importance of
criteria were generated. According to the fundamental
relational scale for pairwise comparisons proposed by

Figure1. Hierarchical structure for evaluating the performance of fabric
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Satty[10], the entry denoted the relative importance of
criterion i with respect to the criterion j. In the matrix, =1
and. For n criteria the size of the comparison matrix ()
will be n×n.

=

The relative weight of the i th criteria () is determined
through computing the geometric mean (GM) of the i th
row and then normalizing the geometric means of rows
of the above matrix. The formula is given as follows.
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In fuzzy AHP, triangular fuzzy numbers (TFN) can
replace the crisp numbers of pairwise comparison matrix.
The application of TFN has made it easy to represent
impression and it is the collection of three points
forming a triangle. Dubois and Prade defined it in the
following formula [11]. R and L are the right and left
value, and m is the most promising value.
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Step 3: Defuzzification
According the method used before, which was

proposed by Kaufman and Gupta [12], the formula for
defuzzification is shown below.
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Where are the lower, modal and upper of the
triangular fuzzy number. The normalized fuzzy weight
(FW) can be calculated in the following way.
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Step 4: Fuzzy comprehensive transformation matrix
The sub-criteria were divided into five grades,

excellent, good, average, fair, and poor. It meant that
evaluation collection V= (excellent, good, average, fair,
poor).Tons of people were invited to evaluate the given
fabric, and they were asked to give the grade of each
performance. R was the fuzzy comprehensive
transformation matrix. The operation method was given
as follows.
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Where “  ”means the synthesis of fuzzy matrix
“. ”means the maximum operation and“ / ”means the
minimum operation.

III. RESULTS AND DISCUSSION

At the intermediate position, functionality, comfort
and wearability compared to each other. Whey they
compared with themselves, the fuzzy number (1, 1, 1)
was allotted, instead of crisp number 1. Based on
professional experience, functionality was considered to
be slightly moderate important than comfort and more
important than wearability, so fuzzy numbers were (2, 3,
3) and (3, 4, 4) respectively. The fuzzy pairwise
comparison matrix was shown in Table 1.The importance
was projected by calculating the geometric mean of
fuzzy numbers in every row of the matrix (formula (1)).
Subsequently, fuzzy geometric mean experienced a
defuzzification process (formula (7)), so the final fuzzy
weight vector was obtained through formula (8). Table 2,
Table 3 and Table 4 were the fuzzy pairwise comparison
matrix of sub-criteria and the fuzzy weight.
In order to reduce the uncertainty of evaluation result,

we used questionnaire survey and expert evaluation
method to give a weight of the sub-criteria. The final
fuzzy comprehensive transformation matrix was in Table
5.
= (0.32, 0.46, 0.15, 0.07, 0)

= (0.18, 0.48, 0.35, 0.10, 0)

= (0.3, 0.45, 0.24, 0.06, 0)

 = (0.24, 0.48, 0.35, 0.10, 0)

B’= (0.21, 0.41, 0.30, 0.09)

B’ was the normalized result of B. It indicated that
the degree of good accounted for the highest proportion,
at 41%, while other degrees was slower. This meant that
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the grade of membership was 41% and the tested fabric
can be described by the word good.

IV. CONCLUSION

Triangular fuzzy numbers and the fuzzy
comprehensive evaluation method were used for
eliminating the effect of subjective judgment and
personal preference. After data analysis, the new model
demonstrates that FAHP is a reliable mean to assess the
performance of textile fabric. The fabric tested in this
experiment belonged to the good degree and the
membership is 41.0%. Because of simple calculating
process of FAHP, it allowed fashion and system designer
to select the most fitting fabric for people with special
needs, physical, mental or emotional.
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Table 1. The fuzzy pairwise comparison matrix of three criteria.

Table 2. The fuzzy pairwise comparison matrix in terms of comfort.

Comfort A2 B2 C2 D2 E2

A2 (1, 1, 1)
(3, 3,

4)

(1.73,

1.73, 2)
1.80 0.76

B2
(1/3,

1/3, 1/4)

(1, 1,

1)

(0.58,0.58,

0.5)
0.56 0.24

A2-Wet-absorb and fast-dry; B2-Air permeability; C2- Geometric

mean; D2- Defuzzification; E2- Fuzzy weight(FW1)

Table 3. The fuzzy pairwise comparison matrix in terms of

functionality.

Indexes
Functio

nality

Com

fort

Weara

bility

Geom

etric

mean

Defuzz

ificatio

n

Fuzzy

weight

(FW0)

Functio

nality
(1, 1, 1)

(2, 3,

4)

(3, 4,

4)

(1.82,

2.29,

2.52)

2.23 0.60

Comfort

(1/2,

1/3,

1/4)

(1,1,

1)
(1,2,3)

(0.79,

0.87,

1.10)

0.91 0.24

Wearabi

lity

(1/2,

1/3,

1/4)

(1,

1/2,

1/3)

(1,1,1)

(0.79,

0.55,

0.45)

0.59 0.16

504



A3- Antistativity; B3- UV-protective ability; C3- Wrinkle resistance

D3- Radiation protection; E3- Geometric mean; F3- Defuzzification;

G3- Fuzzy weight(FW2)

Table 4. The fuzzy pairwise comparison matrix in terms of

wearability.

Wearability A4 B4 C4 D4 E4 F4 G4

A4
(1, 1,

1)

(2, 3,

4)

(2, 2,

3)

(8,

9,

9)

(2.39,

2.71,

3.22)

2.76 0.53

B4

(1/2,

1/3,

1/4)

(1, 1,

1)

(1, 1,

1)

(3,

3,

4)

(1.11,

1, 1)
1.03 0.20

C4

(1/2,

1/2,

1/3)

(1, 1,

1)

(1, 1,

1)

(3,

4,

4)

(1.11,

1.19,

1.07)

1.14 0.22

D4

(1/8,

1/9,

1/9)

(1/3,

1/3,

1/4)

(1/3,

1/4,

1/4)

(1,

1,

1)

(0.34,

0.31,

0.29)

0.31 0.06

A4- Skin protection; B4- Fragrance; C4- Antibacterial property;

D4- Anti-pollution; E4- Geometric mean; F4- Defuzzification; G4-

Fuzzy weight(FW3)

Table 5. Statistics of the evaluation result

A5- Excellent; B5- Good; C5- Average; D5- Fair; E5- Poor

Functionali

ty
A3 B3 C3 D3 E3 F3 G3

A3
(1, 1,

1)

(1/2,

1/3,

1/4)

(2, 2,

3)

(1, 1,

1)

(1,

0.87,

0.91)

0.80 0.18

B3
(2, 3,

4)

(1, 1,

1)

(4, 5,

6)

(2, 2,

3)

(2.52,

3.11,

4.16)

2.41 0.55

C3

(1/2,

1/2,

1/3)

(1/4,

1/5,

1/6)

(1, 1,

1)

(1/2,

1/2,

1/4)

(0.40,

0.37,

0.25)

0.35 0.08

D3
(1, 1,

1)

(1/2,

1/2,

1/3)

(2, 2,

4)

(1, 1,

1)

(1, 1,

1.1)
0.81 0.19

Indicator

I
Indicator II A5 B5 C5 D5 E5

Function

ality

Antistativity 0.28 0.57 0.15 0 0

UV-protective

ability
0.15 0.48 0.35 0.02 0

Wrinkle

resistance
0.35 0.42 0.18 0.05 0

Radiation

protection
0.10 0.43 0.37 0.10 0

Comfort

Wet-absorb

and fast dry
0.32 0.46 0.15 0.07 0

Air

permeability
0.48 0.39 0.13 0 0

Wearabil

ity

Skin

protection
0.30 0.45 0.24 0.01 0

Fragrance 0.16 0.51 0.33 0 0

Antibacterial

property
0.22 0.47 0.31 0 0

Anti-pollution 0.25 0.39 0.30 0.06 0
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