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REZUMAT: In lucrare s-a urmarit influenta factorilor de durabilitate si confort fiziologic asupra calitatii
tesaturilor, utilizand metoda Analiza Componentelor Principale. Tesaturile studiate sunt realizate din fire tip
lana pieptanata, din compozitii diferite. Analiza Componentelor Principale aplicată în acest studiu este o
metodă descriptivă a datelor de analiză multivariate /multidimensională și urmărește să reducă, sub control,
numărul variabilelor (coloanelor) datelor matrice cât mai mult posibil la două sau trei.
Cuvinte cheie: analiza componentelor principale, ax factorial, coeficientul volumetric de umplere, rigiditatea
ABSTRACT: The paper pursued the influence of durability factors and physiological comfort indices on fabrics
quality, using the Principal Components Analysis method. The studied fabrics are made of combed wool yarn,
from different compositions. The Principal Components Analysis applied in this study is a descriptive method
of multivariate /multidimensional analysis data and aims to reduce, under control, the number of matrix
variables (columns) as much as possible to two or three.
Keywords: analysis of main components, factorial axes, volumetric filling coefficient, stiffness

1. INTRODUCTION
The Principal Components Analysis (PCA),
known also as Hotelling transform or Karhunen
Loeve transform, is a factor analysis technique, in
which, the goal is the reducing of the variables
number initially used, taking into consideration a
reduced number of representative variables. Factor
analysis is used for solving two types of problems:
the variables number reducing for increasing the
data processing speed and the hidden patterns
recognition from data relations [1-3]. Factor analysis
refers to a variety of statistical techniques used for
representing a set of variables in accordance with a
reduced number of hypothetical variables, named
factor. This type of analysis is intensively used in
different domains, such as: psychology, social sciences, production management, operational researches,
development domain, etc. Some of the software
packages, dedicated for this type of analysis, are:
Statistics, SAS, SPSS [4-6]. PCA is the simplest of
the true eigenvector based multivariate analyses.
Because in data of high dimensions, the patters are
hard to find, the PCA method is very useful because
by reducing the number of dimensions, the patters
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can be found without an important information loss.
PCA has found application in fields such as face
recognition and image compression [7-9]. The objectives of the PCA method are: synthesize the
initial information contained in a large table;
highlighting similarities and differences between
individuals; highlighting the correlations between
variables; explaining the similarities and differences
between individuals in terms of the considered
variables [9-11].
Special contributions to the theoretical and
practical development of these methods were, in
particular, F. Galton and K. Pearson, through studies
in the field of regression and correlation analysis, C.
Spearman and H. Hotteling through research in the
field of factorial analysis and main components
analysis [12-15].

2. EXPERIMENTAL PART
2.1. Materials and methods
In the study were taken four articles from two
groups of combed wool fabrics, from different
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compositions, representing the number of individuals, thus:
Group A (100% wool) encoded articles: A1;
A2; A3; A4;
Group B (45% wool +55%Pes) encoded
articles: B1; B2; B3; B4;
In the fabrication of the fabrics of the two groups
were used Sirospun yarns which are threads with
twisted yarns, called Jaspe or double roving yarn.
The values of durability and physiological comfort
indicators were obtained by standardized methods
and processed in SPSS.
The variables included in the analysis are: breaking
force, Pr (daN); the volumetric filling factor, Cvu;
toughness, t (cN/tex); thickness, g (mm); mass, M /m2);
air permeability, Pa (m3/min.m2); degree of tightness,
Kt (%); rigidity, R (mg.cm); porosity, Pz (%), the
coefficient of density/setting, Ct and percentage of
coverage, Et.
This technique aims at controlling the number of
variables (columns) of the data matrix, as far as
possible at two or three. Thus, based on the
information about each cluster / fabric assortment, it

is desired that instead of the nine related variables
we have only two or three new variables called
components. The purpose of the PCA is to extract
the smallest number of components to recover as
much of the total information contained in the initial
data.

2.2. Results and discussions
After processing the data in SPSS, applying the
PCA, the following statistic results are obtained:
descriptive
statistics
indicators
(Descriptive
Statistics); matrix of correlations; the calculated
value of the test statistic χ2; the calculated value of
the test statistic KMO; variance variables; values
and variance explained by each factorial axis;
variable coordinates on factorial axes; the
contributions of variables to factorial axis inertia and
graphical representations.
1. Descriptive statistics indicators
The statistical parameters calculated for each
variable are shown in Table 1 (Descriptive Statistics
output).

Table 1 Descriptive Statistics
Pr(daN)
Cvu
t(cN/tex)
g(mm)
M(g/m2)
Pa(m3/mm.min)
Kt(%)
R(mg.cm)
Pz(%)
Ct
Et
Valid N (listwise)

N
8
8
8
8
8
8
8
8
8
8
8
8

Minimum
30.6
22.70
5,7
0.4362
182.6
19.5
74.60
48.22
61.71
94.20
87.20

Maximum
78.1
55.80
14.3
0.6975
231.4
24.8
97.90
94.20
79.21
115.60
93.80

− variable Pr (breaking strength), in daN, is
characterized through the mean 50.475 and
the variance 313.154; maximum value of the
breaking strength was obtained at the article
B4 made of (45% wool+55%PES), Pr=78.1
daN, and minimum value at article A1 of
100% wool, Pr = 30.6 daN;
− variable volumetric filling factor, Cvu, is
characterized through the mean 36.24 and the
variance 205.86; maximum value of the
volumetric filling factor was obtained at the
article B4 made of (45% wool+55%PES)
Cvu = 55.80%, and minimum value at article
A1 of 100% wool, Cvu = 22.70%.
The other variables are analyzed analogously. As
a result of this independent analysis of each variable
we can see that the most homogeneous variable is
the value of the thickness of the fabrics.
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Mean
50.475
36.2350
9.888
0.5714
201.075
22.362
88.8075
70.2125
67.4162
100.9625
90.7125

Std. Deviation
17.6961
14.34791
3.3935
0.1268
17.3448
1.7460
9.18987
16.074
6.12623
6.61555
2.62594

Variance
313.154
205.862
11.516
0.016
300.842
3.048
84.454
258.373
37.531
43.766
6.896

2. Matrix of correlations
The Correlation Matrix presents the values of the
coefficients of correlation between the variables
taken by two. It is a quadratic matrix symmetric with
respect to the main diagonal (equal to unit, as one
variable is perfectly correlated with itself). The form
of the correlation matrix is presented in Table 2 after
having standardized the data.
The analysis of the values of correlation matrix
coefficients permits to estimate the possibility of
PCA application. The high values of the coefficients
(higher than +0.5 and smaller than –0.5) show that
there are significant statistical correlations (direct
correlation if the coefficient value is positive, and
inverse correlation if the coefficient value is
negative) between the considered variables.
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Table 2 Correlation Matrix
Corelation

Pr(daN)

Cvu

t(cN/tex)

g(mm)

M(g/m2)

Pa

Kt(%)

R

Pz(%)

Ct

Et

Pr(daN)

1.000

0.961

0.976

-0.899

0.101

0.854

0.612

-0.60

0.371

-0.698

-0.866

Cvu

0.961

1.000

0.942

-0.843

0.108

0.896

0.672

-0.53

0.209

-0.681

-0.890

t(cN/tex)

0.976

0.942

1.000

-0.940

0.111

0.864

0.586

-0.63

0.412

-0.756

-0.871

g(mm)

-0.899

-0.84

-0.940

1.000

0.012

-0.76

-0.326

0.844

-0.543

0.675

0.933

M(g/m2)

0.101

0.108

0.111

0.012

1.000

-0.01

0.636

0.235

0.518

-0.362

0.069

Pa(m3/mm.min

0.854

0.896

0.864

-0.756

-0.012

1.000

0.580

-0.44

0.106

-0.431

-0.775

Kt(%)

0.612

0.672

0.586

-0.326

0.636

0.580

1.000

0.170

0.112

-0.655

-0.328

R(mg.cm)

-0.604

-0.53

-0.629

0.844

0.235

-0.44

0.170

1.000

-0.576

0.299

0.829

Pz(%)

0.371

0.209

0.412

-0.543

0.518

0.106

0.112

-0.58

1.000

-0.377

-0.359

Ct

-0.698

-0.68

-0.756

0.675

-0.362

-0.43

-0.655

0.299

-0.377

1.000

0.570

Et

-0.866

-0.89

-0.871

0.933

0.069

-0.78

-0.328

0.829

-0.359

0.570

1.00

Analyzing the data in Table 2 we can see that
there are:
 Significant statistical links (direct correlations)
between:
− Pr(daN) and Cvu; t(cN/tex); Pa(m3/mm.min);
Kt(%);
− Cvu and t(cN/tex); Pa(m3/mm.min); Kt(%);
− t(cN/tex) and Pr(daN); Cvu; Pa(m3/mm.min);
Kt(%);
− g(mm) and R(mg.cm); Ct; Et
− M(g/m2) and Kt(%); Pz(%);
− Pa(m3/mm.min) and Pr(daN); Cvu; t(cN/tex);
Kt(%).
− Kt(%) and Pr(daN); Cvu; M(g/m2); t(cN/tex).
− R(mg.cm) and g(mm); Et.
− Pz(%) and M(g/m2).
− Ct and g(mm); Et.
− Et and g(mm); R(mg.cm); Et
 Significant statistical links (reverse links)
between:
− Pr(daN) and g(mm) ; R(mg.cm); Ct; Et.
− Cvu and g(mm); R(mg.cm); Ct; Et.
− t(cN/tex) and g(mm); R(mg.cm); Ct; Et.
− g(mm) and Pr(daN); Cvu; t(cN/tex); Pa
(m3/mm.min) Pz(%).
− Pa(m3/mm.min) and g(mm); Et.
− Kt(%) and Et.
− R(mg.cm) and Pr(daN) ; Cvu; t(cN/tex);
Pz(%).
− Pz(%) and g(mm); R(mg.cm).
− Ct and Pr(daN) ; Cvu; t(cN/tex); Kt(%);
g(mm); Et.
− Et
and
Pr(daN) ;
Cvu;
t(cN/tex);
Pa(m3/mm.min).
In this case, PCA can be applied. A characteristic
of the correlation matrix consists in the fact that the
number of correlation coefficients increases very
much when the number of the variables (k) included
in the analysis increases, irrespective of the statistic
collectivity volume.
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The number of correlation coefficients is k(k1)/2. For the experimental data that present the
values of eleven variables, the number of correlation
coefficients is 11 (table 2). This significant increase
of the number of correlation coefficients reveals the
impossibility to interpret the correlation between the
variables only by analyzing the values presented by
the Correlation Matrix. The output of the Correlation
Matrix also presents the value of the correlation
matrix determinant.
The correlation matrix determinant can take
values ranging within the interval [0, 1], showing the
strength of the variables correlation . The analyzed
database determinant is D = 0,000, which shows that
there are strong statistic correlations between
statistic variables (the values of the correlation
coefficients are bigger than 0.5). In this case one can
apply PCA.
3. Statistics χ2 and KMO statistics (KMO and
Barlett’s output )
In order to test the hypothesis of the
independence between the statistic variables, the
SPSS program supplies the corresponding computed
values of the test statistics. Test statistics (KMO and
Barlett’s output) is used to test if the correlation
matrix is a unit matrix, therefore if there is a statistic
correlation between the statistic variables. The
following statistic hypotheses are stated for these:
Ho: independence hypothesis (correlation matrix
is a unit matrix);
H1: dependence hypothesis.
To test these hypotheses, the SPSS program
supplies both the computed value of the statistics χ2
= 75.51, and the value of the statistics associated
with the computed test statistics (Sig =0,000<0,05),
therefore the hypothesis Ho, which admitted the
existence of variables independence, is rejected
(Table 3). Therefore, one can consider with 95%
probability, that there are statistic correlations
between the variables.
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Table 3 KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure
of Sampling Adequacy.
Approx. Chi-Square
Bartlett's Test of Sphericity df
Sig.

0.435
75.51
15
0.000

4. Variables variance
Variables standardization results in the appearance of new variables of zero-mean and
variance equal to unit. The variances of statistic
variables are presented in the Communalities output.
Variables variance after extracting the factors is
computed based on the results from the Component
Matrix output (Table 4). For example, for fabric
thickness g (mm), it is obtained  12  0.968 .The
small values of the variables variance after extracting the factors (see column Extraction) show that the
corresponding variables can be eliminated from the
analysis itself, since they are not correlated with the
factorial axes.

5. Eigenvalues λk associated to each factorial
axis and variance explained by each factorial axis
The eigenvalues of the correlation matrix are
presented in the Total Variance Explained (TVE),
column Initial Eigen Values (Table 5).
From Table 5, one can notice that the eigenvalues
of the correlation matrix are: 1  6.898 ; 2  1.975 ;
3  1.406 ; 4  0.458 ; 5  0.170 ; 6  0.076 ;

7  0.017 ; 8  11 have very low values.
The eigenvalues correspond to the inertia
explained by factorial axes. Their sum represents
total inertia of the points cloud, equal with the
number of statistic variables from the table with
initial values, respectively with the sum of the
elements of the correlation matrix main diagonal:
k



k

 6.898  1.975  1.406  0.458  0.170  0.076  0.017  11

k 1

The variance explained by each factorial axis is
calculated with the relationship:
%Varian' a 

Table 4 Communalities
Variabile

Initial

Extraction

Pr(daN)

1.000

0.945

Cvu

1.000

0.911

t(cN/tex)

1.000

0.973

g(mm)

1.000

0.968

Kt(%)

1.000

0.918

Et

1.000

0.933

M(g/m2)

1.000
1.000

0.754

k

(1)

In

The first factorial axle explains 6.898/11=62.71%
of the total cloud variance.
The first two factorial axes explain together
62.708% of the total variance.
The first three factorial axes explain together
80.659%.
The number of factorial axes which are to be
interpreted in PCA was chosen in terms of two criteria:
-Kaiser’s criterion which supposes the selection
of that number of factorial axes for which the
corresponding eigenvalues are bigger than unit.
According to this criterion, one chooses three
factorial axes corresponding to the eigenvalues
( 1  6.898 ; 2  1.975 ; 3  1.406 ) >1.

Pa(m3/mm.min)
0.714
R(mg.cm)
1.000
0.844
Pz(%)
1.000
0.221
Ct
1.000
0.692
Extraction Method: PCA

Table 5 Total Variance Explained
Component

Initial Eigenvalues

Extraction Sums of Squared Loadings

Total

% of Variance

Cumulative %

Total

% of Variance

Cumulative %

1

6.898

62.708

62.708

6,898

62.708

62.708

2

1.975

17.952

80.659

1.975

17.952

80.659

3

0.406

12.783

93.442

-

-

-

4

0.458

4.165

97.607

-

-

-

5

0.170

1.543

99.150

-

-

-

6

0.076

0.694

99.844

-

-

-

7

0.017

0.156

100.000

-

-

-

8

1.283E-016

1.166E-015

100.000

-

-

-

9

3.548E-017

3.226E-016

100.000

-

-

-

10

1.940E-017

1.763E-016

100.000

-

-

-

11

-1.688E-016

-1.534E-015

100.000

-

-

-

Extraction Method: Principal Component Analysis.
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-Cattel’s criterion supposes eigenvalues graphical
representation (Scree Plot) and pursuing the sudden
inertia fall explained by these.
From the diagram shown in Fig. 1, three factorial
axes for interpretation are chosen. These axes
explain the greatest differences between statistical
units in terms of the considered variables. The
chosen axes are those that precede this sudden
change of the slope of eigenvalues graphic (Fig.1)

Fig. 1. Graphic representation of the correlation matrix's
eigenvalues.

6. Eigen Values Vectors
The eigenvalues associated with the correlation
matrix permit to obtain the coefficients of the
variables from the linear equation of the principal
axes. The eigen vectors’ coordinates do not appear
in the PCA results; yet, they serve for the calculation
of variables coordinates on the principal axes.
7. Coordinate of variable Xj on the factorial
axis k (Component Matrix Output)
The variables coordinates on the factorial axes
show the values of the correlation coefficients
between the variables Xj and the corresponding
factorial axis; they are determined from the relation:
Gk ( j )  k .u kj

(2)

where: λk is the eigenvalue corresponding to the
factorial axis k; ukj are the coordinates of the
eigenvector associated to the eigenvalue λk. The
values from Table 6 show the variables position on
the factorial axes.
For example, the variable, Pr (daN) has a
positive coordinate on the first factorial axis (0.972)
and a negative coordinate on the second factorial
axis (0.010), the variable will be graphically
represented in the positive values quadrants of the
first factorial axis and of the second factorial axis.
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Table 6. Coordinates of variables
on the first three factorial axes
Component
1

2

3

Pr(daN)

0.972

0.010

0.114

Cvu

0.953

0.053

0.264

t(cN/tex)

0.986

0.002

0.065

g(mm)

-0.953

0.245

0.143

Kt(%)

0.584

0.760

0.266

Et

-0.920

0.292

-0.013

M(g/m2)

0.161

0.854

-0.431

Pa(m3/mm.min)

0.844

-0.034

0.389

R(mg.cm)

-0.679

0.619

0.377

Pz(%)

0.462

0.083

0.861

Ct

-0.750

-0.360

0.082

The variable Pa(m3/mm.min) has a positive
coordinate on the first factorial axis (0.844) and a
negative coordinate on the second factorial axis (0.034), the variable will be graphically represented
in the positive values quadrant of the first factorial
axis and in the negative values quadrant of the
second factorial axis.
The high values of the variables coordinates on
the factorial axes show that they are strongly
correlated with the corresponding factorial axis. The
variables τ (cN/tex) and g (mm) are correlated with
the first factorial axis, which shows that these
variables significantly explain the differences
between the statistic units (more precisely, there are
significant differences between the statistic units
from the standpoints of the values recorded for these
variables). Yet, there is an inverse connection
between these two variables, as they have
coordinates with opposite signs, and the statistic
units which record high values for the variable τ
(cN/tex) have small values for the variable g (mm).
The variables coordinates on the factorial axes
represents the coefficients of the linear equation of
the correlations between the variables.
For example, for the data presented in Table 6,
the first axis is a new variable defined by the linear
combination of the initial variables, of the form
F1= 0.972 Pr + 0.953 Cvu + 0.986 t – 0.953 g +
0.584 Kt – 0.920 Et + 0.161 M – 0.844 Pa + 0.679 R
+ 0.462 Pz – 0.750 Ct
In order to identify the variables which explain
the second factorial axis, one chooses from Table 6
(column of Components 2) those variables which
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have high coordinates values. One can notice that
the formation of the second factorial axis is
explained only by the variables Kt; M (g/m2) and
R(mg.cm).
For the third factorial axis (column Component
3) it is noted that only the variable Pz (%) explains
most the differences between the statistical units

the average of the following characteristics:
breaking strength, volumetric filling factor, tenacity,
air permeability and compactness due to the
presence of the percentage of polyester fibers in the
yarn composition, in contrast to the articles from the
first group, Articles A1 and A2, of which yarns are
composed only of wool fibers.

8. Contribution of variable Xj to the inertia of
axis k (Component Score Coefficient Matrix
output)
The contribution of a variable in the formation of
a factorial axis is computed with the relation:
CTRk ( j ) 

Gk ( j )

k

(3)

where: Gk (j) is the coordinate of the variable Xj on
the factorial axis k; λk is the eigen value
corresponding to the factorial axis k. Similarly to the
interpretation of the values from table 6, the high
values of the contributions show the significant
importance of the corresponding variable in making
the difference between the considered statistic units.
Regarding the second factorial axis, the variables
which contribute to this formation are kt (%), M
(g/m2), and R (mg.cm), and the variable which
contributes to the formation of the third factorial
axis is Pz (%).
9. Graphical representation
The representation of the variable points on the
first two factorial axes is shown in Figure 2.
The first factorial axis represented horizontally
shows that between the variables Cvu, Pz(%), kt(%),
Pr (daN), Pa (m3/mm.min) and τ (cN/tex) there is a
strong direct link and, between the variables
Pa(m3/mm.min) and R(mg.cm) there is a reverse
link(correlation).
The representative variables for the second factorial
axis, represented vertically, are M (g/m2) and Pa
(m3/mm.min) between which there is a reverse link.
For the interpretation of the third factorial axis, it
is possible to represent the variable points in a threedimensional space (Fig.3).
Because it is difficult to interpret the variables in
the graph from Fig.3, the values of the coordinates
of the variables on the third factorial axis were
analyzed according to the values obtained in Table
6. The graphic representation of the fabric
assortments of the two groups on the first two
factorial axes is shown in Fig. 4.
The first factorial axis emphasizes the B4 and B1
items (Figure 4), characterized by high values above
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Fig. 2. Position of the variables on the first two axes.

Fig. 3. Position of the variables on the three axes.

The second factorial shaft highlights A4 and B3,
which are characterized by high levels of
compactness, stiffness, coefficient of descent and
percentage of fabric coverage, in contrast to the
articles A2 and A1, in which the filling volume,
thickness, mass, the degree of compaction, the
stiffness and the porosity of fabrics are below the
average.
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Fig. 4. The position of fabrics on the first two factorial axes..

3. CONCLUSIONS
By applying the PCA mathematical model, it was
obtained a controlled reduction/cuts of the number
of (matrix) matrices of the data matrix, with two
components, containing information about each
group / assortment of fabrics.
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