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1. Introduction

In the textile field, fabric surface properties influence the tactile feel, the visual aspect and
some mechanical properties. They are strongly linked to manufacturing process, particularly
to surface processes. Therefore the study of these fabric surface properties proves of
importance. More precisely, the tactile feel is one of the most important garment selling
points since one of the first consumer actions is to touch the fabric. Thanks to objective
tactile parameters, the manufacturer can design and produce fabrics which please the
consumers while respecting functionality of cloth. Moreover, for standard woven or knitted
structures or low grammage nonwovens, the surface state can give some information about
tensile properties or strain during tensile stress.

In order to characterize surface contact devices, such as tribometers!, are often used. They
provide some information about friction behaviour, roughness of the surface or some other
criteria more or less complex. This type of devices is often designed and used for hard
materials. Concerning textile surfaces, because of their softness, these methods can have an
influence on measurements in so far as superficial hairiness and even intrinsic structure may
be modified. Both of these structural characteristics, hairiness and texture, are predominant
in the tactile feel of textile surfaces.

Complementary to tribological methods widely used but whose precision may be insufficient,
non-contact methods have been developed in order to characterise fabric surface state. These
methods are mainly based on optical principles and have been getting a growing interest.

In this chapter we will present our contributions to the non-contact characterization of
textile surfaces, firstly through the characterization of the state of surface (intrinsic structure
and hairiness) and then through the evaluation of some mechanical properties of textile
fabrics (strain and tensile properties). Implementations resulting in various apparatuses and
some results are given in order to illustrate our purpose.

2. Basics of textile materials and description of our test samples

Fibrous materials must be considered at three different scales. First, fibres are the basic
elements of textile materials; they correspond to the microscopic scale of the textiles. Second,

1 Device for measuring friction and wear properties.
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a yarn is an assembly of fibres and corresponds to the mesoscopic scale. And third, yarns are
interlaced to make knitted fabrics or intercrossed to make woven fabrics. There is another
type of textile surfaces which is directly made of fibres (or filaments if their length is
infinite), without intermediate yarn step: the nonwovens. Fibres or filaments are randomly
tangled as a web whose cohesion is given thanks to different processes which can be
mechanical, thermal or chemical.

During manufacturing process, the end of some fibres can emerge from the yarn and the
fabric: it produces a superficial hairiness. This hairiness can be also the consequence of an
abrasive wear, for instance with emery paper or as a consequence of use. Length, size
orientation relative to the surface and density are the main parameters characterising this
hairiness.

As a summary the surface is then composed of elements at two different scales: a structure, i.e.
the fabric itself, and a superficial hairiness. The surface state of fabrics is therefore linked to
phenomena at microscopic scale (fibres and their mechanical properties) and at macroscopic
scale through textile structure due to yarn and/or knitted, woven or nonwoven structures.

Warp
threads

Elementary
weave

Weft threads

Fig. 1. Structure of a twill woven fabric.

In the following, various textile surfaces (woven fabrics and thermobonded nonwovens)
have been tested.

Table 1 summarizes the characteristics of the plain woven fabric as well as those of three
twill fabrics. The structure of twill woven is detailed in Figure 1. The kind of weave of each
textile surface and the surface process are also indicated in Table 1. NE means the sample is
not emerized contrary to E. SEM Pictures are presented for S2-NE and S2-E in Figure 2. For
S1, samples emerized at two intensity levels are tested according to the size and the density
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of abrasive particles of the emery paper. P80 corresponds to a density of 80 particles per
mm? with an average 201 pm in diameter and P800 correspond to a density of 800 particles

per mm?2 with an average 21.8 pm in diameter.

fabric

11.5 weft yarns/cm

Notation Elementary Surface state | Material Number of elements /cm
weave
NE 28 warp yarns/cm
S1 E-P80 100 % cotton 17 weft yarns/cm
E-P800 8.5 diagonals/cm
0 44 warp yarns/cm
S2 NE 960 % polyester 37 weft yarns/cm
E 4 % elasthanne .
21 diagonals/cm
NE 29 warp yarns/cm
S3 100 % cotton 19 weft yarns/cm
E .
11 diagonals/cm
plain woven H NE 100 % cotton 26.5 warp yarns/cm

Table 1. Characteristics of the woven fabrics used in our tests.

(@)
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Fig. 2. SEM images of twill woven fabric (a) non-emerized S2, and (b) emerized S2.
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Spunbonded nonwovens for medical use are also studied. Two samples are available; one
was defined by the manufacturer as not compliant (noted NT4-NC) in terms of softness in
comparison with the second one (NT4-C) (Figure 3). The cohesion of this filament web was
obtained by thermobonding.

Compliant Not Compliant

d1 =d2 = 4.5 points / cm Thermobonding point
D1 =D2 = 5.5 points / cm

Fig. 3. Our test samples of spunbonded nonwovens.

3. Profilometry

3.1 State of the art

Two elements have to be considered for characterizing textile surfaces: the structure and the
hairiness.

In order to scan surfaces for constructing a profile of the sample, several methods have to be
cited. Based on a point by point scanning of a surface different technologies of optical
profilometers exist. The laser triangulation technique is used by Ramgulam et al. (1993).
Seifert et al. (1995) compare this method with a classical contact method using a stylus
probe. At each scanned point of the surface, the laser beam is reflected on an optical sensor.
Hence the vertical coordinate of the point is recorded. From several points it is possible to
reconstruct the surface profile. A confocal microscope can also be used (Becker et al., 2001
and Calvimontes et al., 2010). The principle consists in moving the lens in order to focus a
laser beam on a sample with the maximum light intensity.

Other devices are based on the basic study of the reflected light energy by a sample
highlighted by a light beam. The bigger the distance between the photodiode and the
surface, the lower the reflected light intensity is (Ringens et al., 2002). Ishizawa et al. (2002)
note the high correlation between such a measurement and “brightness”, “roughness” and
“luster” parameters defined for human visual characterization.

Xu et al. (1998) use a principle consisting in projecting a laser line on the surface of the
sample. This line is deviated because of the surface roughness. Surface state criteria can be
evaluated through deviations compared to the average line. This study is performed several
times in different orientations in order to characterize the surface and to determine the main
orientation of the structure.

Finally, a 3D scanning system based on laser triangulation technique can be used in order to
obtain a profile of the sample. Interferometric methods and more particularly
interferometric profilometer allow the user to determine the profile of the surface. A laser
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beam is splitted into a part which goes on the fabric and the other which goes on a fixed
mirror. The difference in the optical path between the two beams generates interferential
fringes. The number of fringes is proportional to the optical path difference. As the position
of the mirror is known the altitude of the surface point can be obtained.

Methods based on the projection of fringes (Conte et al.,1990) or speckle (Wang et al., 1998)
on the surface are also used to obtain information about the roughness of the surface in so
far as fringe patterns are obtained and analysed by image processing.

The measurement of textile hairiness was historically performed on yarns. The methods
used are optical with signal or image processing techniques. The most famous devices are
marketed and are the Uster Hairiness Tester (Durand and Schutz, 1983; Felix and Wampfler,
1990), the Zweigle hairiness meter or the Shirley hairiness monitor (Barella and Manich,
1993). Some other published techniques are based on different methods: light depolarization
due to yarn hairiness (Anand et al., 2005), image processing after image capture (Cybulska,
1999; Kuratle, 1999; Nevel et al., 1999), optical coding of yarn shadow with an optical matrix
(Stusak, 2004) or different shapes of optical digital sensors (Hensel et al., 2001). Fabric
hairiness study was recently reported in the literature. Actually fabric hairiness is not
commonly measured, essentially for on-line process control, as singeing, raising and so on.
Like for yarn hairiness control, the method can be optical with a signal or an image
processing (Osthoff-Senge; Governi and Furferi, 2005; Militky and Blesa, 2008).

3.2 Hairinessmeter

By lighting a textile surface with an oblique light, the structure and the surface hairiness can
be detected. Then structure and hairiness have to be separated.

The optical assembly (Figure 4 and 5) proposed by Bueno et al. (2000) includes a laser diode
for the sake of compactness. In front of the fabric, the beam goes through a beam expander
and then illuminates the fabric. An image with structure and fibres appearing in dark on a
bright background is then obtained (Figure 6a). The use of a DC-stop in the back focal plane
of a lens allows the user to remove the direct component of the image (it now appears with
external fibres in bright on a dark background) and to strongly attenuate the low-frequency
component of the image (Figure 6b). The hairiness information is focused with a lens and
directed onto a CCD camera.

Fig. 4. Photograph of the hairiness meter optical part and of the sample carrier.
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The fabric moves during the measurement with the help of a motorized sample carrier. In
order to present a great curvature, the fabric goes on a blade (Figure 5).

electrostatical field

diode laser CCD

Fig. 5. Hairiness meter optical assembly.

(@)
Fig. 6. Images of fabric hairiness without DC-stop (a), and with DC-stop (b).

The processing consists in computing the average grey level for each line, image by image.
The average value of grey level for each line can be determined for the whole movie:

j =%i % gk (i,9)) (1)

where
j is the row number,
iis the column number,
k is the image number,
n is the total number of images in the movie (in this paper n=200),
gijk: grey level of the i,j pixel for the kth image,
w: width of an image,
h: height of an image.
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(b)

Fig. 7. Image before (a) and after (b) the image processing which eliminates the structure
roughness.

The length distribution of hairiness can be plotted. Excepting for a totally smooth surface
where the lower limit corresponds to a horizontal line, the obtained figures take into
account the texture and the hairiness. In order to obtain the length probability function, the
influence of the fabric structure roughness has to be eliminated, therefore another image
processing has to be applied to these images. This processing eliminates profile and the
obtained figures concern only the emergent hairiness (Figure 7).

Tests have been realized on S1-NE, S1-EP800. In Figure 8 we present length distribution
obtained for these samples and the associated probability function. Emerising increases
length of emergent fibres.

average number Probability function
of hairs per image of the hairs
0,12
— S1-NE 100 —S1-NE
0.10 S1-EP800 S1-EP800
80
0,08 \
60
0,06 \
|
\ 40
0,04 [hl{[ § \
0,02 ﬂ \lyA\\'\ 20 \
07 - T I Aam I - 0 T T U
0 0,5 1 1,5 2 0 0,5 1 1,5 2
Length (mm) Length (mm)
a) b)

Fig. 8. Length distribution (a) and probability function (b) of the hairs before and after
emerising,.

3.3 Profilometer
The same device can be used as a profilometer the implementation of a further image
processing. During the processing described above the fabric structure profile is estimated
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(red line in Figure 7a) for each image. The 3D profile of the sample can be reconstructed. In
Figure 9 the profile obtained with the S2 twill fabric is presented. Classical roughness
parameters can be computed from this type of profile picture in order to characterize tested
samples.

Fig. 9. Profile of S2-E obtained with the profilometer in 2D-representation (a) and 3D-
representation (b).

3.4 Conclusion

In the measurement of textile structures, profile and hairiness have to be considered in order
to obtain global information.We presented a method which allows us, through two different
signal processings, to obtain the structure profile of the tested sample (profilometer) and its
hairiness (hairinessmeter).

The structure profile can be characterised by standard statistical parameters: total and mean
roughness, mean standard deviation, Root Mean Square, skewness, Kurtosis
Hairinessmeter allows the user to have information about the density and the length of the
emerging fibres.

4. Texture characterisation

4.1 State of the art

Textile texture is a set of surface state properties, mechanical and optical, which are often
linked to tactile and visual aspects. The characteristics of the texture have to be related to the
application and the product. In fact, texture information is complex and is different than
criteria given by a profilometer. Several devices exist in order to bring this information.
They are based on two principles: surface scanning and image processing.

An original method using a scan of the surface is presented by Xu et al. (1998) which also
determine information about the texture through its device described above.

Nevertheless most methods used to characterize textile textures are based on surface
pictures. After the acquisition, images are processed with Fourier Transform (Haggerty and
Young, 1989; Wood, 1990; Wood, 1996, Millan and Escofet, 1996, Tsai and Hsieh, 1999),
wavelet Transform (Kreifil et al., 1997; Tsai and Hsiao, 2001; Shakher et al., 2002; Tsai and
Chiang, 2003; Shakher et al., 2004), other filters (Ciamberlini et al., 1996; Escofet et al., 1998),
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or with statistical methods as those presented by Herlidou (1999). These techniques also
allow the user to determine defects in textile samples which can be periodic or not. They use
basic pictures of the sample but the image processing is often complex.

We have developed two methods. The first one is based on a kind of particular surface
scanning useful for periodical textile surfaces. The second method is an image processing
whose interest is to take into account the polarimetric properties of the textile surface.

4.2 Texturometer dedicated to fibrous material

We implemented a texturometric device using active lighting (Bueno et al., 1999). The
sample is clamped on a rotating sample carrier as in a record player. A laser beam projected
by a laser diode onto the sample is focused as a line at the surface by passing through a
cylindrical lens. The laser line is radial to the rotating sample carrier. A beamsplitter plate
send the reflected beam to a photodetector and a spectral analysis is processed. The laser
line is focused and aligned with the centre of rotation of the sample carrier in order to be
radial, so during the rotation of the sample carrier, it scans the textile surface following a
ring (Figure 10).

1 structure
element
=1/n

Fig. 10. Surface scanning principle of the texturometer, where n is the number of periodical
elements per length unit, ® the ring diameter and V the linear speed.

The Fourier Transform of the temporal signal exhibits some peaks which correspond to the
structural periodicities of the sample (Figure11). The central frequencies of the peaks
correspond to the distances between the elements and their amplitudes are linked to the
surface state of these elements. The analysis of the spectral figures consists in determining
these peaks and computing the energy of each peak. For sure two different fabrics (different in
raw material, yarn, kind of weave or knit) present peaks whose frequencies can be very
different (Figure 12), but much simpler devices would have made such a differentiation. The
major point in using such a device is when it comes to differentiate fabrics whose only surface
state is different. These differences can come from wear or mechanical abrasive process (for
instance, emerizing). In this case, peaks have the same frequency and differences are evaluated
through the energy of each peak. Results are obtained within a few seconds.
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Fig. 11. Example of temporal signal and Fourier spectrum obtained with the texturometer.
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Fig. 12. Example of Fourier spectra obtained for different textile surfaces.
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However, although it allows a good differentiation between samples, its results are not
always easily tractable. For instance the same finishing process applied to two different
fabrics can produce opposite peak evolutions: Sometimes the energy of the peak increases
with the hairiness density and other times it decreases. According to the fibres extraction
phenomena with abrasive process, the relief of the texture elements can by amplified or
reduced.

We therefore implemented an enhanced version of this device taking polarimetric properties
of the surface into account, in order to better characterize hairiness and periodical structure
of the sample.

Let us briefly remind the reader the basics of polarimetry.

A light wave is an electromagnetic wave whose polarization characteristics can be
completely represented by its Stokes vector (Goldstein, 2003):

g Si|_| lo—loo
s, | Ly -1 (2)
2 +45 —45
S3 L -1

where
Io: the linearly polarized component along the horizontal axis,
Ioo: the linearly polarized component along the vertical axis,
L.45: the linearly polarized component at 45°,
Lss: the linearly polarized component at -45°,
I;: the right circularly polarized component,
Ii: the left circularly polarized component.

The degree of polarization (DOP) of such a light beam is defined as:

Tpol _ \/812 +5,2 +5,°
Ito’c S0 (3)

So corresponds to the total light intensity of the light wave and the other components to the
polarized parts.

As P =1, the wave is totally polarized.

As P =0, the wave is totally non-polarized.

If 0 <P <1, P represents the amount of beam polarization.

A preliminary study with an incident linearly polarized beam allowed us a common
optical simplification. It showed that under normal incidence only a phenomenon of
depolarization occurs, i.e. only the Sp and S; components are non-zero, which means that
neither rotation nor circularization of the polarization occur. So it is possible to simplify
equation 3 which could be calculated only from Iy and Isp components. We rename Iy Iy
(component whose polarization is parallel to the polarization of the incident beam) and Ioo
becomes I .

So the Stokes vector becomes:
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And the degree of polarization is:
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The DOP being totally defined with Iy and I, it is only necessary to acquire these two

crossed components in order to estimate it. The incident laser beam is polarized as it was
already in the previous device. We have just added a polarizer in the first measurement arm
and a second arm similar to the first one but equipped with a polarizer which is crossed to
the other is used (Figure 13). The reflected beam is separated into two acquisition arms
thanks to a beamsplitter cube. In real time, the DOP of the laser beam is computed from a
spectrum analyzer and the Fourier processing is the same than for the previous device
(Tourlonias et al., 2007).

Diode laser

Collimation lens

_ Polarizer Beamsplitter
90 cube Cylindrical
] a lens
Y Y
< ) <
( Photodiode ( ) \}/ ' _ Beamsplitter
< ; < late
K > P
Rotating
) sample
Polarization axis

Polarizer
00

" Photodiode

New measurement arm

Fig. 13. Optical principle of the polarimetric texturometer.

Studies conducted with this device consists in calculating energy of structural peaks of the
textile surfaces described in Table 1. In Figure 14 only diagonal peaks of twill fabric are
studied and we present results obtained with the polarimetric texturometer compared to
initial texturometer. Other peaks prove too noisy.
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We can first note that with the non-polarimetric device, emerizing process not always has
the same influence on the results. It depends on the initial fabric. S1 energy increases with
emerizing, whereas energy decreases for the two other samples.

For all three fabrics, the differentiation between samples is reinforced with polarimetric
measurement. For the S1 case, classification is inverted because measurement with the
polarimetric device also takes into account the fibrous disorder due to the emerizing
process.

4.3 Image processing techniques applied to images in degree of polarization

The principle used in the previous analysis proved well adapted to woven or knitted fabrics.
But it cannot be used in the case of non-periodic structures (needled nonwovens for
instance) and gives non relevant results when the surface presents zones with very different
characteristics (thermobonded nonwovens in this study). In this case direct imaging is
considered. A polarimetric setup was implemented from the beginning, since it can also
provide classical intensity results (Tourlonias et al., 2010).

The sample is enlighted by a linearly polarized beam. A rotating quarterwave plate and a
fixed polarizer (as analyser) are placed between the textile surface and the camera
(Figure 15). As suggested by Terrier and Devlaminck (2000), four orientations of the
quarterwave plate are sufficient to determine the whole Stokes vector. For the sake of
simplicity we chose a configuration scheme with five symmetric angles. Since we chose a
quarterwave plate which is not achromatic, a monochromatic light source should be used.

Sample
Y VY
Annular Polarizer :v v v+
vertical axis (0°)
P1 —

Collimated
beam

- B | ASER
/'@ | 532 nm

/Neutral density
filter

Diaphragm

Quarter-wave plate - L3

- 2’/ Polarizer :

[
Video | Vvertical axis (0°)
&

Fig. 15. Optical assembly for polarimetric imaging.

An annular device allows us to have a normal incidence to the surface of the sample and to
get the reflected beam through the ring. In order not to be disturbed by the coherent
properties of the laser light (speckle phenomenon), a vibration is given to the optical fibre
which guides the laser beam to the annular device.

We computed images in DOP and compared them to classical images in intensity.

The study considered nonwoven samples described in Table 1 (NT4-C and NT4-NC). Two
main parts can be distinguished in these textile surfaces: thermobonded points and fibrous
background as it is described in Figure 16. For the structure basic stripes, DOP and classical
intensity are evaluated. Data are averaged column by column.
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Bonding point
|

"

Fibrous background

A

Basic stripe Basic pattern
Fig. 16. Elementary areas of thermobonded nonwovens (NT4).

For the “compliant” nonwoven as for the “not compliant” one, the degree of polarization of
the bonding points is smaller than that of the fibrous background. That is due to the
calendering process. During this process, fibres are molten at the contact of the calendering
cylinders and these points become more uniform. The depolarization of the light at the
calendering points is lesser than the one at the fibrous background. Compared to images in
intensity, images in degree of polarization allow us a better discrimination between bonding
points and fibrous background as it is illustrated in Figure 17a and 17b.

The study of these graphs also shows that we obtain a better discrimination between the two
types of nonwovens when DOP is used instead of intensity. Clearly studying the DOP of the
bonding points can help us in characterizing the calendering process.

Gray level Polarization degree (%)
140 50
120 Non-calendered zone  Calendered zone —NT4-C
A, A
Ve ‘ e 40 —NT4-N€
100 T A ) = — Mean NT4-C
80 P 30 — Mean NT4-NC
60 - NT4-C 20 = = — =dEmiime
40 —NT4-NC
= Mean NT4-C 1045 j
20 — Mean NT4-NC ~
0 0! Non-calendered zone Calendered zane
0 50 100 150 200 250 300 0 50 100 150 200 250 300
X-coordinate (pixel) X-coordinate (pixel)
a) b)

Fig. 17. Average data in basic stripes of NT4 in intensity images (a) and in DOP (b).

4.4 Conclusion

We implemented a texturometric technique dedicated to periodic surfaces. It consists of an
opto-electronic active setup and a Fourier analysis performed in real-time. It allows us to
differentiate surfaces with different finishing processes. Considering polarimetric
information instead of classical intensity figures allows us a better discrimination.

In order to study non periodic surfaces we implemented a direct imaging process
considering polarimetry. The method proved its interest for the characterization of
spunbonded nonwovens.
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5. Applications to characterize mechanical properties of textile surfaces

5.1 State of the art

Above mentioned optical methods allow the user to obtain information about surface state
of textile materials but we also would like to get some information about mechanical
properties of such materials. Tensile properties would be of particular interest.

Several non-contact extensometers have been developed when it is not the better solution to
use strain gauges, especially for great deformations. Hiver et al. (2002) and Francois et al.
(1994), present methods where marks (lines or dots) are added at the surface of the sample.
Their displacement during a tensile test is studied thanks to a video camera. Fiedler
Company, Grellmann et al. (1997), Casarotto et al. (2003) and Chmelik et al. (2002) also use
such methods. Marks which are normal to the tensile direction have reflective properties
and are scanned by a laser beam. The reflective beam is acquired by a photodiode and the
distance between marks, i.e. strain of the surface, is obtained relative to tensile load.
Grellmann and Biertgel present a more complete device based on the same principle, but
through several laser sources it is possible to study the strain at different locations.

Other methods without any added mark have also been developed. Lighting rough surfaces
with coherent light induce speckle pattern whose properties are modified with strain. Image
processing have been used by Anwander et al. (2000), Zhang et al. (2002), Laraba-Abbes et
al. (2003) and Amodio et al. (2003) using these optical properties. Image correlation
techniques allow following strains of the sample. Stereoscopic correlation is also used in
order to determine the 3D coordinates of points of the tested material and the displacements
of these points correspond to strain as it is proposed by Luo and Chen (2000) and Mistou et
al. (2003). Dumont et al. (2003) also characterize woven fabrics with this method.

Tension properties of thermobonded nonwovens depend on mechanical properties of the
bonding points and on the fibre orientation in the fibrous background. In bonding points
material is molten and can be considered as a film. The difficulty consists in evaluating fibre
orientation in the fibrous background. Hearle and Stevenson (1963) list and explain different
methods in order to determine fibre orientation in their study of nonwoven fabrics. A
manual and tedious method, corresponding to means available in 1963, consists in counting
fibres in 101 angular parts. Histogram gathers obtained results. Methods based on the study
of transmitted light and phenomena of dichroism and birefringence does not seem to give
good results.

More recently Pourdeyhimi et al. (1993, 1996a, 1996b, 1997a, 1997b, 1999) have conducted a
whole study on nonwoven fabrics. A model of nonwoven image is proposed and several
image processing techniques are tested in order to determine fibre orientation of this virtual
sample. First a tracking algorithm is applied and the end-to-end chord of each fibre gives its
orientation, leading to the orientation distribution function. Alternatively a digital Fourier
Transform can be used and gives similar information. The third proposed method is a flow
field analysis. It is the most accurate method but only gives the mean orientation angle. In
the last part of the series of papers Pourdeyhimi et al. explain how to process real nonwoven
images in order to apply these techniques. They perform a thresholding process after a
contrast enhancement procedure. The tracking method is presented as the best in order to
determine the orientation distribution functions whereas Fourier transform proves better for
quality control. A device is presented in order to realize an optical Fourier transform.
Results obtained with both Fourier studies are similar and the main advantage of the optical
method is speed. Pourdeyhimi and Kim (2002) also presented a method based on Hough
transform but this method seems to be complex and slow.
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5.2 Use of the optical texturometer as an extensometer

We were interested in using the texturometer as an extensometer. The principle of the
measurement consists in following the evolution of the distance between warp and weft
yarns (or other periodic structure elements). These elements that belong to the specific
structure of the textile fabrics play the role of the marks of the classical non contact
extensometers (Tourlonias et al., 2005).

The initial version of the texturometer (Bueno et al., 1999) allows the user to determine the
frequency of each periodic structure element of the tested surface. The goal is to follow that
periodicity during a tensile test. As in the previous device, the sample has to be in rotation
and the laser probe is motionless, a new device has been designed (Figure 18) whose
rotating movement is given to the laser probe.

Fig. 18. Photograph of the mechanical device of the rotating texturometer used in the
extensometry application.

Tensile
direction

1 structure
element

Fig. 19. Studied areas for strain characterization of a plain woven fabric during a tensile test,
where n is the number of periodical elements per length unit, ® the ring diameter and V the
linear speed.
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The experience has been realized with a tensile tester adapted to textile materials. The
optical device is located in front of the sample and centred with the sample. In order to
follow the sample and always analyse the same part of the sample, its displacement velocity
is half the velocity of the tensile test.

Measurements have been realized on the plain woven sample (Table 1). Because of the yarn
intercrossing of such a fabric, two structure periodicities exist. The first one comes from
warp yarns and the second one from weft yarns, ie. in two crossed directions. In
consequence, as the laser probe describes a ring at the surface of the sample two zones are
studied concerning each structural element (Figure 19). Conventionally tensile tests are

realized parallel to warp or weft yarns. That is why the study can also give information in
tensile and crossed directions (i.e. lateral direction).
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Fig. 20. Time-frequency diagram obtained during tensile test and two single Fourier spectra.
The left spectrum corresponds to the laser probe in the lateral direction and the right
spectrum, computed 0.5 s later, to the laser probe in the tensile direction.
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So it is possible to study a time-frequency diagram constituted of successive frequential
spectra. The distance variations between periodic elements of the sample correspond to the
evolution of the local strain in each direction.

Figure 20 presents a time-frequency diagram that we obtain with a representation of two
examples of elementary Fourier spectra due to two crossed periodic structure elements.
The central frequency corresponding to their periodicity is quite different. On the time-
frequency diagram we can easily follow the frequency variations of each structure
element.

In the lateral direction, the length variation of a structure element orthogonal to the tensile
direction is:

alz[x_ljjdl{l_z]m ©
E K

where
Ol: length variation of a structure element orthogonal to the tensile direction (10-* m),
dl: width variation of the sample (10 m),
1: width of the sample (10 m),
V: linear speed of the laser beam (10 m.s),
n: number of studied structure elements per length unit (10 m-1),
Fo: frequency of the studied element before deformation (Hz),
F1: frequency of the studied element at time t; (Hz).
Using the same principle, the strain in the longitudinal direction can be calculated:

oL = y_v =dL= y.y nL 7)
E K E K
where

OL: length variation of one structure element in the tensile direction (10 m),

dL: length variation of the sample (10 m),

L: length of the sample (103 m).
Actually, from the study of the structural peaks of these graphs it is possible to determine
the local strain in each direction during the tensile test. By averaging five tests we can obtain
results presented in Figure 21. These tests are performed in the weft direction. Local strains
are evaluated in directions parallel and crossed to the tensile test. We finally reported local
strain vs. mean strain. As expected when the sample stretches in the tensile direction, it
shrinks in width.
Comparative tests have been realized on the same samples with a classic commercial laser
extensometer whose principle consists in sticking marks perpendicular to the tensile
direction (Fiedler). Results graphs are reported in Figure 22. This graph shows that the
two series of results are very close. Nevertheless the commercial device only gives
information in one direction at a time. Furthermore, during the tensile test, because of the
contraction of the sample, marks made wrinkles that disturb measurement. Finally the
drawback of our implementation would be its reduced speed because of the rotation
speed of the laser line.
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Fig. 21. Longitudinal and lateral strains obtained in weft directions for the plain woven

fabric.
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Fig. 22. Longitudinal strain obtained in weft directions for the plain woven fabric with
commercial laser extensometer in comparison with our optical extensometer.

5.3 Estimation of fibre orientation in a nonwoven using polarimetric imaging
We proved in §4.4 that considering thermobonded nonwovens, polarimetric imaging
allowed differentiating the bonding points from the fibrous background through a basic

image processing.

In this part we will only consider the fibrous background. We propose to apply another
image processing to the same images in degree of polarization in order to determine the
fibre orientation. By visual analysis of images in degree of polarization it is obvious that
fibres are emphasized compared to images in intensity (Figure 23).
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(@) (b)
Fig. 23. Examples of images of the fibrous background of thermobonded nonwoven in

intensity (a) and in DOP (b).

Bonding

Fig. 24. Image processing technique for characterizing fibrous background.
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Fig. 25. Examples of results obtained by averaging data values along the vertical direction of
the images taken at two different angles (0° and 90°).

The principle of the technique is to rotate the sample, to grab the image, to crop it to a
square and then to average data along the columns (Figure 24).

From the same processing a comparison is done between the results obtained from basic
images in intensity and images in degree of polarization. Contrary to profiles drawn along
the fibres, profiles drawn crossed to the main fibre orientation present many peaks
(Figure©25) corresponding to each fibre. That is why we have characterized each profile with
a unique and basic parameter we call the average slope:
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L

—_— 1
slope =mi§1|ni —ni_4| 8)

where

n : average value of the image (in order to normalize values),

L: width of the square (in number of pixels),

n;: average value of the ith column of the image.
It is then possible to draw a graph reporting the evolution of this parameter vs. the analysis
angle.
In Figure 26 we present results obtained for images in DOP and images in intensity, both for
“compliant” and for “not compliant” thermobonded nonwovens. The results are averaged
over five DOP or intensity images.
The asymmetry of the graphs comes from a shift during the rotation procedure which
means that the studied zone may vary.
The main fibre orientation corresponds to the direction 0°-180°, i.e. the machine direction in
our case. Whether considering NT4-C or NT4-NC, the trend is the same. DOP images
provide a better discrimination between the 0°-180° direction (main orientation) and the
crossed direction (direction where fibers are the least oriented). The ratio is 2 with DOP
images and only 1.5 with intensity images.
By comparing results obtained with NT4-C and NT4-NC, we can notice that values are
higher for “not compliant” samples than for “compliant” samples. It may be explained by
the cohesion process. Although fibres in the fibrous background are not melted, heat can
modify their own structure and more particularly their birefringence (Hamza et al., 2007;
Chand et al., 2001). That is why study has to be conducted by comparing a ratio of different
directions.
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Fig. 26. Graphs showing the main orientation of the fibres in the NT4 nonwovens from
intensity images (a) and image in DOP (b).

6. Conclusion

We have presented several methods to characterize textile surfaces in terms of structure and
hairiness which are important in their tactile feel, but also in terms of mechanical properties.
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In order to avoid artifacts likely to occur with mechanical techniques when studying this
tiny hairiness, we only considered optical techniques, therefore contactless. These
techniques combine active imaging, enhanced detection (esp. polarimetric detection) and
post-processing and were implemented into three setups. One is a hairinessmeter also able
to work as a profilemeter for any soft material, the second is a texturometer for periodically
structured materials whose a modified version allows to study samples in situ and the third
one consists of a polarimetric imager. Through detailed examples, these methods have
proved their interest in particular applications considering industrial issues (differentiation
of very close samples, characterization or control during manufacturing process) as well as
their speed of operation compared to methods often based on tedious data acquisition or
long processings. It was also shown that obtaining several parameters or metrics with a
unique measurement (for instance, periodical structure and state of surface with the
polarimetric texturometer) is possible.
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