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B Introduction

The appearance of a garment and its
care characteristics during wearing or
after frequent washing will produce an
uneven surface on the cloth, which is
not desired. This uneven area on the
garment surface is known as wrinkle,
which is extremely important for people
and customers. Wrinkle assessment can
be traditionally made by experts who
sometimes have different assessments,
which are affected by their own judg-
ment, vision ability, etc. In this method
the wrinkle of the fabric is compared
with a specific standard of people indi-
vidually. Therefore the results are mainly
dependent on personal views [1 - 4].

A lot of works concerning the drape be-
haviour of fabrics, seam puckering, wrin-
kles and pilling have been carried out by
image processing systems [5].

In the recent years, some new methods
of assessment have been introduced. The
advantage of these methods is their non-
dependency on the vision ability of the
people assessing the wrinkle [6 - 7]. In
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Wrinkle Assessment of Fabric
Using Image Processing

Abstract

The light profile method using image processing is a suitable technique for the assessment and
analysis of fabric wrinkle. In this method the colour and fabric pattern have no effects on the
results. The heights of the light profiles created by fabric wrinkles are considered as the most
important factor in this study. The standard deviation, mean deviations and mean heights of
the light profile on the fabric surface are other factors used in this work. The results indicated
that mean deviations is the most accurate method of assessing fabric wrinkle. At the same time
the results showed good agreement with the assessments of experts in the field.

Key words: fabric wrinkle, image processing.

fact, fabric wrinkle is assessed by image
and signal processing based on the Fast
Fourier Transform (FFT). However, FFT
is used for static, not dynamic, signals.
Another method is the evaluation of the
picture of the fabric surface under light
reflection. However, this method is not
useful for colourful and printed fabrics
since analysis in this way is dependent on
the light source, the colour and pattern of
the print used on the fabric surface, and on
the reflection properties of the fabrics [8].

The method involving a 3D-projecting
grid technique based on image process-
ing was applied by Kang et al. to evaluate
fabric wrinkles [9]. They calculated the
roughness ratio of the fabric samples us-
ing the root mean square method.

Yeung, Li, Zhang and Yao [10] developed
a method to evaluate fabric bagging from
captured images of bagged fabrics using
image processing and abstracting the cri-
teria to recognize the bagging magnitude.
To characterise the image features: the
bagging heights, volume, shape and fab-
ric surface pattern on the bagging image,
they extracted eight criteria on the basis
of intensity images.

Abril et al. proposed a method of fabric
surface imaging and processing so that
information about wrinkles can be ex-
tracted and evaluated [11]. Two images
of the sample obtained under orthogonal
lateral illumination were considered, and
a joint Canny edge detector was applied
to integrate the information about the
wrinkles of both images. The smoothed
and scaled perception of wrinkle edges
from the viewing distance and its influ-
ence on the evaluation of the fabric ap-
pearance were simulated, analysed and a
more realistic assessment of a fabric was
proposed.

In his research work, Naujokaityté et
al. [12] used an image analysis method
in combination with a bias extension test
for characterisation of the specimen’s
buckling point and surface irregular-
ity changes during uni-axial extension.
Buckling point dependence on the stiff-
ener concentration was recorded. Shear
angle values were obtained by an optical
method dependent on the load and exten-
sion.

Recently a novel method has been intro-
duced to quantify geomembrane wrinkles
using low-altitude aerial digital photog-
raphy and image processing techniques.
The results of the analysis indicate that
at the date and time the aerial image was
captured, the geomembrane contained
100 major wrinkles covering 13.9% of
the total area of the geomembrane ex-
posed. More importantly, from a poten-
tial leakage perspective, over 90% of
those wrinkles were found to be hydrau-
lically connected over the entire field
of vision of the geomembrane exposed.
The hydraulically connected wrinkle
was found to have an aggregate length of
520 m [13].

Some research workers have used the
fractal method for laser measurment [14].
In this method a laser scan is used to scan
the surface of the fabric in 3-D. In order
to determine the fractal dimension, the
method of cubic counting is applied.

As regards the problems mentioned,
we used a new method for the wrinkle
assessment of fabric based on image
processing and wrinkle grade.

B Methods and equipment

Measurement of fabric wrinkle

Projecting a thin light ray on the fabric is
a suitable and accurate method to make
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possible the taking of a clear picture of
the sample. The equipment used for this
assessment is illustrated in Figure 1. As
can be seen, the set-up consists of a PC,
light source, CCD camera (model TM
9701) and a moving platform to move
the fabric sample under the light source.
The illumination of the light was 1:19,
provided by a lighting unit with a DC
tungsten-halogen lamp with a zoom lens.
The resolution of the camera used in this
work is 280 x 300 pixels. The movement
of the sample and its speed can be con-
trolled through the software of the equip-
ment. The width of the light slit is about
0.7 mm, and its length is bigger than the
width of the fabric sample. The moving
platform moves the sample in one direc-
tion, 2 mm for each picture taken from
the light profile. The light is projected
on the sample, placed in a dark chamber,
and a picture is taken of the surface of the
fabric. The number of pictures can be ad-
justed through the software. The angles
of the light source and camera relative to
the sample are adjustable, although the
angles desired for these are 50 and 40 de-
grees, respectively, as applied by previ-
ous researchers [15].

Before the sample fabric is wrinkled, its
light profile is a direct line, but when it
is subject to wrinkling, its light profile
will consist of a series of curved lines,
as can be seen from Figure 2. The dif-
ference between the two lines determines
the degree of wrinkling. Table 1 gives the
specifications of the fabrics used.

The height of a point on the sample, Z;,
is calculated from the digital picture. The
light profile is converted into a binary
in the next stage, and a line is passed in
the middle of the profile so that we will
have a thinner profile, as seen in Fig-
ure 3. These operations are a part of im-
age processing, which will be explained
in the next section. Scanning the length
of the sample, the number of profiles
for each sample is 52. The software was
written in VC++, which processes and
evaluates the wrinkle of the fabric as a
grade [16].

In order to compare the results with
visual assessment results from experts
and find a relationship between the two
methods, eight different samples of
280mmx150mm were prepared accord-
ing to the AATCC standard. The sam-
ples were put in the wrinkle device for
2 hours. Then the degree of wrinkle of
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Figure 1. Set-up of measuring fabric wrinkle.
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Figure 2. Picture of a light profile taken from the surface of wrinkled fabric.
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Figure 3. Process of binary, filtration and passing the line in the middle of the light profile.

Table 1. Specifications of fabrics used.

Sample No. 1 2 3
Material PET C/PET (o]
Pattern Plain Plain Plain

w.p.c 24 32 29
p.p.c 20 23 28
Colour White Brown White

the samples was determined manually
and using the computerised equipment.

B Filtering

Due to some noises in the pictures taken,
it is necessary to eliminate them from the
digital images. This can be done in two
methods using software and hardware
(special filters). As can be observed from
Figure 2 and the top of Figure 3, the
light profile is not a thin line and should
be filtered to obtain a clear and thin line.

4 5 6 7 8
Nylon Jean W/Trevira Jean Viscose
Plain Twill Plain Plain Plain

29 44 23 20 28
29 22 20 17 28
White White Brown Black White

Therefore the profile is filtered using
software.

B Wrinkle quantization

As mentioned earlier, the wrinkle of a
fabric is expressed as a grade, which is
the quality factor of the fabric or gar-
ment. In this study, we determine and
evaluate the fabric wrinkle using three
factors: standard deviation, mean devia-
tion and the mean heights of the points
on the profiles.
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Wrinkle grade of subjective evaluation
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Figure 4. Regression graph of the mean deviation and degree of  Figure 5. Regression graph of the mean height degree of wrinkle

wrinkle evaluated by experts.

Mean height

To determine this factor, a light profile
is considered. The function of the height
at different locations of the profile is de-
fined as Z = f(x,y). Where f{x,y) is a func-
tion determining the intensity of the light
at each position (x,y) on the image. Its
average for absolute values, Z , can be
calculated from (1):

Zzzu
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Where ‘Z‘, is the mean of heights for
each light profile, z;; the height of each
point, n the number of pictures taken
and m is the number of pixels on the YV
axis relevant to the curve of the light slit.
For a fabric with less wrinkle or smooth
surface, the amount of ‘Z‘ is small; it is

larger for fabrics with more wrinkle.

Standard deviation

To investigate this quantity, a curve of the
light profile on a fabric surface is consid-
ered. As mentioned earlier, the function
of the height of different points on the
profile is defined as Z = f(x,y), and the

evaluated by experts.

amount of standard deviation, Zy, is ob-
tained from Equation 2.

Where the first term of this equation is
relevant to the values of the wrinkled fab-
ric, whereas the second term of this equa-
tion is for the original fabric, which has
not been wrinkled. Fabrics with a lower
amount of wrinkle have a lower amount
of standard deviation and vice versa.

Mean deviation

This value, denoted as Z,,,, is the aver-
age of low and high points at different
locations on the fabric surface, which is
calculated from Equation 3.

Where the first term of this formula is
relevant to the mean deviations of optical
profiles reflected on the wrinkled fabric,
whereas the second term of the formula
is related to the original fabric before be-
coming wrinkled.

This value is low for fabrics with less
wrinkle and higher for fabrics with more
wrinkle.

I Results and discussions

The results obtained from the mean de-
viation indicate that this function is not
entirely suitable for the wrinkle assess-

\/Z (zij—z) \/z (Zi,j z)’
-1 =l j=1 i=1
Zog = - 2
sd mxn mxn @
Z Z'i,j_Z ZZU —;|
7 g =l i=l 3
md mxn mxn (3)
Equations 2 and 3.
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ment of fabric, since this function does
not follow a normal trend. When the
unevenness of the fabric is considered
visually, the heights and distances are
quadratic. Therefore this function cannot
be a reasonable method for wrinkle as-
sessment. Figure 4 shows a comparison
of the mean deviation of 8 samples, the
results of which were obtained from the
judgment of experts .

As can be observed from this curve, the
correlation between the two methods is
about 97%; the correlation is higher for
larger mean deviations.

Figure 5 also illustrates a comparison of
the function of mean heights from the
judgment of experts for this purpose.
However, the correlation between these
values is less than in the previous case,
being about 92%.

It was attempted to find out if there is a
relationship between the judgment re-
sults of the experts (J) and the mean de-
viation (Z,,;). The number of experts for
the judgment was determined as suggest-
ed in the relevant standards [7]. For this
purpose, as the correlation coefficient be-
tween these functions is quite large, we
tried to enter function f{Z,,,). This rela-
tion can be written as (4):

Jy = 1784 In(Zyg) + 538 + f(Zyp)  (4)

Where J, is the result visually obtained
from the judgment of experts. Z,,,, is the
mean deviation, and f(Z,,;) is the function
of mean heights, indicating the difference
between the results obtained from the
two methods. To determine the differ-
ence between the amounts of these meth-
ods, AJ is introduced as written in (5):

A =J,-Ji ©)
Jy=AJ+J, (6)
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Figure 6. Theoretical and empirical degree
of wrinkle for 8 samples.

Where J, is visual judgment made by
experts, and J; is the amount of wrinkle
obtained theoretically.

From (4) we have:
Ji=-1.784 In(Z,,;) + 538 (7)

On the other hand, we may consider AJ
proportional to the mean heights, which
can be expressed as (8):

A o Zy, ®)
or

AT =fZun) = ¢+ B-Zpp ©)

In order to study the validity of relation-
ship (9), we plotted Z,,,;, against AJ for 8
fabric specimens, shown in Figure 6.

As can be seen from Figure 6, there is no
significant relationship between AJ and
Zn- Therefore equation (9) is not valid,
but we can apply the following equation:

J=-1.784In(Z,7) + 538  (10)

@ Conclusion

The results show that among the three
factors applied in this study, the mean de-
viation of the light profile heights is the
best and most accurate method for the
determination and evaluation of fabric
wrinkle. This claim was confirmed by the
judges who visually graded the samples.
In fact, there is good agreement between
the theoretical results and the view of
judges. Moreover, this method has none
of the restrictions of previous methods.

Investigating the effect of taking a pic-
ture of samples suggests that the param-
eters representing wrinkle grade are not
affected. Therefore, it is not necessary to
consider the direction of sample fabrics
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when they are put on the moving plate of
the equipment, although the samples are
usually cut in the main directions.
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