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ABSTRACT

Pilling is a defect that affects the appearance of fabrics, being its assessment carried out by the textile
sector using a subjective method (reference). This method is simple and works well in most cases.
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However, uncertainties may arise when complicated cases are under evaluation. The current study

addresses the use of an optical 3D-system for the topographic surface reconstruction of fabrics for
their objective assessment. With the topographic data of the fabrics, it was calculated the total volume
of pilling formed in their surfaces. Their equivalent pilling grades were also achieved through use of a
correspondence model. A results comparison was then carried out with both methodologies (3D-sys-
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tem and subjective), which made possible to identify cases of analysis where the grading attributed to
the fabrics did not match. These cases were thoroughly analyzed, and it was found that one of the
studied fabrics seems to have been over-estimated whereas one other seems to have been under-esti-

mated when initially graded with the subjective methodology.

Introduction

Pilling is a surface change that occurs on fabrics resulting
from abrasion and wear (Binjie & Hu, 2008). Pilling can be
characterized as small balls adherent to the surface of the
fabrics due to the entanglement of fiber ends (Aratjo &
Castro, 1987). It is an inevitable effect because clothes and
fabrics are constantly submitted to friction caused by the
contact and movement against other surfaces. In some cases,
pilling can be very noticeable affecting the surface of cloth-
ing severely making them to look unpleasant and unappeal-
ing (Cooke, 1985; Kayseri & Kirtay, 2015). For this reason,
the proper evaluation and characterization of fabrics to
know how they will behave in terms of quality and appear-
ance when used in daily life, is a topic of high interest and
relevance for the textile industry and for clothing makers.

For the pilling evaluation, the textile sector uses, as a ref-
erence, a subjective evaluation methodology performed by a
panel of experts, that consists on a comparison of the fab-
rics appearance, after being submitted to an abrasion pro-
cess, with sets of photographic standards (Binjie & Hu,
2008). A grade of pilling is then attributed to the analyzed
fabrics ranging from grade 1 (high pilling formation) to
grade 5 (no pilling formation) (Binjie & Hu, 2008). This
method has the advantage of being simple and easy to per-
form not requiring expensive equipment. However, due to
the subjective nature of the method, grading errors
may occur.

As an attempt to overcome the subjectivity of the refer-
ence method for the pilling evaluation, several objective
methodologies were developed and have been explored by
different researchers in the last decades, of which we indi-
cate a few of the conducted studies (Amirbayat & Alagha,
1994; Behera & Mohan, 2005, Chen & Huang, 2004;
Eldessouki et al., 2014; Eldessouki & Hassan, 2015; Guan
et al,, 2017; Hsi et al.,, 1998; Jasinska & Stempien, 2014; Kim
& Kang, 2005; Konda et al., 1990; Mayekar & Nachane,
2016; Palmer & Wang, 2003; Ramgulam et al, 1993;
Technikova et al, 2017; Telli, 2019; Xu, 1997; Xin et al,
2002; Yang et al., 2019; Zhang et al., 2009). For instance,
Konda et al. (1990) used a computer system with a video
camera and a light source for the image acquisition of pil-
ling samples. The authors Rangulam et al. (1993), and
Amirbayat and Alagha (1994) made use of a laser triangula-
tion system, and Chen and Huang (2004) used a light pro-
jection system for the data capture. For the processing of
the pilling data, several different computing approaches
were also explored. For instance, Xu (1997) made use of the
fast Fourier transform method, Xin et al. (2002) used the
two-dimensional Gaussian fit theory for pilling template
matching, and Yang et al. (2019) used neural networks.
Despite the existent differences in terms of principles/tech-
niques associated to each methodology, in general, they all
consist in the acquisition of pilling data, and then in the
extraction and calculation of several pilling features enabling
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Table 1. Properties of the four studied fabrics FA, FB, FC and FD.

Density of yarns Count of yarns

Weight Thickness
Fabric Type color Composition (%) (g/mz) Ends per cm Picks per cm Warp (Tex) Weft (Tex) (mm)
FA Woven Black Wool 80 Polyamide 20 2456 14.0 12.0 833 x1 833 x1 0.723
FB Woven Dark orange Wool 80 Polyamide 20 203.9 16.0 143 588 x 1 588 x 1 0.719
FC Woven Blended brown  Wool 100 231.6 25.0 233 19.2 %2 455 x 1 0.524
FD Woven Pattern with Wool 80 Polyester 20 288.5 10.0 8.0 66.7 X 2 1429 x 1 66.7 X2 1429 x 1 0.881

colored yarns

the achievement of an objective quantification of the pilling
formation comparable with the subjective grading.

Due to the importance of this thematic and the strong
link that our research group has with the textile sector, this
topic has always been a point of interest. In such way, in
order to make a contribution in this field exploring different
evaluation concepts and points of view, an optical 3D-system,
based on optical triangulation, was developed by our research
group for evaluation of the pilling formation, and also for
evaluation of other manifestations that occur on the surface
of the fabrics (Lucas et al., 2010; Mendes et al., 2006; Mendes
et al, 2009; Mendes et al, 2010a; Mendes et al, 2010b;
Mendes et al., 2011; Mendes et al., 2019).

Regarding the pilling formation, which is the main con-
cern of this work, several pilling coefficients were previously
evaluated and compared with the subjective grades of a set of
forty-six fabrics of different characteristics (Mendes et al,
2009). It was found that the total volume of pilling was the
coefficient most trustful and in better accordance with
the subjective methodology (Mendes et al., 2009). Based on
the total volume of pilling of the fabrics and on their subject-
ive grades, a correspondence model was created, consisting in
the identification and definition of the transition values asso-
ciated to each pilling grade. A discretized scale was then
defined and by simply knowing the total volume of pilling of
a given fabric, its equivalent pilling grade in the subjective
scale can automatically be attributed (Mendes et al., 2010b).
This model was tested and allowed to detect cases on which
the subjective evaluations were not in agreement with the
appearance of the fabric’s surfaces (Mendes et al., 2010b).

In this work, our purpose is precisely to demonstrate that
the developed optical 3D-system is a very useful complemen-
tary tool to avoid evaluation errors that might be committed
in the grading of the fabrics through the subjective method.
In particular, this study is focused on the grading compari-
sons using the reference method and the created correspond-
ence model on four specific cases of interest, on which great
differences can be seen between them. The reconstructed 3D
images of the fabrics, which show the amount of pilling
formed on their surfaces, are presented throughout this work
to assist the analysis of the presented cases, allowing the
reader to observe exactly what is the appearance of each fab-
ric and relate the 3D images that were reconstructed with the
corresponding numerical pilling grades of the fabrics.

Materials and methods

Four different fabrics, identified as FA, FB, FC and FD,
were selected in this work as our cases of study. The main

properties of the fabrics can be consulted in Table 1. Each
one of them is composed by a set of four abraded samples
prepared using the Martindale Tester. The initial subjective
evaluation of the fabrics was performed by a total of 3 expe-
rienced evaluators using the standard method TM196 of the
Woolmark Company. The selection of these fabrics in par-
ticular was related with the initial subjective grades attrib-
uted to them and also because of their different
appearances. Namely, the fabrics FA and FB, which are very
different comparatively to one another, were both subject-
ively evaluated as having high pilling formation (grade 1).
The other two fabrics, FC and FD, also very different com-
paratively to one another, were subjectively evaluated as
having mild pilling formation, grade 2-3 in both cases
(between grade 2 and grade 3).

In terms of methods, has already mentioned before, an
optical 3D-system was used to scan the fabric samples. In
the universe of 3D systems, many different approaches are
possible and can be considered when designing a custom-
ized system. Several examples of 3D scanning technologies
applied for inspection of textile surfaces are presented in the
work of Montilla et al. (2014). In our particular case, three
main characteristics define the optical 3D-system that was
developed: 1) white light was used instead of monochro-
matic laser light for elimination of speckle and to maximize
light detection; 2) two image detectors were used for the
image data acquisition instead of only one for a more genu-
ine reconstruction process; 3) the system was assembled
inside a dark chamber to capture the image data in a total
dark environment for elimination of reflections resulting
from other sources (Mendes et al, 2006; Mendes et al,
2010a; Mendes et al.,, 2011).

In terms of operation, the 3D-system works by projecting
a thin light stripe onto the surface of a fabric and if pills are
present on it, the light stripe will suffer deviations. During
the scanning process, images of the light stripe are captured
while the fabric moves relatively to it registering a given
number of profiles across the extension of the fabric in ana-
lysis. For each profile, two images are captured from two
different positions, one from the left and the other from the
right, as shown in Figure 1. A general view of the system is
also shown in Figure 2, where the main elements that com-
pose the system can easily be identified. All the obtained
profiles in the scanning step are then processed to deter-
mine the corresponding z-values giving rise to a recon-
structed 3D image containing the topographic data of the
analyzed fabric (Mendes et al., 2010a).

The operation settings used by the optical 3D-system for
analysis of the fabrics are the following: triangulation angles
0=45° light stripe width = [0.2, 0.3] mm; number of
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Figure 1. (a) Schematization of the implemented optical 3D-system. (b) Pair of captured images of the light stripe illuminating fabrics with no pilling and

high pilling.

Figure 2. General view of the developed optical 3D-system (the dark chamber was temporarily removed to take the photo with ambient lighting).

profiles = 239; scanning area (horizontal “x “and vertical “y
“directions) = 30 x 30 mm?% and a depth resolution of z,
= 44.2 ym (Mendes et al., 2010a; Mendes et al., 2011).

All the procedures for the samples scanning, and for
image acquisition, storage and processing were carried out
through a software application implemented using the
MATLAB® programing language and the Toolboxes for
Image Acquisition and Image Processing. This application
was also used for the reconstruction and visualization of the
3D images of the samples, and also for the calculations of
the total volume of pilling and the corresponding pilling
grades. Regarding the pills exhibited on the surfaces of the
fabrics, they were isolated through the developed application
by subtracting the background level of each abraded sample
to their corresponding surface data, and applying a series of
filters for noise removal. Then, the total volume of pilling of
the fabrics was calculated by simply adding all the pill ele-
ments present in the surface of the samples, expressed by
the mean and standard deviation of the four abraded sam-
ples (Mendes et al., 2009; Mendes et al., 2010b).

Concerning the experimental work conducted in the cur-
rent study, a comparison of the subjective grades of the

fabrics was carried out with the results obtained with the
presented optical 3D-system. Specifically, the total volume
of pilling was calculated for each fabric as well as the
equivalent pilling grade using the created correspondence
model, according to the establishments defined in previous
works (Mendes et al., 2009; Mendes et al., 2010b).

The reconstructed 3D images obtained for the four abraded
samples of each fabric are also presented, from a top view and
a perspective view, for a visual inspection of the amount of pil-
ling exhibited on their surfaces. These two views together, are
important to properly assess each fabric in terms of pilling. The
colormap used for representation of the reconstructed 3D
images also makes the image analysis easier. In particular, the
used colormap corresponds to a red gradient being very useful
to identify topographic changes (pills) in the surface of the sam-
ples. Darker areas on the 3D images indicate lower z-values
whereas lighter areas on the 3D images indicate higher z-values.

Results and discussion

This section presents the major findings that were obtained
for each one of the analyzed fabrics. In particular, Table 2
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Table 2. Subjective grade, total volume of pilling, pilling grade based on the correspondence model and grade difference for the fabrics FA, FB, FC and FB.

Fabric identification Subjective grade (5G)

Total volume mm? (TV)

Correspondence model (CM) Grade difference (CM - SG)

FA 1 15.785+0.593
FB 1 7.455+0.729
FC 2-3 6.924+0.873
FD 2-3 15505+ 1.514

1(TV > 15.691) 0.0
2-3 (5.235 < TV < 10.667) +1.5
2-3 (5235 < TV < 10.667) 0.0
1-2 (13.367 < TV < 15.691) -1.0

¥ (mm)
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25
x (mm)
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5 y(mm)
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Figure 3. Reconstructed 3D images for the four abraded samples of the fabric FA seen (a) from a top view; and (b) from a perspective view.

shows the subjective grade (SG), the total volume of pilling
(TV), the equivalent pilling grade based on the created cor-
respondence model (CM) and the grade difference (CM -
SG) for the fabrics FA, FB, FC and FD.

From Table 2, it is immediately identifiable that, concern-
ing the two fabrics subjectively evaluated with grade 1, the
fabric FA has more than the double of total volume of pilling
comparatively to the fabric FB. For the other two fabrics sub-
jectively evaluated with grade 2-3, the same is also verified,
namely, the fabric FD has more than the double of total vol-
ume of pilling in comparison with FC. In addition, the grades
of pilling attributed based on the correspondence model
show to agree with this parameter. That is, a higher pilling
formation was attributed to the fabrics with higher total vol-
ume of pilling (FA and FD) and a lower pilling formation
was attributed to the fabrics with lower total volume of pil-
ling (FB and FC). However, the pilling grades attributed sub-
jectively make no distinctions between the fabrics FA and FB,
and also between the fabrics FC and FD.

Figures 3-6 show the reconstructed 3D images obtained
with the developed optical 3D-system for the four abraded
samples of each of the fabrics FA, FB, FC and FD, respectively,
in the two considering views (top view and perspective view).

Through observation of these figures, it can be seen that
the fabrics that share the same subjective grades are in fact
very different. In particular, the fabric FA has much more

pilling formed in the surface of its abraded samples com-
paratively to the fabric FB, and exactly the same happens
for the fabric FD comparatively to the fabric FC. Moreover,
by looking to the reconstructed 3D images of the fabrics,
FA shows to be more similar to FD rather than FB, and FC
shows to be more similar to FB rather than FD.

The reconstructed images obtained for different pilling
grades (1 to 5) shown in previous work (Mendes et al., 2010a)
could also be considered for comparison with the recon-
structed 3D images of the present study. Through this com-
parison, one can see that in fact FA and FD show an
appearance more similar with a pilling grade 1, whereas FB
and FC show an appearance more similar with a grade 2, or
between a grade 2 and 3.

Based on these observations, and also on the calculations
performed using the developed optical 3D-system, and on
the comparisons performed between the pilling grades using
the correspondence model and the subjective methodology,
it can be confirmed that FA and FC correspond indeed to
correct representations of fabrics with grade 1 and grade 2-
3, respectively. On the other hand, the same criteria make
us to conclude that the fabrics FB and FD seem to be pilling
evaluation errors with an over-estimation of pilling forma-
tion in one and a half grades (+1.5) in the first case, and an
under-estimation of pilling formation in one grade (-1.0) in
the second case.
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Figure 4. Reconstructed 3D images for the four abraded samples of the fabric FB seen (a) from a top view; and (b) from a perspective view.
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Figure 5. Reconstructed 3D images for the four abraded samples of the fabric FC seen (a) from a top view; and (b) from a perspective view.

But why the first two fabrics appear to have been correctly
evaluated through visual inspection and the last two were
not? From our experience, we know that there are some fab-
rics that are more difficult to analyze than other, such as fab-
rics with color patterns, fabrics that form a little number of
very large pills only in a few locations of the surface, and fab-
rics that form a large number of very small pills on the entire

surface. Fabrics FB and FD fall in the first two examples, and
it seems that they may have confused the evaluators during
their visual inspection. However, when these same fabrics
were evaluated through use of the described optical 3D-
system, they were properly assessed since the system detects
the exact amount of pilling present in the surface of the fab-
rics, independently of the color pattern of the fabrics, since
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Figure 6. Reconstructed 3D images for the four abraded samples of the fabric FD seen (a) from a top view; and (b) from a perspective view.

the system is immune to this issue, and also independently of
the pilling distribution in the fabrics.

Conclusions

In this work, an optical 3D-system was used to analyze four
different fabrics with different grades of pilling. The fabrics
FA and FB were subjectively evaluated with grade 1 and the
fabrics FC and FD were subjectively evaluated with grade 2-
3. Through use of the developed system, the corresponding
3D images of the fabrics were reconstructed, and the total
volume of pilling was calculated for each fabric. It was veri-
fied that the fabric FA had a much more amount of pilling
in the surface of the four abraded samples than the fabric
FB. On the other hand, the fabric FD also revealed to have
a much more amount of pilling formed than the fabric FC.
The equivalent pilling grades attributed to the fabrics based
on the correspondence model were different than the grades
attributed by the evaluators (subjective method), having
revealed to follow the total volume of pilling formed on the
fabrics. Through observation of the corresponding 3D
images reconstructed for each one of the four fabrics, it
could be seen that in fact the fabrics are different and that
the equivalent pilling grades based on the correspondence
model seem to be more realistic representations of the pil-
ling formation relatively to the grades given subjectively. In
particular, the fabric FB appears to have been over-estimated,
whereas the fabric FD appears to have been under-estimated
when initially evaluated.

In conclusion, the subjective method for the pilling
evaluation is a simple and easy method to be used, not

requiring expensive equipment and it works very well in a
vast number of cases. However, there are some fabrics that
for some reason are more difficult to analyze than other,
which may be more prone to evaluation errors. In these
cases, it is convenient to have complementary methods that
might assist the assessment of the fabrics to avoid evaluation
errors that may happen. Our system has already been tested,
and it shows to be a very useful complementary tool which
may be helpful for quality control tests, supporting the
standard method used by the textile industry for the evalu-
ation of pilling.
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