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I Introduction

In public buildings like hotels and other
MICE areas (Meetings, Incentives, Con-
ferences and Exhibitions), all interior fur-
nishing, especially textile items, have to
meet special requirements. Two of them
are obligatory for curtains - fire resistance
and blackout features. Requirements for
fire resistance can be easily defined us-
ing available European and local stand-
ards [1]. In contrast, there are no defined
stipulations concerning barrier properties
to visible light.

Exploratory research was carried out on
the basis of the standards, technical spec-
ifications and literature reports. No infor-
mation about the acceptable level of va-
lidity of the curtain fabric’s barrier prop-
erties and their classification was found.
Barrier features, mainly the barrier prop-
erties against UV radiation of textiles, are
analysed by spectrophotometric methods
based on PN-EN ISO 13758-1 [2].
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Abstract

This work presents an experimental approach and the results of preliminary measurements
of the light barrier properties of shading fabrics (blackouts). Based on literature it can be
stated that there is a lack of requirements for fabrics with barrier features against sunlight.
Woven blackouts which obtain shading properties through their structure need the devel-
opment of objective methods, measurement indicators, and assessment criteria. Research
was conducted on six woven blackouts, commonly used in public buildings as curtains.
According to the conventional method, the level of transmittance evaluated was confirmed.
All samples feature very good protection against visual radiation (VIS). However the sub-
Jjective interpretation contributed to the discovery of differences between the samples. The
questions raised are as follows: What differences are acceptable? How to qualify blackout
fabrics properly? To demonstrate the ineffectiveness of the standard method, computer im-
age analysis was used.
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Thus far no one cared to check whether
this methodology could be applied to
blackout fabrics.

It can be stated, that research on the shad-
ing systems only focused on the heating
load reduction of draperies [3, 4]. Anoth-
er paper was related to the performance
of shadings depending on their daylight
characteristics [5 - 7]. None of the litera-
ture reviewed defined the acceptable lev-
el of light barrier properties nor the meth-
ods of qualifying the blackouts. There
have been cases where the investor de-
fined a satisfactory level of barrier prop-
erties (based on feelings when the fabric
was put on window glazing). The process
of identifying the optical barrier features
of blackouts is a significant problem for
manufacturers and users. The subject of
the main special requirements for cur-
tains like shading (above fire resistance)
should be defined clearly and precisely.

It is worth emphasising that the fabrics
presented in the article owe their barrier
properties to the special construction.
Regarding the assortment of curtains,
the anti-sunlight protective properties
result from a proper combination of the
parameters of the material, weave, and
weaving process, and not from the fin-
ishing treatment. The coated blackout
fabrics used in buildings as curtains have
been replaced by woven blackout fab-
rics. The mechanism of darkening by
coated fabrics is not a combination of so
many parameters as for woven blackouts.

Therefore deviations are expected from
the standards that have been defined so
far by coated blackout fabrics. The wo-
ven blackout fabrics have not yet been
analysed in terms of the impact of their
structure on the level of barrier proper-
ties. The structural analysis proved that
such materials are ostensibly homoge-
neous and require individual evaluation
criteria.

This study presents a method for quali-
fying woven blackout fabrics to be used
for barriers against visible light. The aim
of the work was to identify experi-
mentally blackout fabrics proposed as
curtains, their structures, basic param-
eters and the level of barrier properties.
First of all the methodology commonly
used was applied. The results allowed
to conclude that the testing conditions
were insufficient for blackout type fab-
rics with a complex structure. Conse-
quently the image analysis technique
was proposed as a widely available tool.
The method was useful as an objective
way of evaluating the fabric appearance
and features. Many interesting studies
have been conducted recently to evalu-
ate fabric geometry. This research was
based on reports about the identification
of channels in woven fabrics influencing
barrier features [8,9]. Wilbik-Hatgas, for
example, examined the surface porosity
and structural channels of knitted fabrics
using computer image analysis. The ef-
fectiveness of darkening in the case of
woven blackouts is associated with their
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geometry and structural parameters,
which create a tendency to form clear-
ances. Determining the size and amount
of clearances on the fabric surface tested
will be an introduction to guidelines for
designing woven blackout fabrics. Based
on the literature consideration of this
problem, it seems that the digital image
analysis technique has not been applied
for estimation of the VIS-barrier proper-
ties of curtains. This work confirms that
method presented can be useful and ad-
equate for blackout fabrics.

B Experimental

Materials

There are two techniques for obtaining
blackout fabrics: laminating and weav-
ing. Woven blackouts, also known as
a blackout with black weft, are com-
monly used for curtains in the design of
window spaces.

Six of the woven blackout fabrics often
used as curtains in hotels were tested.
Images of the samples are presented in
Figure 1.

Fabrics of this type have a smooth, ho-
mogeneous structure without any pattern.
As we can see in Figure 1, the blackout
effects designed are accomplished by:

M printing (fabrics 1 and 5)

& monochromatic dyeing (fabrics 2, 3, 6)
1 using decorative threads (fabric 4)

Due to the fundamental feature of black-
out fabrics - darkening the spaces, de-
veloping an adequate fabric structure is
mandatory. Comparing the appropriate
parameters of yarns, weaves and the
cover factor can lead to the obtainment
of optical barrier properties [10, 11].

First structural parameters of the fabrics
tested were described. Some of the basic
ones are shown in Table 1.

Furthermore constructional analysis of
samples was conducted. It can be stated
that blackout fabrics have complex struc-
tures with a build-up warp or weft yarns
system (samples 1, 2, 3, 5, 6) as well as
amultilayer design (sample 4). Construc-
tions of woven blackouts are designed on
the basis of sateen weaves in accordance
with the criteria of structural correctness
[10, 12]. Applying textured polyester
threads of multifilament fibres and in-
creased density of threads in the fabric
structure intensifies the darkening effect
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Figure 1. Blackout fabrics presently used in public spaces.

Table 1. Structural parameters of blackout fabrics

Number Mass per . Weft yarns Warp yarns
Thickness,
of square meter, mm Linear density, = Density,  Linear density, Density,
sample g/m2 dtex treads/dm dtex treads/dm
1 295 0.68 167/48 280 84/36 400
2 248 0.61 167/36 300 84/36 1000
3 285 0.75 167/36 360 84/36 1000
4 315 1.60 334/78;220/48 | 160; 320 | 334/72; 84/36 100; 800
5 206 0.50 167/36 140 84/36 1000
6 268 0.60 167/36 320 84/36 1000

(the parameters are presented in Table I).
In addition, the mechanism of darkening
is supported by the appearance of one
internal arrangement of black coloured
threads.

The sunlight-barrier properties of cur-
tains arise from a proper combination
of the parameters of the material, weave
and weaving process. The structures of
blackout fabrics presented vary from one
another and they are only apparently ho-
mogeneous.

Methods

Measurements of light barrier
properties with the standard method

In the next stage of the research, the level
of light barrier properties of the blackout
fabrics was evaluated. Tests were carried
out using a 550 Jasco UV/VIS spectro-
photometer equipped with an integrating
sphere in accordance with the test pro-

cedure (The Lodz Textile Research In-
stitute’s own procedure no. PR/17/2007
Flat Textiles, Examination of the light
transmission within the range of 400 nm
to 700 nm) [13], based on PN-EN ISO
13758-1 [2]. In order to verify the level
of optical barrier properties, the light
transmittance was determined within
the wavelength range of 400 - 700 nm.
The results are presented in Figure 2.

Based on the experimental results,
the transmittance level evaluated was 0
- 1%. The presence of a higher peak in
sample no. 2 (above 2%) should be ex-
plained by the effect of absorption within
the red band - the colour of sample no. 2.
That observation could be neglected be-
cause it occurred almost outside the vis-
ible area analysed. In the UPF/SPF clas-
sification system, according to AS/NZS
and BS EN standards [14, 15], a level
of transmission less then 2.5% (UPF in
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Figure 2. Spectral transmittance T of fabrics tested at wavelength ).

a range 40 - 50+) is deemed an excellent
protection category [16].

It can be concluded that there is very
good protection against visible light
(VIS) by each sample, regardless of dif-
ferent constructions. Differences in trans-
mitted light could be observed with the
naked eye. However, another conclusion
arises that the method is ineffective, Due
to the complicated structure, the black-

outs require special measuring conditions
which should be developed exclusively
for such fabrics.

A simple test stand was constructed for
analyzing the mechanism of light passage
through the fabric. The samples were put
on an LED light source (panel) and im-
ages were recorded by an Optical Digital
Microscope at 50x magnification (Delta
Optical Smart, Poland). First many kinds
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of light sources were tested that had to
satisfy the requirements regarding sur-
face homogeneity, stability in time and
size of the lighting area. The illumina-
tion intensities were adjusted experimen-
tally. Accordingly filters were used for
intensity control. It is important to elimi-
nate additional excitation manifested by
the lighting of yarns. Figure 3 presents
images of the samples.

Figure 3. Images of blackout fabrics and transmitted light. a) Sample no. 1, b) Sample no. 2, c) Sample no. 3, d) Sample no. 4, e) Sample

no. 3, f) Sample no. 6.
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Detailed microscopic analysis of the wo-
ven structures confirmed the initial sub-
jective evaluation of the fabrics. The light
transmitted through the area observed re-
vealed the interstices. All fabrics had dis-
similar internal structures, and the anal-
ysis of yarn and weaving parameters
confirmed it (Figure 2). Consequently
their barrier properties were expected to
be different, but could not be concluded
based on the results of transmittance tests
obtained. Such a discrepancy proved that
the research method was inadequate for
blackout fabrics. Searching for an appro-
priate objective methodology is the aim
of the further part of the research.

Measurements of light barrier
properties of blackouts

As stated before, the images of fab-
ric structures allowed for observation
of irregularity disclosing the inner clear-
ances. There are applications of image
analysis techniques widely known for
identification of fabric structures. For
the authors, studies related to the rec-
ognition of faults and the determination
of their causes were of significance [17,
18]. Some researchers focused on chan-
nels or spacing between thread forma-
tion in woven fabric structures like Poli-
powski et al. [8]. They identified and de-
termined the channel spacing surface in
real products and proposed the use of 3D
computer image analysis as opposed to
2D analysis. In recent years Ruru Pan et
al. [19] used image analysis in order to
identify the parameters of high-tightness
woven fabrics. An important discovery
was the significance of what was the way
of illumination, leading to the conclusion
that the structure details of samples are
better examined with transmitted rather
than with reflected light. The kind of light
source also impacts the quality of the im-
ages. In our research a LED panel source
was chosen which illuminated uniformly
the whole area of the fabrics analysed.
There are known studies on the influ-
ence of the structural parameters of wo-
ven fabric on barrier properties against
UV [20,21]. The subjects are similar, but
the researches did not use image analysis
methods.

Image recording was done as the first
step of computer image analysis. After-
wards research on typical digital images
was conducted with Image] software
[22]. All samples were imaged at a res-
olution of 640 x 480 pixels at the 8-bit
gray level. Processing based on simple
functions was applied [23]. The follow-
ing operations were carried out: variation
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Table 2. Images of samples afier processing.

Number Grey scale images
of 640 x 480 pixels
sample 8-bit, 300 K

of the gray scale, contrast improvement
and the threshold procedure [24 - 26].

On the grey scale the images varied
from 0 to 255. The number of bright-
ness levels (which facilitated clearance
detection) was chosen in the range of 0
- 127. The pores were determined by the
grey level value, where black had a grey
level of 0, and white 255. The threshold
level of 127 means the maximum grey
level accepted as a clearance. The images
were only analysed in selected colour
channels. Pixels with values higher than
the threshold value were projected as
white. Scaling the brightness accurately
allowed to distinguish between the clear-
ances (meaning the places not covered by
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Images after processing

Inversion and contrast
enhancement

Brightening balance
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threads) and the effect of gloss or light
conduction through the yarns. Results
of the image processing are shown in
Table 2.

We conducted preliminary image pro-
cessing with the analysis of particular
object thresholds, which allowed to
identify the image areas which exhib-
ited structural irregularity. This research
involved recognising objects that differ
from the fabric background - namely
the clearances.

The next stage was measurement and
morphological analysis. The following
feature extractions were selected: pixel

47



-
5
L

(=]

255

Count: 307200
Mean: 185.857
StdDev: 16.465

Min: 91
Max: 246
Mode: 185 (8282)

Histogram of 1

(=]

255

Count: 306720
Mean: 247.474
StdDev: 2.956

Min: 195
Max: 255
Mode: 247 (63836)

Histogram of 2

255

Count: 307200
Mean: 219.901
StelDev: 10.635

Min: 63
Max: 252
Mode: 228 (126035)

Histogram of 3

L
>
-

=

255

Count: 307200
Mean: 227 659
StdDev: 14.432

Min: 0
Max: 254
Mode: 241 (15732)

Histogram of 4

=

Count: 307200
Mean: 173.938
StdDev: 35.594

Min: 0
Max: 253
Mode: 170 (3683)

Histogram of 5

Figure 4. Histograms of clearance distribution.

Table 3. Summary analysis of samples area.

Sample
1 9

Count, pixels

o oA WN
N
w

count, total area, average size and per-
centage of area.

Results and discussion

The investigation was aimed at meas-
uring the area of pores and to compare
the samples. Therefore the number of
pixels which belonged to clearance areas
and the number of pixels in pores related
to the total pixels are the most important
indicators of blackout quality. Compari-
son of these parameters leads to estab-
lishing an acceptable level of their barrier
properties.

Results of the analysis of the distribution,
amount, and quality of clearances are
presented in Figure 4 and Table 3.

The above histograms describe the dis-
tribution and occurrence frequency of
clearances on the samples’ surface. His-
tograms of the distribution of gray val-
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Total area, pixels Average size,
116 10.889
0 NaN
15 2.500
221 17.000
25918 34.103
759 11.677

ues in the active image or selection were
calculated and displayed. The horizontal
axis represents the possible gray values
and the vertical axis shows the number of
pixels found for each gray value. A char-
acteristic distant from the value of 255
means the appearance of a clearance.
The histogram of sample No. 2 should be
considered as a model characteristic in
relation to the blackout fabrics. The re-
sults of detailed surface analysis (quan-
titative interpretation) of each sample are
shown in Table 3.

First of all we observed that the method
presented disclosed the differences be-
tween samples, which meant the meth-
od was sensitive enough. The results
showed that the differences among the
fabrics tested were in the range from 3 to
339 pixels in the pore area. Sample No. 5
showed the worst barrier properties. It
had the biggest number of clearances,
which was confirmed by the subjective

255

Count: 307200
Mean: 176.908
StdDev: 11.878

Min: 42
Max: 228
Mode: 181 (12352)

Histogram of 6

% of area x 100
0.038
0.000
0.005
0.072
8.437
0.247

pixels

assessment of its disrupted barrier prop-
erties. Samples 2 and 3 had the character-
istics close to perfection, as we can see
in Figure 4 and Table 3. Than we could
conclude that the acceptable level of light
transmission between the values 10 - 15
expressed in pixels should be adopted
for blackouts. Blackouts should a have
percentage of the pore area las for sam-
ple No. 2 evaluated in the range of about
0.001%. The acceptable size of pores
should be about 1 - 2 pixels.

It was stated that the ratio of the total
surface area of the pores to that accom-
panying the average size and amount of
pores are the most important indicators
for blackouts. However, attention should
be paid to the distribution of clearances,
because of their great importance due to
visual perception. They should not stand
out, as Ii is most adverse when arranged
in a repetitive sequence, which is particu-
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larly discernible to the human eye, as in
fabrics No. 4 and 5.

B Summary and conclusions

Blackout fabrics should block the sun-
light. Such a capability is necessary to
satisfy the need of shading public inte-
riors. These features are achievable by
a complex construction (multilayer or
built-up structures) and comparison of
threads and weaving structural param-
eters presented in Table 1. Those differ-
ences are the consequences of the irregu-
larity and diversity of the structure, as
was determined.

To evaluate the barrier properties of fab-
rics, a standard spectroscopy procedure
based on the European Standard was ap-
plied. According to the standard method,
the fabrics proved to have very good
barrier properties. However, concerning
transmitted light, the samples of black-
outs behaved in a dissimilar manner.

Detailed microscopic analysis of black-
out structures disclosed that the conven-
tional spectrophotometric spot measure-
ment method presents an inaccurate level
of light barrier properties. The method is
not sensitive enough to local interference
of the fabric structure. The clearances are
formed in different ways, as a cluster of
several individual ones (samples 5, 6)
or distributed over the whole surface
(sample 4). The distribution of clearances
denies the suitability of the spectropho-
tometric method proposed in the Stand-
ard [2].

Digital image analysis was indicated as
the simplest, cheapest and most available
diagnostic tool for evaluating the light
barrier properties of blackout fabrics.
The key advantage of this method is
the analysis of a bigger surface of sam-
ples, which reveals the heterogeneity of
fabrics. The results achieved with the
method match the subjective assessment
of a receiver. The method can be applied
for preliminary classification of woven
blackout fabrics. Based on the results
of the research presented, we can state
initially that the estimation factors of the
darkening performance and further clas-
sification of blackout fabrics must rely on
the testing methods specially dedicated
for darkening fabrics, Such activity may
be first carried out on the basis of assess-
ment of the ratio of the average size and
percentage of pore area.
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The analysis above and proposals defined
are an inspiration for further research in
order to search for optimal solutions for
darkening systems with the use of weav-
ing technology as well as for new meth-
odology of assessing them.

Nowadays blackouts have homogeneous
structures that exhibit differences in light
barrier properties. The question for the
future is how to objectively obtain such
properties in non homogeneous struc-
tures?

Works on the innovative design of black-
out fabrics are being conducted at the In-
stitute of Textile Architecture of Lodz
University of Technology.
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