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Fabric - external structure, identification
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Detected parameters, see STR [1]:
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Parameters - interactively in IA.
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Parameters - interactively in IA...

. NIS-Elements AR [Aktualni uZivatel: Monika] - [lic_barva_meritko.jpg*]
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Parameters - interactively in IA...

. NIS-Elements AR [Aktudlni uZivatel: Monika]
Soubor Upravit Snimat Kalbrace Obraz

- [lic_barva_meritko.jpg*]
ROI

iPHw a9 0CQ00G|

Hledat [Ctrl+F3]

Binarni Mg&feni Reference Makro Zobrazit Zafizeni Okno Aplkace Napovéda

@ v 3 v| 2 1% { Novydl Novy02 Novyl Novy2 Novy3 Novj snura ceva zoom Novy Nowyt[novi2! 05 [0 & I3 & 38 % S| b [ 5 pravit~

R el Vi |

Anotace

[

I}|IA/ /00 2 | Bl

//HI@DN..J‘FW

<2

l-”lﬁﬁﬁ

0 A|

%

£

x

il

®O© @9& | &

Pocty a Taxonomie

o]

!
x

v | % % |[® | k2 Exortovat + Moznost 1 - |

Pocty

b zdoj |  Esla | Koment |

[#[BRIHTD B

-

RGB /m Cervens ), W Zekens ) M Modtd.

et S ; & A ; o
0,01 mm/px RGB 8bitd: 1264 x 1024 bodd m_——_—-—_—_—————-——-—.—————————————

PN [Vystedkyantomatckehn nreniz]|
\_Celé obrazovka ), Zadokované panely Méen’}, Binami operace* / [y Color Sim

o flevy 2 ekaibrovany)

Pict

EXA_12



Parameters - interactively in IA...
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External fabric structure - internal standards (see EXA 01):

IN 23-107-01/01 Fabric covering

IN 23-110-01/01 Comprehensive evaluation of the surface structure of textiles

IN 23-111-01/01 Methodology for detecting non-uniformity of fabric images

IN 23-203-01/01 Objective determination of the degree of wrinkling of fabrics



IN 23-107-01/01 Fabric covering

The standard specifies a procedure for measuring the area coverage of fabrics by projection on a microscope
in transmitted light. The method is not suitable for densely finished fabrics.

SObjects
= Porosity
SField
——  Covering = 1-Porosity
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i \\ SObjects
- 2 . = Covering ——
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IN 23-110-01/01 Comprehensive evaluation of the
surface structure of textiles

The test is based on the principle of optical detection of the transverse profile of the surface of the textile
material.

The measurement and evaluation of the surface roughness is performed by scanning virtual cross-sections of
the textile or the interface between the surface of the transverse profile of the textile and the background in
a randomly selected section of the textile sample.

The scanning of individual virtual cross-sections is performed at defined, constant distances of the sample
displacement in the measurement direction.

The image of the textile surface relief on the measuring edge is subsequently recorded and processed after
each frame. From a series of images of virtual cross-sections of textile samples, standard characteristics of
the geometric texture of the surface are calculated, including the replacement of the curves describing the
interface of the virtual cross-sections of the textile sample by a Fourier series.

The standard geometric texture characteristics describe surface roughness, unevenness and shape
heterogeneity. The output of the measurements are standardized surface roughness values such as MAD,
SD, TP and other characteristics specified in the IN.



IN 23-110-01/01 Comprehensive evaluation of the
surface structure of textiles - continued (theory)

N |
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/) N N\ /
"‘:’

3 [ ()

nebo pro diskrétni profil
|
{ N\ kd
/". VYSKa -I¢ho nejy (9] tupl 1
kde
= ) R hloubka i-t€ nejhlubsi pro b1

\ X-0via souradnice profilu ;
R(x) vvska profilu v misté »
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IN 23-110-01/01 Comprehensive evaluation of the
surface structure of textiles - continued (theory)

Stredni Kvadraticka odchylka profilu S0/ K

and more...



IN 23-110-01/01 Comprehensive evaluation of the
surface structure of textiles - continued (theory)

An alternative method suitable for non-contact evaluation of surface relief is represented by the use of
spatial statistics tools (autocorrelation function, variogram) and fractal dimension.
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lllustration of semivariograms constructed in column (warp), row (weft), diagonal and omnidirectional
directions



IN 23-110-01/01 Comprehensive evaluation of the
surface structure of textiles - continued (theory)
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IN 23-111-01/01 Methodology for detecting non-

uniformity of fabric images

The standard describes a methodology for detecting the visual non-uniformity of a fabric based on the
variation of grey levels in the fabric image. The fabric image can be obtained by taking a photograph of the

fabric sample or the fabric appearance generated by the Uster-Tester IV can be used.
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IN 23-111-01/01 Methodology for detecting non-
uniformity of fabric images - continued

Vnéjii plodna variaéni kiivka
Kivka, ktera vyjadiyje zavislost varnaéni koeficientu stupiti 3edi mez étverc: v obrazu
tkaniny na velikosti plochy étverce. Je definovana vztahem:

vztahem:
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kde: CVB(4) ... wnéjEi variaéni koeficient primérnych stupiii fedi mezi étverci o ploe 4
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S o smérodatnd odchylka primérnych stupii Sedi ve é&tvercich o ploge 4
obsazenvch v obrazu,
X .. prumérna hodnota stfednich stupin $ed: ve étvercich o plode 4 obsazenych CVV(A)
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Vnitini plosna variacni kiivka
Kiivka, ktera vyjadiuje zavislost primémého variacniho koeficientu stupin Sedi uvnitf
étvercovych ploch obrazu tkaniny na velikosti sledované plochy étverce. Je definovina
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.priumémy varnacni koeficient stupii 3edi uvnsti étvercového pole o plode 4,

..variaéni koeficient stupin Sedi v i-tém étvercovém poli o plode 4.
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IN 23-111-01/01 Methodology for detecting non-
uniformity of fabric images - continued

Semivariogram

Zde vyjadiuje prostorovou nepodobnost mezi hodnotanu primérnych stupii Sedi v mistech
x; a v Obraz tkanmny je rozdélen na sit’ se étvercovynu poli. Stfedy poli jsou mista x, mistu x
je piifazena primérna hodnota stupné Sedi v daném é&tverci z(n;). Semuvariogram je obecnd
definovan jako polovina rozptylu rozdili (z(x;) - z(xiHag)) [1]:
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IN 23-203-01/01 Objective determination of the degree
of pilling of fabrics

The standard specifies a procedure for measuring the wrinkling of fabrics by projection on a microscope in
transmitted light. The method is not suitable for very dark fabrics and fabrics with a distinctive pattern.

testovani vzorki obraz kolmého zpracovani obrazu,
dle dané normy pohledu na tkanmnu prahovani

¥
stupedl Zmolkovitostt, JeAni piznaks
dle standardu ziskani pfi

Obr. 2 Schéma objektivaiho hodnoceni Zmolkovitosti thanin v plose textilie

-y

2 ‘tﬁ.-*«' oE

\ ., .| celkova dil plochy hustota P — ekvivalent. | pramérny
Fina| binary {mage oznateni| P | plocha | POCT PRV smolka | P primér |  obvod
-l g ag AR tkaninv Betet imolka Zmolka na plocha Zmolku Fmolku Fmolkn
; afterrmorpholegical- = Y| fmolli : [%] 2| [mml]
U . R 3 [em”] 100cm [mm] [mm]
opérations - 3
;7 T v v 0 PP 25 1.66 230 15 6,994 0.851 341
L i <1535> |=091241= <2092 51> |<12;18>|<6,506;7 482> | <0 8220 88> | <2623 12>
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IN 23-203-01/01 Objective determination of the degree
of wrinkling of fabrics - continued

Etalon W12 Etalon W23 Etalon W34 Etalon W45 Stupen 1 Stupen 3 Stupen 5

Obr. 3 Etalony Martindale Obr. 4 Etalony, komorovy Zmolkovaci pristroj
Tabulka 1 Charakteristiky etalonii pFistroje Martindale Tabulka 2 Charakteristiky etalonii komorového Zmolkovaciho pristraje
Colbova Primema . Celkova . i L. . ; LR
Omaten Primémy Tocc;: Podil Hustota lon::;.:a Ekvivalentn | Primémy oemagen; | PrOmemy locha Podil Hustota Pruméma |Ekvivalenmi| Prumémy
atalomm potet ;.m ki, plochy fmolki na ;ﬂ ik 1 primér obwvod etalonn pocet ﬁfnull{ﬁ, plochy Zmolkf na plocha primér obvod
zmolkn 5 zmolki, % 100cm® ;L fmolku,mm | Zmolkw mm Fmolki S Emolki, % 100em? | Zmolkumm? | Zmolkumm | Zmolkumm
cm mn
W12 99 1,96 2,54 128 1,54 1.42 4,74 stupei 1 74 0.7 0,76 &0 0,712 0.96 297
W23 75 1.85 24 07 233 172 5.08 stupen 2 51 0.47 0.51 35 0.68 0.93 387
Wid 41 0,66 0.85 hE] 1 1.13 imn stuped 3 27 0.23 025 29 0,64 0.9 217
W43 1% 0,23 0.3 23 0,77 0,99 316 stupeti 4 16 0.13 0,14 17 0,58 0,26 263
Stupen 5 ) 0.02 0.0 3 0.52 0,82 748

The data are compared to the benchmarks using modus and median.

EXA_12 19



An objective system for assessing friability using the
gradient field method and spatial data analysis —Ing. L.
Technikova, PhD. [4]
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Obr. 7 Tvi sady fotografickych etalonii pro stanoveni stupné Zmolkovitosti vzorki
Obr. 5 Obrazy ¢tyi sad fotografickych etalonii pro stanoveni mezistupné Zmolkovitosti riiznych typil textilit testovanych na Komorového Zmolkovaciho pristroje

vzorkii riznych typi textilii z pristroje Martindale. EXA_12
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An.objective system for the assessment of wrinkling...

.

Statiy —»

Zdroje svétla Vzorek

(a) ()

(c) (d)
Obr. 12 Schéma systému porizeni obrazu vzorkii se Zmolky, (a) bokorys a (b) piidorys
systému. (c) Readlny systém snimani obrazu vzorkit a (d) redlny svételny systém.

EXA_12

(4] - continued

Pohled na povrch

Sikmé osvétleni povrchu

Veznikly stin
Odvracend strana \‘ 3 Privedcend strana
- Tmava plecha Zmolku - Svétla plocha Zmolku
\ Zmolek

Obr. 17 Princip metody pro tvorbu 3D povrchu textilie se Zmolky na zdkladé formovani
tvaru reliéfu ze Sikmého esvétleni vzorku.

21



An objective system for the assessment of pilling... [4] -
continued

e

(a)

BB

© @

(g)

Obr. 20 Sada ctyi obrazit vzorku B9 osvétleného (a) shora I, (b) zleva I, (c) ze spodu
Iy, (d) zprava I,, vysledné obrazy po odecteni obrazii v prislusnych smérech (e) gy a (f)
&x. (g) 3D povrch vzorku B9 ziskany pomoci metody gradientnich poli ze sady 4 obrazii.

(e)

EXA_12 22



An objective system for the assessment of pilling... [4] -
continued

{a) {B)

Obr. 25 (a) Bindimi obraz vzorku B9 bez iiprav a (b) findlni bindmi obraz vzorku B9
po viech aplikovamvch ipravdch objeltit

(c) (d)
Obr. 22 (a) Barevny obraz vzorku B9 osvétleny zprava, (b) jeho 3D povreh, (c) bindrni

. . ) b
obraz vzorku po segmentaci obrazu Otsuovou metodou a (d) po lokdlnim prahovani @ @
podle Niblacka.

Obr. 26 (a) Pitvodni barevny obraz vzorku B9 osvétleny zprava a (b) barevny obraz
vzorku s detekovanymi Zmolky ohranicenymi cervenou barvou.

The samples are processed by the proposed algorithm, for each sample, the characteristics of the wrinkling are

calculated from the binary image: number of wrinkles, average, total wrinkle area, average wrinkle perimeter,

wrinkle density and wrinkle contrast. EXA_12 23



Experiment | - structure of cotton bandages

Bandage: Idealbinden
Plane wave
Warp: 2x20tex, cotton, 2250tpm (zz/S, ss/Z — periodic variation), ring spun
Weft: 50tex, cotton, 600tpm, open end spun

angle between weft and warp yarn

—
et

65

Reciprocal proportion

60

55

50

45

40

T
1
l !
1600 1700 1800 1900 2000 2100 2200

nominal two-ply yarn twist [1/m]

2300

EXA_12
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Experiment | - structure of cotton bandages - continued

D[%]= L=ls 44

Specific deformation D [%]:

Elastic deformation R [%]:

0

R[oo]:@.loo

1_|0

* I,... non-stressed length of bandage on measuring bench

* /... pre-tensioned length of bandage by 5kg (for 10cm wide bandage)

* [,...length of bandage after Iminute of tensioning and 2 minutes of relaxation without pre-tension

L&R guarantees more than 90% of specific elongation and
more than 60% of elastic deformation of bandage after its
rolling.

Footnote:
just three samples of five fulfill tolerance given by the company.

lo [m] ly [m] D [%] o [m] R [%]
65,6 69,9
IB1650 | 2 331 | <652:6601> | 239 |<69,68:70,33>
85,3 71,4
IB1800 | 2 37 | <8441:8565> | 249 |<7114:71,67>
96,3 728 |
IB1950 | 2 393 | <9587:96,63> | 252 |<7253:72,98>
103, 68,7
IB2100 | 2 408 |<103.37:104,39>| 2,65 |<68,29:69,12>
105,3 68,7
IB2250 | 2 411 |<104,83:10573>| 2,68 |<68,45:68,95>

(Germany standard DIN 61 632)

EXA_12
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Experiment Il - AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION

Helix Auxetic Yarn — HAY (patent by Hook and col. 2006)
* core —industrially produced polyester elastic band with the fineness of 922 tex
e sheet — polypropylene multifilament yarn 2x72 tex with preventive twist

EXA_12
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Experiment || — AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION — pokracovani

Woven fabrics

* Material:
* Weft — HAY (sett - 2 threads/cm)
* Warp - polypropylene two ply multifilament yarn 2x72 tex (9 threads/cm)

* Patterns: plain, 2/2 twill and 3/5 (3) satin

* Machine: hand weaving loom with eight shafts

l

EXA_12 27



Experiment |l — AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION — continued

n 1[3 r Strength teste
i

« each 10t second captured by CCD camera to

the system of image analysis NIS Elements

* Images of the fabrics in deformation of about

[est g
Csm\“* PC for strength PC with software
&
5
~§
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satin.avi

Experiment |l = AUXETIC WOVEN FABRICS — PORES

PARAMETERS OBSERVATION — continued

J— Results |
. , .

) N — Poisson’s ratio
g 150
% 100 / \\V * the most auxetic and stable (in all tested
E / deformations) - twill wave followed by plain

50 ;\//F;, and satin waves

0 T T T T ]

0 20 40 60 80 100 Comparison of Poisson's ratio for different waves
strain [%]

0,4

Stress-strain curve of twill pattern: 03
0,2
* 0 — A, the fabric is stiff, caused by friction between two | = os i T —
constituents of the HAY S ow——i- i bl o P
® 01 Am o AQ ?@0 1 80 |m Twil
* linear region A — B, represents decrimping of weft threads g o2 —4—1 i I 4 T T f 4 Satin
£ -03 e | | |
e B — C the second linear part, the HAYs are strained 04
themselves and pores’ size is expanded 05
-0,6
e after C — breakage of thinner yarn in the HAY and related deformation [%

straightening of the second part of the HAY



Experiment || = AUXETIC WOVEN FABRICS — PORES
PARAMETERS OBSERVATION — continued

Results Il — pores’ parameters

* Porosity — areal fraction, means total pores’ area divided by measured area of woven fabric
* Number of pores in m?

* Equivalent diameter of pore — diameter of circle with the same area like the pore has

* Minimal Feret diameter — minimal perpendicular distance of tangents to the pore’s border

* Maximal Feret diameter — maximal perpendicular distance of tangents to the pore’s border

e Circularity of pore — ratio between real area of pore and area of circle with the same perimeter like the real
pore has. Circularity of circle is equal to 1.

EXA_12 30



Experiment Il — AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION — continued

Results || — pores’ parameters

equivalent diameter [ pm]

1000

Equivalent Diameter of Pores

900

800
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HHH
o

© Pain

| Twill
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400 E
300 %

A Satin

200

100
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deformation [%]

80

e during decrimping — equivalent diameter is

constant

e during pores’ expansion — equivalent diameter

increases

e till aprox. 20% of deformation — threads’

decrimping => decreasing of circularity

 after that pores’ expansion — circularity is constant

Circularity of Pores
1
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0,8 3
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- 0,6 T E_z % O Plain
8 05 X == ; » Twil
=
o 04 A Satin
‘©c 0,3
0,2
0,1
O T T T 1
0 20 40 60 80
deformation [%]




Experiment Il — AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION — continued

Results Il — pores’ parameters

Maximal Feret Diameter of Pores Minimal Feret Diameter of Pores
3000
800
& 2500 = 700
o 5
g 2000 T | £ 600
© 0 Dlai S 0 Plai
g = I ; i I Pain = H5oo % Pain
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e during decrimping — maximal and minimal
Feret’s diameter is constant

e during pores’ expansion — these diameters
increase



Experiment Il — AUXETIC WOVEN FABRICS — PORES’
PARAMETERS OBSERVATION — continued

Results Il — pores’ parameters

Number of Pores in Area

e during decrimping —  porosity is
almost constant
e during pores’ expansion — these

parameter increases
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Experiment Il - Fabric analysis - porosity before and
after fabric relaxation
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Experiment Il - Fabric analysis - porosity before and
after fabric relaxation — continued
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Experiment Il - Fabric analysis - porosity before and
after fabric relaxation — continued
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From the graphical representation and statistical evaluation, it is clear that there are no statistically significant
differences between the pre- and post-relaxation tests. Thus, the samples retain their original difference as
they had before relaxation.
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