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1. Uvod

Netkané textilie, zejména pro technické aplikace, musi vedle nominalné
definovanych hodnot fyzikalnich vlastnosti, také obecné spliiovat poZadavky
kladené na jejich stejnomérnost. Dosavadni vyvoj v oboru netkanych textilii
potvrzuje predpoklady, Ze diky neustadlym inovacim a velké variantnosti
surovinovych, technologickych a vyrobnich moZnosti, roste s garantovanou
stejnomérnosti vlastnosti netkanych textilii také jejich uplatiiovani v naro¢néjsich
podminkéch nejen kone¢né spotteby, ale i v mnoha zpracovatelskych oborech. V
teoretické oblasti je proto aktudlni zpfesniovat specifické definice vlastniho
pojmu stejnomérnosti, piipadné nestejnomérnosti vlastnosti netkanych textilii a
systematicky dopliovat matematicko-statistickymi metodami popis jejich
hodnoceni prispivajici k zvySeni reprezentativnosti studovanych metod méfeni z
pohledu praktické pouzitelnosti.

K popisu nestejnomérnosti nebo variability vlastnosti plosnych textilnich
atvari je mozno pfistupovat z riznych hledisek. Jednotlivi autofi obvykle
vychazeji z urcitych zjednodu$eni moznych definic stejnomérnosti struktury
plosnych textilii. K praktickému hodnoceni stejnomérnosti netkanych textilii,
Vi, je potieba zvolit vlastnost dostate¢né reprezentativni, snadno méfitelnou, s
jednoduchym vztahem ke struktufe netkané textilie. U netkanych textilii muze
byt zékladni charakteristikou pro statistickou analyzu napfiklad objemova
hmotnost, pyt = m/V [kg.m'3], ktera je podilem hmotnosti, m [kg] a objemu, V
[m], v kazdém elementu prostorové uspofadané struktury.

Soubor publikovanych praci navazuje na disertatni praci autora této habilitaéni
prace a rozpracovavd metodami prostorové statistické analyzy experimentalni
vysledky hodnoceni nestejnomérnosti chemicky pojené textilie, pouzZivané v
elektrotechnickém primyslu k ochrané kabelti pfi poruSeni isolace proti
znehodnoceni vodou. Vyrobni i uzivatelské vlastnosti pro tento ucel vyzaduji
zaru¢enou podélnou pevnost a taznost, elektrickou priraznou pevnost,
nasdkavost, a pevnost v pietrhu. Viechny tyto vlastnosti pfimo Gzce souviseji se

stejnomérnosti  uspofadani  zékladnich  komponent, viskézovych vlaken,



akrylatového pojiva a superabsorpéni slozky, aplikované formou pénové
disperze. Z tohoto hlediska je zfejmé, ze vysledky provedenych méfeni mohou
byt vhodnym zdrojem informaci pro dalsi zkoumani a hodnoceni prostorové
variability tohoto typu netkanych textilii.

Habilitaéni prace prohlubuje ziskané poznatky z hodnoceni nestejnomeérnosti
pojené textilie obchodniho nazvu Perlan. Zakladni statistické charakteristiky
vybranych vlastnosti z méfeni gravimetrickou metodou a z méfeni vzhledové
nestejnomérnosti chemicky pojené textilie jsou vyuzity pro rozsifeni popisu
plosné nestejnomérnosti ¢i prostorové variability, prostfednictvim strukturalnich
funkci. Postupné jsou diskutovany moznosti vyuziti statistické variability
ndhodnych poli a jsou popsany nékteré zpusoby konstrukce strukturalnich
charakteristik z experimentalnich dat. Navrzené postupy se daji dale modifikovat
pro ruzné parametry a vlastnosti vystihujici strukturni uspofadani netkanych
textilii a variabilitu sledovanych vlastnosti. Odkazy na pouzitou literaturu jsou

uvedeny u jednotlivych zvefejnénych praci v pfiloze.

2. Nestejnomérnost netkanych textilii

K hodnoceni vlastnosti netkanych textilii se pouziva podle okolnosti jak pojmu

stejnomérnost, tak nestejnomérnost. Pouzitim pfivlastku stejnomérnost je

vyjadien pozadavek na dosazeni pfiblizné konstantni hodnoty vlastnosti netkané

textilie, Vyr. Pfi pouziti vyrazu nestejnomérnost je zduraznéna skute¢nost, Ze

netkana textilie bude vykazovat vyssi variaci hodnot méfené vlastnosti od
pozadované hodnoty. Variabilita netkanych textilii, jako zvlaStnich druht
poréznich materiali, je jejich zdkladni strukturni charakteristikou. Obecné je
znamo, Ze strukturni stejnomérnost, pfipadné nestejnomérnost se prenasi i na
stejnomérnost ¢i nestejnomérnost  viech jejich vlastnosti. Podle toho, které
charakteristiky se sleduji, 1ze nestejnomérnost rozdélit do téchto zakladnich
skupin:

* hmotna nestejnomérnost

* strukturni nestejnomérnost



= vizualni (optickd) nestejnomérnost
* nestejnomérnost mechanickych a fyzikalnich vlastnosti
= vzhledova nestejnomérnost.

Pro spojité prostorové utvary obecné plati, ze v kazdém elementu miize byt
jejich vlastnost popsdna jednou, skaldrni, veli¢inou, je-li tato hodnota v jeho
okoli jen malo odli$nd nebo stejnd. V souladu s technickymi a fyzikalnimi
moznostmi méfeni volbou pfiméfené velikosti zkoumaného elementu dostavame
moznost definovat nestejnomérnost objemové hmotnosti, pyr. U ploSnych
textilii se bézné osvédcilo, vedle objemové hmotnosti, pyy, pouzivat ploSnou
hmotnost my = f(A), ktera je odvozena od charakteristické plochy, A, netkané
textilie. Lokalni plosna hmotnost, ma, je definovana jako stfedni hodnota
v plode, nebo i jako infinitezimalni hodnota (1). Objemova hmotnost elementu
netkané textilie, p,, se stanovi jako podil hmotnosti elementu, m, a jeho objemu,

V. daného sou¢inem zvolené velikosti plochy, A, a tloustky, t.
ma=Am/AA=ps.t ; dmy=dm/dA [kg m?] (1)

Plosna hmotnost, m, , byla pouzita k porovnani experimentalnich vysledkua

ziskanych déle popsanymi metodami hodnoceni nestejnomérnosti pojené textilie.

Obr. 1 Nestejnomérnosti uspofadani komponent v pojené textilii plodné hmotnosti
40gm™?as0gm?



Méfeni byla provedena tak, aby se na vzorcich pojené textilie plosné hmotnosti
30, 40, 50 a 60 g m vyuzila moZnost, hodnotit specifickou strukturni a
hmotnostni nestejnomérnost, mrakovitost, kterd se vzhledové projevuje zvlaste
ve velkych plochach (obr. 1). Na obrazku 2 je znazornéna definice elementarni
buniky struktury,A;, v rektangularni siti. Rozdéleni plochy vzorku, Ac, na
elementdrni buiiky, Aj, o celkovém poctu NxM, umoZiuje pro rizné
charakteristiky, Pj, vyhodnoceni celkové nestejnomérosti a hodnoceni
nestejnomérnosti ve dvou vzajemné na sebe kolmych smérech, i, j. Zménou
velikosti pracovni matice, a vytvofeni dil¢ich useki o plose A, s ur¢itym poctem
elementérnich bunék, A;;, Ize popsat nestejnomérnost uvniti vzorku o plode, Ac,

mezi plochami A.

i ]
4
A
H‘-R
P;
>

Obr. 2 Vytvoreni pracovni sité s elementarni burikou velikosti plochy, Aj;

Pro popis vzhledové nestejnomérnosti byly jako charakteristiky, Pj;, zvoleny:

pocet slabych mist, M, v zakladni bufice struktury,A;; a relativni velikost plochy

slabych mist, E& /Aij, kde Sy je plocha k-tého slabého mista, a hmotnost my;.
k

Pro porovnani vizuélni a gravimetrické metody byla pouzita metoda analyzy
obrazu, ktera se ukazala jako vhodna pro popis vzhledové nestejnomérnosti
urCenim poctu slabych mist v netkané textilii. Vyhodou metody je snadna
definice velikosti slabého (prazdného) mista bez vldken a pojiva (poru) pres

pocet pixelu v digitdlnim zobrazeni. Pro viechny tii pouzité charakteristiky
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stejnomérnosti je mozné pro grafické vyjadieni pouzit vrstevnicovy diagram, z
kterého je mozno identifikovat prevladajici smér nestejnomérnosti, tak rozloZeni
charakteristik P;;.

Podle zpisobu vyroby maji netkané textilie velmi rozli¢né usporadani
struktury. Naptiklad vpichovand textilie ma az 90% volného prostoru a obvykle
se jevi vzhledové jako stejnoméra. U chemicky pojenych netkanych textilii se
naopak setkavame s vizudlni a hmotnostni nestejnomérnosti hodnocenou jako
mrakovitost. Tato vzhledové charakteristika vystihuje plosné rozdéleni hmotnosti
v zavislosti na surovinovych, technologickych a vyrobnich faktorech tvorby
vlakenné vrstvy a dalsiho postupu zpeviiovani chemicky pojené netkané textilie.

Meéftitkem pro stanoveni odchylky stejnomérnosti od pozadovaného hodnoty
jsou nejcastéji zjednodusené slovni nebo fyzikalni modely, s kterymi se realné
vyrobena textilie poméfuje. Tento jev je mozno riznymi matematicko-
statistickymi metodami kvantifikovat, aby mohl byt i objektivni mirou jakosti.
Nejcastéji je nestejnomérnost vyjadrovana variaénim koeficientem, CV(A), jako
podil smérodatné odchylky, s(A), a aritmetického priméru, xp(A), zjisténych
hodnot vlastnosti netkané textilie, P(A).

A
CV(A)= :’(( A)) ] @)

Varia¢ni koeficient CV(A) vyjadfuje variabilitu vlastnosti P(A) primérované
pies plochu A. Jde tedy o varia¢ni koeficient mezi plochami Ac. Varia¢ni
koeficient CV(A), vypocitany ze zjisténych hodnot naméfenych standardni
metodou, nevyjadfuje dostatené charakteristické rozdéleni hmotnosti v plose a
prufezu zkoumané netkané textilie. Vedle hodnot celkového variaéniho
koeficientu CV(A), Ize také vypocitat varia¢ni koeficienty ve sméru podélném a
ve sméru pficném CV;, CVyy, resp. CVy, , CVy vyuzitim rozkladu rozptylu.
Pro pfipad eclementarnich bunek, A, lze primérnou hodnotu, x,, zvolené

charakteristiky, P;;, (napfiklad pocet dér v elementarni bunce, Ajj) urcit ze vztahu

]
X,.:Wgzjl(l)lj) (3)



a pro celkovy rozptyl s? plati

2 = 4
= O *

Celkovy rozptyl, s%, se pouzitim dil¢ich priméri m;, (ve sméru osy stroje) a m,
(ve sméru pifiéném) déa vyjadiit vztahy (5) az (12). Symbol ,,0* urCuje index pres
ktery se sumuje.

Pro podélny smér lze nalézt rozklad celkového rozptylu ve tvaru

52: 82L+ SZHL (5)

$? =L 5 (m,, —m)’ (6)
I N i 10

Sl WZ::§( (7)

m =LZP 8
10 M ; ] ( )

kde s°; je rozptyl ve sméru stroje a el je doplikovy rozptyl pro pti¢ny smeér.

Podobné pro ptiény smér lze definovat rozklad celkového rozptylu, kde s’ je

rozptyl ve sméru pfi¢ném a i je doplnkovy rozptyl pro smér osy stroje.

§’= s’y +sp (9)

i =-§d—§(moj—m)2 (10)

o :W;?( m,)’ (11)

moj=izpu (12)
N “



Vyse uvedené vztahy jsou analogické rozkladu na vnéjsi a vnitini

nestejnomérnost.

Dalsi moznosti posuzovani vzhledové nestejnomérnosti je interpretace

charakteristiky, P;, jako diskrétni presentace dvourozmérného nahodného pole

ijs
pro Grovné dvou faktori odpovidajicich pfi¢nému a podélnému sméru vyroby.

Pjj= pjj + & (13)
kde pj; je stfedni hodnota a €;; je nahodna chyba v ij-té buiice pole.
Clen w;; se da dale rozlozit na efekty B; odpovidajici podélnému sméru, efekty

a; odpovidajici pfi¢cnému sméru a interakéni ¢len a ;f; pomoci vztahu

Hij = Q +Bj+C(15 Bj (14)
kde c je koeficient neaditivity.

Pro pfipad ¢isté aditivnich efekt je interakce tj=c o ;=0 a pak
a=—¥(P,~m)
Mo (15)
1
B=§§(P.-j—m) (16)

kde m je celkovy primér definovany rovnici (3).

Zrezidui &;=Pj;—m— a; — fjlze vycislit odhad parametru ¢

22.¢;PjaB,
sy, a7)

Stejnomérnost ve sméru osy stroje je pak ekvivalentni platnosti hypotézy: H:

B; = 0,j=1...M a stejnomérnost v pfi¢ném sméru je rovna platnosti Hy: o = 0, i



= 1...N. Pro testovani téchto hypotéz byla pouzita standardni dvoustupiiova

analyza rozptylu (ANOVA) s pevnymi efekty bez opakovani.

3. Hodnoceni vizualni nestejnomérnosti

S vyuzitim jednoduchého opticko-mechanického zafizeni MEOFLEX byl
navrzen polokvantitativni zplsob vizudlniho vyhodnoceni nestejnomérnosti
plosné hmotnosti na zdkladé kolisani poctu slabych mist. Oko pracuje jako
receptor a snimd maximalni a minimalni hodnoty intenzity osvétleni v mistech
nahromadénych vldken a v fidkych mistech vlakenné vrstvy. Nestejnomérnost
plodné hmotnosti je pak funkci kontrastu, K, podle vztahu (18), subjektivné
vyhodnocenym na zakladé rozdilu jasu Ly, a Ly, Abychom mohli takto
postupovat je nutny dostateény rozdil mezi jasnymi a tmavymi misty.
Definujeme-li kontrast, K, pro dvé mista s rozdilnym hmotnostnim rozlozenim
vlaken a s dostate¢né rozdilnou hodnotou, L, a Ly, , vztahem (18), bude pro
pruhledné misto hodnota L, rovna L., a kontrast K= 0. Pro nepruhlednou

¢ast netkané textilie bude L,,,=0aK=1.

Kzﬁg‘;ﬁ— = K(0;1) (18)

Timto zpisobem je mozno hodnotit alespon Caste¢né transparentni netkané
textilie. Citlivost oka na rizné kvantitativni poméry rozlozeni téchto oblasti je
podle zku3enosti mozno stanovit v rozsahu 5.10™* az 0,1 metru. P§i faktoru
zvétseni 21x  pristroje MEOFLEX se snizi dolni hranice citlivosti vizudlni
metody o dalsi fad na 5.10° [m]. Horni hranice je déna propustnosti svételného
toku netkanych textilii nebo vlakennych vrstev vy3Sich hmotnosti. Podle
zkusenosti autora je omezena plo$nou hmotnosti 0,1 kg m . Rozlisitelnost
mistnich vad je od 0,025 mm. Kvantifikace vizualniho hodnoceni podle
navrzen¢ho experimentu spociva v identifikaci slabych mist v kazdé¢ z 25

elementarnich bunék, A;;, uspofadanych do pracovni matice, A. Skute¢ny rozmér

10



kazdé elementarni buriky je 2x2 mm z odebraného vzorku 10x10 mm.
Pozorovatel spocitd oblasti s hodnotami kontrastu K=0, které definuji mista s

minimalni hodnotou plo$né hmotnosti, Ay.

Tabulka 1. Kvantifikace lokalnich hodnot slabych mist pojené textilie, Ay,
ve vzorku A

18 19 14 10 12
21 19 21 & 11
21 16 22 12 16
20 17 13 18 18
8 19 14 11 16

Pocet hodnot 29

Stfedni hodnota 16,04 [-]

Maximalni hodnota 22 [-]

Minimalni hodnota g [-]

Rozpéti 14 [-]

Smérodatna odchylka 3,8312 [-]

Varia¢ni koeficient 23,88 [%]

V / S5
7 -
. Ciner

‘DIS-:!O
510

4

S1

Obr. 3 Grafické znazornéni po¢tu slabych mist ve vzorku 60 g m 2,
hodnocenych vizudlni metodou na piistroji Meoflex ve vzorku A,
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Pro grafické vyjadfeni nestejnomérnosti ve vétsich plochéch lze usporadat
hodnoty, M,, zjisténé v jednotlivych elementarnich buiikach, Aj;, do navazujicich
pracovnich matic (A, — A,), odpovidajicich v tomto pfipadé velikosti plochy

vzorku, Ac, 20x20mm.

S$10

S9

S8 A-Ay

s7

S6 '020-30
10-20

2 : 0-10 |

S4
S3
S2

S1
TGNy 8 g iR

Obr. 4 Grafické znazornéni poctu slabych mist ¢tyf hodnocenych ploch A,
velikosti (10x10 mm) pojené textilie 60 g m™

Grafické vyjadreni vysledk polokvantitativniho hodnoceni nestejnomérnosti
pomoci fezu trojrozmérného grafu na pojené textilii ukazuje smér, kterym by
bylo mozno popsat mrakovitost vldkennych vrstev a netkanych textilii nizSich
hmotnosti bez naro¢né techniky. Na obrazku 4, znazornuji svétlé plochy oblasti
s velkym poctem slabych mist, tmavé plochy jsou mista s malym poctem slabych

mist.

Jiné grafické znazornéni vysledku pro hodnoty poctu slabych mist, A,
pracovnich matic A;- Ay, Ctyf vzorki je na obrazku 5a),b). Podstatou této metody
je lokalni vyhlazeni dat dvourozmérnou kubickou funkci spline tak, aby
zobrazované Gseky na sebe v uzlovych bodech hladce navazovaly (obr. 5a). Na
grafu (obr. 5b) je pak mozno sledovat izolinie povrchu anizotropie hodnoceného

vzorku.
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Obr. 5a), b) Dvourozmérny spline primérného po¢tu slabych mist v pojené
textilii plosné hmotnosti 60 g m™

4. Hodnoceni nestejnomérnosti metodou analyzy obrazu

Metoda analyzy obrazu, pomoci CCD kamery a pocitace, odstrariuje vysokou
miru subjektivity pfi vizudlnim hodnoceni stejnomérnosti transparentnich
netkanych textilii. Zpfesiiuje podminky méfeni, zrychluje vyhodnoceni a ma
dalsi vyhody. Metoda umoznila vyjadfit stejnomérnost pojené textilie dalsimi
dvéma charakteristikami, velikosti plochy slabého mista a podilem velikosti
plochy slabého mista k celkovému plodnému obsahu méfeného useku vzorku
(porosita). Pro zpracovani digitalizovaného obrazu bylo pouzito softwareového
systému LUCIA M, pro zpracovéni a analyzu digitalnich obrazi High Color (3x5
biti1) s rozlisenim 752x524 bodi.

Metodou analyzy obrazu byly hodnoceny pojené textilie ploSnych hmotnosti
30,40a50¢g m™, u kterych jiz okem nelze dostate¢né rozlisit kontrast slabych a

silnych mist. Pfi hodnoceni stejnomérnosti snimku netkané textilie potizenc¢ho
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kamerou, byla volena riizna zvétseni. Byla spoctena jednotliva prihledna mista
(diry) podle zndzornéni na obr. 6. U kazd¢ diry byla urCena velikost plochy, Ay, a

stanovena relativni velikost (porosita), Y A, /A;, elementu struktury pojené
k

textilie, kterou predstavuje zakladni bunika rektangularni sit€, Aj;.

X1 X

Obr. 6 Systém analyzy obrazu vzorku pojené textilie plosného obsahu, A

Vybrané vysledky hodnoceni nestejnomérnosti pojené textilie navrZenou
metodou analyzy obrazu jsou uvedeny v tabulkach 2 az 4 a na obrazcich 7 az 11.
Celkova plocha vzorku, Ac = 58,59 mm?’, pojené textilie 30 g m™ byla rozdélena
na 24 elementarnich bunék plochy A;; = 2,44 mm’.

Hodnoty zvolenych charakteristik nestejnomérnosti, P;;, graficky vyjadiuji fezy
trojrozmérného grafu a vyhlazeny dvourozmérny kubicky spline, z kterych je
mozno identifikovat jak prevladajici smér nestejnomérnosti, tak rozlozZeni

hodnot.

Tabulka 2. Pocet slabych mist pojené textilie 30 g m™

e s For il -
85 R R RE TR
| 60 | 54 53 98 69 73
| 46 76 70 87 49 55 |
e B




Pocet hodnot 24

Stiedni hodnota 64,208 [-]
Maximalni hodnota 98 [-]
Minimalni hodnota 23 [-]
Rozpéti 75 [-]
Smérodatna odchylka 19,3045 [-]
Varia¢ni koeficient 30,06 [%]
t S4
: =
0 60-80 |
i 040-60
S2 'W20-40 |
4
1 2 3 4 5 6

Obr. 7 Grafické znazornéni kvantifikovanych lokélnich hodnot slabych
mist pojené textilie 30 g m™

Vyjadreni vysledki poctu slabych mist pomoci fezl trojrozmérnych grafi
zjednoduduje orientaci v ur¢ovani kritickych mist v pojené textilii. Napfiklad
volbou hranice citlivosti hodnot vétSich nez 90 slabych mist v méfeném useku
pojené textilie, byla vyzna¢ena tmavou plochou informace o kritickém misté

(obr. 8).

. 90180 |

| 4 '®0-90

90+

Obr. 8 Zpisob identifikace kritické oblasti slabych mist v pojené textilii 30 g m™
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Obr. 9a),b) Dvourozmérny spline pro pocet slabych mist v pojené textilii
plosné hmotnosti 30 g m”

Tabulka 3. Porosita, 3" A, /Aj;, pojené textilie 30 g m™
k

i r3s
0,3146 0,3885 0,3447 0,2879 0,3535 0,2461
0,4612 0,4821 0,4858 0,3285 0,4251 0,3741
0,457 0,3387 0,3717 0,3096 0,4975 0,4318
0,6524 0,5302 0,4595 0,5342 0,4822 0,3046 J
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Pocet 24

Pramér 4,11E-01 [-]
Maximum 0,6524 [-]
Minimum 0,2461 [-]
Rozpéti 0,4063 [-]
Smérodatna odchylka 0,09462 [-]
Varia¢ni koeficient 23,02 [%]

>

00.6-0.8
00.4-0,6
mo,

S1
1 2 3 4 ] 6

Obr. 10 Grafické zndzornéni hodnot relativni velikosti plochy slabych mist,
> A, /Ajj, ve vzorcich pojené textilie 30 g m™
k

Obr. 11 a) Dvourozmérny spline pro relativni velikosti ploch slabych mist,
YA, /Ajj, v pojené textilii plosné hmotnosti 30 g m™
k
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)

Obr. 11 b) Dvourozmérny spline pro relativni velikosti ploch slabych mist,
Y A, /Ajj, v pojené textilii plosné hmotnosti 30 g m™
k

Z vysledki vyplyva, ze metoda analyzy obrazu je vhodna pro popis vzhledové
nestejnomérnosti uréenim poctu slabych mist v netkané textilii. Na hodnoceni
relativnim podilem plochy (porosita) nebo velikosti plochy slabych mist
v netkané textilii je mozno déle rozpracovat. Vyhodou metody je snadn4 definice
velikosti slabého (prazdného) mista bez vlaken a pojiva (poru) pres pocet pixell
v digitdlnim zobrazeni. Metoda analyzy obrazu ukazuje dalsi smér moZnosti
hodnoceni stejnomérnosti plodnych vlakennych utvari, zejména transparentnich
netkanych textilii. Pfi standardizaci podminek je mozné v budoucnu poéitat se

srovnatelnosti vysledki a se zavedenim metody do praxe.
S. Hodnoceni nestejnomérnosti gravimetrickou metodou

Hodnoceni nestejnomérnosti plosné hmotnosti gravimetricky Je normovanym
postupem. Pro porovnéni vysledki s navrhovanymi optickymi metodami, kde se

pracuje s fadové mendimi méfenymi plodnymi obsahy byl proveden pokus vazeni

vzorkit 10x10 mm s hmotnosti 10 g. Kontrola vlivu chyby rozméru a vazeni je
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uvedena v tabulce 5, ktera shrnuje vysledky pro vzorek pojené textilie plosné

hmotnosti 60 g m™.

Tabulka 5. Primérmné hodnoty hmotnosti vzorkd 10x10 mm pojené textilie
plodné hmotnosti 60 g m™ a relativni chyba z péti méfeni

mai; [107¢]+ 8 [%]

60 60 55,7 56 57,8 53.8 67 62,7 69,2 63,2
1,02 1,6 0,8 1,16 0,76 0,83 0 0,71 0,39 0,43
58,1 68.8 68,1 66,1 66,1 54,9 52,1 51,8 64,2 65,3
0,39 0.4 0,33 0,34 0,34 0,41 0,43 0,49 0,43 0,42
61,1 63 534 60,1 60,4 56,1 56 57 55.7 55
0,37 0 0,4 0,37 0,37 0,4 0 0 0,49 0
al1,1 51,9 53,8 554 56,1 51 57,1 54.8 554 61.4
0,44 0,43 0,51 0,4 0.4 0 0,39 0,5 0.4 0,36
35,5 57.1 53.1 56,8 59,7 5.2 61 51,6 55,8 57.1

0 0,4 0,42 0,48 0,75 0,48 0 0,43 0,49 0,39
54,8 312 60 59,1 531 54,6 61 62,7 61,6 52.1

0,5 0,54 0 0,38 0,42 0,41 0 0,44 0,36 0,43
52,4 58,2 59,2 53] 62,2 63.4 63,2 54,8 54,8 58
0,79 0,47 0,46 0,42 0,44 0,66 0,43 0,5 0,46 0

59 63,9 58,1 58 67 56,3 61,8 65 58,1 535

0 0,35 0,39 0 0 0,49 0,44 0 0,39 0
70 63.4 71 64,3 51,3 56 59,5 58 51 62,2
0 0,35 0 0,43 0,53 0 0 0 0 0,44
69,3 73 65 57 312 63 56 62 61 60
0.4 0 0 0 0,48 0 0 0 0 0
Pocet hodnot 100
Stredni hodnota 58,8767 [10“g]
Maximalni hodnota 73 [107*g]
Minimélni hodnota 51 [107%g)
Rozpéti 22 [10*g]
Smérodatna odchylka 5,1002 [10%g)
Varia¢ni koeficient 8,66 [%]
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Obr. 12 Grafické znazornéni hodnot hmotnosti, ma, pojené textilie 60 g m™
zjisténych gravimetricky

Obr. 13a),b) Dvourozmérmy spline pro hodnoty hmotnosti, mu,pojené textilie
60 g m™ zjisténé gravimetricky
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Z obrazku 12 lze vyhodnotit shluky vlaken v pojené textilii tvofici mista
s plosnou hmotnosti my > 60 g m™, ktera jsou znazornéna tmavymi plochami.
Mista v pojené textilii s plosnou hmotnosti my <60 g m™, jsou svétla.
Hodnoceni nestejnomérnosti celkovym variaénim koeficientem, CV, a
variatnim koeficientem v podélném sméru, CV;, a doplikovym variatnim
koeficientem pro pti¢ny smér, CVy, pro méfené vzorky plo$né hmotnosti 30,

40, 50 a 60 g m* je uvedeno v tabulce 6.

Tabulka 6. Varia¢ni koeficienty hodnot hmotnosti vzorkli méfenych gravimetricky

Charakteristika m,[gm?]

hmotnost 30 40 50 60
CY 0,136615 0,105927 0,100945 0,086634
CV, 0,051815 0,043055 0,047852 0,018719
CVuo 0,126407 0,096782 0,088883 0,084588

Z hodnot varia¢nich koeficientli ve sméru vyroby pojené textilie ve stroji, CV,,
je ziejmé, Ze ve viech pfipadech je vétsi nestejnomérnost v pfi¢ném sméru a pro
plodné hmotnosti 30 az 60 g m™” se pohybuji hodnoty od poméru 1:1, 85 do
poméru 1:4,51.

M¢éfenim plosné hmotnosti modifikovanou gravimetrickou metodou byla
naznacen jeden zmoznych postupti popisu charakteristické vzhledové
nestejnomérnosti, mrakovitosti, pojené textilie. Normalizovana velikost
méfenych tseki (100cm?) byla zmenSena v tomto pfipadé 100x. Dal3i diskuse
ovéfeni pfimého odecitdni rozmért shluka vldken z grafu vysledného hodnoceni
stejnomérnosti plosné hmotnosti pojené textilie muZe pfinést vyuziti vysledki

k provoznim uceltim.
6. Analyza nestejnomérnosti ploSné hmotnosti

Pro acely analyzy nestejnomérnosti vlastnosti zkoumané pojené textilie, byl

zaveden pojem plodné hustoty, z(x)=z(x,y). V mist¢ x = (x,y) je definovéna
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hodnota z(x) jako hmotnost M(S) délend plochou dS =4dxdy elementarniho
&tverce tj. plochou pFi¢ného fezu objemového elementu o tloustce odpovidajici
tloust'ce textilie a pfi¢nych rozmérech x + dx a 'y + dy, s objemovou hustotou
textilie p(x,y).

Soucasné je uvazovano nahodné pole z(x) se slozkami z;= z(x;)=z(x; ,y;) uréené
v p- tici bodli x; umisténych v oblasti D, kterou tvofi rektanguldrni rovnomérnou
sit. Nahodné pole z(x) je jednoznaéné charakterizovano p rozmérnou hustotou

pravdépodobnosti
pn(zl’ZZ’”Zn) = P{Zf = Z(xi) S Z’- +dzl” Izln} (19)

Stfedni hodnota m(x;) = E(z;) nahodného pole v misté x; je definovana vztahem
E(z)= sz p(z;) dz, (20)

Pro vyjadreni variability bylo standardné pouzito druhého smiSeného centralniho

momentu, kovariance, podle vztahu (18)

C, = [[e.-Ee)e, - Ee,) pze,2,) dz, dz,

resp.

C, = E(z(xl)*z(xj)) —E(z(x,)*E(z(x,) (21)
Specialné pro vyjadfeni prostorové nepodobnosti mezi hodnotami v mistech x; a

X; byl vyuzit variogram resp. semivariogram, ktery je definovan jako polovina

rozptylu priristku (z(x;) - z(x;))

I'; =0.5*Dfz(x;) - z(x,)]
resp.

Ty =05*E(z(x,)- 2(x,))* - (E(z(x,) - 2(x,))* ] (22)
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Pro miizkové usporadani byl zvolen pririistkovy vektor jako nasobek délky a
vy3ky jednotkové elementarni buiiky. Vybérovy smérovy variogram ve sméru

priristkového vektoru & byl po¢itan obecné ze vztahu

Nk

y(h)—z—@‘g[z(x) z2(x, +h)]? (23)

kde N(h) je pocet dvojic bodi oddélenych o vzdélenost / a orientovanych podle
sméru vektoru k. Pro miizkové usporadani jsou moZné pouze tfi sméry, a délka
piirtistkového vektoru je nasobkem velikosti elementérni cely. Bylo tedy mozné
poc¢itat smérovy variogram ve sméru podélném 0° (h = c*/1,0]), diagonalnim 45°
(h = c*[1,1]), a ptiéném 90° (h = c*[1,0]) pro nasobky ¢ = 1,2,3.... Pramérovani
variogramii ve v3ech smérech vedlo ktzv. v3esmérovému variogramu
(omnidirectional variogram). Pro grafické vyjadieni prostorové variability byl
konstruovéan variogramovy povrch. Jde o soustavu variogramii uspiadanych do
bunék ¢étvercové sité. Pocatkem je centralni buika, kterd méa nulovy pfiristkovy
vektor. Dalsi buriky maji priristkovy vektor & vytvofeny jako nasobek centréalni
buiiky ve sméru x a y. Na tomto povrchu bylo mozno sledovat orientatné
uvedené tii zakladni sméry anizotropie, ve kterych je variogram nejvice
informativni. Obrazek 14 znazornuje sféricky model viesmérového variogramu.

Diskontinuita v po¢atku indikuje nesplnéni stacionarity druhého radu.

Semivariogram

32 —

30

28 |

26 |

gamma

0 1 2 ey 4 5 8
h

Obr. 14 Viesmérovy variogram plosné hustoty pojené textilie 60 g m’
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V ptedchozich ¢astech této prace byly struéné shrnuty vysledky disertacni prace
autora, s uvedenim prikladi a jejich vizualizace. Dale jsou uvedeny zékladni
statistické ~charakteristiky nestejnomérnosti. Vedle celkového variacniho
koeficientu CV, byly poéitiny také hodnoty varia¢niho koeficientu ve sméru
vyroby CV| a CVy,. Zavérenym krokem u v3ech méfeni byla interpretace
charakteristik, P;;, po¢tu slabych mist a velikosti plochy slabych mist Ay, a
hmotnosti vzorku m;;, jako diskrétni presentace dvourozmérného nahodného pole
podle vztahti (13) az (17), v¢etné analyzy rozptylu ANOVA. Uvedené postupy
hodnoceni nestejnomérnosti vizualni metodou, metodou analyzy obrazu a
modifikovanou gravimetrickou metodou, reprezentuji tfi ruzné zpisoby
posuzovéani nestejnomérnosti plosné hmotnosti pojenych textilii. Popis
nestejnomérnosti netkanych textilii, lze za ur€itych predpokladi, rozsifit o
statistickou prostorovou analyzu dat, kterd mize pfispét k vysvétleni procesu,
které vedly ke vzniku nestejnomérnosti popisované vlastnosti netkané textilie.
Jednou z téchto moznosti je vyjadreni plosné nestejnomérnosti vyuzitim SirSiho

aparatu nahodnych poli. V prostorové analyze dat z riznych obort se obecné

vyuziva indexu prostorové autokorelace nebo kovariance a variogramu.

Prostorova analyza

V souboru publikovanych studii [1] az [16], které jsou pfilohou habilita¢ni prace,
bylo v oboru hodnoceni nestejnomérnosti netkanych textilii uzito pro statistickou
analyzu dvourozmérného pole a popis kolisani plosné hustoty pojené textilie
zejména:

= prostorové hledisko, pracujici pfevazné s jednou charakteristikou netkané
textilie v pravouhlé siti, scilem zjistit s jakou pravdépodobnosti je
uspofadani dat ndhodné, piipadné shlukové;

* primarni data byla podrobena prostorové analyze pomoci strukturalnich
funkci, napfiklad momentovych charakteristik druhého adu, variogramu a
semivariogramu,

* vyhodnoceni autokorelace bylo provedeno smérovymi semivariogramy,

kterymi je popsana anizotropie povrchové hustoty;
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» k informaci o variabilitt povrchové hustoty je navrhovan odhad
kovarianéni funkce, viesmérovy variogram a konstrukce variogramového
povrchu;

= ke kvantifikaci prostorové kontinuity dat variogramu, byla pouzita také
indikatorova funkce dvourozmérného rozdéleni;

= identifikace shluki a hodnoceni prostorové zavislosti dat byly provedeny
ovéfenim multivaria¢ni §picatosti;

= vyyuziti hodnot v3esmérového variogramu je pouzito k urCeni fraktalni

dimenze, ktera charakterizuje komplexné slozitost zkoumaného povrchu.

Diskuse vysledkli analyzy nestejnomérnosti zkoumané pojené textilie je
postupné rozvedena v souboru zvefejnénych praci, v¢etné vyuziti dalSich
charakteristik prostorové statistiky k vyjadieni kolisani lokalni ploSné
hmotnosti netkanych textilii. Jsou v nich podrobné uvedeny zékladni
teoretické moznosti popisu dat, kterd jsou chapana jako nahodna pole a
odkazy na relevantni odbornou literaturu. Prakticky jsou vyuzita primarni
data z diserta¢ni prace autora k demonstraci provedeni statistické analyzy na
prikladech a k vyjadfeni riznych zpisobt vyhodnoceni variability plo$né
hmotnosti, objemové ¢i povrchové hustoty, az po definici fraktalniho rozméru

povrchu pojené textilie.

7. Komentar dosazenych vysledku

Vysledky analyzy nestejnomérnosti vlastnosti pojené textilie, podrobné
popsan¢ v diserta¢ni praci autora z let 1998-2000, jsou stru¢né predstaveny v
této praci v kapitole 1. az 5. Podle koncepce uvedené v kapitole 6. jsou postupné
rozvinuty dal3i aplikace néstroji prostorové statistiky, prezentované piilozenym

souborem studii [1] az [16].
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Vzhledovi nestejnomérnost netkanych textilii

Zpusob vizualniho hodnoceni vzhledové nestejnomérnosti subjektivni metodou a
objektivniho méfeni s vyuzitim systému LUCIA pro analyzu obrazi (kapitola 3.
a 4.) je systematicky rozpracovan v praci [1] az [4]. Pro popis vzhledové
nestejnomérnosti  vzorku pojené textilie 60 g m? jsou vyuZity tyto

charakteristiky, Pj;:

= pocet bilych mist subjektivné pozorovanych hodnotitelem, WS;;
* pocet bilych mist objektivné snimanych kamerou, WO;;
= relativni podil bilych mist, porosita, PO;;

» relativni podil mist s konstantni trovni $edi, SO;;.

Je popsano pouziti rozkladu rozptylt pro vyjadieni slozek nestejnomérnosti ve
sméru osy stroje a sméru priéném, pro posouzeni vyznamnosti kolisani
charakteristik zaplnéni, pocet bilych mist WS a pocet dér WO. Na hodnotéach
varia¢nich koeficientu, celkového CV, ve sméru vyroby CV, a v pfi¢éném sméru,
CVy, je pro vySe uvedené charakteristiky ukdzano na rozdily v subjektivnim a
objektivnim posuzovani bilych mist WS a WO. Vysledek piijeti hypotéz Hj na
hladiné vyznamnosti 0.95, pfi testovani hypotéz standardni analyzou rozptylu pro
relativni porositu, PO, a pocet bilych mist WS resp. WO, potvrdil, Ze variabilita
zadné sledované charakteristiky neni statisticky vyznamna.

K prozkoumani prostorové souvislosti sousednich hodnot zjiténych
vizualnim hodnocenim, bilych mist, WS;;, v pravouhlé siti, byl proveden vypocet
autokorela¢niho indexu, I, podle Morana [4]. Vysledek potvrdil pfimou lokalni

prostorovou souvislost hodnot WS;;, nejblizsich sousednich bunék.

Nestejnomérnost ploSné hmotnosti netkanych textilii

K popisu nestejnomérnosti plodné hmotnosti je vyuzit zpisob hodnoceni
modifikovanou gravimetrickou metodou (kapitola 5.), ktery je roziifen o
teoreticky popis pouZiti prostorové kovariance a variogramu k vyjadfeni kolisani

globalni a lokélni variability ploSné hmotnosti. Dale je ukazan zpisob vyjadieni
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anizotropie t&chto nahodnych poli jako mozného popisu plosné nestejnomérnosti
pfi analyze gravimetrickych méfeni. Vysledky jsou doloZzeny zpracovanim

experimentélnich dat vzorku pojené textilie 60 g m™.

Pro popis plo$né nestejnomérnosti netkanych textilii se doporucuje zavést,

v kap. 6 definovany pojem plosna hustota, z(x)=z(x,y). Informace o ndhodnych

polich se ziskdvaji na zékladé ndhodné sekvence povrchovych hustot z(i.j)
ur¢enych na pravouhlé siti, kde i,j (i = 1...m, j = 1...n) definuje ij-tou buriku. Jako
zékladni charakteristika nehomogenity povrchové hustoty se pouziva koeficient
anizotropie, An=Km/Lm, kde Km a Lm jsou intervaly korelace, pfi znalosti
odhadu korela¢ni funkce R(K,L) je mozné uréit charakteristiku anizotropie i

parametry Gaussovského pole.

Obr. 15 Odhad korela¢ni funkce R(K,L) pro K=0,1.....7 a L=0,1...7.

V piispévku [5] bylo ukazano pouziti pole povrchové hustoty pro hodnoceni
povrchové nestejnomérnosti netkanych textilii. Z vysledki bylo zjisténo, ze pole
povrchové hustoty zkoumaného vzorku pojené textilie je mirng anizotropni a

vykazuje lokalni neregularity.
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K prozkoumdni prostorové souvislosti sousednich hodnot plo3né hmotnosti,
m;; v pravouhlé siti, byl proveden vypocet autokorelaéniho indexu, ¢, podle
Gearyho [6]. Vysledek rovnéZz potvrdil ptimou lokélni prostorovou souvislost
hodnot plosné hmotnosti, m;;, nejblizsich sousednich bunék.

Aplikaci smérového variogramu ve sméru podélném, pficném a diagonalnim,
v&etné jejich kombinace byla na sférickém pfechodovém modelu viesméroveho
variogramu plo$né hustoty potvrzena prostorova zavislost plosné hmotnosti
malého dosahu a nahodnost kolisani plosné hmotnosti ve vétsim méfitku (obr.
14). Pro grafické vyjadfeni prostorové variability byl zkonstruovan variogramovy
povrch (obr. 16), jako soustava variogramu uspoiadanych do bunék &tvercové

sité, na kterém je mozno orienta¢né sledovat sméry anizotropie [7, 8, 9].

datas

N dhbhbwiliospwano

2054937012 34507

Obr.16 Variogramovy povrch

Lokalni nestejnomérnost netkanvch textilii

V préaci [10] a [11] je rozSifen zpGsob hodnoceni nestejnomérnosti zkoumané
pojené textilie o dal3i charakterizaci izotropnich povrchu pouzitim fraktalniho
rozméru, D, vypocitaného zplochy variogrami pro smér fadki, sloupci a
diagonélni smér pravouhlé sité. Zavadi se vypocet indikatorové funkce, veetné
grafického znazorméni fezi, k vizualizaci zavislosti lokalnich shlukd dat

naméfenych modifikovanou gravimetrickou metodou (kapitola 5.).
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Obr. 17 Vybrané kvantily indikatorové funkce nahodné variability znazormuji
souvislost lokalnich dat a vyskyt shluku jako lokalnich anomalili

Hodnota zjisténého viesmérového fraktalniho rozméru, D=2,86 popisuje ploSnou
nestejnomérnost zkoumané textilie jako velmi slozity povrch. Na obrazku 17 jsou
prezentovany vysledky indikdtoru variability, ktery orientatné znéazornuje

povrchovou heterogenitu.

Hodnoceni nestejnomérnosti vlastnosti netkanych textilii
Hlavnim cilem ptispévka [12] az [16] je prezentace teorie i vysledki dfive
postupné predstavovanych metod hodnoceni nestejnomérnosti vlastnosti
netkanych textilii, zalozeném na pouziti teorie nahodnych poli, jako uceleného
systému hodnoceni. Dolozené vysledky na datech zjiSténych méfenim vybrané
charakteristické vlastnosti, plosné ¢&i  objemové hmotnosti, predstavuji
v pravouhlé siti aplikaci riznych vSesmérovych charakteristik prostorové
variability, variogramu, Kovariance, korelogramu a madogramu. Ovéfeni
prostorové zavislosti malého dosahu a ndhodnosti ve veétSim méfitku je
modelovano pomoci pfechodového typu sférick¢ho modelu variogramu. Rovnéz

je ukdzina vhodnost kombinace variogramu a jeho fraktalniho rozméru
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k zdokonaleni popisu komplexity povrchu pojené textilie, generovan¢

materialovymi, technologickymi a vyrobnimi vlivy.

8. Zavér

Lze konstatovat, Ze podrobné diskutované téma hodnoceni nestejnomérnosti
vlastnosti pojenych textilii, reprezentované souborem zvefejnénych praci [1] aZ
[16], rozsifilo matematicko-statistické zpracovani dat pouzité v disertatni praci
autora, o postupy modelovani a prizkum prostorové autokorelace a o provedeni
analyzy variability proménné veli¢iny, objemové hustoty, v nahodném poli.
Systematicky pfistup a prezentace vysledku ilustruje efektivni vyuziti nastroju
prostorové statistiky k popisu ruznych charakteristik zkoumané vlastnosti pojené
textilie a zpfehledniuje orientaci v daldich moznostech zdokonalovani zptisobu
hodnoceni nestejnomérnosti vlastnosti plosnych vlakennych utvari. Dalsi
prohloubeni poznatki uvedenych v této praci, muze vést podle predstavené
koncepce, k obecnému rozsifeni hodnoceni a popisu strukturdlnich a

povrchovych vlastnosti ploSnych textilii.

Podékovani

Dékuji pfi této prilezitosti vSem spoluautorim za jejich piispévek k daldimu
rozvinuti poznatki moji disertacni prace a vysledki mého doktorandského studia
v letech 1998 — 2000.

Zvlaste dekuji Prof. Ing. Jitimu Militkému, CSc., vedoucimu Katedry textilnich
materiald, Fakulty textilni, Technické univerzity v Liberci, za jeho odborné
vedeni a za mnohaletou podporu prezentace novych poznatki, bez které by se
téma hodnoceni nestejnomérnosti netkanych textilii nedostalo na soutasnou

aroven.
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Vzhledova nestejnomérnost netkanvch textilii

Jii Militky a Jitka Rubnerova. KTM TU v Liberc:
Vaclav Klicka, BASATEX Usti nad Orhci

1. Uvod

Vzhled texulii uzce souvisi s jepch stemomémosti. Pojmem vzhledova nestejnomémost
obyéené zahmwe charakteristiky souvisejici s lokalnini zménanu hustoty zaplnéni mezi
elementamninu plochami uréenymi na zakladé rozlidovaci schopnosti hodnotitele. Uvnuti téchto
plochy se uvazuje stejna hustota zaplnéni.

V'zhledova nestejnomémost patii mez: dilezité charakienisuky jak textili pro odévm ucely.
tak 1 pro textilhe techmcké Tato charaktenstka souvisi velm uzce sfadou daldich
charaktenstik sledovanych lokalné a vyjadienych napi. jako variaéni koeficient (prihlednost.
odrazivost. plodna hmotnost). Ovliviwe také fadu charaktensuk transportmich (prodysénost
vzduchu. éifeni tepla. propustnost vodnich par atd.) Ve viech uvedenych pripadech jde vlasmeé
o charaktensuky souvisejici s lokalni vanaci strukmry (resp. ..zaplnéni ) plosnvch texuli

Podle toho. které charaktenistiky se sledwi (s ohledem na jepch vanabihm). Ize
nestenomeémost rozdélit do téchto zakladnich skupm:

B hmoma nestejnomémost

B strukrurni neste)nomeérnost

B vizualoni (opncka) nestejnomémost

B pestenomémost mechamickyeh a fyzikalnich vlastnosti
B vzhledova nestejnomémost.

Lze snadno zjistit. Ze mezi vvie uvedenymi skupinami existuje velmi uzka vazba.

Byl napi odvozen vztah mezi hmotnou nestejnomérmnosti a optickou nestejnomémosti pro
netkane texnuhe [1].

Podobné jako u lineamich texulnich urvani. kde se lokalmi vanace jemmnost (hmotmosn.
prifezu) vyjadivyi pomoci vanaéniho koeficienmu a jeho zavislosti na délce lze pro vée
uvedene charaktenistiky pouit vanacm koeficient a jeho zavislost na plode[2].

Cilem teto prace je objektrvmi vizualm hodnoceni vzhledove nestenomémost vvbranych
netkanych textilu s vyuzitim systému LUCIA pro analyzu obrazu. Je ukazano pouziti rozkladu
rozptyli pro vyjadieni slozek nestejnomémosti ve sméru osy stroje a sméru piiéném Pro
posouzeni vvznamnost kolisani charaktenstik zaplnéni je pouzito analvzy rozptylu

2. Princip vizualniho hodnoceni vzhledové nestejnomémosti
Pi1 subjektivmm hodnoceni vzhledu netkanych texulii se obyéené posmupue timto

zpusobem [5]:

L. Na mikroskopicky obraz textilie se promite ¢tvercova sit slozena z celkového poétu NxM
bunék (cel sité). Kazda buika ma velikost P. Ve sméru osy stroje - index 1 (osnova u
tkanmn) je celkem N bunék a ve sméru priéném- index j (tek) je celkem M bunék.

2. Ve viech buiikach Ciy se uréi poéet bilych skvrn (usekd bez textilniho matenialu) WS,

3. Pomoci standardni statisické analyzy se urdi celkovy vanaéni koeficient,

. , S
CV(P)=— (1)
1
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Pro prumémy pocet bilvch skvmn je
1
m=—3 Y WS, @
NM T 5
a pro celkovy rozptyl ¢’ plan

s =——1—V\‘(ws,, —m)2 (3)
NM-19%

Hodnota CV(P) charaktenizuje celkovou varabilim poému bilych skvm mezi useky
velikost1 P (analogie vnéjéi kvadrancké nesteynomeémosts).
Pokud je pocet bunék dostateéné veliky lze provadét jejich sluéovani a poéitat funker CV(P)
pro rizna P Timto postupem lze zjéfovat nestejnomémost 1 mezi vétsinu plocham
(mrakovitost).
Muumalni velikost posuzované bilé skvmy zavisi na rozliditelnost idskeho oka.

Toto subjektrvni hodnoceni je zatizeno fadou nepfesnosti (identifikace bilych skvm) a je
¢asové naroéne.

Pro objektrvni vizualni hodnoceni Ize s vvhodou vyuzit systém pro analyzu obrazu LUCIA.
Priprava vzorku k méfeni je prakncky stejna (obraz textilie se rozdéli érvercovou siti na busky
velikosti P). Pro charaktenizaci vzhledové nestejnomémost: j¢ mozné uréovat

B pocet bilvch nust (skvrn) WO;

B relatrvm podil bilych must (porosita) POy

B relatvni podil mist s konstantni troviu $edi (odpovida priblizné lokalmi tloustce materialu)
S0y

Snadno 1ze take definovat mumimalni velikost elementu (skvmy. velikosn poru atd) pres
muumalni poéet pixelu v digitalnim zobrazeni

3. Experimentalni ¢ast

Pro expeniment byly pouzity vzorky chemucky pojenych netkanych textli (obchodm
nazev Perlan). Ve velkvch plochach je vizualné patma nepravidelnost rozdéleni poétu viaken
tzv. mrakovitost (viz obr.1)

Obr. 1 Testovana textilie
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Subjektivni vizualni vvhodnoceni [11]

Vzorek pozorovany pod mikroskopem byl rozdélen na 5%5 (25) bunék pravouhlou siti.
velikost busky byla 2x2 mm’. Pouzité zvétéeni bylo 21x a tak bylo dosazeno Zvvéeni cithivost
oka na 0.05 mm Hodnotitel zjidfoval podet mist s nejvéti trovni jasu WS, vkazde jedné
busice[5). Zakladni statistické charaktenstiky pro veliéinu WS jsou:

vvbérovy primér = 12.38 bilych skvm

vanaén koeficient CV,=15.78 %

Z kombinace vvsledki pro 3est vzorki byly sestaveny povrchy stejnych urovni poctu bilvch
skvm (i1z.obr 2)

510

(]20-30
W 10-20
Mmo-10

1 2 3 4 5 8 T B 9% W11 121314 15

Obr.2 Plochy stenvch trovm bilych skvm.
Na obr.3 je uvedena vyhlazena funkce pro pocet bilych skvm na jednom vzorku
(vvhlazen: dvourozmémym kubickym splne)

S
— — _// - ’ J
o

-

- - . e ~ F 1/ /777/
o — S . Wl o gt g e, ALl L iy
" 3 1 T3 - = 77 %  + o - _r"z‘

Obr 3 Dvourozmémy spline pro vyhlazenou funkc: poém bilveh skvim
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Objektivni méreni pomoct systému LUCIA
Mikroskopicky pohled snimany kamerou byl rozdélen jako u subjektivmi metody.
Pouziti jiného zvétieni. nez u subjektivni metody a ziskani obdélmkoveho zomg'hq pf)lc
zpusobilo ponékud odlisné usporadani a pocet bunék viz. obr.4. V kazde buice byly zpstovany
V1o parametry

= podet dér (skvrn)
- relativin porosita

*on ..?’l
A p ! "
- .o’_=. . - L o I LS _“0’..?%‘

-
Obr 4 Invertovany obraz zkouéeného vzorku (ploéna hmotnost 60 g.m™)

Na obr.5 je uvedena vyhlazena funkce pro polet dér a obr 6 funkce pro porosiu
(vyhlazeni dvouwrozmérmym kubickym spline) Je patra priblizna podobnost

/ﬁ

TIIIIII‘T[

Obr 5 Dvourozmérny spline pro vyhlazenou OQbr.6 Dvourozmémy spline pro vvhlazenou
funkci poém dér funkci porosity)
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4. Analvza vvsledku

Oznaéme Py vybranou vizualni charaktenstiku vzhledu (WS, WO, PO, SOy). Krome
celkového vanaéniho koeficienmu CV(P) lze také poéitat vanaéni koeficienty ve smém osy
stroje a ve sméru piiéném[3). Vychazi se zrozkladu celkového rozptylu s vyuzitim diléich
prumeén) nee (ve sméru osy stroje) a mo (ve sméru pfi¢ném). Symbol .o~ uréwje mndex pres
kterv se sumuje.

Pro smér osv stroje 1ze nalézt rozklad celkového rozptylu ve tvaru

-

$° =§; +Sg (4)
1 . »
kde Si je rozptyl ve sméru osy stroje a Sy je dophikovy rozptyl pro pfiény smeér.
Podobné pro piiény smér 1ze definovat rozklad

3

S” =Sy +Siy (5)

kde Si, je rozptyl ve smém pri¢ném a SiH je doplhitkovy rozptyl pro smér osy stroje.

Z hodnot rozptyhi lze snadno uréit odpovidajici vanaéni koeficienty CVy a CVig pro rozklad
ve sméru osy stroje resp odpovidajici vanaém koeficienty pro pii¢ny smér.Tinto postupem
uréené hodnory CVya CVig pro subjektvné uréeny poéet bilych skvm WS, poéet dér WO a
relativni porositu PO jsou uvedeny v tabulce 1.

Tabulka I. Vanaéni koeficienty

Charaktenstka CV (celkem) CVL (osa stroge) CV (doplnék)
ws 0.1494245 0.0609795 0.1364155

WO : 03944114 02029876 0.3381662

PO 0.5806934 02569274 0.520762

Je zieymé. ze pocet bilych skvm wéenych subjektivné piilid nekorespondue s poétem
dér uréenych obrazovou analyzou. Ukazwje to na rozdily v subjektivmi a objektivnim
posuzovam bilych mast

Dalii moznosti posuzovani vzhledové nesteynomérnosti je mterpretace P jako diskrémi
presentace dvourozmérného nahodného pole modelovaného vztahem([4)

P,J- =, +&; (6)

kde Ky je stredni hodnota a El.l e nahodna chyba v v 1)-té buiice pole
Clen |1 ij € da dale rozlozit na efekry B j odpovidajici sméru stroje, efekry (1, odpovidajici
pricnemu sméru a mterakém ¢len 0‘.‘[3 ; pomoci vztahu
My, =a;+ B, +cap, (N

kde c je koeficient neaditivity
Pro piipad éisté adiivnich efekni je interakce T i® c.ai.ﬂ] =0a pak
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-

sz

1 1

1 1
a =H§(P§-—m) _I;T-;'(P"m)

kde m celkovy prumér definovany rov. (2).
Zsezidui &, =P, —m—@, —f, Ize pak snadno vyislit odhad parametru c

g R
=SS alal
Ll 'Bj
]
Stejnomeérnost ve sméru osy stroje je pak ekvivalentni platnost: hypotézy:

Hy,: B;=0. j=1.M

a stejnomérnost v priéném sméru je rovna platnost

Hy: a,=0, i=1..N.

Pro testovani téchto hypotéz je mozno pouzit standardni analvzu rozptvlu (ANOVA)
[4]. Vvsledky pro relativin porositu PO jsou -

POROSITA
Priuméry a efekry:
Celkovy prumér = 6.3421E-02
Residualni rozpryl = 1.3626E-03
Faktor A Faktor B:
Uroven Primér Efekt Uroven Primér Efekt
1 9.0583E-02 2.7163E-02 1 58900E-02 -4.5208E-03
2 48533E-02 -14888E-02 2 4.5650E-02 -1.7771E-02
3 6.5917E-02 24958E-03 3  40350E-02 -2.3071E-02
4 48650E-02 -14771E-02 4 82225E-02 1.8804E-02
5 7.3675E-02 1.0254E-02
6 79725E-02 1.6304E-02
Parametr neaditivity ¢ = -8.3761
ANOVA model s mrerakci
Zdro) Stupeni Suma Prim. Test. Zaveér
rozptylu  volnosti étvercu ¢tverec knterun Hpje
wrovné A 3 7.1031E-03  2.3677E-03 1.738 piyjata
urovné B 5 6.3723E-03 1.2745E-03 0935 pijata
Interakce 1 1.3232E-04  1.3232E-04 0.097 piyata
Residua 14 1 9076E-02 1.3626E-03
celkem 23 3.2551E-02 14153E-03
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Také pro subjektivné uréeny poéet bilych skvmn WS a objektrvné stanoveny poéet dér

WO byly viechny hypotézy Hy piyaty na hladiné \yznmnno'm 0.95. Analvza rozptylu tedy
ukazuje. ze vanabilita zadne sledované charaktenistiky neni statisticky vvznamna.

S. ZAVER

Navrzeny postup hodnoceni vzhledové nestenomémost: se da snadno modifikovat pro
jiné charaktenistky jako jsou plocha poni. relanvni tlouérka atd.

Je mozné pouzit jak rozkladu celkové vanability tak 1 analyzy rozptylu resp. regrese
v pfipadé nenahodnych trendu Py

PODEKOVANI: Tato price vznikla s podporou Ceské ndrodni grantové agentury (grant
No. 106/97/0372)
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APPLICATION OF IMAGE ANALYSIS FOR NONWOVENS UNIFORMITY

EVALUATION

Militky Jiri, Rubnerova Jitka and Klicka Vaclav*
Technical Umversity of Liberec. Liberec, Czech Republic
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ABSTRACT

Surface appearance or uaiformity is important
characteristics  of textile structruges . This
charactenstics 15 closely connected to the vanation
function for transparency, reflectivaty. planar mass and
to the another properties as e g air permeabulity.
Comesponding to the descnption of unevenness of
linear textile structures by the length vanation
function. there can be constructed surface vanation
function for texnle fabmcs. The surface vanation
function can be easily used for descnption of
uanevenness of planar structures.

There exists a lot of methods for evaluatuon of
uaiformity (or unevenness) Modem ones uses the
umage analysis systems.

The main aim of this work is attempt to descnibe
uaiformity of appearance of light weight nonwoven
textile structures. Visual and subjective methods for
evalnanon of smrface appearance uregulanty of
chenmically bonded nonwovens are compared The
image analysis system LUCIA s used for estumation of
characteristics describing appearance. The analysis of
subjective and objective estmates of surface
appearance uregulanty 1s realized by the coefficient of
vanation and by the ANOVA type model.

KEYWORDS

Surface Appearance. Visnal Imregulanty, Porosity,
Image Analysis

1. INTRODUCTION

Surface appearance iurregularity is interesting for
woven structures and i some cases for nonwovens as
well. This charactenstics 15 closely connected to the
varanon function for transparency, reflectivity, planar
mass and to the another properties as e.g an
permeability

Comresponding to the descnption of
unevenness of linear textile structures by the length
vanation function, there can be constructed surface
vanation function for texnle fabnes. The surface
vanation function can be easly used for description of

unsvenness or nmfarmiry
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The unevenness can be categonzed according to the
investigated charactenistics to the followmg main

groups:

B mass unevenness (mostly used)

B structural unevenness

B visual (optical) unevenness

B mechanical or physical properties unevenness
B appearance unevenness.

There are some connections between above mentioned
categones of unevenness.

The mamn amm of this work 15 attempt to describe
vaiformuty of appearance of light weight nonwoven
textile structure. For quantificanon of appearance
unmiformuty the charactenstics of visual unevenness are
nsed. These charactenstics are measured by the umage
analysis and subjectively by the human eve The
evaluation of appearance unmformuty 15 based on the
vanation coefficient estimation and on the ANOVA
(analysis of vanance) model.

2. UNEVENNESS CHARACTERIZATION

Traditional methods of uneveness charactenzauon in
two dimensions are based on the measurement of
relative vanance (vanation coefficient) of some
geometrical quantities between selected (rectangular)
cells dividing the investgated area The same
prnciple can be used for appearance nonuniformiary
estimation. In this work, the nonumiformuty of
appearance has been evaluated from selected visual
charactenistics measured m cells of defined size (see
Fig 1) These rectangular cells divide the microscopic
image of sample and create rectangular net



Figure 1

Inverted Image of tested sample (planar weight is
60g/m" ). Whate spots are here black.

As the visual charactenistics of appearance unevenness
m individual cells the followng ones were selected:

e - number of white spots evaluated by the human
eye NE

o - number of white objects NIV evaluated by the
umage analysis (see whate areas mn the Fig.2)

e - relative surface porosity (portion of white area)
AF defined on the fig 2

M

Figure 2
Definstion of relative surface porosity ( A; is the area
of white object)

The characteristics AF 15 computed from relations(see
fig. 2)

AP=73 A,
AE = x,.y;
A
el o

Ag
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Samples (cells) were onented in the following way
(see F1g 1).

» Direction X is equivalent to the maclhine duection
(cells denoted 1) In this direction 1s N cells.

o Duection y is equivalent to the cross duwection
(cells denoted j). In thus direction 15 M cells.

Results of evaluation are rectangular data arrays NEj,
NWy AFgi=1.nj=1.m

Appearance uniformuty 15 analyzed by the followmng
methods

a) Coefficient of vanation (CV)
b) Analysis of variance (ANOVA

Traditional method based on the vananon coefficient
is more swtable for charactenzanon of degree of
overall unevenness. Analysis based on the analysis of
variance is useful for testing of evenness m selected
orthogonal directions.

2.1 Analysis based on CV

Coefficient of variation 15 traditiomally used as the
charactenistics of unevenness. According to the
common defiitions we can simply compured the
overall mean

i
m=-—m—\’;::f.ﬂ) (1)
vanance
5 } 5
§u—— N (R m) Q)

4 1)

and coefficient of vanation

V=2 (3)

m
Here Py is selected visual characteristic of appearance
(NEj; or NW; or AF)).
The quantity CV 15 external vanaton coefficient
CB(F) between cell areas F
The total vanance =° can be divided to the two terms
by using of means m the machine direction and cross
duection

my, =

S

v

m,

=3 P

Symbol .o denotes index used for summaton i e
M,;,1s mean value for i th position in the machine
duection. For the machine direction (expansion of

equ.(2) by using of the my) the following relation
results [1)



2 2 2
5 =:1+sm O]

where the vanance in the machine direction 15

5 4’ 5
f =——Zrmw—m)‘ G)
< i

and the vanance in the transversal direction 15

_gm__._"_._T‘T‘fP - m, )

(6)
MN T
For the cross d.lrecumas
s =5} +sig m

where the vanance in the cross-direction 15

1 ;
oy =—ﬁ:mw -m)’ ()
and the variance in the longitudinal duection 15
) 1
SEH =-—M—VZZFP m ). ®

Dividing the corresponding standard deviations by the
mean m the coefficients of vanation CVy CVg, CVy
and CVig results.

These coefficients are from statistical pomt of view the
pomt estimates of populaton vanation coefficients
CVPL. CVPx. etc. For creation of confidence intervals
the vanance of pomt estumates have to be computed.
The rough formula of sample vanaton coefficient

vanance D(CV) has the form[2]
F 4 V: \
pcy)=cy?| XV (2n+l)
§ 2n(n-1)

where 0 = (N or M) 15 number of cells in the

corresponding direction
Asymptonc 95 %th confidence mterval for CVP s

then defined as

CV2,/D(CV)

The coefficients of vanation are statstically different
1 the cases when comesponding confidence mntervals
are not mtersecung

2.2 Analysis by the ANOVA

The P; can be interpreted as discrete presentations of
random field on the discrete two dimensional integer
valued rectangular mesh [1] Let the P, are described
by the following model[2)]

Pv = U, +€, (10)
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where i, is true value m the ij cell and £, 15

random error. The term fi; can be decomposed to the

terms

My =p+a,+ B, +ca,.p, (11)

where [[ is total mean &, are effects in the cross
direction, [J are effects in the machine direction

and c 1s constant of Tukey one degree of freedom nen -
additivity.[2].

Uniformity i the machme duection 15 equal to
valudity of hypotheses H,: f =0, j=1..M

and uniformuty mn the cross direction 15 equal to
validity of hypotheses

Ho..al'. -a,i=Jo-.Jv‘

Testing of these hypotheses can be realized by the
ANOVA ( model with a single observation per cell ).
For the ANOVA model the following constramnts are

imposed
Ta,=0. 3B, =0. Tap, =

Jml

Za,ﬁi =0

J
For the pure additive effects the interactions
T, =ca,.B, =0 and then

&; =%Z(ﬁ;-m)

4

1
BJ' ="'V'Z‘HJ -m)

where m 1s esumator of the total mean defined by the

equ.(1).
parameter ¢ can be snmpl} estumated
2208
i - L (12)
2 a2 -
a; f;
i

For ANOVA tesung the sum of squares due to
machine direction (effects

Bj)- cross  direction

(effects (;) and due to interaction are computed and

compared with total sum of squares S*M* N

Statistical tests based onm the F.criternion may be
performed [2). According to the results of testn;g of
the null hypothesis H, (B, =0orca, =0) te

statistical umfornuty in the machmne and cross
durection can be accepted or not.



When eqn (10) is considered as the special regression
model. the diagonal elements of projection matnx
have the same value[2]

J\"-—aw_l

H, =
% 4\'Y-.¢M

Outlying cells may be then detected by the

standardized residuals

e;
\fdifI_H!. }

=
where T }'2 15 vanance of error term estimated from

residual sum of squares dnided by comesponding
degrees of freedom (NM-N-N). Roughly. if gy =3, the
given cell 15 taken as an outhier.

3. EXPERIMENTAL PART

The chemuically bonded (by the acrylate binder)
nonwoven from viscose fibers (VS) was prepared
Starting lap of planar weight 60 g m™ was created on
the pneumanc web former The lap comsists of two
types of viscose fibers mixed in the weight ratio 67/33
(VS 3.1 dtex/60 mm and 1.6 dtex/40mm). Binding
acrylate (relative amount 20 %) was applied by
padding The qualitative visual appearance unevenness
of final structure 1s clearly visible on the Fig 3

Figure 3
Tested nonwoven structuge

The rectangular samples of dimensions 100 x 100 mm

(area A; = 100 mm® and weight 6 mg) were cut for
further analysis [3].

3.1 Subjective Visual Appearance

(2]

Subjective visual estmation of appearance 15 based on
the evaluation of number of local maximal
illumination Ly m mdividual mesh of defined
rectangular net by the human eye. The maximal
illummnation corresponds to the spots without material.
The human eve is able to disunguich the spots of
dumension higher than approximately the

m = 0.5 mm By using of the microscope MEOFLEX
(magnification 21 times) is lower bound of visible
spots approximately equal to the 0.05 mm.

This subjective visual evaluation was used for above
mentioned nonwoven structure.

The microscope mmage of sample was divided to the
net consisted of the 25 rectangular mesh (dimension 2
x 2 mm). The number of spots NEj in the 1 - th mesh
having maximal illummation was evaluated by the
direct visnal mspection [3].

The basic statstical charactenistics of NE are:

* sample mean = 12 38 spots
o coefficient of vanation CVy = 15.78 .

From the combination of six microscope images the
areas of the same level of local numbers of whate spots
are shown graphically on the fig 4.

M ICEE
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123435672208 UNRNBUS

Figure 4
Areas of the same levels of numbers of white spots

From the fig 4 the areas of the same level of whte
Spots concentration are visible.

For creaton of the smooth surface of white spots
concentration the cubic bivariate spline smoothing
technique has been used.

The smoothed swface of NE for one image is shown
on the fig 5
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Figure 5
Brvanate spline smoothed surface of NE
3.2 Application of the Image Analysis

Subjective visual evaluation of white spots number 15
very tedious and subjected by the emors. The image
analysis system 15 suitable for objective visnal
estimation. The system consists of mucroscope, CCD
camera and perscnal computer has been used.

The treatment of digital images were made by the
software LUCIA-M. This software is designed for
analysis of the high color (3x5 bits) unages having
resolution of 752x524 pixels. The threshold value 62
(all gray patterns are converted to the black ones) has
been chosen The rectangular net dividing the image
mnto equal cells has been defined by the same way as at
subjective visual evaluation.

The followmg charactenstics of appearance vmformity
have been evaluated in each cell:

B number of white spots NW
B relative porosity AF

Bivariate spline smoothed surface of NW is shown on
the fig 6 and for AF on the fig 7.
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Figure 6
Bivanate spline smoothed surface of NW
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Bivanate spline smoothed surface of AF

From the surfaces of NE, NW and AF is possible to
wdenufy the local vanation of these charactenstcs.

4. UNIFORMITY EVALUATION

Quannficanon of appearance uniformity has been
realized by the analysis of coefficient of vanation CV
and analysis of vaniance ANOVA.

4.1 Analysis based on the CV

The values of CV. CVy and CVig computed from
above defined relations are given in the table 1.

Table |
Coefficients of vanation

Quaatity CV (total) CVp(machme CVy

durection) (transversal)
NE 0.1494245 0.0609795 0.1364155
NW 03944114 02029876 03381662
AF 05806934 02569274 0.520762

45

(2]

Computed 95 %th confidence mntervals for CVP are
given in the table 2

Table 2
Computed 95 %th confidence wntervals for CVP
Quantity  CVi(machine CVm
direction) (transversal)
NE 0.061=0.044 0.13620.041
NwW 0.20320.150 0.33820.109
AF 0257£0.189 0.521+0.187

From the table 2 is clear that for all charactenstics are
confidence mtervals for CVPy and CVPyr intersected
The differences between coefficients of vanauon are
therefore statistically msignificant.

The objective visual characteristics are closer that the
subjective number of holes NE and objective number
of white areas NW. This differences are probably due
to hagher resolution of image analysis system in
companson with human eye.

4.2 Analysis based on the ANOVA

Detailed results of ANOVA analysis computed by the
ADSTAT package are presented for the characterisucs
Porosity AF only For the NE and NW are
summanzed results of testng

POROSITY AF
Basic characteristics are summanzed in the rable 3.

Table 3
Means and Level Effects

FACTOR A FACTOR B
Level Mean Effect Level Mean Effect
1 009068 0.0272 1 0.0589 .0.0045
2 0.04853 -0.0148 2 00456 -0.0177
3 0.06591 0.0025 3 0.0403 -00231
4 004865 -0.0147 4 00822 00188
5 00736 0.0102
6 0.0797 00163

Computed charactenistics for ANOVA model are
Total mean = 6 3421E-02

Residual vanance = 1 3626E-03

Tukey's one degree of non - additivity C = .8 3761

In the table 4 1s ANOVA table for full model with
Tukey one degree of non additivity wteraction



Table 4

ANOVA Table

Source Mean Testing Conclusion
square criterion Hy1s sig.

level

A 0.00236 1.738 Accepted

0.205

B 0.00127 0935 Accepted 0488

AB 0.00013 0.097 Accepted  0.760
Residual 0.00136
Total  0.00142

For vanables NE and NW (number of white spots) are
Hy accepted on the significance level 0.95 as well
Therefore the ANOVA analysis leads to conclusion
that the vanability of NE, NW and AF n the cells are
not statistically significant.

5. CONCLUSION

The proposed methods for appearance evaluation can
be used for light weight nonwovens without problems.
Objective evaluation by the image analysis allows to
1dentification a lot of other characteristics as the mean
area of pores. objects with some gray levels etc In
further mvestigation this charactenstics will be also
used.

For evaluation of results both CV and ANOVA are
suitable The behavior of effects in the machine and
cross durections computed by the ANOVA can be
analyzed by the regression methods (trends,
nonlinearitiers etc.).
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Surface appearance

irregularity of nonwovens
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Liberec, Czech Republic and
Vaclav Klicka
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Abstract Visual and subjectwe methods for evaluation of surface appearance wrregulanty of
chemically bonded nomwovens are compared. The image analysis system LUCIA is used for
estimation of characteristics descnbing appearance. The analyss of subjective and objective
estomates of surface appearance ivegularity is realized by the coefficient of vanation and by the
ANOVA type model

1. Introduction

Surface appearance irregulanity is interesting for woven structures and in some
cases for nonwovens as well. This characteristic is closely connected to the
variation function for transparency, reflectivity, planar mass and to other
properties, for example, air permeability.

Correspondmng to the description of unevenness of linear textile structures
by the length vanation function, a surface variation function can be
constructed for textile fabrics. The surface variation function can be easily used
far description of unevenness or uniformity.

The unevenness can be categarzed according to the investigated
characteristics in the following main groups:

* mass unevenness (mostly found),

+ structural unevenness;

» wisual (opncal) unevenness;

» mechanical or physical properties unevenness;

+  appearance Unevenness.
There are some connections between the above mentioned categories of
unevenness, For example, Huang and Bresee (1993) derived a connection
between mass unevenness and optical unevenness (characterized in both cases
by the coefficient of vanation).

The main am of this work i1s to attempt to describe uniformity of
appearance of lightweight nonwoven textile structure. Far quantification of

appearance unifarmuty the charactenstics of visual unevenness are used. These
characteristics are measured by the image analysis and subjectively by the

This work was supported by the Czech Mimstry of Education Grant Na. VS 97084,
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Figure 1.

Inverted image of tested
sample (planar weight
60g/m™.White spots are
shown here as black

Figure 2.

Definition of relative
surface porosity (A4; 5
the area of white objects)

human eye. The evaluation of appearance uniformity is based on the vananon
coefficient estimation and on the ANOV A (analysis of variance) model.

2. Appearance unevenness characterization
Nonuniformity of appearance has been evaluated from selected visual
characteristics measured i cells of defined size (see Figure 1) These
rectangular cells divide the microscopic image of sample and create a
rectangular net.

As the visual characteristics of appearance unevenness the following were
selected:

« number of white spots evaluated by the human eye NE;

« number of white objects NW evaluated by the image analysis (see white
areas m Figure 2);

« relative surface parosity (portion of white area) AF defned m Figure 2.

- I

“- P
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Samples were oriented in the following way (see Figure 1). Surface
Direction X is equivalent to the machine direction (cells denoted i). In this irregularity of
direction is NV cells. Direction y is equivalent to the cross direction (cells denoted NONWovens
). In this direction is M cells.
Results of evaluation are data ammays NE, NW, AF; i=1...nj=1...m.
Appearance uniformity s described by the following methods:

« Coefficient of vanation V) _1“13
» Analysis of vanance (ANOVA)
Analysis based on CV

Coefficient of varmation is traditionally used as the characteristic of unevenness.
According to the common definitons we can simply compute the overall mean

1
”"—W; ;(P,,-) (1)
variance
1 :
B mZ;% —my? (2)

and coefficient of vanation
- 1

CV==— (3)
m

Here P; is the selected visual charactenistic of appearance (VE;; or NW; or AFj).
The quannty CV 1s external vanation coefficient CB(F) between cell areas F
(Wegener, 1986).
The total vaniance s° can be divided into two terms by the use of means n
the machine direction and cross direction:

1 1
mw—Hszg Migy ;N;P‘;.

Symbol “o” denotes the index used for summation, i.e. m;, 1 the mean value for the
tth positon in the machne direction. For the machme direction (expansion of
equation (2) by the use of the m,,) the following relation results (Cherkassky, 1998):

& =si+sh (4)
where the vanance in the machine direction s
1 2
%= 2 (e =) (5)
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and the variance n the transversal direction 18

. 1 : |
sﬁxmg;(&-—m. (6)
For the crossdirection it s
& =sh+5in (7)
where the variance m the cross direction
: 1 9
i =M; (mg —m) )
and the variance in the longitudinal direction 18
1
Siu *mz':zj:(f’i ~mg)’. 9)

Dividing the corresponding standard deviations by the mean m the coefficients of
variaton CVL 'Cvl-l; CVHamiCVu., result.

Analysis by the ANOVA

The P;j can be interpreted as a discrete presentation of the random field on the
discrete two-dimensional mteger valued rectangular mesh (Cherkassky, 1998).
Let P; be described by the following model

P,j = i + £ (10)
where 44; 1s the true value in the ¢ cell and ¢;; 1 random error. The term j45 can
be decomposed to the terms

g = i+ 5 + c.op 3 (11)
where «, are effects in the cross direction, /3 are effects in the machine direction

and ¢1s the constant of Tukey one degree of freedom non-addinvity.
Uniformity in the machine direction is equal to validity of the hypothesis

B: 3=0jij=1...M
and uniformity in the cross direction is equal to the validity of the hypothesis
H:oa=0i=1...N.

Testing of these hypotheses can be realized by the ANOVA (model with a
single observation per cell). For the ANOVA model the following constrants
are imposed
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Z = U,Z .'})' =1] Zuﬂ’;’ =10 Z(t,‘,’# = (.
i J=1 ] J
For the pure additive effects the interactions 7; = c.;.%; = 0 and then
, 1 P 1
oy _ﬂ¥(ﬂj—m) .dj ——FZI: (Pﬁ—M)

where m is the total mean defmed by equation (1).
From residuals ¢; = Pj — m — &; = 3 the parameter ¢ can be simply
estmated

12 ;éu-.d,..“ij

Fyed

For ANOVA testing the sum of squares due to machine direction (effects 4), to
cross direction (effects ;) and to interaction is computed and compared with
the total sum of squares s * M * N. Statistical tests based on the F-criterion
may be performed (Meloun ef al, 1992). Accarding to the results of testing of
the null hypothess Ho(3 =0 or o; = 0) the statistical uniformity m the
machine and cross direction can be accepted or not.

3. Experimental part
The chemically bonded (by the acrylate binder) nonwoven from viscose fibers
(VS) was prepared. Starting lap of planar weight 60gm™ was created on the
pneumatic web former. The lap consists of two types of viscose fibers mixed in
the weight ratio 67/33 (VS 3 1 dtex/60mm and 1,6 dtex/40mm). Binding acrylate
(relative amount 20 per cent) was applied by paddmng. The qualitative visual
appearance unevenness of the final structure is clearly visible in Figure 3.

The rectangular samples of dimensions 100 x 100mm (area A, ( 100mm?® and
weight 6mg)) were cut for further analysis (Klicka, 1998).

Subyective msual appearance
Subjective visual estimation of appearance i1s based an the evaluation of the
number of local maximal illumination L, in individual mesh of defined
rectangular net by the human eye. The maximal illummation corresponds to
the spots without matenal

The human eye is able to distingush the spots of dimension to a greater
degree than approximately m = 0.5mm. By using the microscope MEOFLEX
(21 nmes magmification) the lower bound of visible spots is found to be
approximately equal to 0.05mm.

This subjective visual evaluation was used for the above mentioned
nonwoven structure. The microscope image of the sample was divided into the
net consisting of the 25 rectangular mesh (dimension 2 ¥ 2mm). The number of
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Figure 3.
Tested nonwoven
structure

spots NE;; in the gth mesh having maximum illummation was evaluated by
direct visual inspection (Klicka, 1998). The basic statistical characteristics of
NE are: sample mean = 12.38 spots and coefficient of vanation CV, = 15.78 per
cent. From the combination of six microscope images the areas of the same
level of local numbers of white spots are shown graphically n Figure 4.

The bivanate spline smoothed surface of NE for one image 1s shown in

Figure 5.

Application of the image analysis

Subjective visual evaluation of the number of white spots 1s very tedious and
subject to errors. The image analysis system is suitable for objective visual
estimation. The system consist of microscope, CCD camera and personal
computer has been used.

The reatment of digital mages was made using the software LUCIA-M.
This software is designed for analysis of the high color (3 x 5 bits) images
having a resolution of 752 x 524 pixels. The threshold value 62 (all gray
patterns are converted to black) has been chosen. The rectangular net dividng
the image mto equal cells has been defined by the same means as at subjective
visual evaluation.

The following charactenstics of appearance uniformity have been evaluated
m each cell:

» number of white spots NW,
« relative porosity AF.
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Figure 6.
Bivanate spline
smoothed surface of NW

Bivariate spline smoothed surface of NW is shown in Figure 6 and for AF in
Figure 7.

4. Results and discussion

From the surfaces of NE, NW and AF it is possible directly to identify the local
vaniation of these characteristics. Quantification of appearance uniformity has
been realized by the analysis of coefficient of variation CV and analysis of
vanance ANOVA.

Analysts based on the CV
The values of CV, CV; and CVyy are given m Table L.

It 1s clear that the objective visual charactenistics are closer than the
subjective number of holes NE and objective number of white areas NW. This
difference is probably due to higher resolution of the image analysis system n
comparison with the human eye.

Analysts based on the ANOVA

Detailed results of ANOVA analysis computed by the ADSTAT package are
presented for the porosity AF only. For the NE and NW only the results of
testing (Tables I and [II) are summarized.

1.00 150 200 250 300 350 400
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Characteristics CV (total) CVL (machine direction) CVn, (transversal)
NE 01494245 00609795 01364155
NW 03944114 02029876 03381662
AF 0.58060 34 02569274 05207620
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Figure 7.
Bivanate spline
smoothed surface of AF

Table L
Coefficients of varanon

Vanables NE and NW (number of white spots) are H, accepted on the
significance level 095 as well. Therefore the ANOVA analysis leads to the
conchusion that the vanability of NE, NW and AF in the cells s not statistically

significant.
5. Conclusion

The proposed methods for appearance evaluation can be used for hightweight
nonwovens without any problem. Objective evaluation by the image analysis
allows identification of a lot of other charactenstics such as the mean area of
pares, objects with some gray levels, etc. In further investigation these

charactersncs will be also used.
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Factor A Factar B
11273 Level Mean Effect Level Mean Effect
1 9.0583E2 2.7163E-(2 1 5.8000E -2 4.52(BE-1}3
2 48533E (2 ~1.4888E-(2 2 4.5650E42 17771 E02
3 65917E2 2.4958E-(3 3 4.B50E2 2307 E02
150 4 4. 8660E (2 -1 4ITTIE-(2 4 8225E(2 188(4E02
5 1.3675E(2 1.2ME-(2
Table IL. 6 T9725E(2 1L.63IME-(02
Parcsity AF means Notes: Tukey's one degree of nonadditivity C = -83761; Total mean = 634£1E0Z
and level effects Residual variance = 13626E-03
Source of Degree of  Sum of Mean Testing  Conclusion Computed
variance freedom  squares square  cnterion  Hgis  significant level
Level A 3 71031E03 23677E03 1738  Acoepted 0205
Table 1L Level B 5 63723E03 12745E03 0985  Accepted 0488
ANOVA table for Interactions 1 1322E04 13232E04 0097  Accepted 0.760
model with Tukey's Residuals 14 19076E02 13626E03
mteraction Total 23 32551E02 14153E03

For evaluanon of results both CV and ANOVA are suitable. The behavior of
effects in the machme and cross directions computed by the ANOVA can be
analyzed by regression methods (trends, nonlineanties, etc.).
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APPLICATION OF IMAGE ANALYSIS FOR NONWOVENS VISUAL
IRREGULARITY EVALUATION
Militky Jiri, Rubnerova Jitka and Kli¢ka Vaclav*
Technical University of Liberec, Liberec. Czech Republic
*Rieter Elitex, Usti nad Orlici. Czech Republic

The mam am of this work 1s attempt to describe visual irregulanity (surface appearance) of light weight nonwoven
textile structures. Visual and subjective methods for evaluation of visual iregulanty of chemucally bonded nonwovens
are compared. The image analysis system LUCIA 1s used for estmation of charactenstics desenibmg visual
uregulanity. The analysis of subjective and objective estimates of visual mregulanty s realized by the vanmatca
coefficient and by the ANOVA type model The Moran's spatial autecorrelation wndex is used for identificanon of

ergamzed pattern in data

KEYWORDS

Surface Appearance. Visual Irregulanty, Porosity, Image Analysis

1. INTRODUCTION

Surface appearance (visual uregulanty) is mteresting
for woven structures and in some cases for nonwovens
as well. Thus charactenstic 1s closely connected to the
vananon function for transparency. reflecuvity, planar
mass and to the another properties as e.g aw
permeability

Comresponding to the descnption of unevenmess of
linear texnle structures by the length vananon
function, there can be constructed surface vanation
function for texule fabrics. The surface vanation
function can be easuly used for descnption of
unevenness or nniformity.

The unevenness can be categorized according to the
wmvestigated charactenstics to the following mam

groups

* Mass unevenness (mostly used)

* Structural unevenness

* Visual (opncal) unevenness

s Mechanical or physical properties unevenness
* Appearance unevenuess.

There are some connections between above-mentioned
categones of unevenness

The main aim of thus work is attempt to describe
uniformity of appearance of light weight nonwoven
textile structure  For quantificanon of appearance
uniformity the characteristics of visual unevenness are
used These charactenstics are measured by the image
apalysis and subjectively by the human eye The
evaluation of appearance umiformuty 15 based on the
vanation coefficient estmation and on the ANOVA
(analysis of vanance) model. The organized patterns
i data are checked by the Moran's spatial
autocorrelation index,

2. UNEVENNESS CHARACTERIZATION

57

Traditional methods of uneveness charactenzation in
two dimensions are based on the measurement of
relative varance (vanation coefficienr) of some
geometrical quantities between selected (rectangular)
cells dividing the invesugated area. The same
principle can be used for visual uregulanty esumanon.
In this work, the visual uregularity has been evaluated
from selectad visual characteristics measured wm cells
of defined size (see Fig.1) These rectangular cells
divide the mucroscopic mage of sample and create
rectangular net.

Figure 1 Im-uged Image of tested sample (planas
weight 15 60g:m™) White spots are here black.

As the visual charactenstics of appearance unevenness
i mdividual cells the followmg ones were selected

* Number of white spots evaluated by the human eve
NE '

* Number of whate objects NW evaluated by the image
analysis (see white areas in the Fig.2) i
® Relative swface porosity (portnion of whate area) AF

defined on the Fig 2.
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Figure 2 Definition of relative surface porosity (A, is
the area of whare cbyect)

The charactenstics AF 1s computed from relations (see
Fig. 2)

--lP::A,

i
e
s

Samples (cells)
see Fig.1).

were onented 1n the following way

® Durection X 15 equivalent to the machine direction
{cells denoted 1) In this direction are N cells

* Direction Y 15 equuvalent to the cross direction (cells
denoted j). In this direction are M cells.

Results of evaluation are rectangular data arrays NEj.
NWy AFg.i=1.nj=1.m.
Appearance uniformity is analyzed by
methods

the following

a) Coefficient of vanation (CV)
b) Analys vanance (ANOVA

Traditional method based on the vanation coefficient
15 more suitable for charactenzation of degree of
overall unevenness Analysis based on the analysis of
variance 15 useful for testing of evenness in selected
orthogonal directions.

2.1 Analysis based on CV

Coefficient of varation 1s traditionally used as the
characteristics of unevenness, According to  the
common definitions we can sumply computed the
overall mean
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] -
m= =2 -
vanance
3:= cvv(ﬁ. —-m,j‘1 (2)

and coefficient of variation

O >
m

Here Pj is selected visual charactenistic of appearance

fa\i’EU or .\’“1;‘ o1 "!Fl;:'-

The quantity CV i1s external vanation coefficient

CB(F) between cell areas F

The total varance :: can be divided to the rwo termis
v using of means in the machine direction and c10ss

direction

1

(3)

m.
o u —

1

mQ' Nr d—

Svmbol 0" denotes mdex used for summaton ie

Mj, 15 mean value for i th position in the machine

duwectnon For the machine directiop (expansion of

equ.(2) by using of the my,) the following relancn

results [1]

where the vanance in the machine durection 15

Sl=—-;-

“n

> (m, —m ) i

i I

and the vanance in the transversal durection 1s

= :—-\_Tr}:'__.-m;of (6)

For the cross dyection 1s

5° =5y +Siy (7N

where the vanance in the cross-direction 15

5

. - -
Sp= ._”"q. m ) (8)

and the vanance in the longitudmal direction 15

: 1 .
Sig=——Y Y(P-m )
MN Cnb’ 8 :

Dividing the conresponding standard deviations by the
mean m the vananon coefficients C\'y CVig. CVyand
CVyy results

These coefficients are from statistical point of view the

pomnt estimates of population vananon coefficient:
CVPL, CVPy, ete. For creation of confidence mntervals



the vanance of pont estimates have to be computed.

The rough formula of sample variaton coefficient
vanance D(CV) has the form[2)

(c+CV (2 +1))

prery-cv Sete =1

where ¢ = (N or M) 15 number of cells i the
corresponding direction.

Asymptotic 95 %th confidence mnterval for CVP is
then defined as

CV £2./D(CV )

The coefficzents of vanation are statistically different
1 the cases when comresponding confidence intervals
are 0ot wtersectng.

2.2 Analysis by the ANOVA

The P; can be mterpreted as discrete presentations of
random field on the discrete two-dimensional integer
valued rectangular mesh [1]. Let the Py are described
by the followmng model [2]

Po=p, +¢; (10)

where (I, 15 true value in the 3 cell and &; 15

random error. The term [I; can be decomposed to the

terms

u,=pu+a;+p, +ca,.p, (11)

where [ is total mean (f; are effects in the cross
direction. [ are effects in the machine direction
and ¢ 15 constant of Tukey ocne degree of freedom non -
additrvity.[2]

Unsfornury in the machine direction 15 equal to
validity of hypotheses Hy: B, =0, ) =1... M

and wmformaty in the cross direction is equal to
validity of hypotheses

H, a, =0i=1..N

Testing of these hypotheses can be realized by the
ANOVA (model with a single observation per cell )
For the ANOVA model the followmng constramts are
mposed

Za! =0 ZBJ =0, Za’p: =0

i jal [

Zanﬁ; =0
J
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For the pure additive effects the mteractions
T, =c.,.B, =0 and then

1
&, =E§(ﬁj"")

1
B e P.o- rn)
dl -_—
N%
where m 15 estumator of the total mean defined by the
eqn.(1)

From residuals e,j. =Pf- —-m —d'- -QJ the

parameter ¢ can be simply estunated

XX 848
i J

cC=
oy b,
szi B J
i J
For ANOVA testing the sum of squares due to

machine dwrection (effects ﬁj). cross  duecuon

(12)

(effects Cti) and due to iateraction are computed and

compared with total sum of squares S*TM* N
Statisncal tests based on the F-criterion may be
performed [2]. According to the results of testng of
the null hypothesis H, (B, =0ora, =0) the

statistical uvaifornuty m the machine and cross
direction can be accepted or not.

When eqn. (10) 1s considered as the special regression
model. the diagonal elements of projection matnx
have the same value[2]

_N+M-1

H
i NM

Outlying cells may
standardized residuals

be then detected by the

e

@, = - !
’ :;o;(I-H,,)

%
where O'i 1s vanance of emror term esthmated from

residual sum of squares divided by corresponding
degrees of freedom (NM-N-N). Roughly. if e, 3. the
given cell 15 taken as an outlier

1.3 Spatial autocorelation index

The spanal autocomrelation can be used for
identification  of association between values 1a
neighboring cells. If the lugh values at one cell are
associated with high values at neighbonng cells the
spatial autocorrelation 15 positive and when high
values and low values altemates the spatial
autocorrelation 15 neganve  Lack of spanal



autocorrelation means that there 1c no connection
between cell values. The autocorrelation indices are
sumply cross products of spatial weights Wi
(connecuvity or measwres of contigmty berween i-th
and )-th cell) and some measures of proxumuty
(distances between values P, and P, in the i-th and j-th
cell). The onginal cell array Py1s here replaced by the
vector of length n = N*M where Py are included row-
wise. The spatial weights depends on the research
question. Standard is so called kings case when
neighborhood of adjacent eight cells to the i1-th one
have W =1 and other cells have Wy = 0. [5].

Moran [4] mtroduced the measure I analogous to the
conventional correlation coefficient smtable for ordinal
ratio and interval data.

TIW,E-P)E-P)

n w =l j=i
I 2 n n n n ==
>IW,  II@-Fy
f- J - iml Jnl

(13)

Symbol P denotes anthmetic mean Like a correlation
coefficient the values of I range from -1 10 1 . where 0
meanung random pattem.

Under normality assnmption is the mean value E(I)
equal 10

E=—L (14)
n-1

and vanance D(I) 15 expressed i the form [J]

D)= (n*S, = nS, +383 |- EQIY

1
S;(n-1)
(15)

The following vanables m the vanance equation are
defined as

S, =S ;f;
—_— — 4

1
S, = 2
S, = :(W',. +W.,)

1
where W, is i-th row and Wy 1s i1-th column mean.
The z score 15 then o the form

(I-EI)

™ :]D(h

The random vanmable 2z has standardized uormal
distribution. If abs(z) - 2 1s the assumption of spatial

(16)
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randomness rejected on the significance level 0.03
3. EXPERIMENTAL PART

The chemucally bonded (by the acrylate binder)
nonwoven from viscose fibers (VS) was prepared.
Starting lap of planar weight 60 g m™ was created on
the pneumatic web former. The lap consists of two
types of viscose fibers mixed in the weight ratnc 67 33
(VS 3.1 dtex/60 mm and 1.6 dtex 40mm) Bindiag
acrylate (relative amount 20 %) was apphed by
padding. The qualitative visual appearance unevenness
of final structure 1s clearly visible on the Fiz
? oy l__' §-ky p Wl T A iy -

Figwe 3 Tested aonwoven structure

The rectangular samples of dimensions 100 x 100 mm
{area Aj = 100 mm" and weight 6 mg) were cut for
further analysis [3]

3.1 Subjective Visual Appearance

Subjective visual estimation of appearance 1s based on
the evaluation of number of local maximal
illuminatnion Ly m mndividual mesh of defined
rectangular net by the human eye. The maxumal
illummation corresponds to the spots without matenal.
The human eye 15 able to distinguish the spots of
dumension higher than approximately the

m = 0.5 mm By usmg of the microscope MEOFLEX
(magmfication 21 times) is lower bound of visible
spots approximately equal to the 0.05 mm.

Thus subjective visual evaluation was used for above-
mentioned nonwoven structure

The nmicroscope unage of sample was divided to the
net consisted of the 25 rectangular mesh (dimension 2
x 2 mm). The number of spots NEjin the yj - th mesh
having maximal illumination was evaluated by the
durect visnal mspection 3] ;

The basic statistical characteristics of NE are

* sample mean = 12.38 spots
® coefficient of vanation CV, = 15,78 9.



From the combmaton of six mucroscope mmages the
areas of the same level of local numbers of white spots
are shown graplucally on the fig. 4

3.
ETBINVNRDUE

12345

Figure 4 Areas of the same levels of numbers of white
Spots.

From the fig 4 the areas of the same level of white
spots concentration are visible

For creaucn of the smooth surface of white spots
concentration the cubic brvamate spline smoothing
techmque has been used The smoothed surface of NE
for one image 15 shown on the fig 5.

" A" 1] 1% 7] 1% 7] o wle
Figure 5 Bivanate spline smoothed s face of NE

3.2 Application of the Image Analysis

Subjective visual evaluation of white spots number is
very tedious and subjected by the emors. The mmage
analysis system 15 suitable for objectve visnal
estumation The system consists of mucroscope. CCD
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camera and personal computer has been used

The teatments of digital images were made by fthe
software LUCIA-M. This software is designed for
analysis of the high color (3x5 bits) mmages haviag
resolution of 752x524 pixels The threshold value 62
(all gray patterns are converted to the black ones) has
been chosen. The rectangular net dividing the unage
into equal cells has been defined by the same way as at
subjective visual evaluanon.

The following characteristics of appearance umiformuty
have been evaluated in each cell

* number of white spots NW
® relative porosity AF

Bivanate spline smoothed surface of NW 15 showa on
the fig 6 and for AF on the fig. 7

e s 2%
Figure 6 Brvanate spline smoothed surface of N
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Table 2 Compured 95 %th confidence mntervals for
CVP

Quantity [CV (machine direction) |CVyg (transversal
NE 0.061+0.044 0.13620 041
NW 0.203£0.150 0.33810. 109
AF 0.257£0.189 0.521+0.187

From the table 2 15 clear that for all charactenstics are
confidence intervals for CVPy and CVPip iatersecred
The differences between coefficients of vanaton are
therefore statistically msignaficant

The objective visual charactenstics are ¢loser thart the
subjective number of holes NE and objecuve aumber
of white areas NW. Thus cuffersnces are probably due
to lugher resolution of mmage analys:is sysfem 12
companson With human eye.

4.2 Analysis based on the ANOVA
Detailed results of ANOVA analysis computed by the
ADSTAT package are presented for the charactenstics

Porosity AF only For the NE and NW are
summanzed results of testing.

POROSITY AF
Basic characteristics are summanzed in the table 3.

Table 3 Means and Leve] Effects

100 s FACTOR A FACTOR B
o /| Level |Mean |Effect |Level |Mean |Effect
N Pl = o e 1 0.09068 [0.0272 |1 0.0589 |-00045
Fig 7 Bivanate sphine smoothed surface of AF 3 0.04853 00138 |2 50456 100177
: 0.06591 |10.0025 |3 0403 |-0.023
From the surfaces of NE, NW and AF is possible o : = 0 : ,: — :
) o : 4 0.04865 [-00147 |4 0.0822 [0.0188
idenufy the local vanaton of these charactenstcs. —
g 5 0.0736 |0.0102
6 0.0797 [0.0163

4. UNIFORMITY EVALUATION

Quanufication of appearance umformuty has been
realized by the analysis of coefficzent of vanatiea CV
and analysis of variance ANOVA

4.1 Analysis based on the CV

The values of CV, CVy and CVip computed from
above defined relations are given i the table 1.

Table 1 Coefficients of vananon

Quantty | CV (rotal) | CVi(machne CVi
duection) (transversal)
NE 0 1494245 |0 0609795 01364155
NW 0 3944114 |0 2029876 03381662
AF 05806034 [0 2569274 0520762

Computed 95 %th confidence intervals for CVP are
given o the table 2

62

Computed charactenistics for ANOVA model are

Total mean = 6 3421E.02

Residual vanance = 1 3626E-03

Tukey's one degree of non - additivaty C =-8.3761

In the table 4 15 ANOVA table for full model with
Tukey one degree of uon additivity witeraction

Table 4 ANOVA Table
Source | Mean Tesuag | Conclusion

square entenon | Hyis sig. level
A 0.00236 ]1.738 Accepted | 0.205
B 0.00127 ]0.935 Accepted |0 488
AB 0.00013 ]0.097 Accepted | 0.760
Residual |0.00136
Total 0.00142

For variables NE and NW (number of white spots) are
Hy accepted on the sigmficance level 0,95 as well.
Therefore the ANOVA analyus leads to conclusion
that the vanability of NE. NW and AF m the cells are
not staristically significant



4.3 Spatial autocorrelation index

The Moran’s [ and corresponding mean value E(I) and
vanance D(I) computed according relations from chap.
2 3 for the case of NE are given 1o the table 5

Table 5 Spanal autocorrelation mdex for NE

Quaauty Moran
Indice 0.294

z 3.368
ED) -0.0417
D) 0.00993

The value of z axceads the quantury 2 and therafore the
random: vanatnon has to be rejected. The positive
autocorrelation shows that the values of NE m
adjacent cells are directly associated. The same results
were obtamed for NW and AF as well

5. CONCLUSION

The proposed methods for wisual irregulanty
evaluation can be used for light weight nonwovens
without problems. Objective evaluanon by the mmage
analysis allows to idennfication a lot of other
charactenistics as the mean area of pores. objects with
some gray levels etc. In further investgation this
charactenstics will be also used

For evaluation of results both CV and ANOVA are
suitable The behavior of effects in the machine and
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cross directions computed by the ANOVA can De
analyzed by the regression methods (rends
nonlineanters etc ) The spatial autocorrelation mndex
I can be used for check of random vanation of visual
irregulanty charactenstics i cells.
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VYJADRENI PLOSNE NESTEINOMERNOSTI NETKANYCH TEXTILI

Jifi Militky . Jitka Rubnerové a Vaclav Klicka'

Abetrakt: V plispivim _j". uveden zpiisob popisu nestejnomérnosti netkanych textihii vychazejici z teorie
nahodnych poli. Pro vyjadien zakladnich charakteristik téchto poli je vyuzito stanoveni drubych momentii Je
ukazan zpiisob vyjadfeni anizotropie téchto nahoduych poli. Tento zpuisob popisu ploiné nestejnomérnosn je
pouit pro analyzu gravimetnckych méfem

1. Uvod

Dosavadmi vyvej v oboru netkanyeh textlii porvrdil ze diky stale nevvéerpanvm
vyrobkovym movacim a velké vananmosti surovinovveh technologickych a vvrobnich
moZznost. poroste také jench Siroké uplatiovani v naroénéjéich podminkach nejen koneéneé
spotieby. ale 1 v mnoha zpracovatelskych oborech.

U netkanych textiln pro technické aplikace jsou kladeny stale vyisi pozadavky na
stemomeérnost hodnot yench zakladnich viastosti.

Byly wvypracovany metody uréovani amzotropie. texmury a daldich specifickvch
parametru  charaktenzwjicich strukmuu netkanyeh textilii [1] V lterature existuje znaéne
mnozsn1 mformaci z oblast: stejnomémosti viasmosti hinearnich textilii a nékterveh analogicky
pouzivanveh poznatki pro jednothivé pripady fedeni stejnomémosti vlastosti netkanvch
textln. Vpraci [4] je uvedena stmudie. ktera se zabyva problematnkou konunuailniho a
diskonnnualniho méfen: stejnomémost ploiné hmotnosti netkanych textili. Primyslové pouziti
kontimualnich méficich zafizeni se stalo snadno dostupné a tvofi on-lne mtegrované méafici a
reguladni svstémy vyrobnich linek.

Hodnoceni steynomémosti plosné hmomost gravimetricky je¢ v soucasne dobé
zakladnim normovanym postupem. Proto bylo vtomto prispévku pouzito pro demonstrac:
vyuzin aparatu nahodnych poli pro popis plosné nerovnomérnosti.

2. Nahodné pole plosné nestejnomeérnosti

Pro popis plosné nestejnomémost: netkanych texulu je vhodne zavest pojem ploéna
hustota [2]. Ploéna hustota z(x.y) v misté o soufadmcich x.y je definovana jako limuta podilu
hmotnosts M(S) a plochy S =4dxdy elementarniho kvadru o vyice rovné tloustce texnlie t a
piiénych rozmérechx £ dxay = dy

M (S)

z(x.y)= lm —T—=t‘p(x.}‘) (D

S—=0

" Prof. Ing. Jufi Militky, CSc a Ing Jitka Rubnerova, katedra textilnich materialii, Textilu: Fakulta, Techuicka
) Universita v Liberci, 461 17 LIBEREC,
Ing Vaclav Klicka CSc, Rieter as., Ustin. Orlica
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kde p(x.y) je hustota ploiné textlie v misté x.y. Veliéina z(x.y) je nahodna funkce dvou
proménnych oznadovana také jako nahodné pole.

Ze statstického hlediska je nahodné pole uplné popsano n - rozmémnou hustoton
pravdépodobnosn

P.(2,.2y...2)) = P{z1 Sz(x.y;) Sz +dz, 1=1.n} )
Pokud je py m\'?xiannu' Vié1 posunu obou soufadnic jde o homogenni ndhodné pole. Pokud je
P Vanantni Vui posunu souradmc pouze ve sméru osy x jde o pricnou homogeniru a pokud
J& mvanantmi Vuci posunu souradme pouze ve sméru osy v jde o podélnou homogeniti.

Pro vyjadfent vanability nahodného pole se pouziva korelaéni funkce R(x;.%,.v1.v2). pro kterou
platn

R(x.x,.y,.¥,) = H(zl -E(zXz, - E(z,) p,(2).2,) dz, dz, 3)

kde stiedni hodnota E(z;) je z defimice rovna
E(z)= Iz p(2) dz “

Pro homogenni nahodna pole je korelaéni funkce zavisla pouze na vzdalenosti mezi body
(x1.¥1) a (X;.y2). tedy

R(x,.x,.y,.y,) =R (x, - x..y,-V)) &)

Analogické vztahy plati pro pfi¢nou a podélnou homogemm. Pro izotropni nahodaé pole je
korelaéni funkce mvananmi viué: rotaci a zrcadlovému otoéeni a zavisi tedy pouze na delce

vektoru d = J(x; - X, ) +(y, - yl):  tedy
R (x,.x,.y,.y;) =R (d) (6)
Informace o nahodnych polich se ziskavaji na zakladé nahodné sekvence povrchovych hustot

2(1;) uréenych na pravouhlé st kde 1j (i = 1. m. ;= 1_n)definye 1) -tou celu Pro odhad
korelaéni funkce pak plau [3]

1 m-K »-L _ N _
LL)= Y 2 (20+K j+L)-2N2(1.)-2) €))
R(KL) (m-K)n-L)-17 T
kde
i:——l—:zzti‘j) 8)
mn 7 o
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je priméma hodnota plosné hustoty. Je ziejmé, ze korelaéni funkee R(0.0) = D(z(ij). Zde
symbol D(z(1))) oznaéuje vybérovy rozptyl ploéné hustoty.
Pro Gaussovske nahodné pole ma korelaéni funkee tvar [2]

R(d,.d,) = exp(-a

d!

-tjd,) ©)

kde d=x>-x; a d,=y2-y) a koeficienty a.b jsou parametry nahodného pole.

‘ Jako zakladm charaktenistika nehomogenity povrchové hustory se pouziva koeficient
anizotropie An definovany vztahem

Km
An=—
Im @

kde Km a Lm jsou wmtervaly korelace t). muumalni hodnoty K a L pro kreré plati. ze
R(Km.0) < 005*R(0.0) resp. R(0.Lm) < 005#R(0.0)
Lze ukazat. ze Km a Lm souviseji s parametry Gaussovského pole podle vztahu

3
Km

a= resp. b=—

Lm

Je zieymé. 2ze pnn znalosti odhadu korelaéni funkce je mozné pomémé snadno uréat
charaktenisuku amzotropie 1 parametry Gaussovského pole.

Pro vvpoéet odhadu korelaéni funkce z rov. (7) a uréeni mtervalu korelace Km. Lm byl
sestaven program v jazyce MATLAB 53,

3. Experimentalni ¢ast

K hodnoceni stejnomémost: byly pouzity chemucky pojené textihe obchodniho nazvu
Perlan. vyrobené ze 100% viskozové stiize. dvou jemmosti. zpevnéné akrylatovym popivem.
Jejich technicka aplikace, napfiklad v elektrotechnickém primyslu pro vyrobu hydroizolacnich
pasek. je podminéna zaruéenou spolehlivosti v podélné pevnosti a taznosti. \ upraveném stavu
jsou u této netkané texnlie pozadovany zarucene hodnoty v elektncké prurazné pevnosti
nasikavost a pevnosti v pietrhu. Viechny tvto vlastnosti souviseén se  stejnomémost
usporadani viakennych slozek a popva.

Vlakenna vrstva za pneumatickym rouno tvofi¢em byla v hmotmostim poméru 67 33
(VSs 31 drex'60 mm a 1.6 dtex40mm) Nanaieni zpénéne akrylatove disperze bylo
provedeno na fularu se susenim se na bubnové suéamé (4]

Slozeni hotove netkané textilie je uvedeno v tabulce 1. Odhad amzotropie usporadan
vidkennveh slozek vychazi na zakladé poméru hodnot piiéné a podélné pevnost v rozmezi 1 2
az 1'3. Vybarvovaci zkouska akrylatového podilu pojiva potvrdila, ze rozlozeni pojiva kopirye
vstupni stejnomérnosts viakenné vrstvy
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Tabulka 1 SloZeni pojené textilie Perlan

Slozka hodnota
pojena textilie 30. 40. 50, 60 g/m”
viakno - VSs 3.1 drex 49 %
viakno - VSs 1.6 drex 25 %
susina popva - Sokrat 4924 20 %
vlhkost - voda 6 %

Obr 1 Steynomémost viakenné vrstvy v pojené texuln plosné hmotnosn 60 g m"

Vzorky pro gravimetnicka méfeni byly odebrany ve tvaru érverci rozméri 100 x 100
mm. Tyto vorky byly rozdéleny na rektangular sit’ o velikost cely 10 x 10 mm. Pro texnlu o
ploéné hmommost: 60 gm’ ma cela ploéného obsahu S, = 100 mm’ hmotnost kolem 6 mg.
Kontrola piesnosti pfipravy cel. byla provedena na nahodném vybéru 25 vzorku.. Relatvni
chyba velikosti cely se pohvbovala od 0.88% do 1.22%. Hmotnost kazdé cely m; byla uréena
jako primér z péti vazeni. Maximalni relatnvni chyba vazeni u vzorku 60 g m’ bvla 1.606%

V' tab. 2 jsou uvedeny hodnoty my pro vzorek pojené rextlie plosné hmotmost: 60 g m’

Tabulka 2 Priumémeé hmotost: cel pojené textilie ploiné hmotost 60 g m”

Priumérna hmomost my [107 g]

60 60 | 557 | 6 | 578 [ 538 | 67 | 627 | 692 | 632
581 | 688 | 681 | 661 | 661 | 549 | 521 [ 518 | 642 | 653
61.1 63 534 | 601 | 604 | 56. 56 57 55.7 55
511 | 519 | 538 | 554 | 561 51 | 571 | 548 | 554 | 614
555 | 571 | 531 | 568 | 59.7 | 572 61 516 | 558 | 571
548 | 512 60 591 | 531 | 546 61 62.7 | 616 | 521
524 | 582 | 592 | 531 | 622 | 634 | 632 [ 548 | 548 5

39 639 | 581 58 67 563 | 618 65 581 | 535
70 634 7 643 | 513 56 59.5 58 51 62.2
69.3 73 65 57 57.2 63 56 62 61 60
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4. Vysledky a diskuse

Vzhledem k tomu. ze byla pouiita stejna velikost cel o plose 5,= 100 mm:j‘e P
hustota z; = my; ' S; v [g2 m™] ¢iselné rovna hodnotam v tab. 2. Zakladni statistické
charaktenstiky tohoto pole plosna hustoty jsou uvedeny v tab. 3

Tabulka 3. Zakladni stanstické charakteristiky ploéné hustoty

Poc¢et hodnot 100 roZmer
Prumér 5892 | [gm”]
Maximalni hodnora 73 [gm®
Minumalni hodnota 51 |[[1gm?)
Smérodatna odchylka 5.12 [ m”]
Vanaéni koeficient 8.68 [°%]

Graficky je kolisani povrchové hustoty znazornéno na obr 2

By Y 12 $10

$9
g Af | .

S7

/
A

N
N

S6 @60-80 1 gm™y
S5

44
s3
FS2
S1

H 40-60 rg m':1

-

{1 2 3 4 56 7 8 9 10

Obr. 2 Kolisani ploéné hustoty pojené textilie 60 g m”

Na obr 3 je uveden histogram plosne hustoty naméfenveh hodnot a distbuém funkece
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Obr. 3 Rozdéleni éemosti ploéné hustoty a distribuéni funkce pojeneé textiie 60 g m”™
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Na obr 4 jsou uvedeny pribéhy korelaénich funkei R(K.0) a R(0O.L) spolu s lmut
hodnotou AO.OOﬁ“‘R(O,O)‘ Je patmé, ze intervaly korelace jsou Km=3 a Lm=2. Inde
amzotropie je pak podle rov.(9) roven An=1.5.
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Obr 4 Prubéhy korelaénich funkei R(K.0)aR(0OL)

Na obr 5 je znazornén odhad korelaéni funkce R(K.L) pro K=0.1...7al=01._7

Obr 5 Odhad korelaéni funkce R(K.L)
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Z uvedeného je patmé. ze pole povrchové hustoty je mirné anizotropni a vvkazue
lokalni neregulanty To bylo potvrzeno také analyzou zalozenou na vizualni nestejnomérnost
[2]. Index amzotropie prevyswe jedméku. ale velmi nevvrazné. Na drubé strané hraje roli
pomeémeé maly pocet bunék rektangulami sité.

6. Zavér

V piispévku bylo ukazano pouziti pole povrchové hustoty pro hodnoceni povrchove
nestenomémosti netkanych texuhi. Pro daléi analyzu by bylo vhodné sestavit model
nahodného pole pro strukrumi jednotky dané netkané textilie resp. méfit lokalmi kolisani
povrchové hustoty.

Podékovini: Tato prace vznikla s podporou Ceské narodni grantové agentury -grantu GACR
¢.. 106/99/0372 a grantu MSMT ¢&. VS 97084
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SPATIAL VARIATION OF NONWOVENS SURFACE DENSITY

Jifi Militky . Jitka Rubnerova and Véclav Klicka'
Technical University of Liberec, Dept. of Textile Materials, Liberec.
Czech Republic
'Rieter a.s., Usti n. Orlici

1. INTRODUCTION

The products from nonwovens are nowadays applicable in the fields
requurng relatve high mass umformity or umformity of basic physico -
mechanical properties. There exists a lot of methods for description of planar
anisotropy and other structural charactenstics of nonwovens [1.2] Selected
methods of continuous and discontinuous measurement of planar umformuty of
nonwovens are described in the dissertation [4]. Basic on 1s direct measurement
of local planar mass vanation by weighting (gravimetric method). The extension
of linear texnles unifornuty based on the vanation coefficient CV to the planar
case 15 frequently used [2].
In this contribution the planar uniformity 1s described on the base of random
field theory and spatial autocorrelation mndices.

2. RANDOM FIELD OF PLANAR UNEVENNESS

The planar density z(x.y) descnibes sufficiently the planar uniformity or
unevenness [2]. The quantty z(x.y) in thec pomnt x.y 1s defined as linut of mass
M(S) divided by the area S =4dxdy of elementary rectangle 1e. the cross
sectional area of volume element having thickness t (thickness of nonwoven)
and perpendicular dimensions x = dx and y £ dy. Formally

M (S)

z(x,y)= bm
S$—=0

where p(x.y) 1s planar textile density in the pont x.y. Quantity z(x.y) 1s random
function of two variables called random field This random field 1s fully
described by the n vanate probability density function

pn(z‘.‘zl___z’) = P{zt < Z(Kl,y:) < z, +dl|, 1= 11].} (2)
Homogeneous random field has property of mvanance according to the
translaton.  Variability of random field 1s charactenzed by the correlation

function
R(x.%.5.7,)= _[.[(;, - E(2,)(z, - E(2,) Py (2,.2,)d2,dz,  (3)

=t*p(x.y) (1)

The mean value E(z;) 1s defined as

E(:)=I:p1(:)dz 4)
For homogeneous random field 1s correlation function dependent on the
distance between pons (X1.Y1) and (x3.y;) only. For this case 1s vahd
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R(xl’erleJ): R(xz‘xla}'z‘lﬁ) 5)
For 1sotropic random field 1s correlation function invariant against rotation and
murormg . This  functon 1s  then dependent on the length
d= J(xz ‘31)2 -y, —Yz)z and therefore

R (x,.x,.y,.y,) =R (d) (6
For computation of correlation function the experimentally determined values of
planar densities 2(1j) of 1 th cell (1 = 1._.m.j = 1..n) of the rectangular net are

used. The esumate of the correlation function is then defined by the relation [3]
1 m-K np-L

L] T . - a = sl
R(K.L) =-Be-0-15 %(Z(t-’- Kj+L)-2)(z(1.))-2) @)
The anthmetic mean of surface density has the form

2=—3 3 2i.) ®
l=l J=l
It 15 sumple to derive that correlation function R(0.0) = D(z(1))) 1s equal to the
vanance D(z(1))) of the surface density. For the Gauss random field is
correlation function dependent on the differences d.=x,-x; a dy=y,-y; only[2]

R(d,.d,) = exp(~ad,| - bld, ©)

For charactenzation of the random field non homogeneity the anisotropy
coefficient An defined by relation

Km

An = 7 9)
1s used. The Km and Lm correlation are intervals 1.e. mimimal values K and L for
which 1s valid

R(Km.0) < 005#R(0,0) resp. R(0.Lm) < 0.05*R(0,0) (10)
The parameters Km and Lm are connected with parameters of the Gauss
random field by relations

B S R R (11)
Km Lm

Based on the estimate of correlation function 1s therefore straightforward to
descnibe anisotropy charactenistics An. For estmation of the correlaton
function and computation of amsotropy charactenistics the program m

MATLAB 5 3 language has been created.

2. SPATIAL AUTOCORELATION

The spatial randomness i the plane can be expressed by the spatial
autocorrelation indices. For defimtion of spanal autocorrelation some measure
of contigmty 1s requwed. Smmple contiguity measures are defined as
neighborhood relanons. The kings case considenng neighborhood of eight cells
was used mn this work The connectivity (spatial weight) matnx W contams
elements Wy = 1. if i-th and )-th cell are neighborhood or Wy = 0 1f i-th and j-th

cell are far each other.
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Let the v@lue Zk = 2(1) for k = 1 + m*(j-1) are surface densities 2(1j) arranged
columnwise. The Geary autocorrelation index is defined by relation [3]
2.2.7,%2,-2))

A\"-l * 1 J

E T T N )

(12)
where Zm 1s arithmetic mean of all cells surface densities The statistics ¢ 15
defined m the range from 0 to 2. Negative spatial autocorrelation 1s for ¢>1 and
positive spatial autocorrelation 1s for c<1. Mean value ( spatial randomness) is
equal to E(c) = 1. Vanance D(c) based on the approximate normality is defined
as
(N-1)*(2*S, +S5,)-4"S]
S;*2*(N+1)
Individual symbols n eqn (13) are defined as

S =227, S—-T (W-+W) S, = 'S“(W,.+W)
Symbol W:' denotes 1-th row and W*: denotes i-th colnmn of matnx W.
Random vanable

2(c) = c-1

JD()

has approximately standardized normal distribution. If absolute value
abs(Z(c))=2 the sigmficant autocorrelation occurs

D(c) =

(13)

3. EXPERIMENTAL PART

The chemucally bonded (by the acrylate binder) nonwoven from viscose
fibers (VS) was prepared. Starting lap of planar weight 60 g m” was created on
the pneumatic web former. The lap consists of two types of viscose fibers mixed
m the weight ratio 67/33 (VS 3.1 dtex/60 mm and 1.6 drex/40mm). Binding
acrylate (relative amount 20 %) was apphed by padding

The rectangular samples of dimensions 100 x 100 mm (area Aj = 100
mm’ and weight 6 mg) were cut for further analysis [3] These samples were
divided to the rectangular net having dimensions of individual cells 10 x 10 mm.
Relative error of cell dimensions was m the interval from 0.88% to 1.22%. The
weight my; of 1j th cell has been computed as mean from five parallel weightings
Maximal relative error of weighing was 1.606%.

4. RESULTS AND DISCUSSION :
From the weights mj and cell area S;= 100 mm® the surface densities z;

=my/S;v(g m~] have been computed. Basic statistical charactenistics of
resulted random field of surface density are given in the table 1
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Number of values 100 |dimension
Mean 5892 | [gm’]
Standard deviation 5.12 [ g m-l]
Vanation coefficient 8 68 [%]

The mtervals of correlation are Km=3 a Lm=2 and therefore An=1.5The

bivanate autocorrelation unction R(K.L) for K=0.1.....7 and L=0.1...7 is given
on the fig 2.
It 1s clear that the random field of surface density 1s slightly anisotropic and has
local nonregulanties. The mdex of anisotropy 1s not so far from one. The Geary
mdex ¢ = 0.768. D(c)= 0.0037and the standard normal one is Z= -3.79 The
value of c 15 below 1 and therefore the random vanation has to be rejected. The
positive autocorrelation shows that the values of surface densities z(1j) m
adjacent cells are directly associated The spatial randommess has to be therefore
onutted

Fig. 2 Bivariate autocorrelation function R(KK.L)
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PROSTOROVA STATISTIKA A NESTEJNOMERNOST PLOSNE
HMOTNOSTI NETKANYCH TEXTILII

Iiii Militky |, Jitka Rubnerova a Vaclav Klicka

Abstrakt: Jsou uvedeny zikladni moznosti popisu fyzikilnich viastosti, u kterych hraje vyznamaou roli
prostorové usporadami textihi. Tato data se chipou jako nihodné pole a pro vyjadieni jeho vanability se
pouziva mementovych charaktenstk drubého fadu. Je diskutovano pouiiti prostorové kovariance (globalni
vanabilita) a mené znameého variogramu (lokilni vamabilita) resp. jeho vamant. Json popsany zpusoby
konstrukce téchto charaktenistk z expenimentalnich dat. Jsou uvedeny moznosti parametrickmeého vyjadiem

vanogramu. Tyto charakteristiky jsou pouiity pro vyjadieni kolisani lokalni ploiné hmotnost: netkanych
rextilii.

1. Uvod

Cela fada fyzikalnich vlastosti ploénych textihiich je zavisla na misté a nékdy 1 na éase
(prostorové ¢asové proménné). Prostorova resp. ploéna vanabilita geometrickych resp. jmych
vlasmosti je charaktenstukou kvality textilii a rozhoduje o jejich praktickém pouiti.

Prostorové ¢asova vanabilita se vyskymye také pfi popisu opotiebeni. starnuti a
degradace ploénych textlu (napivhivem sluneéniho zafeni). V praci [1] byla sledovana
prostorova vanabilita pomoci prostorové autokorelace. V této praci je diskutovano pouziti
vanogramu jako jedné ze zakladnich momentovych charaktenistik drubhého fadu. Je ukazana
souvislost se znaméjéi kovananéni funkci s ohledem na vhodnost pro nizné situace. Navrzené
charaktenistiky jsou pouzity pro vyjadieni vanability ploiné hustoty specialnich netkanych
textilu (pokradovami prikladu z prace [1].)

2. Zakladni pojmy

Uvazuyme nahodné pole z(x) se slozkamm z;= z(xy)=z(x; ,);) uréené v p- rici bodi x;
umisténych v oblasun D. Tyto body mohou tvofit mfizku t). rektangularni rovnomémou sit
nebo mohou byt usporadany nerovnomémé Kromé prostorové zavislosti muze byt uvazovana
také ¢asova zawvislost (viz [2]). Pak se pole z(x;,7) chape jako p — rozméma nahodna vehidna s
nezavislymi™ realizacenm r = /, T. Nahodné pole z(x) je jednoznaéné charaktenzovano p
rozmérnou hustotou pravdépodobnost

2.,(2.25..2,) = Plz, < 2(x,) S 2, +dz;, i=1.n} (1)
Diilezity je pojem homogennni ndhodné pole ., které je mvanantni wié1 posunu. V piipadé

prostorové-éasovych poli se obyéejné uvazuje éasova homogenita.
Stiedni hodnota m(xy = Efz) nahodného pole v misté x; je definovana vztahem

* Prof Ing Jifi Militky, CSc_ a Ing. Jitka Rubnerova, katedra textilnich materiali, Textilni Fakulta, Technicka
Universita v Liberci. 461 17 LIBEREC,
Ing. Vaclav Kliéka CSc., Rieter as., Ustin. Orhici
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E( zj}=_[ 2, p(2; )dz, @

Pro vyjadieni vanability se standardné pouziva kovariance jako druby smideny centralni
moment
Cy=[[tz~E(z, )0z, ~ E(z,) p(z,.2, )ds, d,

resp.

C,=E(z2(x;)*z(x, D-E(2(x;)* E(2(x, ) 3)

Pro pripad. kdy jsou oba body xi a xj totozné resultuje z rov. (3) rozptyl Dixy). ktery lze
vyjadiit ve tvaru

Diz(x,))=Cy=E(z(x;)' )=(E(z(x,)) 4)

Specialné pro vyjadieni prostorové nepodobnosti mezi hodnotami v mistech x; a x; byl
zaveden variogram resp. semivariogram, ktery je definovan jako polovina rozptylu prinistku
2(xy - 2(xy))

I, =05*D[z(x,)-2(x,)]
resp.
I, =0.5°[E(z(x;)-2(x;)) —(E(2(x;)-2(x;))’ ]

Pro sracionarni nahodné pole je stiedni hodnota v jednothivych bodech konstanti ty. E(z/(x,)) =
m. Pak je

I, =05*E(z(x;)-2x, ) (5)

Pro iomogenni ndhodné pole je kovanance funkci pouze vzdalenosti mez: body x; = (x,,vy) . x;
= (x;)y) a pro isotropni nahodné pole je kovanance mvariantni viéa rotact a zrcadleni. Zavisi

pak pouze na délce d=\ﬁx, - X; )’ +(y ~ Yy, )y

Diilezitou vlastnosti fady nahodnych poli je stacionarita druhého Fadu. Nahodné pole z(x) ma
vlastnost: stacionanity drubého fadu pokud plati, ze

¢ Priiméma hodnota je konstantni, tj nezavisla na poloze vektoru x. Tedy E(x) = m.
e Pro kazdou dvopci nahodnych proménnych z(x) a z(x + h) zavisi kovanance pouze na
piiristkovém vektoru &
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C(h) = E[2(x)* 2(x + b)] - m? (6)
Pro rozptyl pak plati, ze
D(z(x)) = C(h = 0) = C(0) @)
a vanogram souvisi piimo s kovananci podle vztahu
T'(h)=C(0)-C(h)
resp.
C(0)=C(h)+I(h) (8)

Pro piipad satacionanty drubého fadu je tedy celkova vanabilita vyjadiena rozptylem C(0)
souttem globalni sloZky vyjadiené prostorovou kovarianci Crh)a lokilni slozkv vyjadiené
vanogramem I (k). Az na nasobivou konstantu je pomér I'(h)/C(0) roven Gearyho
autokorelaénimu  koeficientu a pomér Cr(h)/C(0)je roven Moranovu autokorelaénimu
koeficientu. Je tedy patrné . 2e stacionanta drubého fadu umoiiuje nalezeni souvislosti mezi
slozkami prostorové vanability a prostorové autokorelace. Jde pak o prakucky ekvivalentni
nastroje pro popis nahodnych poli.. V obecném pripadé veak tyto vztahy neplati a je tieba volit
vhodné vyjadieni prostorové vanability. Pokud neplati predpoklad konstantmost stiedni
hodnoty je .necentrovany” vanogram méné vhodny. protoze je vychyleny. Da se pouzit jeho
centrovana verse

I, =05*D[(z(x,)-E(z;))-(2x;)-E(z;))] ©®

ktera iz nevyzaduje prostorovou konstantnost stiedni hodnoty.
Rov.(8) mdikuje, 2e stacionanta druhého fadu vede k poZadavku spojtosti vanogramu
v poéatku, protoze I'(0)=0. Pokud vyyde, z¢ I'(0)=c, >0, znamena to neplamost

stacionanty druhého fadu. Parametr co se oznaéuje jako nugget efekt (dusledek vanaci malého
dosahu v blizkost: poéatku). Pokud je I'(h)=const. pro viechna k je nahodné pole z(.)

v tomto sméru nekorelované.
Zavislost I'(h) na h se da vyjadiit celou fadou parametrickych modeli Casto se

pouziva sféncky model vyjadiitelny ve tvaru

IL'(h)=c, +c[1.5(hx’a_)-O..ffh/a)’j forO<h<a
I'(hy=c,+c forh>a

(10)

kde ) je délka vektoru h. Rozdéleni vanogramu a jeho vlastosti jsou popsany v knize [5]. kde
jsou také uvedeny zpisoby jeho odhadu
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Pokud je sledované nahodné pole diisledkem kombinace nékolika nezavislych zdrojii
spiibhizné stejnym rozdélenim je moino popsat z(x) pomoci vicerozmérného Gaussova
(normalniho) rozdéleni Pak ma tedy rozdil [z(x) - z(x+h)] normalni rozdéleni s nulovou stiedni
hodnotou a rozptylem 2I'(h).

Pro odhad vanogramu lze v piipadé prostorové ¢asovych dat pouzit sumanzaci pies
tasovou proménnou a nalézt odhad ve tvaru,

I T
Ys =-3—1—_§f:(x,,rj-z(xj.rl)2 an

Jeho rozptyl je roven

D(r,)=2 T} 12)

Pro piipad konstantni stiedni hodnoty je pak
D(y, )=2(0.5%(c} +c )?
Yi —?(- (ci +c;)—c;) (13)
Odhad kovanance se v tomto piipadé vyéisluje podle vziahu

gk
6 == (X, t)-2,5)%(2x;1)~2,) (14)
el

Odhad stiedni hodnoty je poéitan ze vztahu

3

2= 2T (2(x1) (15)

lel

Pro rozptyl odhadu kovanance plati, Ze
D(c“:;(c,, c5 +¢;5)

D# se ukazat, ze pro piipad vysoké korelace mez1 slozkarm nahodného pole (ji2 od korelaéniho
koeficientu 0.27) je vyhodnéjéi pouzit variogram. protoZe jeho odhad je efektivnéjdi. Takto
definované odhady umoziwji posouzeni variabity resp. miry neshody mezi jednothvymu body
v oblasti D.

Pro pfipad. kdy se sleduje pouze prostorova proménna (nejsou k dispozici opakovani
v riiznych éasech) se provadi sumace s ohledem na délku a onentaci pfinistkového vektoru
(obyéejné se voli pro neregulami sit’ tolerance délek a smérl, které se povazu)i za phblizné
stemné). Takto potitané odhady 2 posuzuyi spide prostorovou autokorelaci, protoze se poditayi
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pies celpu oblast D. Pro miizkové usporadani je volen piinistkovy vektor jako nasobek délky a
vyiky jednotkové cely, takie odpadi potieba stanoveni tolerance. Vybérovy smérovy
variogram ve sméru piinistkového vektoru k se pocita obecné ze vztahu

1 ':é!’
N = 2 [2(x) = 2(x, + )P (17

y(h)=

kde N(h) je pocet dvonc bodh oddélenych o vzdalenost i a onentovanych podle vektoru .
Pro miiZkove uspofadani jsou moiné pouze th sméry, a délka piiristkového vektoru je
nasobkem velikosti elementimi cely. Je tedy mozné poéitat smérovy variogram ve sméru
podéiném 0° (h = ¢*[1,0]). diagonalnim 45° (h = c*/1,1]), a piiéném 90° (h = c*{1,0]) pro
nasobky ¢ = 7,2,3.... Primérovani vaniogrami ve véech smérech vede k tzv. viesmérovému
vanogramu (omnidirectional variogram).

Misto variogramu l1ze pouit vybérového mandrogramu M¢h), ktery ma pro piinistkovy
vektor & tvar

N(k)

1
M()= M"’l z(x,) - z(x; +h) (18)

Pokud ma nahodné pole z(x) vicerozmémé Gaussovo rozdéleni plati jednoduchy vztah

N _ o (19)

M(h)

Je mozné také pomémé jednoduie definovat vybérovy srandardizovany variogram pro
piinastkovy vektor h

y.(h)= 1) (20)
0,0,
kde
1 1 MW
= T, s -2 21
O’l ——N(h) - (x) ml m’ m] N(h) e (x) ( )
a
2 __l ‘?']( h) -miand m —-——3@ z2(x; +h) (22)
D E=Nm = . " NG I

Viesmérovy standardizovany variogram souvisi uzee s korelogramem o(h) =1-y(h).
Pro vypoéet standardizované kovanance s ohledem na piinistkovy vektor h se pouziva
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vztah

Nw)

1
C) = 220 2(x, + 1) —m, *m, (23)

Pro grafické vyjadieni prostorové variability je mo#no konstruovat variogramovy povrch. Jde
o soustavu vanogramu uspiadanych do bunék étvercové sité. Zadina se od centrilni buiky.
kterd md nulovy prinistkovy vektor. Dalsi buiiky maji piiristkovy vektor & vytvoieny jako
nasobek stiedové buiiky ve sméru x a y. Na tomto povrchu je mozné uréit sméry anizotropie
ve. kterych je vanogram nejvice mformativni (viz. [3]).

Pro vypolty souvisejici s vanogramem lze pouzit specidlni program Variowin 2.2 [3] nebo
procedur v jazyvku MATLAB 5 3 vytvofenych autory této prace.

3. Experimentalni ¢ast

Techpické aplikace chemicky pojené texulie obchodniho nazvu Perlan. napriklad v
elektrotechnickém primyslu pro vyrobu hydroizolaénich pasek. je podminéna zaruéenou
spolehlivosti v podélné pevnost a taznosti.

V upraveném stavu jsou u této netkané textihe pozadoviny zaruéené hodnoty v
elektrické prirazné pevnosti. nasiakavosti a pevnosti v pretrhu. Viechny tyto vlastnosti
souviseji se stenomémosti uspofadani vidkennych slozek a pojiva.

Utelem je popss kolisani ploéné hustoty této textibe. Ploina hustota z(x)=z(x.v) v misté
x = (x.v) j¢ definovana jako hmotnost M(S) délena plochou S =4dxdy elementamiho étverce 1.
plochou priéného fezu objemového elementu o tloustce odpovidajici tloudtce textilie a
pricnych rozmérech x + dx a y + dy. Formalné je

PR L

S—0
kde p(x.v) je objemova hustota textihe v misté x = (x.y)

Vzorky pro gravimetrickd méfeni byly odebrany ve tvaru étvercii rozméri 100 x 100
mm Tyto vorky byly rozdélcny na rektangulami sit’ o velikosti cely 10 x 10 mm. Pro texulu o
ploéné hmotost 60 g/m’ ma cela ploéného obsahu S, = 700 mm’ hmotnost kolem 6 mg.

Kontrola pfesnosti piipravy cel, byla provedena na nahodném vybéru 25 vzorku. Relativni
chyba velikosti cely se pohybovala od 0 88% do 1.22%. Hmotnost kazdé cely mi; byla uréena

jako priunér z péti vazeni Maximalni relativni chyba vaZeni u vzorku 60 g/m’ byla 1606%.
Hodnoty m, pro vzorek pojené textilie ploéné hmotnost1 60 g m’ ? jsou uvedeny v praca [4].

4. Vysledky a diskuse

Vzhledem k tomm, ze byla pouZita stejna velikost cel o plode S, = /00 mm” je ploina
hustota z, = m, / 5, v [g m’] Ciselné rovna hodnotém vtab. 1. Zakladni statstické
charaktenistiky tohoto pole ploéné hustoty jsou uvedeny v tab 1.

Tabulka 1 Zakladni statistické charaktenistiky ploéné hustoty

Pocet hodnot 100 | rozmér
Priumér 5892 | [gm’)

3

Smérodatna odchylka 5,12 [gm”)
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Variogramovy povrch je ukazan na obr 1.

0 4. | D R |
-Jmmt;mk_)-‘cn—oumbmmu

Obr. 1 Vanogramovy povrch

Je patmé, Zze z vanogramového povrchu nelze stanovit preferenéni smér. Viesmérovy
vanogram je znazornén na obr 2.

Semivariogram

a2
20
28
26
e 24
E
8 22
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18

10

1‘0 ; 2 2 4 5 e

Obr 2 Viesmérovy vanogram

Je patma diskontinuita v poéatku (nugget efekt). Vypoétené hodnoty viesmérového
vanogramu, kovanance, korelogramu a madogramu jsou uvedeny vtab. 2 Rozptyl je zde

roven ¢(0,0) = 25937,
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Tabulka 3. Viesmérové charakteristiky prostorové vanability

Posun | Variogram | Covariance Correlogram | Madogram
1 20.1198 5.1710 0.205 2.557
2 21.1538 2.096 0.0901 2.603
3 249066 -2.045 -0.0895 2.839
4 25.1356 -2.272 -0.0994 2.831
5 254189 -1.197 -0.0494 2.838
6 25.8043 -0.50 -0.0198 2.867
7 264319 1.180 0.0427 2.934

Hodnoty vSesmérového vanogramu byly pousity pro konstrukci sférického modelu
definovaného rov (21). Byly nalezeny odhady c0 = 14.78013 , ¢ = 10.99973 aa = 4.642217.
Indikativni ukazatel kvality prolozeni vysel IGF: 1.8986e-03 coz spolu s grafem na obr 5
mdikuje vhodnost sfénického modelu (viz. [5]). Je ziejmé. Ze nugget ma pomémé vysokou
hodnotu, coz mdikuje nesplnéni piedpokladu stacionanty druhého fadu. Tento piechodovy typ
modelu ukazuje na prostorovou zavislost malého dosahu a nahodnost ve vétéim méfitku [6].

5. Zaveér

Vanogram je jednim ze zikladnich nastroji pro hodnoceni statistické variability
nahodnych poli. Hodi se pf1 pripady vyssich korelaci mez: prvky pole. Pro regulami miizky je
mozno pouzit smérového vanogramu ve sméru podélném, pfiéném a diagonalnim nebo jejch
kombmaci- viesmérovy vanogram Parametrické modely umoZiuji vyjadieni zavislost
vanogramu na velikosti a onentac: smérového vektoru. Programy pro vyjadieni prostorové
vanability nahodnych poli v jazyce MATLAB 5.3 jsou k dispozici u autorii této prace.

Ukazalo se. ze pro zkoumanou netkanou textiln neni splnén predpoklad stacionanty
druhého fadu: Prechodovy typ modelu variogramu plosné hustoty je zieymé disledkem
prostorové zavislosti ploéné hmotnosti malého dosahu a nahodnost: kolisani ploéné hmotmost
ve vérdim méfitku

i
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SPATIAL VARIATION OF NONWOVENS SURFACE DENSITY

- Jiri Militky, Jitka Rubnerova, Viclav Klicka' and Pavol Lizik®
Technical University of Liberec. Dept. of Textile Materials. Liberec, Czech Republic
: : 'Rieter as., Usti n. Orlici
Trendin University. Ruzomberok. Slovak Republic

1. INTRODUCTION

T_h" products from nonwovens are nowadays applicable in the fields requiring relative high
mass uniformuty or uniformity of basic physico - mechanical properties. There exists a lot of
methods for description of planar anisotropy and other structural characteristics of nonwovens [1.2]
Selected methods of continuous and discontinuous measurement of planar unsformuty of nonwovens
are descnbed mn the dissertation [4] Basic on is direct measurement of local planar mass vanation
by weighting (gravimetric method). The extension of linear textiles uniformury based on the
vanation coefficient CV to the planar case 1s frequently used [2].
In this contmbution the planar unifornuty 1s described on the base of random field theory and spatial
vanation charactenistics..

2. RANDOM FIELD OF PLANAR UNEVENNESS

The planar density z(x)=z(x.y) describes sufficiently the planar uniformuty or unevenness
[2] The guantity z(x.y) in the point x = (x.y) 15 defined as limat of mass M(S) divided by the area S
=4dxdy of elementary rectangle 1.¢. the cross sectional area of volume element having thickness t
(thuckness of nonwoven) and perpendicular dimensions x + dx and v + dy. Formally
z(xy)= fm 2O

S—=0

where p(x.y) 15 planar textile density i the point x = (x.y). Quantity z(x) 1s random function of rwo
vanables called random field This random field 1s fully described by the n vanate probability
density function

=t*p(x.y) (1)

P.(2,.2,..2,)=Plz, S 2(x,) < z, + dz,, i=1n} )

Homogeneous random field has property of mvanance according to the translation.
The mean value m(x) = E(z) 1s defined as

E{:)=j:p,(:)d:: 3)
Variability of random field 1s charactenized by the covanance function

C(x,.5,) = [[(z, - E(z)(z, ~ EGy) Py (3.2)) dr a2y 4)

For the case when pomt x3 and x3 are comecident 1s covanance function reduced to the variance
Junction D(x) defined as

D(x) = E(2(x)*) - (E(2(x)))’ (5)
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Another measure of spatial variability is so called variogram or semivariogram defined as half of
vanance of the increment (z(x)) - 2(x3))

7(x,.%,) = 0.5% D{z(x,) - 2(x,)] ©

For homogeneous random field is covariance function dependent on the distance between points x)
= (x1.y1) and x2 = (x2.v2) only. For this case is valid

C(II.II)=C(1'2 —X1:¥) "yl)

For 1sotropic random field 1s covaniance function invariant against rotation and murroring . This
function 1s then dependent on the length d = J(x, -x%,)' +(y,-v,)" and therefore

A random function z(x) 1s said to be second order stationary. if

® the mean value exists and 1s independent on the location vector x, 1¢. E(x) =m.
* for each paw of random vanables z(x) and z(x + h) 1s covanance dependent on the
separation vector h only

C(h) = E[z(x) * z(x+ b)] - m* M
The statonarty of vanance implies the stationanty of covanance
D(z(x))=C(h=0)=C(0) (8
and stationanty of variogram
y(h) = C(0)-C(h) 9

The second order stationanty imphes that the covanance and vanogram are the equivalent tools for

characterization of spatial correlation.
From eqn(9) 1s clear that second order stationarity leads to the contmwty at ongin because

y(0)=0. If y(0)=c, >0then co 1s called as nugget effect (small scale vananons cause
discontinuity at origin). If ¥ (h) = const. for all b then the z(.) are uncorrelated i this direction.

The dependence of 7(h) on h can be expressed by the various parametrical models. Very often 1t 1s
suitable to use the spherical model expressed m the form

:/(h}::cn+c{1,5{h-a)—0.5(h-a)’] forO<h<a (10)
y(h)y=c,+c forh>a

where /1 is the length of h. The distributional properties of vaniogram and techmques for parameter
estimation are discussed m the book [5]
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e . mlp hﬂmmog is. B~ being generated by the addition of several independent sources
ang : st pal d'sm_bm“’n’" then the z(x) can be modeled by a multivanate Gaussian
random function. Since the linear combination of multinormal vector is also normally distributed a

check of this assumption is based on the verification that the difference [z(x) - z(x+h)] 15 normally
distnbuted with man 0 and vanance 2y (h).

For compuration of .sample estimators of above defined measures of spanal contmuty the
expenmentally determined values of planar densities z(x;) = z(k j) of kj th cell (k=1..m. ;= 1..n)
of the rectangular net are used. The sample directional variogram function for chosen separation
vector h 1s calculated according to the following formula

gy gl :
¥ — b4 =2

where N(h) 1s number of pomts m separation distances h. For regularly distributed points x are the
separation distances multiples of distance between cells of net. Therefore 1t 1s possible to compute
charactenstics for dwrections 0° (b = ¢*[1.0]), 45° (b = c*[1.1]). and 90° (h = c*[1.0]) for lags ¢ =
1.2.3.. only. Averagings of vanograms calculated in all directions leads to the ommidirectional
variogram.

The sample mandrogram M(h) for a separation vector h 1s computed as

1 Nk
M)= T gl:(:,)-z(x, ~h) (12)

If the z(x) 1s multivanate Gaussian. then the following relation 1s valid for all separation vectors h

@=J; (13)

M)

Thus relation can be therefore used for quick evaluation of Gaussian distribution of z(x).
The sample standardized variogram for separation vector h 1s defined as

y, (=282 (14)
0,0,
where
L) i ' a\%i_)
0l=—-=-%2(z,))-m and m=— 2 2(x;) (15)
e T TSP
and
- e TG, bh)!-m, and m, =—— D z(x,+h) (16)
T St 8 NEw T
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For an ommdirectional case 1s the standardized variogram directly related to the correlogram
P(b) =1-y(h) The sample covariance for separation vector h is calculated according to

N(b)

1
C(h)=m-)—§:(x,)‘:(x, +h)—m *m, 17n

For graphical exploration of spatial variation the h-scatter-plot and variogram surface are useful
On the h-scatter-plot the z(x;) are plotted agamst z(x;+h) For Gaussian distribution forms the h-
scatter-plot the elliptical cloud around the diagonal line with higher density of points in the center of
this cloud. A succession of h-scatter-plots calculated for mcreasing lags (values of h) provides
check of statonanity. If successions of h-scatter-plots shows that the center of the clouds of pairs
depart from diagonal line . the stanonarity cannot be accepted.

Vanogram surface 1s constructed as a set of vanograms arranged to cells of regular grids starting
from central one with zero separation vector (0.0). Every cell has separation vector h created as
number of lags m X an y directions from central one. This surface identifies the directions of
amsotropy 1.e. preferential directions mn which the directional variograms should be constructed.

For computaton of these spatial measures the program Vaniown 2.2 [4] and procedures written in
MATLAB 53 have been used

3. EXPERIMENTAL PART

The chenucally bonded (by the acrylate binder) nonwoven from viscose fibers (VS) was
prepared. Starting lap of planar weight 60 g m” was created on the pneumatic web former. The lap
consists of two rypes of viscose fibers mixed in the weight ratio 67/33 (VS 3.1 dtex/60 mm and 1.6
dtex 40mm). Binding acrylate (relative amount 20 %) was applied by padding

The rectangular samples of dimensions 100 x 100 mm (area Aj = 100 mm’ and weight 6 mg)
were cut for further analysis [3]These samples were divided to the rectangular net having
dimensions of mdividual cells 10 x 10 mm Relative error of cell dimensions was mn the mterval
from 0.88% to 1.22%. The weight my of i) th cell has been computed as mean from five parallel
weightings. Maximal relative error of weighing was 1.606%.

4. RESULTS AND DISCUSSION : i

From the weights my and cell area S;= 100 mm" the surface densities Z;=my/ S;v[gm™)
have been computed. Basic statistical charactenstics of resulted random field of surface densaty are
given i the table 1

Table 1. Basic charactenstics of surface density

Number of values 100  |dimension
Mean 58.92 [g m'I]
Standard deviation 512 | [gm™]
Vanation coefficient 8.68 [%6]

The vaniogram surface 1s shown on the fig 1.
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Fig 1 Vanogram surface

No preferential direction can be identified and therefore the directional variograms are constructed
for all possible directions for rectangular net. The ommivanate directional vanogram 1s shown on
the fig 2. directional vaniogram for 0° 1s shown on the fig 3. directional vaniogram for 90° 1s shown
on the fig 4 and directional vaniogram for 45° 1s shown on the fig 5. Dashed lines in these graphs are
on the level of vanance C(0) which cannot be exceeded for the case of second order stationanty.
Numbers at individual pomts are number of data pairs used for vanogram computation.
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Fig 5. Vaniogram for direction 45°

It 1s clear that in the dwection of 45° forms vanogram only plateau (no correlation n this direction).
The directions of 0° and 90° shows the convex increasing function and ommidirectional variogram 1s
roughly in the smular form. The Lt C(0) 1s exceeded for both 0° and 90° directions. The nugget
effect (discontinuty at onigin) 1s visible

The computed values of vanogram. covanance, correlogram and madogram for the ommdirectional
case are 1 the table II. The corresponding vanance C(0) = 25.937.

Table II. Spanal charactenistics for ommdirectional case

Lag | NPairs | Variogram Covariance Correlogram | Madogram
| 684 20.1198 51710 0.205 2.557
2 806 21.1538 2096 0.0901 2.603
3 1040 24 9066 -2.045 -0.0895 2.839
4 1700 251356 -2.272 -0.0994 2.831
5 1216 254189 -1.197 -0.0494 2.838
6 1368 258043 -0.50 -0.0198 2.867
7 1044 264319 1.180 00427 2934

The h-scatter-plot for direction 0°and lag 1 15 shown on the fig 6.
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Fig 6. The h-scatter-plot for direction 0° and lag 1

Near symmetnic and nearly elliptical cloud mdicate very rough normality. From the similanty of h-
scatter-plots for another lags the stationanty assumption can be accepted. The ommdirectional
vanogram has been used for fitting of spherical model defined by eqn. (10). The following
parameter estimates has been obtamned c0 = 1478013 . ¢ = 10.99973 and a = 4 642217 Indicative
goodness of fit equal to IGF: 1.8986e-03 indicates the validity of this model (see[3]).

The fitted model 1s shown on the fig. 7.
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Fig 7 Spherical model for omnidirectional variogram
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The high nugget clearly indicates the violation of second order stationarity. The transition type

model indicates small scale spatial dependence of planar density and large scale independence
(randommess).

5. CONCLUSION

The system of spatial data analysis based on the concept of vanogram definmition can be used
for 1demxﬁc_at:on of _span_al dependence for regular lattice data or planar unevenness evaluation. The
planar density exhubits high nugget effect (small scale variations) but large scale randommness.
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Application of variogram for explanation of nonwovens
surface density uniformity

Jiri Militky, Jitka Rubnerovi, Viclay Kli¢ka, Miroslav Brzezina

% |
I Dedicated to our friend Viadimir Kracik on the occasion of his 70" birthday. 1

Abm-qcr: The main results of random field characterization are presented. The applications
of various indices for evaluation of spatial variation are discussed. These indices especially
variogram are used for describing of nonwoven textiles uniformity.

Key words: Vanogram. nonwovens, umformuty.
1. Introduction

The spanal or area vanation of geometrical and other properties 1s the mamn peculianty of tex-
tile products. For the purpose of design. quality control and application m composites 1t 15
necessary to have tools for expressing this vanability by suitable charactenstics Especially
products from nonwovens are nowadays applicable m the fields requinng relative high mass
unmformuty or uniformaty of basic physico - mechanical properties. There exists a lot of meth-
ods for description of planar amisotropy and other structural charactenstics of nonwovens
[1.2] Selected methods of continuous and discontinuous measurement of planar unifornuty of
nonwovens are described in the dissertation [4] It 1s based on direct measurement of local
planar mass vanation by weighting (gravimetric method). We frequently use the extension of
linear texnles uniformity based on the vanation coefficient CV to the planar case. see [2].

In this contribution the planar uniformity 1s described on the base of random field theory
and spatial vaniation charactenstics.

2. Random field of planar unevenness

The planar density z(x)=2(x.y) descnibes sufficiently the planar uniformuty or unevenness [2].
The quantity z(x.v) in the point x = (x.y) is defined as linut of mass M(S) divided by the area
S =4dxdy of elementary rectangle 1.¢. the cross sectional area of volume element having
lhickness_ t (thickness of nonwoven) and perpendicular dimensions X = dx and y = dy. For-

mally

Mls):r-p{.t,_v)- (1)

z(x,y)= lm
S—=0
where p(x.y) is planar textile density m the point x = (x.y). Quantity z(x) 1s random function
of two varables called random field. This random field 1s fully described by the » variate

probability density function

3

p.(2,.2,..2,) = Pz, £ 2(x;) £ 2, +dz;, i=1.n}. Q)

Homogeneous random field has property of mvanance according to the translation.
The mean value m(x) = E(2) 1s defined as
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E(:)zfzpl(z) dz (3)

Variability of random field is characterized by the covariance function

C(x,.xy)= j'j(z1 = E(2))(z, - E(z,) py(2,.2,) d2, dz,. 4)

For the case when poits x) and x3 are coincident is covariance function reduced to the vari-
ance fimction D(x) defined as

D(x) = E(z(x)*) - (E(z(x)))* (5)

Another measure of spatial vanability 1s so called variogram or semivariogram defined as
half of vanance of the mcrement (z(x)) - z(x3))

Y(x,.x,)=05*D[z(x,) - 2(x;)] - (6)

For homogeneous random field 1s covanance function dependent on the distance between
pomts X3 = (x1.v1) and x3 = (X2,y2) only. For this case 1s valid

C(x.%))=C(x; = x5, - 3).

For 1sotropic random field 1s covanance function nvanant agamst rotation and murrornng.

This function is then dependent on the length d = \/(x, —x,)* + (v, —v,)* and therefore

C(x,.x,)=R(d).

A random function z(x) is said to be second order stationary. :f

e the mean value exists and 1s independent on the location vector x, 1e. E(x) =m.

for each pair of random variables z(x) and z(x + h) 1s covanance dependent on the
separation vector h only
C(h) = E[z(x)* 2(x + )] - m’ (7)

The stationanty of variance implies the stationanty of covanance
D(z(x))=C(h =0)=C(0) (8)

and statuonanty of vanogram

y(h)=C(0)-C(h). 9)

The second order stationanty mphes that the covaniance and vanogram are the equivalent
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tools for charactenization of spatial correlation.

From equation (9) 1s clear that second order stationanty leads to the continuity at ongin
because y(0)=0. If y(0) =c, > 0then ¢p 1s called as nugget effect (small scale vanations
cause discontinuty at onigin). If y(h) = const. for all h then the z(.) are uncorrelated in this
direction

The dependence of y(h) on h can be expressed by the various parametrical models. Very
often 1t 1s switable to use the spherical model expressed in the form

y(hy=c, +c[1.5(h/a)-0.5(h/a)’] forO0<h<a

y(hy=c,+c forh>a i
where /1 1s the length of h. The distnbutional properties of vanogram and techmques for pa-
rameter estimation are discussed m the book [5].

If the spatial phenomenon 1s seen as bemng generated by the addition of several independent
sources having sinular spatial distnbutions. then the z(x) can be modeled by a multivariate
Gaussian random function. Since the linear combmation of multinormal vector 15 also nor-
mally distnbuted a check of this assumption 1s based on the verification that the difference
[z(x) - z(x+h)] 15 normally distnbuted with man 0 and vanance 2y(h).

For computation of sample estimators of above defined measures of spanal continuty the
expenimentally determuned values of planar densities z(x;) = z(k) of kjtheell (k=1 m ;=
1..n) of the rectangular net are used. The sample directional variogram function for chosen
separation vector h 1s calculated according to the following formula

l N .
y(h)= N ;[Z(x,)-Z(x,w*h)] (11)

where N(h) 1s number of points i separatnon distances h. For regularly distnbuted pomts x
are the separation distances multiples of distance berween cells of net. Therefore it 1s possible
to compute characteristics for directions 0° (b = ¢*[1.0]). 45° (b = c*[1.1]). and 90° (h =
¢*[1.0]) for lags ¢ = 1.2.3... only. Averagings of vaniograms calculated in all directions leads
to the ommidirectional variogram.

The sample mandrogram M(h) for a separation vector b 1s computed as

1 N <
= S lz(x;) -z h (12)
MW= 1‘:1" (x,) - 2(x, +h)

If the z(x) 1s multivanate Gaussian, then the following relation 1s valid for all separation vec-

tors h

y7(h) - = (13)

Mh)

This relation can be therefore used for quick evaluaton of Gaussian distmbution of z(x)

93



[9]

-4/6- Mezin. konf. _Jubilee kat. mat. TUL 20007 Liberec 00.-09 -13.+14. -4/6-

The sample-standardized variogram for separation vector h 1s defined as
v (h)=TB
e (14)
where
; NN v N(w)
Oy =——32(x;)'~m;and m, = 1

N N 2= (15)

fw]

: " Nw)
D) éz(x; +h) —m; and m, = e Ez(xf +h).  (16)

For an ommdirectional case is the standardized variogram directly related to the correlogram
p(h) =1-y(h). The sample covanance for separaton vector h 1s calculated according to

1 N
C(h)=m§z(x,)‘z(x,+h)-m1*m, . a7

For graphical exploration of spatial variation the h-scatrer-plor and variogram surface are
useful. On the h-scatter-plot the z(x;) are plotted aganst z(x;+h). For Gaussian distribution
forms the h-scatter-plot the elliptical cloud around the diagonal line with higher density of
pomts 1 the center of this cloud. A succession of h-scatter-plots calculated for mncreasing lags
(values of h) provides check of stanonarity. If successions of h-scatter-plots show that the
center of the clouds of pairs depart from diagonal line, the stationanty cannot be accepted.
Vanogram surface 1s constructed as a set of vaniograms arranged to cells of regular gnds start-
mg from central one with zero separation vector (0.0). Every cell has separation vector h cre-
ated as number of lags m x and y directions from central one. This surface 1dentifies the direc-
uons of anisotropy 1.e. preferennal directions in which the directional vanograms should be
constructed.

For computation of these spatial measures the program Variowm 2.2 [4] and procedures
written in MATLAB 5.3 have been used

3. Experimental part
The chemically bonded (by the acrylate binder) nonwoven from viscose fibers (V'S) was pre-
pared. Starting lap of plan'ar weight 60 g m” was created on the pneumatic web former The
lap consists of two types of viscose fibers mixed in the weight rano 67/33 (VS 3.1 dtex 60
mm and 1.6 dtex 40mm). Binding acrylate (relative amount 20 %) was applied by padding
The rectangular samples of dimensions 100 x 100 mm (area Ay = 100 mm" and weight 6
mg) were cut for further analysis [3]. These samples were divided to the rectangular net having
dimensions of mdividual cells 10 x 10 mm. Relative error of cell dimensions was in the inter-
val from 0 88% to 1.22%. The weight my; of 1 th cell has been computed as mean from five

parallel weightings. Maximal relative error of weighing was 1,606%.

4. Results and discussion

From the weights m, and cell area S,= 100 mm" the surface densities z, = my S v g m':]

have been computed Basic stanstical characteristics of resulted random field of surface den-

sity are given in the table 1.
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Table I. Basic charactenstics of surface density

Number of values 100 Dimension
Mean 5892 m"
Standard deviation 5,12 fg m™])
Vanation coefficient 8.68 [%]

The vanogram surface 1s shown on the fig 1.

i
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Fig. 1 Vanogram surface

No preferential direction can be identified and therefore the directional vanograms are
constructed for all possible directions for rectangular net. The ommivanate directional
vanogram 1s shown on the fig 2.
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Fig 2. Ommdirectional vanogram
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The nugget effect (disconunuity at origin) 1s visible. The computed values of vanogram.

covariance.‘ correh_agram and madogram for the omnidirectional case are in the table II. The
corresponding vanance C(0) = 25937

Table II. Spaual characteristics for ommdirectional case

| Lag | NPairs | Variogram | Covariance Correlogram ogram
1 [684 20.11%‘? 5.1710 0.205 ?l;‘??

2 |896 21.1538 2.096 0.0901 2.603

3 1040 124.9066 -2.045 -0.0895 2.839

4 1700 125.1356 -2.272 -0.0994 2.831

5 [1216 [25.4189 -1.197 -0.0494 2.838

6 [1368 [25.8043 -0.50 -0.0198 2.867

7 1044 264319 1.180 0.0427 2.934

The ommdirectional variogram has been used for fittng of spherical model defined by
equation (10). The following parameter estimates has been obtamed c0 = 14 78013, ¢ =
10.99973 and a = 4.642217 Indicative goodness of fit equal to IGF: 1 8986e-03 indicates the
validity of this model (see [3]). The fitted model is shown on the fig 2 as solid curve The
Ihigh nugget clearly mdicates the violation of second order stationanty. The transition type
model mdicates small-scale spanal dependence of planar density and large-scale mdepend-
ence (randomness) .

5. Conclusion

The system of spatial data analysis based on the concept of vanogram defimtion can be used
for idenufication of spatial dependence for regular lattice data or planar unevenness evalua-
tion The planar density exhibits high nugget effect (small scale vanations) but large-scale
randomness.
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Abstract:

The main aim of thus contribution 1s evaluation of local surface unevenness of nonwovens
based on the data in the form of rectangular amrays (quadrat method). These data can be
obtamed from digital images where the variation of mass is characterizes by the vanation of
grey level or by direct measurement of local planar mass vanation by weighting (gravimetric

method). The evaluation of mass spatal clustering 1s based on the utilization of the indicator
function

1. INTRODUCTION
The spanal vanation of geometric and other properties is the main peculiarity of textile
products. For the purpose of design. quality control and application in composites it 1s
necessary to have tools for expressing this vanability by suitable characteristics. Especially
products from nonwovens are nowadays applicable mn the fields requiring relative high mass
unifornuty or umformuty of basic physico - mechamical properties (Enckson, Baxter (1973)).
There exist a lot of methods for description of planar amsotropy and other structural
- charactenistics of nonwovens (Huang, Bresee (1993). Chhabra (2003); Kliéka (1998)).
Selected methods of continuous and discontinuous measurement of planar umformuty of
nonwovens are descnibed 1n the dissertation of Khéka (1998). In parallel to the description of
unevenness of linear textile structures by the length vanaton function. there can be
constructed surface vanation function for textile fabnics. The surface vanation function can be
easily used for description of unevenness or umiformuty. Another possibility 1s to use some
techniques based on the spatial pattern analysis as vanance to mean ratio.
The mamn amm of this work 1s attempt to describe surface uregulanty of nonwoven texnle
structure based on the so-called quadrat methods, where charactenstic of quadrat 1s 1ts weight.
Prnciple 1s to divide sample to the rectangular net of cells named quadrats. In these quadrats
some charactenstics as weight, mean optical transparency. mean rehef etc. can be measured.
Direction X 1s equivalent to the machme dwection (mndex 1). In this direction are N quadrats.
Direction y 1s equivalent to the cross direction (index ). In this direction are M quadrats.
For evaluation of mass irregulanty the five kinds of methods are useful.
¢ First one 1s based on the computation of variation coefficient m selected directions
(machine and cross direction)., and testing the sigmficance of their differences
(Cherkassky (1998)).
¢ Second one is based on the modelling of raw data arrays by the ANOVA (analysis of
vanance) type models and testing hypothesis about homogeneity m selected directions
(Meloun, Militky, Forna (1992)).
¢ Third one is based on the analysis of random field The moment charactenstcs of
second order as spatal covanance and vanogram are used for _dcscnpuon of these
fields The fractal dimension characterizing random field complexity will be computed

from vaniogram (Davies(1999)). N, |
¢ Fourth one is based on the global and local spatal vanation mdices of Geary and

Moran type (Cliff and Ord (1973)).
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B Fifﬂl one isbasedontheuﬁhzaﬁonofnnﬂﬁvaﬁamhmaisisofindimmmndom
vanables (Johansson(2000))

There exist a lot of other characteristics as spatial descriptors of uregularity (Chhabra (2003))
suitable for special situations (point patterns).

This wo;k 1s devoted to the use of indicator random variables (Johansson (2000)) for
charactenzation of local no unevenness of chemically bonded lightweight nonwoven lap.

2. SPATIAL LATTICE PROCESSES

Spatal data are mvestigated on the specific domain D. Usually D is a subset of 2-dimensional

space. but generally the d dimensional domain can be used and thenD — R* . The vector s

contams nformation on the data location. Locations in D are denoted by the vector s. In 2-

dimensional space. s have 2 components (x, y) contamung the coordmates At locations s, the

values of some vanable z(s) of mterests (mass, density, thickness etc.) are obtaned. The Z(s)

1s a random vaniable at each location. The general spatial model has the form{Z(s) : s € D} .

There exist three basic model types:

1: Geostanstical data. Here D 1s a continuous fixed subset of R? : Z(s) 1s a random vector at
location s D

2: Lartice data. Here D 1s a fixed but countable subset of R‘ such as a gnd some
representation with nodes: Z(s) 1s a random vector at locationss & D .

3: Point Parterns. Here D 1s a random subset of R’ and is called a point process: if Z(s) is a
random vector at location s € D then 1t 1s a marked spatial point process; if Z(s) = 1
so that it 15 a degenerate random vanable, then only D 1s random and 1t 1s called a
spatial point process.

For the quadrat method 1s quantity z(x) random function of two vanables called random field.
This random field 1s fully described by the »# vanate probability density function

2.(21.2y..2,) = P{z; < 2(s,) < z; +dz;, i=1.n}. (1)
Homogeneous random field has property of mvanance according to the translation The mean
value m(x) = E(2) 1s defined as

E(z)= '[: p.(2)d: Q)
Variability of random field 1s charactenzed by the covanance function
C(x,.x,)= J‘j(:} - E(z2,)(z, = E(zy) py(2).2,) dz, dz,. 3)

For the case when pomnts x; and x; are comcident 1s covanance function reduced to the
variance function D(x) defined as (Meloun, Militky. Forma (1992))

D(x) = E(2(x)") —(E(=(x)))". )
Another measure of spanial vanability 1s so called variogram or semivariogram defimed as half
of variance of the increment (z(x) - 2(x2))

y(x,.%,) = 0.5% Dfz(x)) - 2(xy)] - &)

y(h) = Var(Z(u) - Z(u + b)) = Var(Z) (1 - p(h))
For homogeneous random field 1s covanance function dependent on the distance between
pomts
X1 = (x1,y1) and x2 = (x2.Y2) only. For thus case 18C(%,.%,)=C(x3 =%, 7, - ).
For 1sotropic random field 1s covanance function nvariant against rotation and murronng. Ths
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function 1s then dependent on the length d=\[(":"1)2+(Yz‘Yl)z and therefore

C(x;.x;)=R(d). A random function z(x) is said to be second order srationary. if

(Cressie (1993))
¢ the mean value exists and 1s independent on the location vector x, ie. E(x)=m.
* for each pair of random vanables z(x) and z(x + h) is covariance dependent on the

separation vector honly  C(h) = E[2(x) *z(x + b)] - m’
The stanonanty of variance imply the stationarity of covariance and vanogram

D(z(x)) =C(h = 0) = C(0) y(h) = C(0)- C(h) . (6)
The second order stationarity implies that the covariance and vanogram are the equivalent
tools for charactenzation of spatial correlation. It 1s clear that second order stationanty leads
to the contimuty at ongin because y (0) = 0.
If y(0)=c;, >0, then co 15 called as nugget effect (small scale variations cause discontinuity at
ongm). If y(h) = const. for all h then the z( ) are uncorrelated in this direction.
The vanogram or correlogram are moments of the bivariate distribution between properties at
any two spatal locations. The bivanate distribution is a more complete measure of spanal
dependency than the vanogram

P(Z(s)<z.2(s+h)<z)=F,(h,z,z @)
While the vaniogram considers the overall spatial continuity between any two locations, the bi-
vanate distnbution quantifies spatial continuity between specific classes of the property at any
two locanons. For example, the bivanate distnbution allows quantifymng the spanal correlanon
between the low property values (when z. 27 1s low) separately from the high (when z, =" 15
high) property values. The overall vanogram y(h) measures the dissmmlanty between all
ranges of the data taken together. To quantify the bivanate distribution. one employs so-called
indicator random variables

(1 if Z(s)>Tp

I(s.2)= (8)

0 elsewhere

o ———

It 1s possible to define multiple of these indicator vanables for each threshold Tp. The indicator
correlogram or vanogram 1s related to the bivanate distnbution.

3. MULTIVARIATE KURTOISIS ‘ ' :
It 1s known that kurtosis is the 4 th normahzed moment of a nvestgated property z
distribution. Let z is n dimensional random vector having vector of mean values m and

covanance matnx C

C=E[(z—m)'(z—m)r] ©)
The multidimensional kurtosis K» is nonregular affine invanant measure of peakness defined
by relation (Meloun. Militky and Forina (1992))

Kn:E{[(z—-m)rC'l(z-lll)lz} (10)
For unrvanate case 1s Kn equivalent to the standard cocfﬁc:c_m of kurtosis (normalized fourth
central moment). For » - vanate normal distribution 1s kurtosis Kn = n(n+2).
Let 27 1s reduced and centered random vector defined by relaton
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wr=C"(z-m) (11
The above-mtroduced multivariate kurtosis is then sumply
Kon=E[(par))*] (12)

where |'ﬂ 1s Euchidian norm. The sample estimate based on the sample (x;, x; , xy ) where
component are n vanate vectors 1s equal to (Meloun, Militky and Forina (1992))

1 N
Kn=—=2 {(x; =m)" *§7 *(x, -m)}’ (13)
fwl
Sample mean vector m and covanance matnx § are defined by the usual manner
m"L;' S= l "t 4
= N:;z, —E‘_(z,—m) (z,-m) (14)

For the case when N > n+] 15 matrix § almost surely nonsingular.
For the bivarate rectangular distribution is Kn=5.6 and for the discrete bivariate uniform
distnibution on the gnd of size (2n+1)x(2n+]) 1s valid

Kn 5.6~k

nin+1)

In this case tends Kn to 5.6 if 1s the size of gnd 1s sufficiently large. The kurtosis 1s generally
sensitive to peakedness and peaked distributions have high values of X72. In the bivanate case.
peakedness can be considered as a spatial clustening of values. Therefore the surface
homogeneity 1s charactenzed by K»n=5.6 and mn the case of surface heterogeneity is Kn much
higher. This property of bivanate kurtosis can be simply used for measuning the homogeneity
of a given attribute (investigated property) on fabric surface. For continuous attributes 1t 1s
only necessary to threshold individual values mto binary ones (Johanssen (2000)).
The threshold operation (transformation to the binary values) is defined as

(15)

z2(x,y)=1 for r>Ip or z(x,y)=0 elsewhere (16)

The value 7p deternunes the type of the outcomes 0 or 1. Spatial concentrations of outcomes
of the same value are called clusters. In this bmnary case there are O-valued and 1-valued
clusters. For evaluation of Tp the selected quantiles can be sumply used. The sample quantiles
can be computed from order statistics Z;, < Zg) < ... < Zp) where D=N*N 1s number of cells in
gnd. It can be shown that z; 1s rough estimate of sample quantle for probability (Meloun.
Militky and Forina (1992))
B a7
g L _

For obtaining of quantiles with prescribed probability (e.g. Pi = 0.9) the linear approximation
can be used. The program NONVCOMP in MATLAB creatgd for estimation of kurtosis based
homogeneity evaluation computes Tp as sample based quantiles for probabilities 0.1.02..09.

4. EXPERIMENTAL PART
The chemically bonded (by the acrylate bmnder) nonwoven from wiscose fibres (VS) was

! of planar weight 30 g m” was created on the pneumatic web former.
aml:;(:oi:::sm:f l::o ty:es of viscose fibers mixed in the weight ratio 67/33 (VS 3.1 dtex/60
mm and 1.6 dtex/40mm). Binding acrylate (relative amount 20 %) was apphed by padding
The rectangular samples of dimensions 100 x 100 mm were used for further ana}ys:s_. Samples
were cut to quadrats having dimensions 10 x 10 mm. Relative errors of quadrat dimensions

were from 0.88% to 1.22%. For the case of mass density 60 g/m’ has quadrat with area §; =
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100 mm’ weight around 6 mg. Quadrat mass m

: mg. # was evaluated as mean from five
ms:::mmts. Maximum relative error of weighting for samples having around 60 g/m’ was
5. RESULTS AND DISCUSSION
The results are part of outputs from program NONVCOMP. Th 1at:
tested sample 15 visible from fig 1. L

- local mass variation

)

Fig. 1 Local mass variation contours

The kurtoss for vanous percentiles 1s shown on the fig. 2.

Kurtoisis
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Fig 2 Kurtosis for vanous percentiles
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It 1s clear that from Tp = 0.7 till Tp = 0.7 looks the distribution of “binarized” local mass as

homogeneous. For lower and higher values the forma

mdicated.

The mdicator functions (see eqn. (8)) for selected
for higher Tp are 1dennfied local anomalies.

cut data .25

tion of spatial clusters is clearly

Tp are shown on the fig. 3. It is visible that

ut !
10 = cut data .5
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8 4C ] 40
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20 4 20
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0
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cut data .75
cut data 20

o

o

10

o ®
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"

m. i
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Fig. 8 Indicator functions for selected thresholds (cut)

6. CONCLUSION
The indicator function and multivanate kurtosis can be used for identification of spatal
clusters for regular lattice data. Tested nonwoven exhibits higher complexity with local

anomalies (clusters).
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Abstract:

The main aim of this contribution 1s comparison of method for evaluation of surface unformty
of nonwovens based on the data in the form of rectangular arrays (quadrat method). These
da@ can be obtamned from digital images where the variation of mass is characterizes by the
variation of grey level or by direct measurement of local planar mass vanation by weighting
(gravimetnc method). The evaluation of mass irregularity is based on the variation coefficient
model, ANOVA model and spatial descriptors of irregularity

1. INTRODUCTION

The products from nonwovens are nowadays applicable 1n the fields requinng relative high
mass uniformuty or umfornuty of basic physico - mechanical properties. There exists a lot of
methods for description of planar amsotropy and other structural charactenistics of nonwovens
[1.2].

The spanal vanation of geometric and other properties is the main peculianty of textile
products. For the purpose of design, quality control and application mn composites 1t 1s
necessary to have tools for expressing this vanability by swtable charactenstics. Especially
products from nonwovens are nowadays applicable i the fields requuning relative high mass
uniformuty or umformuty of basic physico - mechanical properties (Enckson, Baxter (1973)).
There exist a lot of methods for descripion of planar amsotropy and other strucrural
characteristics of nonwovens (Huang, Bresee (1993): Chhabra (2003): Khicka (1998)).
Selected methods of continuous and discontinuous measurement of planar umfornuty of
nonwovens are described in the dissertation of Kli¢ka (1998). In parallel to the description of
unevenness of linear textile structures by the length vanation function, there can be
constructed surface vanation function for textile fabrics. The surface vanation function can be
easily used for descniption of unevenness or umformity. Another possibility is to use some
techniques based on the spatial pattem analysis as vanance to mean ratio.

The main aim of this work 1s attempt to describe surface uregulanty of nonwoven texnle
structure based on the so-called quadrat methods, where charactenstic of quadrat 1s its weight.
Prmeiple 1s to divide sample to the rectangular net of cells named quadrats. In these quadrats
some charactenistics as weight, mean optical transparency, mean relief etc. can be measured.
Direction X 1s equivalent to the machie direction (ndex 1).'In .this direction are N quadrats.
Direction v 1s equivalent to the cross direction (index j). In thus direction are M quadrats.

For evaluation of mass iregulanty the five kinds of methods are useful. o
e First one is based on the computation of variation coefficient i selected directions

(machine and cross direction)., and testing the sigmficance of thewr differences

(Cherkassky (1998)). '
Second one is based on the modelling of raw data arrays by the AI&NO\- A (analysis of
vanance) type models and testing hypothesis about homogeneity m selected directions

loun, Militky, Formna (1992)). o
%:r:u:n is based on the analysis of random field The moment charactenstics of
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second order as spatial covanance and vari e
; : d variogram are used for description of these
fields. The fractal dimension charactenzing random field complexity will be computed

from vaniogram (Davies (1999)).
- Fourthnneisbascdmtheglobalandlocal tial vanation inds
| tion indi f Ge d
Moran type.(Chﬁ‘ and Ord (1973)). i 0y ik -
. F:It_h one 1s based on the utlization of multivariate kurtoisis of indicator random
vanables (Johansson (2000))

There exist a lot of other characteristics as spatial descri - : "
suitable for special situations (point pattemss)l,u ptors of uregulanty (Chhabra (2003))

The companson of proposed charactenstics of umformuty 1s demonstrated on the
: example of
chenucally bonded hightweight nonwoven lap.

2. IRREGULARITY CHARACTERIZATION

Irregulanty charactenization 1s classically based on the coefficient of vanation CV or derived
statistics. For charactenzation of lattice data array the models based on the ANOVA principle
are often used. For detailed description of irregulanity field the second order characteristics as
function of distance separation vector can be used as well These charactenstics can be
compared with ideal models of nonwoven structures. The spatial autocorrelation enables to
charactenze orgamised patterns mn data. Some simple indices can be obtamed from indicator
random vanable. which 1s ssmply threshold of oniginal spatial vanable.

2.1 Spatial lattice processes

Spatial data are mvestigated on the specific domam D. Usually D 1s a subset of 2-dimensional
space. but generally the d dimensional domamn can be used and thenD < R?. The vector s
contams information on the data location. Locanons in D are denoted by the vector s. In 2-

dumensional space. s has 2 components (x. y) contaming the coordmates. At locations s. the
values of some vanable z(s) of interests (mass. density, thickness etc.) are obtamned. The Z(s)

1s a random vanable at each location. The general spatal model has the form {Z(s) s D}

There exist three basic model types:
1: Geostatistical data. Here D 1s a continuous fixed subset of R* : Z(s) 1s a random vector at

location s D .

). Lattice data. Here D is a fixed but countable subset of R’ such as a gnd some
representation with nodes: Z(s) 1s a random vector at locationss € D .

3: Point Patterns. Here D is a random subset of R’ and s called a point process: if Z(s) 1s a
random vector at location s€ D thenitisa marked spatial point process: f Z(s) = 1
so that it 1s a degenerate random vanable, then only D 1s random and 1t 1s called a

spatial point process.
For the quadrat method 1s quantity z(x) random function of two vanables called random field.
This random field is fully described by the 7 vaniate probability density function
P.(2.2,.-2,)= P12 S 2(8)S % +dz,, i=1..n}. (1)
Homogeneous random field has property of invanance according to the translation The mean
value m(z) ~ E(z) 1s defined as
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E¢z)=(zp(2)d: @)
Variability of random field 1s characterized by the covanance function
C(51.82) = [[(z1 - E(z (2, - E(zy) pa(2y.23) dzy dz,. ©)

For the case when ponts x; and x; are comcident is covanance function reduced to the
variance function D(s) defined as (Meloun. Militky. Forina (1992))
D(s) = E(=(5)*) - (E(=(s)))* @)

Anothcr measure c?f spantal vanability 1s so called variogram or semivariogram defined as half
of vanance of the mcrement (z(s) - 2(s,))

7(5).83) = 0.5* D[=(s,) - 2(s,)] . )
v(h) = Var(Z(u) - Z(u + b)) = Var(Z) (1 - p(h))

For homogeneous random field 1s covaniance function dependent on the distance between
pomts

s1 = (x1.y1) and s; = (X,.y2) only. For this case 15 C (8),8,) = C (X, — 1.1, — 1)
For 1sotropic random field 1s covaniance function invariant against rotation and mirroring. This
funcion 1s then dependent on the length d= \/(xJ -x) +(v,-v,)’ and therefore

C'(5;.53) = R(d). A random function 2(s) is said to be second order stationary. if
(Cressie (1993))

¢ The mean value exists and 1s independent on the location vector s, 1. E(s) =m.
e For each pair of random vanables z(s) and z(s + h) 1s covariance dependent on the

separation vector h only C(h) = E[z(s)*z(s+Dh)] - m?
The statonanty of vanance imply the stanonanty of covanance and vanogram

D(z(s)) =C(h =0) = C(0) y()=C(0)-C(h). (6)
The second order stationanty mmplies that the covanance and vanogram are the equivalent
tools for charactenzation of spatial correlation. It 1s clear that second order stauonanty leads
to the contmuity at origin because y (0)=0.
If y(0)=c, >0. then co 1s called as nugget effect (small scale vanations cause discontinuty at
onigm). If 7(h) = const. for all h then the z( ) are uncorrelated in this direction.
The dependence of y(h) on h can be expressed by the vanious parametnical models. Very
often it 1s suitable to use the sphencal model expressed mn the form

y(h)=co +c{1.5(h/a)-0.5(h/a)’) for0<h<a
y(h)y=cy+c forh>a

where / 15 the length of h. The distnbutional properties of vanogram and techniques for
parameter estimation are discussed in the book of Cressie (1993).
If the spatial phenomenon s seen as bemng generated by the addition of several independent
sources having similar spanal distributions, then the z(x) can be modelled by a multivanate

Gaussian random function. Since the lnear combmation of multinormal vector 1s also
check of this assumption 1s based on the venfication that the difference

0

normally distributed a _
[z(s) - z(s+h)] 15 normally distributed with man 0 and vanance 2y (h).
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For computation of sample estimators of above defined measures of spatial continuaty the
wfmally determined values of planar densities (or mass) z(s) = 2(k,) of k th cell (k=
l.m)= 1--11). of the rcctangu.lar net are used. The sample directional variogram function for
chosen separation vector h is calculated according to the following formula

; 1 N(h) e
,a’(h) v ZAV(h) 5 [:(sl') = :(si +h)] (8)

where N(h? 1s number of ponts in separation distances h. For regularly distributed points s are
the separanion distances multiples of distance between cells of net Therefore it is possible to
compute charactenstics for directions 0° (h = ¢*[1.0]), 45° (h = c*[1.1]). and 90° (h =
¢*[1.0]) for lags ¢ = 1.2.3_ only Averaging of vanograms calculated mn all directions leads to
the omnidirecnonal variogram.

The sample-standardized variogram for separation vector h is defined as

v (h)
(h)=——
y.(h) oo, )
where
N(h) N(h)
2. as, S 1 é
=N .\T—i 2(s;)" —my and my =—— l.}:‘i_(sf) (10)
and
. 1 N(h) g 3 N(h)
o) =—0 Z .'_'(S,--t—h) -m,,and m, = ZZ(S,—+]1). (11)
N() 5 N) 5

For an ommdirectional case 1s the standardized variogram directly related to the correlogram
ph)=1-y(h).
For graphical exploration of spatial vanation the h-scatrer-plot and variogram surface are
useful. On the h-scatter-plot the z(s;) are plotted agamst z(sith). For Gaussian distnbution
forms the h-scatter-plot the elliptical cloud around the diagonal line with higher density of
points in the centre of this cloud. A succession of h-scatter-plots calculated for increasing lags
(values of h) provides check of stanonanty. If successions of h-scatter-plots show that the
centre of the clouds of pairs depart from diagonal line. the stationanty cannot be accepted.
Vanogram surface 1s constructed as a set of vanograms arranged to cells of regular gnds
starting from central one with zero separation vector (0. 0). Every cell has separation vector h
created as number of lags mn x and y directions from central one. This surface identifies the
directions of anisotropy 1.¢. preferential directions in which the directional vanograms should
be constructed.
For computation of these spatial measures the program Vanowin 2.2 (Pannatier (1996)) and
our program NONVCOMP wnitten m MATLAB 7.0 can be used
The vanogram or correlogram are moments of the bivariate distribution between properties at
any two spatal locations. The bivanate distribution 1s a more complete measure of spatial
dependency than the vanogram

P(Z(s)s:.Z(s+h)5:')=Fz(h‘:.:') (12)
While the variogram considers the overall spatial continuaty between any two locations, the bi-

variate distribution quantifies spatial contuity between specific classes of the property at any
two locations. For example, the bivanate distnbution allows quantifyng the spatal correlatnon
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between the low property values (when = 2’ s low) 1 2’1
. k2 separately from the hugh (when z. =" 1s
high) property values. The overall vanogram y(h) measures the dissiulanty between all

mgesofthedatatakcntognhﬂ_'roq“m- the bivariate distwibug o
indicator random variables " e distribution, one employs so-c

{ 1 of Z(s)>Tp
Iaz)=+ 13)

1 0 elsewhere

It 15 possible to deﬁ_ne multiple of these mdicator variables for each threshold Tp. The indicator
correlogram or vanogram is related to the bivariate distribution.

2.2 Analysis based on CV

Surface uregulanty 1s classically described by the coefficient of variation (CV). Ths coefficient
1s traditionally used as the charactenstics of unevenness.

According to the common defimtions we can simply computed the overall mean. vanance and
coefficient of vanation
1 x o ol 1 2 5

"ol P iTGemy CFeC (14
Here zj 1s selected charactenistic of quadrats (here mass mj;.). Direction X 1s equivalent to the
machine direction (index 1). In this direction are N quadrats. Direction y 1s equivalent to the
cross direction (mndex j). In this direction are M quadrats.
The quantity CV 15 m fact external vanation coefficient CB(F) between cell areas F*.
Ideal value of CV for nonwovens of total weight W having Poisson distnbution of random
fibres of fineness Ty and density p, 1s defined as (Militky (1998))

Y= 5
CVy(P)= 72-;/—,%

The total variance s° can be divided to the two terms by using of means in the machine
direction and cross direction
1 1
m =—T: mm=§;20

Symbol _; “denotes index used for summation i.e. M;,1s mean value for 1 th position mn the
machine direction For the machine direction (expansion of eqn.(14) by using of the ;) the
following relation results (Cherkassky (1998))
o adis

s'=5;+sy
where the variance in the machine direction s; 15

5 = %Z(m,a -m)’
and the variance in the transversal direction s 15

~ WA, RS

(15)

I ¥

For the cross direction 15
3, 3 (16)

51 =3”+Sw
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where the vanance in the cross-direction Sy is

2

and the variance in the longitudinal direction 52, 1s
1
s}_, 25;;(% —mqj)z
The coefficients of vanation CVy, CVig. CVy and CViy are obtained by dividing the
corresponding .standa_rd deviations by }he mean m. These coefficients are from statistical pomt
of view the point estimates of populauon vanation coefficients CVP. CVPy, etc. For creation
of confidence intervals the variance of pomt estimates have to be computed (Meloun Militky
and Forma (1992)). The rough formula of sample variation coefficient variance D(CV) has the
form[2]
2 \
D(CV)=CV? n+CV-(2n+l) |
. 2n(n-1) )
where n = (N or M) 1s number of cells in the corresponding direction. Asymptotic 95 %th
confidence interval for CVP 1s then defined as
CV £2,/D(CV ) amn
The coefficients of vanation are statistcally different in the cases when corresponding
confidence ntervals are not mtersecung. This analysis can be simply realized by using of
program NONVCOMP in MATLAB.
The umiformuty of mass distribution can be also characterized by index of dispersion.

I,==— (18)
m

Spatial randommess corresponds to the Poisson distribution. The null hypothesis of
randommess can be tested by comparison of Id with quantiles of 7’ distribution. It is possible
to compute the hmut M; bellow the pattern 1s umform and lmit My above the pattern 1s
clumped (Chhabra (2003)).

2.3 Analysis by the ANOVA

The differences between vanability n machine and cross directions can be formally tested by
the analysis of variance (ANOVA. The z; can be iterpreted as realizations of random field on
the discrete two-dimensional integer valued rectangular mesh (regular lattice). Let the z; are
described by the following model (Meloun, Militky and Fonna (1992)).

2, = Uy +E gy, =pu+a,+p; +ca,.p; (19)
where j(, 15 true value n the y cell. £, . 1 1s total meana; are effects in the cross direction,

B , are effects in the machine direction and ¢ 1s constant of Tukey one degree of freedom

non - additvity (Meloun, Militky and Fonna (1992)).
Uniformuty mn the machine direction 1s equal to validity of hypotheses H, - §, =07 =1 M
and uniformity in the cross direction 1s equal to vahdity of hypotheses H,:a, =0,i=]..N .

7 and F 1992)). :
(Th::::;né?tlﬂ:}’hm mgm be realized by the ANOVA (model with a single observation

per cell). For the ANOVA model the following constraints are imposed
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'T -
Ta,=0. T8,=0. TaB,=0, Ta,p,=0
I J

i ad

For the pure additive eff ! 1 =
pur ¢ effects the mteractions Ty =ca, B, =0 and then

a,:-ﬁ-;?_(:u-m] and B, =%Z(Zv -m)
where 71 1s estimator of the total mean defined by the eqn(Z).‘
From residuals &, =z, ~m~@,—f, the parameter ¢ can be sumply estimated
ZE&!‘di'ﬁJ

c =_Zid,2-ﬁ? (20)

For ANOVA testing the sum of squares due to machine direction (eﬂ'cctsﬁ ;). cross direction
(effects &;) and due to mteraction are computed and compared with total sum of squares
s*M * N Statistical tests based on the F-criterion may be performed (Meloun, Militky and
Forma (1992)). According to the results of testing of the null hypothesis
H, (B, =00ra,=0) the statistical uniformity mn the machine and cross direction can be
accepted or not.

When eqn. (19) 1s considered as the special regression model, the diagonal elements of
projection matrix have the same value (Meloun, Militky and Forina (1992))

Hom N+M-1
NM
Outlying cells may be then detected by the standardized residuals

ev

e, = —=
i :;cr;rl—H,)
where O’é 1s vanance of error term estimated from residual sum of squares divided by

corresponding degrees of freedom (NM-N-N). Roughly. 1f eg; =3, the given cell 1s taken as an
outlier. ANOVA analysis 1s a part of NONVCOMP program wntten in MATLAB.

2.4 Multivariate kurtoisis

It is known that kurtosis is the 4 th normalized moment of a mvestigated property -
distribution Let z is » dimensional random vector having vector of mean values m and

covanance matrnix C

C=E[@-m)*z-m)" ] Q1)
The multidimensional kurtosis K» is nonregular affine invanant measure of peakness defined
by relation (Meloun, Militky and Forina (1992))

Kn = E{[(z-m)' C"'(z-m)]'} | (22
For univariate case is K» equivalent to the standard coefficient of kurtosis (normalized fourth

central moment). For » - vanate normal distribution 1s kurtosis Kn = n(n+2).
Let zr 1s reduced and centered random vector defined by relation
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or=C"(z-m)
The above-mtroduced multivanate kurtosss is then sumply
Kn=E[(par))* ] 24)
where ” 1s Euchdian norm. The sample estimate based on the sample (z;, z; , zn ) where
component are n vanate vectors 1s equal to (Meloun. Militky and Forina (1992))
18
Kn=—=3{(x, —-m)’ *$7 *(x, —m)}? (25)

Tml

(23)

Smmkmemx'cqmmandcwariancemauix&'uedeﬁnedbydxeusmlmanner

1 N 1 N
m=—Y2  S=— -m)’(z, - 2
N~ N2 @ m)' @ -m) (26)
For the case when N > »n+] 1s matrix § almost surely ! _

For the bivariate rectangular distribution is Kn=5.6 and for the discrete bivariate uniform

distribution on the gnd of size (2n+1)x(2n+1) 1s vahd [1]

o e L

nfn+1)

In this case tends K» to 5.6 if 1s the size of gnd 1s sufficiently large. The kurtosis 1s generally
sensitive to peakedness and peaked distributions have high values of X». In the bivanate case,
peakedness can be considered as a spatal clustering of values. Therefore the surface
homogeneity 1s characterized by KXn=5.6 and i the case of surface heterogeneity 1s Kn much
hugher. This property of bivanate kurtosis can be simply used for measuring the homogeneity
of a given attnbute (investigated property) on fabric surface. For continuous attnibutes 1t 1s
only necessary to threshold individual values mto binary ones (Johanssen (2000)).
The threshold operation (transformation to the bmary values) 1s defined as

z(x,y)=1 for r>Ip or z(x,y)=0 elsewhere (28)
The value 7p deternunes the type of the outcomes 0 or 1. Spatial concentrations of outcomes
of the same value are called clusters. In this binary case there are 0O-valued and 1-valued
clusters. For evaluation of Tp the selected quantiles can be simply used. The sample quantiles
can be computed from order statistics z;, < 2 < ... < Zp Where D=N*N 1s number of cells in
gnd. It can be shown that z, 1s rough estimate of sample quantile for probability (Meloun.
Militky and Forna (1992))

TP 29

e N+1 =
For obtaming of quantiles with prescribed probability (e.g P; = 0.9) the linear approximation
can be used. The program NONVCOMP in MATLAB created for estumation of kurtosis based
homogeneity evaluation computes Tp as sample based quantiles for probabilitnies 0.1, 0.2, 09.

@7

2.5 Fractal dimension

A convement way of charactenzing the smoothness (unifmnity) of an isotropic surfaces is
Hausdorf or fractal dimension. If the surface is very smooth 1s fractal dimension equal to D, =
2. For extremely rough surfaces 1s fractal dimension approaching to limut value D, = 3. Let the
random field =(s) 15 stationary Gaussian and covanance function Cth) 15 sufficiently smooth
(Davies (1999)). The behavior of this function near the origin can be described by power type

model
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Y(h)=C(0)-C(h)~ dl* (30)

The value « always lies between 0 and 2 and equals (for Gaussian field) to 2 if z(s) 1s
differemiab!e. The value o is conventionally obtained through linear regression of the log-log
transformation of eqn (30). Fractal dimension is computed from equation (Davies (1999))
D=d+]1-a/2 31)

where d=2 for surface and d=] for curve The extent to which the fractal index of a line
transects of a random field vary with onentation is particularly limited. Even in the case where
the fractal dimensions of line transect samples can assume different values in different
directions, the fractal dimension of surface =(s) is 1 plus the higher of the fractal dimensions of
line transect sections. For the rectangular mesh the direction of rows. columns and diagonal
direction are sufficient.

For computation of fractal dimension D the program NONVCOMP m MATLAB has been
written

2.5 Spatial autocorrelation

For charactenzaton of the random field non-homogeneity or patterns in mnvestigated
properties (local concentration, clustering etc.) the spatial autocorrelation could be used (CLff
and Ord (1973)).

The spatial autocorrelation deals simultaneously with both location and attribute information.
Most measures of spatial autocorrelation can be recast as a (normalized) cross-product
statistic that mdexes the degree of relation between corresponding entries from two matnces -
one specifying the spatial connections among a set of n locations. and the other reflecting a
very explicit defimtion of smulanty between the set of values on some variable - realized over
locations (Sawada(2000)).

In spatial autocorrelation analysis some measure of contiguity is required. Contigmaty has a
rather broad defimtion depending on the research question: however. most analyses in spatial
autocorrelation adhere to a common defimtion of neighborhood relations. Namely.
neighborhood relations for regular net of pomnts (raster format) are defined as either rooks
case (B). bishops case (A) or queens (kings) case (C). These are rather sumple and mnutive
as their names suggest (Figure 1).

X X X

0 X|0 (X
X
B

A AR
el P (=1

X
X
X

X X
A

Fig. 1: Different definitions of contiguity

The connectrvity (spatial weight) matnix W contains elements Wy = 1, if i-th and j-th cell are

neighborhood or Wy = 0 1f i-th and )-th cell are far each other. _
Let value Z, = 2(,,) for k =1+ m*(j-1) are arranged columnwise. The Geary autocorrelation

mdex 15 defined by relation (Cliff and Ord(1973))
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7\
N-1 .Z;Wﬁ‘(z" Z,)

=
2°22W, 7.2 -Zw) (32)

2 =2

whcre_Zm 1S anﬂuncuc mean of all cells. The statistics ¢ is defined in the range from 0 to 2.
Negative spatial autocorrelation 1s for ¢ > 1 and positive spatial autocorrelation 1s for ¢ < 1.

Mean \."alue (spatial randomness) 1s equal to E(c) = 1. Vanance D(c) based on the approximate
normality 1s defined as

(N-D*(2*5, +5,)-4*8§]
S;*2*(N+1)
Individual symbols m eqn (33) are defined as
1
So = ZZWU S) ='2_ZZ(W@ ""WJ,): §,= Z(m.+m,)1

1 J 1 J

D(c) =

(33)

Symbol Wi. denotes 1-th row and W., denotes i-th column of matrix W Random vanable
c—1
Z(c)=

vD(c)

has approximately standardized normal distribution. If absolute value abs(Z(c)) = 2 the
significant autocorrelation occurs

Very mteresting are local measures of spatial dependence. The aim 1s often the detection of
clusters. whose purpose 1s to identify  hot spots” (extremely outlying points or locations
having sufficiently unusual local behavior). without any preconceptions about their locations.
For the detection of clusters the stanstics G,(d) mtroduced by (Ord and Getis (1995)) are
useful. The statistic G,(d) 1s defined as

2 w(d)*z,

22

J
where wyfd) 1s a symmetric one/zero spatial weight matnx with ones for all links defined as
being within distance d of a given 1, all other links are zero including the link of pomt 1 to itself.
The d argument 1s here dropped when only a single distance 1s under consideration. The sum
of the weights 1s wnitten as

Gi(d)= B3 (34)

W, = :wafd) 35)
Whenwesctwv 5
i)= sl s'(i)= ; ' -[=z(i)]’ (36)
(n=1) (n-1)
it may be shown that
PPN ot o AL (37)

(m=1)y(n=2)*2'(i)

It was shown that if E(G, is bounded away from 0 and from 1, then the permutations
distribution of G, under Ho approaches normality. The stanstics G; can be redefined as a
standard vanable by taking the statistic munus its expectation, E[G,]1=W, /(n-1) divided by
the square root of its vanance: at the same time the requirement on weights to be bimary could

be allowed | |
Moran's global spatial autocorrelation statistc can be written as
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3 (2, - Zm)T wy(Z, - Zm)
J

I(d) =— = ﬁ_ (38)

W * 52 w

3. EXPERIMENTAL PART

The chemucally bonded (by the acrylate binder) nonwoven from viscose fibres (VS) was
prepared. Startmg lap of planar weight 30 g m” was created on the pneumatic web former.
The lap consists of two types of viscose fibers mixed in the weight ratio 67/33 (VS 3.1 dtex/60
mm and 1.6 dtex’'40mm). Binding acrylate (relative amount 20 %) was applied by padding.
The rectangular samples of dimensions 100 x 100 mm were used for further analysis. Samples
were cut to quadrats having dimensions 10 x 10 mm._ Relative errors of quadrat dimensions
were from 0.88% to 1.22%. For the case of mass density 60 g/m” has quadrat with area §; =

100 mm’ weight around 6 mg Quadrat mass m; was evaluated as mean from five
measurements. Maximum relative error of weighting for samples having around 60 g/m’ was
1.606%.

4. RESULTS AND DISCUSSION

The results are part of outputs from program NONVCOMP. The local mass vaniation of
tested sample 1s visible from fig 2.

Fig. 2 Local mass vanation contours

: : . ndows were used. Principle 1s
For deeper investigation of anomalous regions the moving w1 used p
division the study area to the several local neighborhoods of equal size (m"“‘g windows) and
within each local window the mean and vanance are computed. The dimension of moving
windows can be gradually changed to obtain good identification of local anomalies. The plot
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Of;":ﬂlmeamandy 1ances are given in fig 3. The row mean and variances are shown a
well

g5 window local means mwndow local variances

- » 20

s ml i

50 . : R p

g LA v 0 0 2 0
index index
row local mean row variances

- &0

8 _ ¥ il R

55 - i

%o - 10 % 5 10
index index

Fig. 3 Local statistics charactenzing stability of mean and vanance

There are visible some departures from constancy of mean and vanance (stationanty). Deeper
analysis of local anomalies 1s based on the mnvestigation of residuals. Simple parametric model
is based on the ANOVA model without interactionz, = it +@; + B, +¢€; . The residuals and
squared residuals for this model are on the fig_ 4. The residuals were computed from total
mean 7, row means 77;, and column means 7, or by replacing of means by medians.

10 Amfat is‘ o 10 ANOVA median squared residuals
/0@ O 10 i
B»I_-’.;._Q‘ O ) 5 8
sh  \> ‘; 0 6
5 “Q
29

ANO
10
5 3
0 6
4

5

4 Residuals and squared residuals for ANOVA model

Fig.

The local “hot spots” (anomalies) are here clearly visible.
The median ANOVA residuals were used for computanon of Geary spatial autocorrelation

coefficient The bad case was Bishops arrangement with following results:
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Gear.y's C=0.982 and the §tandardized vanable Z(c) =0.199. The residuals are therefore
spatially uncorrelated and i data are the long scale variations mamly. For onginal data and
Bishops arrangement 1s Geary's C =0.819 and the standardized variable Z(c) =20.39. These
data exhubits very strong small scale variation

The division of total \anancc mdex of dispersion and ANOVA. has described mass variation.
Details about results will be i full text. The division of total vanance 1s in the table .

Table 1 Vanances and coefficients of variation CV [%)]

Charactenisics  [S°; /CV, S'g/CVy S*/ CV (total)
_ (machine) (cross)
| weight 1.17/184 2475/ 8.445 2593 /864

The I = 0.444 1s shghtly above lower limit for randomness M;=0.3607. ANOVA analysis
leads to results that vanability i both directions is important. Basic statistical characteristics
of resulted random field of surface density are given in the table 2.

Table 2 Basic charactenstics of surface density

[Number of values 100 Dumension
Mean 58.92 (g m‘l]
Standard deviation 5.12 [g m?)
[Vananon coefficient 8.64 [%]

The vaniogram 15 machine direction, cross direction, diagonal direction and omns-variogram
are shown on the fig. 5 mn the untransformed and log /log form

Variogram columns Variogram rows _ log variog columns i o —
@ )
5 -». + F and o4 8 **l*
3 = - ! . ¥ ' % ‘.". " g 3 .'.--*
S o / i ] £y «® J
4 2 4 3 1’ 2 . % S TEE T e "CEEE s 2
Vanogram diags Variogram omni ., log vanog diags . log vanog omni
2 v v 1 . —
A . = -
" e . f; AA ; o
2. P 8 4 LS ¥ = &
g 5t/ - / -g ."-.. ;
* 4 ry . *_ 2 n r 8 0 1 1% r— A
] g log lag iog lag

Fig 5 Variograms in untransformed and double loganthmuc plot

The approximate lmeanty double log plot enables calculation of frnctaj dimension The least
squares estimates from all ponts are: D rows = 283.Dcols =291, Ddiag =279, D omm =
2 86 The surface is therefore very complex. ‘ |

The sphenical model for omni-variogram (see eqn. (7)) 1s shown on the fig. 6. By using of
nonlinear least squares the followng results were obtamed:

Sum of squares due to regression on X1 = 74.72

Sum of squares added by x2 = 393

Total sum of squares = 83.03
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Co (Nugget) = 1404
C+Co (Sall)= 2928
a=4642217.

Due to high nugget effect the stationanity of data cannot be accepted

Variogram model

Fig 6. Spherical model for omnivariogram

The kurtosis for vanous percentiles 1s shown on the fig. 7.

Kurtoisis
25 L] ] T T T T T T
A

o 20 ™ -
- A
2 10} A y
< ‘ A
= 5F & = =
2 A A

OD 01 02 03 04 05 06 07 08 09 1

percentil
Fig 7 Kurtosis for vanous percentiles

It 1s clear that from Tp = 0.7 ull Tp = 0.7 looks the distibution of “bmanzed” local mass as
homogeneous. For lower and higher values the formation of spatial clusters 1s clearly

The indicator functions (see eqn. (13)) for selected Tp are shown on the fig. 8. It 1s visible that
for higher Tp are identified local anomalies.
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cut data §
5 10

cut data @0

.E
5 10

Fig. 8 Indicator functions for selected thresholds (cut)

5. CONCLUSION

'.l'he system of spatial data analysis based on the above mentioned methods can be used for
identification of spatial dependence for regular lattice data or planar unevenness evaluation.
Tested nonwoven exhibits large-scale vanation and higher complexity with local anomalies.
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NONWOVENS UNIFORMITY SPATIAL CHARACTERIZATION
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Abstract:

The main aum _of this contribution is comparison of method for evaluation of nonwovens
mfaceumformnybasedonmedata i the form of rectangular arrays (quadrat method). These
data can be obtamed from digital images where the variation of mass is characterizes by the
vanaton of grey level image. The evaluation of uniformaty 1s based on the vanation coefficient
model, ANOVA model and spatial descriptors of uregulanty.

1. INTRODUCTION

The products from nonwovens are nowadays applicable in the fields requiring relative high
mass umformuty or umifornuty of basic physico - mechanical properties. There exists a lot of
:[x;e;l]mds for description of planar anisotropy and other structural characteristics of nonwovens
The spanal vanation of geometric and other properties is the main peculianty of textile
products. For the purpose of design, quality control and application in composites 1t 1s
necessary to have tools for expressing this vanability by sutable charactenstics. Especially
products from nonwovens are nowadays applicable n the fields requuring relative high mass
uniformuty or umformuty of basic physico - mechanical properties (Enckson, Baxter (1973)).
There exast a lot of methods for descniption of planar amisotropy and other structural
charactenistics of nonwovens (Huang Bresee (1993); Chhabra (2003): Klicka (1998)).
Selected methods of continuous and discontinuous measurement of planar uwmformuty of
nonwovens are descnibed in the dissertation of Kli¢ka (1998). In parallel to the description of
unevenness of linear textile structures by the length vanation function. there can be
constructed surface vanation function for textile fabnics. The surface vanation function can be
easily used for descniption of unevenness or umfornuty. Another possibility 1s to use some
techmques based on the spatial pattem analysis as vanance to mean ratio.
The main aim of this work is attempt to describe surface uregulanty of nonwoven texnle
structure based on the so-called quadrat method, where charactenstic of quadrat 1s mean value
of grey level. Pnnciple is to divide sample to the rectangular net of cells named quadrats. In
these quadrats the mean optical transparency (grey level) 1s evalvated. Direction X 1s
equivalent to the machine direction (mdex 1). In this direction are N quadrats. Direction y 1s
equivalent to the cross direction (mdex j). In this direction are M quadrats.
For evaluation of unifornuty the five kinds of methods are useful

e First one 1s based on the computation of vanaton coefficient m selected directions

(machine and cross direction), and testng the sigmificance of their differences
(Cherkassky (1998)). :

¢ Second ome is based on the modelling of data arrays by thc ANOVA (analysis of
variance) type models and testing hypothesis about homogeneity m selected directions
(Meloun, Militky, Forma (1992)). -
Third ome is based on the analysis of random field. The moment charactenistics of
second order as spatial covanance and varogram are used for descniption of these
fields. The fractal dimension charactenzing random field complexity can be computed

directly from vaniogram (Davies (1999))
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¢« Fourth nleisbasedmtheglobalmdloca]spmﬂmﬁonindicesof&uyand
Moran type (CLiff and Ord (1973)).
* Fifth one is based on the utilization of multivariate kurtoisis of indicator random
vanables (Johansson(2000))
There exist a lot of other characteristics as spatial descriptors of irregularity (Chhabra (2003))
suitable for special situations (point patterns).

The aim of this work 1s companison of some characteristics of unifornuty on the example of
spun bonded hightweight nonwoven lap.

2. IRREGULARITY CHARACTERIZATION

Irregulanty charactenzation 1s classically based on the coefficient of variation CV or derived
statistics. For characterization of lattice data array the models based on the ANOVA principle
are often used. For detailed description of wregulanty field the second order characteristics as
function of distance separation vector can be used as well These characteristics can be
compared with 1deal models of nonwoven structures. Some simple indices can be obtamned
from mdicator random vanable, which 1s simply threshold of onginal spatial vanable.

2.1 Spatial lattice processes

Spatial data are mvestigated on the specific domain D. Usually D 1s a subset of 2-dimensional

space, but generally the d dimensional domain can be used and thenD — R The vector s

contams mformation on the data location. Locations in D are denoted by the vector s. In 2-

dimensional space, s has 2 components (x. y) contamung the coordmates. At locations s. the

values of some vanable z(s) of mnterests (grey level, mass, density. thickness etc.) are obtamned.

The Z(s) 1s a random vanable at each location The general spatal model has the

form{Z(s) s D}.

There exist three basic model types:

1: Geostatistical data. Here D 1s a continuous fixed subset of R’ ; Z(s) is a random vector at

location s= D .
« Lattice data. Here D is a fixed but countable subset of R’ such as a gnd some
representation with nodes; Z(s) 1s a random vector at locationss € D .

3: Point Patterns. Here D is a random subset of R’ and is called a point process: if Z(s) is a
random vector at location s D then 1t 1s a marked spatial point process: f Z(s) = 1
so that 1t is a degenerate random vanable, then only D 1s random and 1t 15 called a
spatial point process.

For the quadrat method is quantity z(x) random function of two vanables called random field.

This random field 1s fully described by the » vanate probability density function
Pu(21.23...2,) = P{z; S 2(5,) S 2, +dz;, i=1.n}. O

Homogeneous random field has property of mvanance according to the translation The mean

value m(x) = E(z) 1s defined as

o

E(z)= j: py(z)dz 2)
Variability of random field 1s charactenzed by the covanance function
C(x,.x,)= ”(31 - E(2,)(z, - E(2,) py(2,.2,)dz, dz,y. 3)

For the case when points x; and x; are coimncident 1s covanance function reduced to the

variance function D(x) defmed as (Meloun, Militky, Forma (1992))
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D(x) = E(z(x)*) - (E(z(x)))’. @)
Ano th“ " “f‘f spatial vanabulity is so called variogram or semivariogram defined as half
of vanance of the increment (z(x)) - z(x,))
}'(!p!l)=0-5'D[2(!l)—2(13)] : (5)
v(b) =Var(Z(u) - Z(u + b)) = Var(Z) (1 - p(h))
For homogeneous random field is covariance function dependent on the distance between
pomts
x; = (x1.1) and x; = (x2.y2) only. For this case 8C(x,.x,)=C(x, - x,.¥, - ¥)-
For 1sotropic random field 1s covariance function invariant against rotation and mirroring. This
function 1s then dependent on the length d=,/(x,-x,)’+(y,-y,)’ and therefore
C(x,.x,)=R(d). A random function z(x) is said to be second order stationary. if
(Cressie (1993))
* the mean value exists and 1s independent on the location vector x, i.e. E(x) =m.
¢ for each parr of random vanables z(x) and z(x + h) 1s covariance dependent on the
separation vector h only C(h) = E[2(x) *2(x + h)] - m’
The stationanty of vanance imply the stationanty of covariance and vanogram
D(z(x)) = C(h = 0) = C(0) y(h) =C(0)-C(h). (6)
The second order statonanty mmples that the covanance and varniogram are the equivalent
tools for charactenzaton of spanal correlatnion. It 1s clear that second order stationanty leads
to the contmuty at origin because y(0)=0.
If y(0)=c, >0, then c; 1s called as nugget effect (small scale vanations cause discontinuity at
ongm). If y(h) = const for all h then the z(.) are uncorrelated in this direction.
The dependence of y(h) on h can be expressed by the vanous parametrical models. Very
often 1t 1s suatable to use the sphenical model expressed m the form
y(h)=c, +c[1.5(h/a)-0.5(h/a)’] forO<h<a
y(h)y=c¢cy,+c forh>a
where % 15 the length of h. The distnbutional properties of vaniogram and techniques for

parameter estimation are discussed n the book of Cressie (1993).

For computation of sample estimators of above defined measures of spatal continuity the
expenmentally determned values of umformity (grey level. planar densities or mass) z(x) =
2(kj) of k. jtheell (k=1._.m. j=1.n) of the rectangular net are used. The sample directional
variogram function for chosen separation vector h 1s calculated according to the following

formula
y(h)= ING) %[Z(I,)- z(x, +h)) (8)

where N(h) is number of pomts in separation distances h. For regularly disuibchd points x are
the separation distances multiples of distance between cells of net. Therefore it 1s possible to
compute charactenstics for diectnons 0° (h = c*[1.0]. 45° (b = F*[l.l]). and 90° (h =
¢*[1,0]) for lags ¢ = 1,2,3._only. Averaging of vanograms calculalgd n all directions leads to
the omnidirectional variogram. For computation of these spatal measures the program

NONWP written in MATLAB 7.04 was created.

Q)

1 N(h)
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2.2 Analysis based on CV
Surface uniformuty 1s classically described by the coefficient of variat; Thi ficient
= e P B of vanation (CV). This coefficien

Accord_.ing to the common definitions we can simply computed the overall mean, vanance and
coefficient of vanation

1 é 1
2 22y v P X R L e ®

Herf.- Zy 15 selected charactenstic of quadrats (here mean grey level my.). Direction X 1s
qg\wcm to the machine direction (index 1). In this direction are N quadrats. Direction v 15
equivalent to the cross direction (index j). In this direction are M quadrats.

The quantity CV 15 1n fact external vanation coefficient CB(F) between cell areas F°.

Ideal value of CV for nonwoven of total weight W having Poisson distribution of random
fibres of fineness Ty and density p; 1s defined as (Militky (1998))

4
CVy(P)= {H—T-;—f’,i

The total vaniance s° can be divided to the two terms by using of means i the machine
direction and cross direction
1 1
m“,=y;ziT m,',=§;zi
Symbol ., “denotes index used for summation i.e. m,,1s mean value for 1 th position in the

machme direction For the machine direction (expansion of eqn.(14) by using of the ;) the
following relation results (Cherkassky (1998))

P as ey (10)
where the vanance in the machme direction s; is
- =i2(m,a -m)’

I

and the variance in the transversal direction 53 is
1 2
b >
e TG o

For the cross direction 15
s'= s; G SEH (11)
where the vanance in the cross-direction 55 15
1 ;
2 — -
Sy=—2 (m, —m)

M

J

and the vanance m the longitudinal direction sf_y 15
1 e G z(;v—mm)J

The coefficients of vanation CVy CVi. CVy and CViy are obtamed by dividing the
corresponding standard deviations by the mean ». These coefficients are from statistical pont
imates of population vanation coefficients CVPy, CVPy. etc. For creation

of view the point estima S~
of confidence intervals the vanance of pomt estimates have to be computed (Meloun Militky

and Forna (1992)).
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clumped (Chhabra (2003)).

3. EXPERIMENTAL PART
The spun bonded nonwoven image (see fig. 1a) was used for uniformity evaluation. The

grey levels i quadrats is on the fig. lc. These data were used for characterization of

m_iformity. The influence of quadrat size on the corresponding areal CV was investigated by
using of program NONWCV.

a b c
Fig 1 Raw image (a), quadrats 2x2 image (b) and mean grey levels in quadrats (c)

4. RESULTS AND DISCUSSION
The results are part of outputs from program NONWP. The dependence of CV on the quadrat

area size (program NONWCV) 1s given on the fig 2

CV (area)
034 \ v T
Total CV
a
, ‘b tret e ey

LRET N 1
o, Hep [cvmumm |‘
°°°°°°°Wo“°a 00g009
1

' i e
&0 B0 1000 1200 400 160
aea

Fig. 2 Dependence of CV on quadrat size

For deeper mvestigaton of non umformity the moving windows were used. Pnnciple 1s
division the study area to the several local neighborhoods of equal size (m.ovmg windows) and
within each local window the mean and vanance are computed. The dimension of moving

windows can be gradually changed to obtain good identification of local anomalies. The plot
of local means and vanances are given n fig.3. The row mean and variances are shown as

well
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wingow local means

window local variances

045}
.
oasfVW/ Y '

a . 0 - ~
0 %50 100 150 200 o 50 100 150 200

Fig 3 Local statistics charactenizing stability of mean and vanance

There are visible some departures from constancy of mean and vanance (stationarity). Deeper
analysis of local anomalies 1s based on the investigation of residuals. Simple parametric model
1s based on the ANOVA model without nteractionz;, = i +a; + B, +€, . The residuals and
squared residuals for this model are on the fig. 4. The residuals were computed from total
mean », row means /7, and column means m, or by replacing of means by medians.

ANOVA median residuals

§0 100 150 200

ANOVA resduals

&0 100 150 200

Fig 4 Residuals and squared residuals for ANOVA model
The local “hot spots” (anomalies) are here clearly visible.

The division of total vanance and ndex of dispersion can charactenze umfornuty. The division
of total vanance 1s n the table 1.
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Table 1 Vanances in main directions
- - 2 .
Charactenstics | S*; (machine) [S7 (cross) |S°; (longiud) [S7; (transvers.)

Grey level 0.0142 0.0176 0.0816 0.0823
ey 082

The I; = 0.018 1s lower limut for randomness My = 0 81 ANOV !

vaniability in both directions is the same. 81 A analysis leads to results that
The vanogram 1s machine direction, cross direction: dia AR SR

are shown on the fig. 5 in the log /log form . diagonal direction and omni-variogram

o Iog S\anog cowmns & o S\anog rows
-£ -
M §
; o® g ottt
o & v
g B ss)
T
0 1 2 3 o 1 2 3
log Swarog
a2 i — £ log Shariog omns
_ 58} A
a
£ ” ol ‘!'5-5 5 )
< g
3
42 L gT
0 1 2 3 ] 1 2 3
g lag iog iag

Fig. 5 Vanograms i double loganithmic plot

The approximate lineanty i double log plot enables calculation of fractal dimension from
straight line slope (Davies S. (1999)). The least squares estimates from imtial pomts are: D
rows = 224 D cols = 2.16, D diag = 2.29. D omm = 2.22. The surface 1s therefore only
shghtly complex. The sphenical model for ommi-vaniogram (see eqn. (7)) 1s shown on the fig 6.
By using of nonlinear least squares the following results were obtamed:

Co (Nugger) = 0.019, C+Co (Sill) = 0.0058 and a = 4.402.

Due to high nugget effect the stationanity of data cannot be accepted.

100 Semivariogram
6 A L] T

g%
0 1 :
Fig 6. Spherical model for omnivariogram
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5. CONCLUSION

'-Ihgmofdam‘analysisbasedond:leabovemmtioncdnmhodscanhcuscdfor
idennfication of spaugl.dependence for regular lattice data or planar unevenness evaluation.
- Tested nonwoven exhubits large-scale variation and slight complexity.

_ ACWOWNENTS: This work was supported by the research project IM4674788501
of Czech Ministry of Education
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Abstract:

The mam amm of this contribution is comparison of method for evaluation of nonwovens
surface umfornuty based on the data i the form of rectangular arrays (quadrat method). These
data can be obtamed from digital images where the variation of mass is characterizes by the
vanation of grey level image. The evaluation of uniformty is based on the vaniation coefficient
model. ANOVA model and spatial descriptors of irregulanity.

1. INTRODUCTION

The products from nonwovens are nowadays applicable in the fields requiring relative high
mass umformuty or umformuty of basic physico - mechanical properties. There exists a lot of
methods for description of planar anisotropy and other structural characteristics of nonwovens
1.2}

The spanal vanation of geometric and other properties is the main peculianty of textile
products. For the purpose of design, quality control and application in composites it is
necessary to have tools for expressing this vanability by suitable charactenstics. Especially
products from nonwovens are nowadays applicable i the fields requiring relative high mass
uniformaty or umiformuty of basic physico - mechanical properties (Enckson, Baxter (1973)).
There exist a lot of methods for description of planar amsotropy and other structural
charactenistics of nonwovens (Huang. Bresee (1993): Chhabra (2003): Klicka (1998)).
Selected methods of continuous and discontinuous measurement of planar umfornuty of
nonwovens are descnibed in the dissertation of Klicka (1998). In parallel to the description of
unevenness of linear textile structures by the length vanation function, there can be
constructed surface vanation function for textile fabnes. The surface vanation function can be
easily used for descniption of unevenness or umiformiuty. Another possibility 1s to use some
techniques based on the spatial pattem analysis as variance to mean ratio.

The mamn aim of this work 1s attempt to describe surface wregulanty of nonwoven textile
structure based on the so-called quadrat method. where charactenstic of quadrat 1s mean value
of grey level. Pninciple is to drvide sample to the rectangular net of cells named quadrats. In
~ these quadrats the mean optical transparency (grey level) is evaluated. Direction X 1s
equivalent to the machine direction (mdex 1). In this direction are N quadrats. Direction y 1s
equivalent to the ¢ross diection (ndex j). In this direction are M quadrats.

For evaluation of unifornuty the five kinds of methods are useful.

e First one is based on the computation of vanation coefficient i selected directions
(machine and cross direction), and testmng the significance of theirr differences
(Cherkassky (1998)).

e Second ome is based on the modelling of data arrays by the ANOVA (analysis of
variance) type models and testing hypothesis about homogeneity mn selected directions
(Meloun, Militky, Forma (1992)). T

e Third one is based on the analysis of random field The moment charactenstics of
second order as spatial covanance and vanogram are used for description of these
fields. The fractal dumension charactenzing random field complexaty can be computed
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durectly from variogram (Davies (1999)).
¢ Fourth one 1s based on the global and
Moran type (CLiff and Ord (1973)).
» Fifth one is based on the utilization of
variables (Johansson(2000))

There exast a lot of other charactenistics as spatial _ : ;
suitable for special sstuations (pomnt patterns), descriptors of uregulanty (Chhabra (2003))

local spanal variation indices of Geary and

multivaniate kurtoisis of indicator random

2. IRREGULARITY CHARACTERIZATION

Irregulanty charactenization s classically based on the coefficient of variation CV or derived
statistics. For characterization of latuce data array the models based on the ANOVA principle
are often used. For detailed description of uregulanty field the second order characteristics as
function of distance separation vector can be used as well These characteristics can be
compared with ideal models of nonwoven structures. Some simple indices can be obtaned
from mdicator random vanable, which 1s simply threshold of ongmal spatial vaniable.

2.1 Spatial lattice processes
Spatial data are mvestigated on the specific domamn D Usually D 1s a subset of 2-dimensional
space, but generally the d dimensional domain can be used and thenD — R’ . The vector s
contams mformation on the data location Locations in D are denoted by the vector s. In 2-
dumensional space, s has 2 components (x, y) contaming the coordmates. At locations s, the
values of some vanable z(s) of mterests (grey level mass, density. thickness etc ) are obtamed.
The Z(s) s a random vanable at each locatnon The general spatal model has the
form {Z(s) s D} .
There exist three basic model types:
1 Geostatistical data. Here D is a continuous fixed subset of R’ ; Z(s) 1s a random vector at
location s D .
- Lartice data. Here D 1s a fixed but countable subset of RY such as a gnd some
representation with nodes; Z(s) 1s a random vector at locatonss e D .
3: Point Patterns. Here D is a random subset of %’ and is called a point process: if Z(s) 1s a
random vector at location s & D then it is a marked spatial point process. ’f L) =1
so that it uadcgeucraterandmn\'ariabIC,ﬁ!nonlyDisrandomandu;s called a

spatial point process _ _
For the quadrat method 1s quantty z(x) random function of two vanables called random field.

This random field 1s fully described by the » vanate probability density function
2.(2.2y,..2,) = P{z, S 2(s5) S 7, +4dz;, i=1.n}. (1

Homogeneous random field has property of invariance according to the translation. The mean

value m(x) = E(2) 1s defined as
E(z)= J: p,(2)d:

Variability of random field 1s characten
C(x,,.xy)= ”(:i - E(z;)(z, —E(:J)p,(:,.zl)dzl dz,.

o

0]

zed by the covanance function
3)

variance function D(x) defined as (Meloun, Mils
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D(x) = E(z(x)") - (E(z(x)))* .

of vaniance of the mcrement (2(x)) - z(x,))
7(x,.x,)=05 *D[z(x,) =-2(x,)]
y(h) = Var(Z(u) = Z(u + b)) = Var(Z) (1 - p(h))

For homogeneous random field is covariance function -
B dependent on the distance between

e mvanant agamnst rotation and mirroring. This
function 15 then dependent on the length d=\l("2”!l)z+(yz-yl): S
C(x).x;)=R(d). A random function 2(x) is said to be second order stationary, if
(Cressie (1993))
o the M‘ﬁmmmgmonthemmﬂvecmrx,ie. E(x)=m.
* for each pair of random vanables z(x) and z(x + h) 1s covaniance dependent on the
separation vector h only C(h) = E[2(x) * 2(x + h)] - m*
The stanonanty of vanance mmply the stationanty of covariance and variogram
D(z(x)) = C(h = 0) = C(0) y(B) = C(0)- C(h) . (6)
The second order statonanty mmples that the covanance and variogram are the equivalent
tools for charactenzation of spatial correlation. It 1s clear that second order stationanty leads
to the contimuty at ongm because y (0)=0.
If y(0)=¢, >0. then co 1s called as nugget effect (small scale vanations cause discontinuity at
ongm). If y(h) = const. for all h then the z(.) are uncorrelated 1n this direction.
The dependence of y(h) on h can be expressed by the various parametnical models. Very
often 1t 1s switable to use the sphencal model expressed m the form
y(h)=¢, +c-[l.5(hfa)—0.5(hfa)3] forO<h<a
y(h)=¢c,+c forh>a
where % 1s the length of h. The distributional properties of vanogram and techmques for
parameter estimation are discussed in the book of Cressie (1993).
For computation of sample estimators of above defined measures of spatial contnuity the
expenmentally determined values of uniformity (grey level, planar densities or mass) z(x) =
2(k j) of k. j th cell (k = 1..m, j = 1._n) of the rectangular net are used. The sample directional
variogram function for chosen separation vector h 1s calculated according to the following

formula

(&)

@)

1 N(N) 3 (8)
y(h) = S [2(x,) - z(x; + b))
y(h) ING) ‘.'_T[ (x,)

where N(h) 1s number of points in separation distances h. For regularly distributtd‘ : Poims.. X are
the separation distances multiples of distance between cells of net. Therefore it 1s possible to

compute charactenstics for directions 0° (b = c*[1.0), 45° (b = F'[Ll])' g T -G
¢*[1.0]) for lags ¢ = 1,23 _only. Averaging of vanograms caklﬂ“,ed PO I i S
the ommidirectional variogram. For computation of these spatial measures the program

NONWP written in MATLAB 7.04 was created.
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2.2 Analysis based on CV
Surface uniforuty 1s classically descnibed by the coefficient of variation (CV). This coefficient
s tradionally used as the charactenstics of unevenness.

According to the common deﬁnim“’cmml}’computedﬂ;ewanummvarimccand
coefficient of vanation

1
,,,-.——ZZ(:) 2P w ik (z, =m)? Vel
WIZE pTTeew ol e

Here 2 15 selected charactenistic of quadrats (here mean grey level m,) Direction X i1s
eqm\zlmtmthemm(ml)-hthisdirecdonuchmdmts. Direction y 1s
mﬂww&em_@m(mdexj).[nthisdﬁuﬁmueMMts.
The quanntity CV 15 1n fact external vanaton coefficient CB(F) between cell areas F-.
Ideal value of CV for nonwovens of total weight W having Poisson distribution of random
fibres of fineness Ty and density o, 1s defined as (Militky (1998))
I Ty Py

CKV(P)"v:? -
mwmlwﬁance::canbediudedwmetwotumsbyusingofmmthemachme
direction and cross direction

1 1

m,=—> z mq=FZz,
Symbol ., “denotes index used for summation i.e. M, 1s mean value for 1 th position in the
machme direction. For the machine direction (expansion of eqn (14) by using of the m,,) the
following relation results (Cherkassky (1998))

=+ (10)
where the vanance mn the machine direction s; 1s
and the vanance m the transversal direction sy 15

For the cross direction 1s
s’:s;ﬂ-sf_, (11)

where the vaniance in the cross-direction 5, 1s

—mﬂ)l

The coefficients of vanation CVy CVi. CVy and CViy are obtamed by dmiding the
comesponding standard deviations by the mean m. These coefficients are from statstical pomt
of view the point estumates of population vanation coefficients CVPy. CVPy. etc. For creation
of confidence intervals the vanance of pomt estimates have to be computed (Meloun Militky

and Forina (1992))
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The unifornuty of mass distnbution can be also charactenized by mdex of dispersion
23
ke (12)

Spatial randommess corresponds to the Poisson distribution. The null hypothesis of
randomness can be tested by companison of Id with quantiles of 7’ distribution. It 1s possible

to compute the Lonut M; bellow the pattern 1s uniform and limut My above the pattern 1s
clumped (Chhabra (2003)).

3. EXPERIMENTAL PART

The spun bonded nonwoven image (see fig. 1a) was used for uniformity evaluation. The
quadrat size lfxl pixels was selected. Corresponding modified image 1s on the fig. 1b and mean
grey levels m quadrats 1s on the fig. lc. These data were used for charactenizauon of

unformuty. The nfluence of quadrat size on the corresponding areal CV was mvestigated by
using of program NONWCV.

a b c
Fig 1 Raw image (a). quadrats 2x2 image (b) and mean grey levels in quadrats (c)

4. RESULTS AND DISCUSSION
The results are part of outputs from program NONWP. The dependence of CV on the quadrat

area size (program NONWCV) 1s given on the fig 2

CV (area)

Total CV

...........‘r

N @ & D W 00 M0 1
aea

Fig 2 Dependence of C'V on quadrat size

For deeper mvestigation of nonuniformuty the moving windows were used. Principle 1s division
the study area to the several local neighborhoods of equal size (moving windows) and wathin
¢ach local window the mean and vanance are computed The dimension of moving windows
€an be gradually changed to obtan good identfication of local anomahes The plot of local
Means and vanances are given in fig 3. The row mean and vanances are shown as well
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window local means

window local variances
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Fig 3 Local statistics charactenzing stabihity of mean and vanance

There are visible some departures from constancy of mean and vanance (stationarity). Deeper
analysis of local anomalies 1s based on the mvestgation of residuals. Simple parametric model
is based on the ANOVA model without interactionz, = it +@; + §, + ¢, . The residuals and
squared residuals for this model are on the fig 4. The residuals were computed from total
mean m, row means 7, and column means m, or by replacmg of means by medians.

ANOVA median resduals

0
D4
02

0

20 100 160 200
Fig 4 Residuals and squared residuals for ANOVA model
The local “hot spots  (anomalies) are here clearly visible

The division of total vanance and mdex of dispersion can characterize umformuty. The division
of total vanance 15 1n the table 1
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Table 1 Vanances i main directions
Charactenstics | S” ; (machine) | S 4 (cross) S tud) |[S°; (transvers) |

Grey level 0.0142 00176 0.0816 0.0823 |
082

The L = 0.018 1s lower it for randomness M;= 0.81. ANOVA analysis leads to results that
vanability n both directions 1s the same.

The vanogram 15 machine direction. cross direction: diagonal direction and omni-variogram
are shown on the fig 5 m the log /log form

109 Sanog coumns
45 v - 45 "s“"?‘
S i’
o® { ¥
o -
g s P ss)
F
0 1 2 3 -‘o 1 2 3
= log Sanog cags ’ 109 Swariog omn
= 98 -
{-sa o {-&.s o
g vab g
-2 !
] 1 2 3 < 1 2 3
gy log lag

Fig 5 Vanograms m double loganthmuc plot

The approximate lineanty i double log plot enables calculation of fractal dimension from
straight line slope (Davies S (1999)). The least squares estimates from mitial points are: D
rows =224 D cols =216, D diag = 2.29, D omm = 2 22 The surface 1s therefore only
shightly complex The sphencal model for omm-vanogram (see eqn. (7)) 1s shown on the fig 6.
By using of nonlinear least squares the following results were obtamed: Co (Nugget) = 0.0 19,
C+Co (Sall) = 0.0058 and a = 4 402.

Due to high nugget effect the statonanty of data cannot be accepted.

o Semivariogram
.} T T T T T »
-
p
4
-
-
14 s - 3 r 5 [}




5, CONCLUSION ;

The system ofdata_mlys:shasedondmabovemcnﬁmedmeﬂmdscanbeused for
idennfication of spatial dependence for regular lattice data or planar unevenness evaluation.
Tested nonwovens exhibats large-scale variation and shight complexity.
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CHARACTERIZATION OF TEXTILES MASS VARIATION IN PLANE

Boeanid Wdummng;m.vacmmwn-
echnical Univers rec, Dept. of Textile Materials, Liberec, Czech Republi
*RIETER-ELITEX, Usti nad Oriici, Czech Republic Sk

Abstract

Mass irregulanty is one of the important charactenstics of textile structures. This characternistic 1s
closely connected to the vanation function for appearance, transparency, reflectivity, and thickness
and to the properties as e.g. air permeability. The main aim of this work is attempt to describe surface
iregulanty of nonwoven textile structure based on the so-called quadrat methods, where charactenstic

of quadrat is its weight. The evaluation of mass irregularity is based on the variation coefficient model,
ANOVA mode! and spabal descriptors of irrequlanity.

Key Words, Nonwovens characterization, variation coefficient, ANOVA, spatial uniformity,

1. INTRODUCTION

The spatial vanation of geometnic and other properties is the main peculiarity of textile products. For
the purpose of design, quality control and application in composites it is necessary to have tools for
expressing this vanability by sutable charactenstics. Especially products from nonwovens are
nowadays apphcable in the fields requinng relative high mass unformity or uniformity of basic physico
- mechanical properties (Enckson, Baxter (1973)). There exist a lot of methods for description of
anisotropy and other structural charactenstics of nonwovens (Huang, Bresee (1993); Chhabra
(2003); Kiéka (1998)). Selected methods of continuous and discontinuous measurement of planar
uniformity of nonwovens are described in the dissertation of Kiikka (1998). In parallel to the description
of unevenness of linear textile structures by the length vanation function, there can be constructed
suface vanation function for textile fabnes The surface vanation function can be easily used for
descniption of unevenness or uniformity. Another possibility s to use some techniques based on the
spatial pattern analysis as vanance to mean rato
The main aim of this work 1s attempt to describe surface irregulanty of nonwoven textile structure
based on the so-called quadrat methods, where charactenstic of quadrat is its weight. Principle is to
divide sample to the rectangular net of cells named quadrats. In these quadrats some charactenstics
as weight, mean optical transparency, mean relief etc. can be measured. Direction X is equivalent to
the machine directon (index i). In this direction are N quadrats. Direction y is equivalent to the cross
direction (ndex |) In this direction are M quadrats
The evaluation of mass iregulanty is based on the variation coefficient model (Cherkassky (1998)),
ANOVA model (Meloun, Militky, Forina (1992)) and spatial descniptors of irregulanty (Chhabra (2003),
Cressie (1993))

2. SURFACE IRREGULARITY CHARACTERIZATION
Surface imegularty charactenzation s classically based on the coefficient of vanation CV or derved
statstics of the second order For detaled descripton of imegulanty field the second order

charactenistics as function of distance separation vector can be used as well. These charactenstics
€an be compared with pure randomness or ideal models of nonwoven structures
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The planar density z(x)=z(x.y) descnibes sufficiently the planar uniformity or unevenness (Cherkassky
(1998)). The quantity z(x.y) i the point x = (x,y) is defined as limit of mass M(S) divided by the area S
= 4dxdy of elementary rectangle i.e. the cross sectional area of volume element having thickness t
(thickness of nonwoven) and perpendicular dimensions x = dx and y = dy. Formally
Z(X._l')- hm “.‘%-f * p(x,y), (1)
§—=0

where p(x.y) is volume textile density in the point x = (x,y). For the case of constant area S is variation
of 2(x) the same as vanation of local mass M(x). Quantity (x) is random function of two variables
called random field This random field is fully described by the n varate probability density function

P.(21.2,..2,) =Pz, S 2x) S 7, +dz,, i=1.nm}. @)
Homogeneous random field has property of invariance according to the translation The mean value
m(x) = E(z) 1s defined as

E(z)= -[: p(z)dz (3)
Vanability of random field 1s characterized by the covanance function
C(xy.3y) = [[(2, — E(2,)(2; - E(2,) Py (3,.2,) d=, dz,. )

For the case when points x4 and x; are coincident is covanance function reduced to the vanance
function D(x) defined as (Meloun, Militky, Fonna (1992))

D(x) = E(z(x)") - (E(=(x)))" (5)
Another measure of spatal vanability 1s so called vanogram or semivariogram defined as half of
vanance of the increment (z(x,) - z(x3))

r(x,.x,) =05%Dfz(x,) - z(x,)] . (6)
For homogeneous random field 1s covanance function dependent on the distance between points
Xy = (x1,y1) and X3 = (x2,y2) only. For this case sC (x,.x,)=C(x, = x,. ¥, - »,).
For 1sotropic random field is covanance function invanant against rotation and mirroring. This function

s then dependent on the length d = J(x: -x%) +(y;-y,)’ andtherefore C(x,.x,)=R(d).
A random function z(x) is said to be second order stationary, if (Cressie (1993))
» the mean value exists and is independent on the location vector x, i.e. E(x) = m.
+ for each parr of random vanables z(x) and z(x + h) is covanance dependent on the separation
vectorhonly C(h) = E[2(x)* z(x + h)] - m’
The statonanty of vanance imply the stationanty of covanance and vanogram
D(z(x)) = C(h = 0) = C(0) y(h) = C(0)-C(h). 8)
The second order stationarity mples that the covariance and variogram are the equivalent tools for
charactenzation of spatial correlation It 18 clear that second order stationanty leads to the continuity at

origin because 7 (0) = 0
i 7(0)=c, >0, then cq s called as nugget effect (small scale vanations cause discontinuity at ongin).
If y(h) = const for all h then the z( ) are uncorrelated in this direction
The dependence of y(h) on h can be expressed by the vanious parametrical models. Very often it is
Suttable to use the sphencal model expressed in the form
y(h)y=c, +l S(h/a)-05(h/a)’) for0<h<a ”
y(hy=c,+c forh>a
where h is the length of h. The distributional properties of variogram and techniques for parameter
#slimation are discussed in the book of Cresswe (1993)
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If the spatial phenomenon s seen as being generated by the addition of several independent sources
having similar spatial distributions, then the z(x) can be modeled by a multivariate Gaussian random
function. Since the linear combination of multinormal vector is also normally distributed a check of this
assumption S Ibased on the verification that the difference [2(x) - 2(x+h)] is normally distributed with
man 0 and vaniance 2y (h).

For computation of sample estmators of above defined measures of ! '

2 : o spatial continuity the
experimentally determined values of planar densities (or mass) 2(x;) = z(k,j) of kjthcell (k =1_m, =
1..n) of the rectangular net are used. The sample directional vanogram function for chosen separation
vector h is calculated according to the following formula

1 Nk
y(h) = o g[:(x,)-:(x, +h)) (10)

where N(h) is number of points in separation distances h. For regularly distributed points x are the
separation distances multiples of distance between cells of net. Therefore it is possible to compute
charactenistics for directions 0° (h = ¢*[1,0]), 45° (h = ¢*[1,1]), and 90° (h = c[1,0]) forlags c = 1,23 .
only. Averagings of variograms calculated in all directions leads to the omnidirectional variogram.

The sample-standardized vanogram for separation vector h is defined as

y(h)
h)=
Y. (h) 0.0, (11)
where
R - < T 1 ™
O/ =—— > 2(x,)"-m and m=——> z(x, 12
SN = 1 ! N(ll);() (12)
and
, 3 3 3 1
Op=——Y 2(x;,+h)"-m,and m,=—— > 2(x, +h). 13
N = X » N(‘),‘_{'( ) (13)
For an omnidirectional case s the standardized vanogram directly related to the correlogram
p(h) =1-y(h)

For graphical exploration of spatial vanation the h-scatter-plot and variogram surface are useful. On
the h-scatter-plot the z(x;) are plotted aganst z(x;+h) For Gaussian distribution forms the h-scatter-
plot the elliptical cloud around the diagonal line with higher density of points in the center of this cloud.
A succession of h-scatter-plots calculated for increasing lags (values of h) provides check of
stationarty If successions of h-scatter-plots show that the center of the clouds of pairs depart from
diagonal line, the stationarity cannot be accepted

Vanogram surface 1s constructed as a set of vanograms arranged to cells of regular gnds starting from
central one with zero separation vector (0, 0) Every cell has separation vector h created as number of
lags in x and y directions from central one. This surface identfies the directions of anisotropy I.e.
preferential directions in which the directional vanograms should be constructed.

For computation of these spatial measures the program Vanowin 2.2 (Pannater (1996)) and own
procedures wrtten n MATLAB 7.0 have been used

2.2 Analysis based on CV

Surface iregularity 1s classically described by the coefficient of vanation (CV). This coefficient s
m“;ogmdm:' the charactenstics of unevenness. According to the common definiions we can

simply computed the overall mean, vanance and coefficient of vanation

1 ). 1l s s(p-m) e 14
meveh) * =—“m,2;.f_.(Ps o PRl (14)
Here Py s selected charactenstic of quadrats (here mass m; ). Direction X 1s equivalent to the machine
wection (index 1) In this direction are N quadrats. Direction y 1s equivalent to the cross direction

g:“ J). In thus direction are M quadrats

2
Quantity CV 1s in fact external vanation coefficient CB(F) between cell areas F

I'value of CV for nonwovens of total weight W having Poisson distribution of random fibres of
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fineness Ty and density p, is defined as (Militky (1998))

el Jr_
G £y

: 2 S
The total vaniance s° can be divided to the two terms by using of means in the machine direction and
cross direction

1 ]

Symbol ,o"denotes index used for summation .e. M;, s mean value for | th position in the machine

direction. For the machine direction (expansion of s* by using of the m,,) the following relation results
(Cherkassky (1 9981))

ST=5; +5,
where sf is the vanance in the machine direction
9 ] 2
51 =< 2. (M —m) (15)

and the vanance in the transversal direction and s}n IS

b 1 2
‘m=m$;(%_’"u) (16)
For the cross direction i1s
II-S‘;*SE, (17)

where 53 s the vanance in the cross-direction

3 j L]
sg=—2 (my -m)’ (18)
and 5}, is the vanance in the longitudinal direction.
1
S === (P, ~my)’ (19)

The coefficents of vanaton CV_ CVi, CVy4 and CVy are obtained by dividing the corresponding
standard deviations by the mean m These coefficients are from statistical point of view the point
estimates of population vanation coefficients CVP_, CVPy, etc. For creation of confidence intervals the
vanance of point estmates have to be computed (Meloun Militky and Forina (1992)).
The uniformity of mass distribution can be also charactenzed by index of dispersion.

fral (18)

m
Spatial randomness corresponds to the Poisson distnbution. The null hypothesis of randomness can
be tested by companson of Id with quantiles of 1’ distnbution_ It i1s possible to compute the limit M
bellow the pattern 1s unform and imit My, above the pattern is clumped (Chhabra (2003)).

2.3 Analysis by the ANOVA

The differences between vanability n machine and cross directions can be formally tested by the
analysis of vanance (ANOVA The P, can be interpreted as discrete presentations of random field on
the discrete two dimensional integer valued rectangular mesh Let the P; are described by the

mode|

P(=“u+ey 1, =‘:+a,+ﬂJ+Cﬂ,.ﬁJ
where /i, is true value in the | cell, £, , 1 is total meanda, are effects in the cross direction, [,
are effects in the machine direction and ¢ is constant of Tukey one degree of freedom non -

addtivity. (Meloun, Militky and Forna (1992)) |
in the machine direction 1s equal to vahidity of hypotheses H B =0 =1 M
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and uniformity in the cross direction is equal to validity of hypotheses H, a,=0,i=1.N.

Testing of these hypotheses can be realized by the ANOVA (model with a single observation per cell).
This procedure is in details described in book of Meloun, Militky and Forina (';‘392)’ per cell)

3. EXPERIMENTAL PART

The chemically bonded (by the acrylate binder) nonwoven from viscose fibres (VS) was prepared.
Starting lap of planar weight 30 g m™ was created on the pneumatic web former. The lap consists of
two types of viscose fibers mixed in the weight ratio 67/33 (VS 3,1 dtex/60 mm and 1.6 dtex/40mm).
Binding acrylate (relative amount 20 %) was applied by padding. The rectangular samples of
dimensions 100 x 100 mm were used for further analysis. Samples were cut to quadrats having
dimensions 10 x 10 mm. Rez!atrve eror of quadrat dimensions were from 0.88% to 1.22%. For the
case of mass density 60 g/m” has quadrat with area S, = 100 mm” weight around 6 mg. Quadrat mass
m; was evaluated as mean from five measurements. Maximum relative error of weighting for samples
having around 60 g/m™~ was 1.606%.

4, RESULTS AND DISCUSSION

The division of total vanance, index of dispersion and ANOVA, has described mass variation. Details
about results will be in full text. The division of total variance is in the table |.

Table 1 Vanances and coefficients of varation CV [%]

[Charactenstics “y/ CV, (machine) | 5° u/ CV » (cross) / CV (total)
|weight 117 /184 2475/ 8.445 2593 /864

The Iy = 0444 1s shghtly above lower imit for randomness M = 0.3607. ANOVA analysis leads to
results that variability in both directions is important.

Basic statistical charactenstics of resulted random field of surface density are given in the table 2
Table 2 Basic charactenstics of surface density

1 imension |

58.92 [gm™)

5,12 [gm7)

anaton coefficient 8 64 [%)
The vanogram surface is shown on the fig 1a and local vanation of mass is shown on fig 1b.
10
*
mit

2
¥ peoso, g
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2
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123435467890

Fig 1 a) Variogram surface, b) local mass vanation

No preferential direction can be identfied and therefore the directional vanograms are constructed for
all possible directions for rectangular net. The omnivaniate directional variogram is shown on the fig 2
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.

2 3 5 % % 8 8 3 %

_ S Fig 2.' Omnidirectional variogram
The nugget effect (discontinuity at ongin) is visible. The comresponding vanance C(0) = 25.937. The
omnidirectional variogram has been used for fitting of spherical model defined by equation (9). The
following parameter estimates has been obtained c0 = 14.78013, ¢ = 10.99973 and a = 4.642217.
Indicative goodness of fit equal to IGF: 1.8986e-03 indicates the validity of this model (see [3]). The
fited model 1s shown on the fig. 2 as solid curve. The high nugget clearly indicates the violation of
second order stationarity. The h-scatter-plot for direction 0°and lag 1 is shown on the fig 3.

& L L -l i i LB i
-~ - ~ o m m L] n
Usmamy ()

Fig. 3 The h-scatter-plot for direction 0° and lag 1

Near symmetnc and nearly elliptical cloud indicate very rough normality. From the similarity of h-
scatter-plots for another lags the stationarty assumption can be accepted.

5. CONCLUSION

The system of spatial data analysis based on the concept of CV and variogram definition can be used
for identificaton of spatial dependence for regular lathce data or planar unevenness evaluation.
Tested nonwoven exhibits small scale vanation and large-scale randomness.
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Abstract. The mam amm of thus contnbution 1s companson of method for evaluation of nonwovens surface
vauformury based on the data i the form of rectangular arrays (quadrat method) These data can be obtained
from digital imageswhaeme\-uianmofmuchuumbyth:muonofmhﬂmge. The
evaluation of uniformuty 1s based on the vanation coefficient model, ANOVA model and spatial descniptors
of uregulanty

Keywords: spatial heterogeneity, quadrat method, susface uniformity, ANOVA. spatial descriptors

1. Introduction

The products from nonwovens are nowadays applicable in the fields requinng relative high mass
unfornuty or umfornuty of basic physico - mechamcal properties. There exist a lot of methods for
descniption of planar amisotropy and other structural charactenistics of nonwovens (see [5] and [6]).

The spatial vanation of geometnc and other properties 1s the mamn peculianty of textile products. For the
purpose of design. quality control and apphication n composites 1t 1s necessary to have tools for expressing
thus vanability by suitable charactenstics. Especially products from nonwovens are nowadays applicable
the fields requanng relative hagh mass uniformaty or umformaty of basic physico - mechamcal properues [3].
There exist 2 lot of methods for descniption of planar amsotropy and other structural charactenstics of
nonwovens (see [5]. [6). [9]). Selected methods of contnuous and discontinuous measurement of planar
umfornuty of nonwovens are described i the dissertation [9]. In parallel to the descniption of unevenness of
linear texnle structures by the length vananon function, there can be constructed surface vanaton functon
for textile fabncs The swrface vanation function can be easily used for descniption of unevenness or
umfornuty Another possibility 15 to use some techniques based on the spanal pattern analysis as vanance to
mean raho

The mamn aim of thus work 1s attempt to descnbe surface uregulanty of nonwoven textile structure based
on the so-called quadrat method, where charactenstic of quadrat 15 mean value of grey level Pnnciple 1s to
dvide sample to the rectangular net of cells named quadrats. In these quadrats the mean optical transparency
(grey level) 1s evaluated Direction x 1s equivalent to the machine dwection (index 1). In this direction are N
quadrats. Darection y 15 equivalent to the cross direction (index j). In this direction are M quadrats.

For evaluation of uniformaty the five kinds of methods are useful

First one 1s based on the computation of vanation coefficient m selected directions (machine and cross
dwection), and testing the significance of thewr differences [7].

Second one 15 based on the modelling of data arrays by the ANOVA (analysis of vanance) type models
and testing hypothesis about homogeneity m selected directions [10].

Third one 15 based on the analysis of random field The moment charactenstics of second order as
spatial covanance and vanogram are used for desciption of these fields The fractal dimension
Mmugmdm:ﬁeldcmlmwcmbecmmdmﬁm‘m[ﬂ

Fourth one 1s based on the global and local spatial vanation mdices of Geary and Moran type [1].

Fifth one 15 based on the utilization of multivanate kurtoisis of indicator random vanables (8]
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There exist a lot of other charactenstics as spanal : of i TR T PN _
sinanions (pownt parterns) pors of mregularity [6] sui special
The aum of this work 1s companson of some charactenistics of
hginmghlnonwoxmlap. of umformity on the example of spun bonded
2. Irregularity characterization

Iregulanty charactenzation 1s classically based on the coefficient of vaniation CV or derrved statistics.
fachancwnzanonoflamcedanmaythemoddsbasedmchNOVA;xinciplcareoﬁcnused. For
mkddesumnmofmegﬂmtyﬁeldﬁrmmdaduchmmmsaﬁmmofﬁsmmmn
vector can be used as well. These charactenstics can be compared with 1deal models of nonwoven structures.
mmk:dxmmbeobmﬂﬁnmm&cmrmdmmhbk,wﬁchﬁsmplydunhoﬁofmgmﬂ
spanal vanable.

2.1. Spatial lattice processes

Spanal data are mvestigated on the specific domam D. Usually D 1s a subset of rwo-dimensional space,
but generally the d dumensional domain can be used and then D  R” . The vector s contains information on
the data locaton. In two-dumensional space, s has 2 components (x, y) contaiung the coordinates. At
locations s. the values of some vanable 2(s) of mterests (grey level mass, density. thickness etc) are
obtamned. The 2(s) 15 a random vanable at each locaton. The general spatial model has the form {z(s) s = D} .

There exist three basic model types:

1: Geostanstical data. Here D 1s a continuous fixed subset of R | z(s) 1s 2 random vector at location
seD.

2 Lamce data Here D 15 a fixed but countable subset of R? such as a grid some representation with
nodes. z(s) 1s a random vector at locationss € D .

3 Pomt Pattems. Here D 1s 2 random subset of R’ and 1s called a pomt process: if 2(s) is a random
vector at location s € D then 1t 1s a marked spanal pomt process, if z(s) = 1 so that 1t 15 a degenerate random
vanable. then only D 1s random and 1t 1s called a spatial point process.

For the quadrat method 1s quantity z(s) random function of two vanables called random field. This
random field 1s fully descnibed by the n vanate probability density function

p.(2.2,,.2,)=P{z,S2(s)S 2 +dz,, i=1._n} (1)

Homogeneous random field has property of mvanance according to the translahon. The mean value E(2)

15 defined as

EQ)=[zp(2) d 2)
Vanability of random field 1s charactenzed by the covanance function
C (s,.8,) = E((z, - E(z; Xz, -E(z2,)). (3)

For the case when pomnts s, and s, are comcident 1s covanance function reduced to the vaniance function
DY(s) defined as [10)
D(s)= E(2(5)") - (E(2())) 4)
Another measure of spatial vanability 1s so called vanogram or semuvanogram defined as half of
Vanance of the mcrement (2(s) - 2(%,))
#(3y.8,) = 0.5% Dfz(s,) = 2(s,)] = Var(z(u) - z(u +h)) = Var(z) (1-p(h)) (5
For homogeneous random field 15 covanance function dependent on the distance between pomts
%= (x,y,) and s, = (x.y;) only For this case 1sC (8,.8,) = C (x, =%.3; = 0)
For 1sotropic random field 1s covanance function mvanant agamnst rotanon and muroring. This function
1 then dependent on the length d-J(r, -x) +(yy=»n) and therefore C (s,.5,) =R (d) . A random
function 2(s) 15 saud to be second order stationary, if [2]
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o the mean value exists and 1s independent on the location vector x. e, E(z)=m.

e for each pawr of random vanables 2(s) and z(s + h) is covariance dependent on the separation vector
honly C(h) = E[z(s)* z(s + h)] - m’

The stationanty of vanance m:ﬂythtmnonmtyofcovatmandvmogﬂm
D(z)=C(h=0)=C(0) y(h)=C(0)-C(h) (6)
mmmdadumﬁmmitymphesﬁmdrcmmmmmmmeeqmﬂemmlsfm

charactenzation of spatial correlation. Ituclwtimsecoudu'dustzuonantykadstolhecommmwmmgm
because y(0) =0.

If 7(0)=c, >0, then ¢; 15 called as nugget effect (small scale variations cause discontinuity at origin). If
y(h) = const. for all h then the 2()) are uncorrelated in this direction.

Thedepuﬂemeofy(h)mkcmbemsedbyﬂ)e\mmnpmiulnndels, Very often 1t 1s
surtable to use the sphencal model expressed m the form

y(hy=c,+{1.5(h/a)-0.5(h/a)’'] for 0<h<a or y(h)=c,+c forh>a )]

where /1 15 the length of & The distnbutional propertes of and techm fi
g in the book of [2]. variogram ques for parameter
For computation of sample estimators of above defined measures of spatial continwty the expenmentally
determuned values of umfornuty (grey level, planar densities or mass) 2(s,) = z(k ) of k. jthcell (k=1.m |
= |..n) of the rectangular net are used. The sample directional vanogram function for chosen separation
vector k 15 calculated according to the following formula

1 Ny
r®) = Tu & (260 -2 +B)F ®
where N(/) 1s number of pomts in separation distances 4. For regularly distnbuted pouwnts s are the separation
distances mulnples of distance between cells of net. Therefore it 1s possible to compute charactenstics for
directions 0° (h = c*[1,0]). 45° (& = c*[1.1]). and 90° (k = c*[1,0]) for lags ¢ = 1,23 _only. Averaging of
vanograms calculated mn all dwrections leads to the ommdirectional vanogram For computaton of these
spanal measures the program NONWP wntien in MATLAB 7.04 was created.

2.2. Analysis based on CV
Surface umformuty 1s classically descnbed by the coefficient of vanation (CV). Thus coefficient 1s
traditionally used as the charactenistics of unevenness

According to the common defimnions we can sumply computed the overall mean, vanance and
coefficient of vananon

m-.&—!l‘;—:z’{:u) ,=-ﬁz;(:u-m)= cv-2 )
Here z, 15 selected charactenstic of quadrats (here mean grey level my.). Direction x 15 equivalent to the
machine direction (index 1) In this direction are N quadrats. Direction y 15 equivalent to the cross direction
(ndex /) In this direction are M quadrats.
The quantity CV 1s in fact external vanation coefficient CB(F) between cell areas F.
1deal value of C'V for nonwoven of total weight W having Poisson distnbution of random fibres of
fineness TV and density oy 15 defined as [11]
Y= [Loy

CV,\'(P)"wF
The total vanance s2 can be divided to the two terms by using of means m the machmne direction and
€ross duection

z|-

1 S 2

m!‘ I "—'
M J

Symbol 0 denotes index used for summation 1€ m, 15 mean value for 1 th posinon n the machine

pIES My '
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d,,]ecnon For the machme direction (expansion of eqn (14) by using of the my,) the following relation results
[7

_ ST 45y (10)
where the vanance 1 the machine direction s’ 1s

b 1 3
ITN Z (my, —m)
and the vanance m the transversal direction 53, 1

=Syt (1)

{7 :
Sy = I{‘: (m, —m)"
and the vanance i the longitudinal direction s, 1s
2 l 3
S = -ZZ(:t_me).

!

The coefficients of vanmation CVy, CVig, CVy and CVyy are obtamed by dividing the comresponding
standard devianons by the mean value m These coefficients are from stanstical pomt of view the pomt
estmates of populaton vanation coefficients CVpy, CVpg. etc. For creaton of confidence mntervals the
vanance of pomnt estimates have to be computed [10].

The umiformuty of mass distnbution can be also charactenzed by mndex of dispersion.
(12)
m

Spanal randomness corresponds to the Poisson distnbution. The null hypothesis of randommness can be
tested by companson of Id with quantiles of 7° distnbution It 1s possible to compute the It ML bellow
the pattern 15 unaform and limat MU above the pattern 1s clumped [6].

3. Experimental part

a
Fig | Raw image (a) and mean grey levels i quadrats (b)

AIC amatl for conmriburion eduton ape org uk
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mwbaﬂedmmimase(mﬁs-la)wmedfmmifmmyevalmﬁmmmng' quadrat
wmwwmmwwwwm Mean grey levels in quadrats of starting
n-,,,ssl;ownond:eﬁ& lb‘Mdlhmmdfudwmmmofwmry.minﬂmof
wg(mmw)m&emmmemmwmgofm
4. Results and discussion

The results are part of outputs from program NONWP. The _
(program NONWCV) 15 given on the fig 2 dependence of CV on the quadrat area size

0. : cv {.’“} :

4

oy sentatrat e sty
Canmdm' d

CV between quadrats | |
000000000000

0000,,

0 400 &0 0 W0 1200 WO 180
area

Fig. 2 Dependence of CV on quadrat size

window loca means window local varances

row local mean
0.5
045 an
o "
0385V 0 005
0

0 % 10 150 200 0 5 100 15 200

Fig 3 Local statistics charactenzing stability of mean and vanance
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For deeper mvestigatnon of non umifornuty the moving windows Princy V1
study area to the several local neighborhoods of equal size (moving wm:oﬂu:s)u:jmm Ezﬁil;uv:w\:
the mean and vanance are computed. The dimension of moving windows can be gradually changed to obtain
good 1dennficanion of local anomahes. The plot of local means and variances are given m fig. 3. The row
mean and vanances are shown as well. s

There are visible some departures from constancy of mean and vananc
taty
local anomalies 1s based on the investigation of residuals. Simple p cc(s Otlllll;lf)’), Dc:np?h:n;]}}zif

model without nteraction z, =,u--a,+ﬁ‘. +e¥.Thcresihulsandsqmdmm¢nlsford'usrxmdclarcon

the fig. 4. The residuals were computed from total mean m, row means m,, and column means m_ or by
replacing of means by medians ; -

1
5 el B T
,'I- - -‘.I“-.' '.. -
5 te: &, "
D SRk R PR
RPN,
0 %0 0

Fig 4 Residuals and squared residuals for ANOVA model

The local “hot spots” (anomalies) are here clearly visible
The division of total vanance and index of dispersion can charactenze umfornuty. The division of total
Vanance 15 given in the table |

Table 1 Vanances in mam duections

%, (machmne) S’y (cross) S’ (longatud ) S’y (transvers.)
00142 00176 0.0816 0.0823

The I, = 0018 1s lower than lint for randomness My= 0.81. ANOVA analysis leads to results that
Vanabihity in both directions 1s not sigmficantly dfferent

The Vanogram 15 maclune direction, cross direction. diagonal direction and omm-vanogram are shown
on the fig 5 1 the log log form

‘”C-'MUG contribunion edatoriapc org uk
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Fig 5 Vanograms i double loganthmc plot

mwmmlmmtymdabklogpbtmabhuhﬂmmofﬁxuldmm&anmgmlme
slope [4). The least squares estumates from mitial pomts are: D rows = 2.24, D cols = 2.16,
Ddiag =229 D omm =222 The surface 1s therefore only shightly complex The sphenical model for ommni-
vanogram (see equ. (7)) 1s shown on the fig. 6.

w3de

Fig. 6 Sphencal model for omnivanogram

. = 0019 C+Co
By using of nonlnear least squares the following results were obtamed: Co (Nugger) i
($tll) = 0.0058 and a = 4 402 Due to hugh nugget effect the stationanty of data cannot be accepted

5. Conclusion

The system analysis based on the above mentioned methods can be used for idennficanon of spaal
?;d’:zuhr l:t;ce dm(’:t planar unevenness evaluation Tested nonwoven exhibits large-scale

Vanation and slight complexiry
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SOME TOOLS FOR NONWOVENS UNIFORMITY DESCRIPTION

Jifi MILITKY & Vaclav KLICKA

Abstract: Products from nonwovens are nowadays applicable in the fields requin ve hi
uniformity or uniformaty of basic physico - mechamcal properties. There emm!r:tq of :gmraatrvf; :e'gs’::nm
of planar amisotropy and other structural charactenstics of nonwovens. In parallel to the description of
Mmuof&mmmmbyﬂnhngmmﬁJm_Mcanbeoonstmctadsurface
vanation funcbon. Pnnciple is to divide sample to the rectangular net of cells named quadrats In these
mm’;f:opﬂ;g:uwnzy(whngnevdum.Diucoonx:aoqual.nuomemacmne
direction (index i). In this dwrection are N quadrats. Direction y is equivalent to the cross direction (i )
this direction are M quadrats. Tmm“m#undmumagoa_mmmemwn(mi:
wmdoymer;:mmnofgreybm Mmmmmmumw with some
fechniques based on the image multiresolution ( od Gaussian pyramid princy ppression
of igh frequency vanations Themnnmo!m:mmm:sacmfxdwrfa:eg:;::n function
combined with image muftiresolution for evaluation of nonwovens surface uniformity
Keywords: Uniformiuty of nonwovens. Gaussian pyramd. quadrat method. surface vanation function.

1. Introduction

The products from nonwovens are nowadays apphcable in the fields requining relative high mass uniformity
or unformity of basic physico - mechanical propertes. There exists a lot of methods for description of planar
anisotropy and other structural charactenstics of nonwovens [1,2]

The spatal vanaton of geometnc and other properties 1s the man pecularty of textile products. For the
purpose of design, quality control and apphcation in composites it 18 necessary to have tools for expressing
this vanability by sutable charactenstics. Especally products from nonwovens are nowadays applicable in
the fields requinng relative high mass undormity or unformity of basic physico - mechanical properties. There
exst a lot of methods for descnption of planar arusotropy and other structural charactenstics of nonwovens
[1-4] Selected methods of continuous and discontinuous measurement of planar unformity of nonwovens
are described in the dissentanon of Kiiika [4] In parallel to the descnption of unevenness of linear textile
structures by the length vanation functon, there can be constructed surface vanaton function for textile
fabnes The surface vanaton function can be easly used for description of unevenness or uniformity.
Another possibility 18 to use some techmiques based on the spatal pattern analysis as vanance to mean
ratio

The main am of this work 15 an attempt 1o describe a surface irregulanty of nonwoven textile structure based
on the so-called quadrat method. where charactenstic of quadrat 1s a2 mean value of grey level Principle s to
dwide sample to the rectangular net of cells named quadrats In these quadrats the mean optical
transparency (grey level) s evaluated Direction X 18 equivalent to the machine direction (index 1) In this

are N quadrats Direction y s equivalent to the cross direction (index )) In this direction are M

quadrats

For evaluation of undormity the five kinds of methods are useful

o Fist one s based on the computation of vanaton coefficent in selected directions (machine and
tross direction), and testing the significance of their differences (Cherkassky 131)

»  Second one s based on the modeling of data arrays by the ANOVA (analysis of vanance) type
models and testing hypothesis about homogeneity in selected directions (see book of Meloun,
Militky, Fonina [5))

+ Thud one s based on the analysis of random field The moment charactenstics of second order as
spatal covanance and vanogram are used for description of these fields The fractal dimension
charactenzing random field complexity can be computed directly from vanogram [9]

»  Fourth one 1s based on the global and local spatial vanation indices of Geary and Moran type (8]

o Fifth one 1 based on the utiization of multivariate kurtoisis of indicator random vanables [7]

There exist a lot of other charactenstics as spatial descriptors of imegulanty which, can be used in special
(pont patterns) [2)

|48

[16]



4" INTERNATIONAL TEXTILE, CLOTHING & DESIGN -
& T e

[16]

The aim of this work is a creation of surface variation function combined with the image multiresolution
(multiscale characterization) for evaluation of lightweight nonwoven lap surface uniformity.

2. Irregularity characterization

Imegulanty characterzation is classically based on the coefficient of variation CV or derived statistics For
charactenzation of lattice data array the models based on the ANOVA principle are often used. These
charactenstics can be compared with ideal models of nonwoven structures. For suppression of high
frequency vanatons the modified Gaussian pyramid multiresolution technique can be applied

11 Modified Gaussian pyramid

Gaussian pyramid is a filter based technique for decomposition of images into information at multiple scales,
for extraction of typical features and for attenuation of noise component. Sometimes, it is useful to have a
multiscale representaton of an image. The small resolution image allows us to study the low-frequency
informaton. while the large resolution image retans the high-frequency gradients. Constructing a Gaussian
pyramid 1 generally a recursive process. Given any image, the next-most-coarse image is created by
blurmng (convolving with a Gaussian) the previous image, and downsampling that by half with nearest-
neighbor nterpolation. Thus, we start with the fine resolution image, and create the next-most coarse, and so
on, until we have coarsest image (use the number of levels that gives the best results) [10].

The Gaussian pyramid 1 also technique for removing image correlation which combines features of
predictive and transform methods The predicted value for each pixel is computed as a local weighted
average, using a unimodal Gaussian-like (or related tnmodal) weighting function centered on the pixel itself.

The first step in pyramud creation is to low-pass filter the onginal image gy to obtain image g; The g;is a
“reduced” version of gon that both resolution and sample density are decreased In a similar way we form g,
as a reduced version of gand so on Filtening s performed by a procedure equivalent to a convolution with
one of a family of local, symmetnc weighting functions. An important member of this family resembles the
Gaussian probabiity distnbution, so the sequence of mages go. g1, , gn's called the Gaussian pyramid

Suppose the mage s represented inally by the array go, which contains C columns and R rows of pixels.
Each puxel represents the ight mtensity at the corresponding image point by an integer / between 0 and K -
1. This image becomes the bottom or zero level of the Gaussian pyramid. Pyramid level 1contains image gy,
which is a low-pass filtered (reduced) version of go. Each value within level 1 is computed as a weighted
average of values in level 0 withn a 5-by-5 window. Each value within level 2, representing gz, 1s then
obtaned from values within level 1 by applying the same pattern of weights. A graphical representation of
this process in one dimension is given in Figure 1.

e
R . R

Figure 1: Gaussian pyramid creation sequence

The size of the weighting function is not critical. Usually is selected the 5-by-5 pattem, because it provides
adequate filtering at a low computational cost. The level-to-level averaging process is performed by the
function REDUCE  The function EXPAND is the reverse of REDUCE. Its effect is to expand an reduced array
MMWdREmICEMmlmdmmbymMnodcvm
between the given values Thus, EXPAND apphed to array g of the Gaussian pyramid would yield an array
g which 15 the same size as gy [10] Standard Gaussian pyramwd n MATLAB s sequence of REDUCE

followed by sequence of EXPAND functon The resolution is progressively reduced (at the / th level
18 number of pxels 2* where 2" 18 number of pixels i onginal image) Modified Gaussian pyramid s based
on the subsequent repeating of REDUCE EXPAND functions
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m:.mwﬂ%w[a coefficient vaniation (CV). This coefficient is traditionally

According to the common defintions we can simply computed the overall mean, variance and coefficient of
vanation

- N " padhe 2 s
- HN,ZZ(") E ‘MN'Z;(ZI-M) CVZ(’)';
Here z; is selected charactenstc of quadrats (here mean grey level my ). Direction X i
s deecton (ndex ) In this docton are N quadras” Dicton y's equvalnt 1o the cros dcton
(wj)‘me“F)-nhdmmmmmamF.hlhiadimctim
..qur.hb.mwmndomhduﬁﬂnphulghqbyhpiwnm.i.e.m.hm

the lowest possible area 1 pixel the total vanance CV can be computed. The mean variance within
quadrats of area F is then simply computed as CVIF)

CVI(F) = eV’ - cvg(F)

Ideal value of CV for nonwovens of total weight W having Poisson distribution of random fibres of fineness Ty
and density p, is defined as [6]
4

x JTypy
C¥, - (4
w(P) WAL
The total vanance s° can be divided to the two terms by using of means in the machine direction and cross
direction
m -Lz: =lz’
» M ’ v m. N y “

Symbol _;'denotes index used for summation 1 @ m, 1s mean value for | th position in the machine direction.
For the machine direction the followng relation results (Cherkassky [3])

2 ) 2
b 4"8':

where the vanance in the machine direchon .r: 5

-§=—]~Z(m.-m)’
N9
and the vanance in the transversal direction -’;Jn 18

“ -ﬁZZ(:' -m,)
iy
For the cross direction 1s

s =5} +5in

where the varance in the cross-direction .t:, s

1 )
5y =3 (my -m)
J
and the vanance in the longitudinal direction ::. s

1
Sin -WZZ(%""-”
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The coefficients of vanation CV,_CVyy, CVy and CVy are obtained b
deviations by the mean m. These coefficients are from statistical

lation variation coefficents CVP., CVPy, etc. For creation of con
estimates have to be computed [5].

y dviding !he corresponding standard
point of view the point estimates of
fidence intervals the variance of point

3. Experimental part

The chemically bonded (by the acrylate binder) nonwovens from viscose fibres (VS) was prepared Starting
lap of planar weight 30 g m™ was created on the pneumatic web former The lap consists of two types of
viscose fibers mixed in the weight ratio 67/33 (VS 3,1 dtex/60 mm and 1,6 dtex/40mm) Binding acrylate
(relative amount 20 %) was apphed by padding The onginal nonwovens image (see fig. 1a) was used for
evaluation of surface vanaton components computed by quadrat method combined with modified Gaussian
pyramid The results of quadrat smoothing for quadrat size 2x2 pixels is shown on the fig. 1b and mean grey
jevels in quadrats is on the fig. 1c. The onginal image (fig. 1a) was used for characterization of surface
varnaton and combination with Gaussian pyramid multiresolution. The influence of quadrat size on the
corresponding areal CV was investigated by using of program NONWSV

a b c

Figure 2: Raw image (a), quadrats 2x2 image (b) and mean grey levels in quadrats (c)

4. Results and discussion

The onginal mage transformed into gray scale s on the Figure 3a. The corresponding dependence of CV
components on the quadrat area size (program NONWSV) is shown on the Figure 3b
First level

Laad 2d

00000

a b
Figure 3: Raw image in gray scale (a), Dependence of CV components on quadrat area

The lower resolution image after 6 times repeating of REDUCE EXPAND sequence 1s shown 0'; the F:;!ure
42 The corresponding dependence of CV components on the quadral area size IS shown on the Figure 4b
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CV area

Figure 4: Image after 6 times modified Gaussian pyramid sequence (a), Dependence of CV components on quadrat
area (b)

The resolution image after 17 times repeating of REDUCE, EXPAND sequence is shown on the Figure 5a
The corresponding dependence of CV components on the quadrat area size is shown on the Figure 5b

CV area

L] T Y T T

Figure 5: image after 17 times modified Gaussian pyramid sequence (a), Dependence of CV components on quadrat
area (b)

It s visble that the lower resolution 1s suppressing higher frequency vanations and result s lower total CV
lower rate of drop of between quadrats vanaton (CVg) and lower rate of ncrease of nter-quadrats vanation

(CVI)
For each level of modified Gaussn pyramids is smple to compute the CV contnbutions in both machine and
cross dwections In the Table! are results of total vanance dvision for the case of 2x2 quadrat smoothing

(see F gure 1b)

Table 1: Vanances in the main directions

Characterstics : L (machine) |S2 H (cross) [ S2L (longitudial) 1537 (ransversal) |

[,r-J leve 100142 fﬁ]‘?'} :O 0816 LUOB:']

ANOVA analysis leads to results that vanability in both direchons s the same

" llustrative 1o /suakze the effect of the repeating the REDUCE EXPAND cycle (modified Gaussian
Pyramid levels) on the total vanaton CV (see Figure 6)
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Figure 6: Dependence of 1otal CV on he modified Gaussian pyramide level

The high drop of CV at the lower levels of pyramid s due to removing of high frequency noise. After reaching
duubhmduthadmpdc\/rdﬂvdymaluxdmrmﬂngbvdmuldbomforabuqu«ﬁ
analysis by quadrat method

5. Conclusion

The system of data analysss based on the combmnation of modified Gaussian pyramid multiresolution and
quadrat method can be used for identfication of surface vanation functions for regular lattice data or planar
unevenness evaluabon The tested nonwovens exhibis nearly unform vanation in both directions
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