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Abstract

The following lecture presents research in which
the possibility of creating a visually one-col-
oured fabric from a warp and a weft in two
different colours was investigated. Colours of
warp and weft floating points on a fabric’s sur-
face optically mix into a unique colour sensa-
tion if they are small and set closely one to an-
other. If the deviation of colour values of warp
and weft threads from the origin is approxi-
mately the same for both colours with regard to
the CIE L*a*b* colour space, the perceived col-
our of the fabric’s surface can theoretically re-
main constant.

Fabric simulations were created using the CAD
system Arahne. The warp and the weft colours
were the variables which changed throughout
the research, while the parameters of fabric con-
struction remained unchanged. The colours of
the simulated fabrics were then measured using
a spectrophotometer and analyzed. Three initial
colours were chosen. In the cases where the first
two chosen colours were changed, the shades of
the warp and weft did not pass into other quad-
rants of the CIE L*a*b* colour space, whereas
with the third Initial colour, the colour shades

produced passed into other quadrants too.
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lzvlecek

V ¢lanku je predstavljena raziskava moznosti izdelave vizualno enobarv-
ne simulacije tkanine iz razlicno obarvanih niti osnove in votka, katere
barva naj bi bila enaka simulacijienobarvne tkanine, stkane iz osnove in
votka v enaki barvi. Pri opazovanju povrsine tkanine, na kateri so osnov-
ne in votkovne tocke majhne in tesno druga zraven druge, se namrec
barve v ocesu opazovalca opticno mesajo in Zlijejo v enoten barvni viis.
S spremembo barv osnove in votka se zaznana barva, torej opti¢na me-
sanica, spremeni. Ker barva tkanine, ki je rezultat opti¢nega mesanja,
nastane po principu aditivnega mesanja barv, lahko teoreti¢no predvi-
devamo, da pri enakomerni spremembi barv osnove in votka zaznana
barva povrsine tkanine ostane enaka oziroma le deloma spremenjena.
S pomocjo CAD-sistema Arahne smo izdelali simulacije tkanin, nareje-
nih v vezavi platno, ki smo jim spreminjali barve osnovnih in votkovnih
niti. Barve osnove in votka smo spreminjali na dva nacina. Izbrani kon-
strukcijski parametri tkanin so pri tem ostali nespremenijeni. Barve si-
mulacij tkanin smo izmerili s spektrofotometrom in analizirali rezultate.
IZbrali smo tri izhodis¢ne barve simulacij tkanin. Dve sta bili izbrani tako,
da spremenjene barve osnove in votka niso prehajale v sosednje kva-
drante barvnega prostora CIE L*a*b*, pri tretji izbrani izhodis¢ni barvi pa
so spremenjene barvne komponente prehajale tudi v druge kvadran-
te. Rezultati so pokazali, da lahko v primerjavi s simulacijo enobarvne
tkanine, ki je narejena iz enake preje v osnovi in votku, dobimo vizual-
no enako ali zelo podobno simulacijo enobarvne tkanine iz dveh razlic-
nih ustreznih barvnih komponent (osnova in votek), tudi Ce se skupna
barvna razlika med barvo osnove in barvo votka precej poveca.

Klju¢ne besede: barva, tkanina, opti¢no mesanje barv, barvne razli-
ke, simulacije tkanin.
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The results showed that when two noticeably
different colours are used for the warp and weft,
a visually very constant colour can be produced
in the fabric, even when compared with a one-
coloured fabric made from a warp and a weft of

the same colour.

Key words: Colour, woven fabric, optical colour

mixing, colour difference, fabric simulations.

1 Introduction

For the production of one-coloured fabric, warp
and weft yarns of the same colour are regularly
used. The phenomenon of optical colour mixing,
which under the certain observation conditions
causes the blending of various colour sensations
into one unique colour, allows for the possibility
of creating a visually uniform colour on the fab-
ric’s surface, although it is made from various
colours of warp and weft threads. In the case
where two yarn colours are used to weave a vis-
ually one-coloured fabric, the colour surfaces
on the fabric’s face must be very small and close
together so that they can optically mix into a
uniform colour sensation. The phenomenon of
optical colour mixing on the fabric’s surface en-
ables the creation of a number of various col-
ours from two or more warp and weft colours.
This is frequently used in the creation of mul-
ti-coloured jacquard and dobby fabrics. Param-
eters of fabric construction contribute because
they define the size, position and arrangement
of colour surfaces on the fabric’s face.

Fabric designers are often interested in how
to create a desired colour for a fabrics surface
from two different colours of warp and weft.
It frequently happens that larger amounts of a
certain yarn remain after a weaving process.
This yarn can also be used for the production
of one-coloured fabric if it can be added to a
corresponding yarn as a second component us-
ing appropriate fabric construction parameters.
Additionally, mistakes can happen in the dye-
ing process of yarns for a warp or a weft, and
the incorrectly dyed yarn can be supplemented
with an appropriate colour for the other com-
ponent (warp or weft), and with the phenom-
enon of optical colour mixing, the mistake can
be corrected [1].
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1 Uvod

Za izdelavo enobarvne tkanine uporabljamo osnovo in votek v
enaki barvi. Pojav opti¢nega mes$anja barv, ki pri dolo¢enih po-
gojih opazovanja povzrodi zlitje razli¢nih barvnih vtisov v enotno
barvo, pa dopusc¢a moznost ustvarjanja vizualno enobarvne tkani-
ne tudi iz osnovnih in votkovnih niti razli¢nih barv. Ce uporabi-
mo pri tkanju dve razli¢no obarvani niti z zeljo, da dobimo vizu-
alno enobarvno tkanino, morajo biti barvne ploskve na povrsini
tkanine zelo majhne in tesno skupaj, tako da se opti¢no mesajo v
eno barvo - v enovit barvni vtis. Opti¢no me$anje barv na povrsi-
ni tkanine omogoca ustvarjanje mnozice razli¢nih barvnih vtisov
iz dveh ali ve¢ uporabljenih barv osnove in votka. Uporablja se pri
izdelavi barvno pestrih Zzakarskih tkanin, prav tako pa tudi pri iz-
delavi listnih tkanin. K temu pripomorejo konstrukcijski parame-
tri, s katerimi dolo¢imo dolzino in polozaj flotiranja niti na povr-
$ini tkanine ter na ta nacin povrsino in obliko doloc¢ene barve na
povrsini tkanine.

Oblikovalci tkanin se pogosto znajdejo pred vprasanjem, kako Zele-

no barvo povrsine tkanine ustvariti iz dveh razli¢nih barv osnove in

votka. Pogosto se tudi dogaja, da pri procesu tkanja nastajajo vecje
koli¢ine ostankov razli¢no obarvanih prej, iz katerih lahko z ustre-
znimi konstrukcijskimi parametri in dodajanjem primerne barv-
ne komponente druge niti dobimo Zeleno enobarvno tkanino. Kot
uporabna pa se kaze tudi moznost odpravljanja napak, do katerih
pride pri barvanju preje za osnovo ali votek, in sicer tako, da napac-
no obarvani preji dodamo drugo prejo ustrezne barve ter s pomocjo

opti¢nega mes$anja barv popravimo storjeno barvarsko napako [1].

Cilji raziskave, predstavljene v ¢lanku, so bili naslednji:

- ugotoviti, ¢e je mogoce ustvariti vizualno enobarvno tkanino z
enako ali zelo podobno barvo, kot jo ima izhodi§¢na enobarvna
tkanina, kljub temu da spremenimo barvi osnove in votka; pri
tem je bil na$§ namen oceniti, kaks$na je lahko razlika med bar-
vama osnove in votka, pri kateri $e vedno lahko ustvarimo tako
barvo vizualno enobarvne tkanine, ki je enaka ali zelo podobna
izhodi$¢ni barvi tkanine;

- glede na zgoraj opisani cilj ugotoviti, ¢e je tak$no barvo tkani-
ne mogoce dosedi, tudi ¢e se barvi osnove in votka spreminjata
tako, da prehajata v druge kvadrante prostora CIE L*a*b*, oziro-
ma Ce gre za veliko spremembo barvnega tona osnove ali votka.

2 Teoreti¢ni del

2.1 Barva

Barva je subjektivna ¢utna zaznava, ki je odvisna od vrste svetlo-
be, sestave in oblike objekta, ki ga opazujemo, ter od fizioloske in
psiholoske sposobnosti opazovalca. Zavestna zaznava barve nasta-
ne v mozganih pod vplivom svetlobe, ki pade na mreznico ocesa.
Temeljni dejavniki za nastanek barve so: svetlobni vir, ki oddaja
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The aims of this research are as follows:

- To ascertain the possibility of creation of a
visually one-coloured fabric using differ-
ent colour warp and weft, having the same
or very similar colours as a preselected fab-
ric produced from a warp and weft of a single
colour. We also hoped to evaluate the mag-
nitude of the difference between the reference
colour and the warp and the weft colours
that can still be used to create a visually one-
coloured woven fabric that is the same or it is

very similar to the reference colour.

Regarding the aim mentioned above, we also
intended to establish if it is possible to pro-
duce visually one-coloured fabric, if the warp
and the weft colours change in the way to
pass on to the areas of other quadrants of CIE
L*a*b* colour space, respectively if hues of the
warp and the weft colour differ a lot.

2 Theory

2.1 Colour

Colour is a subjective perception that depends
on light, as well as the shape and composition
of an observed object, and on the physiological
and psychological capabilities of an observer. A
conscious perception of a colour arises in the
brain and is influenced by the light that hits the
retina. There are three basic elements that influ-
ence the perception of colour: the light source,
the coloured object — which partly reflects and
partly absorbs the light - and the observer, who
has the capability to perceive the reflected light.
A colour spectrum that reaches the eye can be
created with the addition or with the subtrac-
tion of light. This characteristic is called aditiv-
ity. The process is called additive colour mixing
and it means the addition of new light [2].
Colours that originate from the optical mixing
of colours are also the result of the process of
additive colour mixing. Optical colour mixing
is created in our eyes and our brains because of
a combination of physiological and psychologi-
cal effects. When small dots of colour are placed
adjacent to each other, the eye will combine the
colours into one blended colour.

There are three perceptible colour dimensions
that help us to describe the quality of colour.

These are lightness, hue and saturation.
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svetlobo, obarvan objekt oziroma predmet, ki delno odbije, delno

pa absorbira vpadlo svetlobo, in opazovalec, ki ima sposobnost za-

znati odbito svetlobo.

Spekter svetlobe, ki pade v oko, lahko nastane z dodajanjem ali pa

z odvzemanjem svetlobe. To lastnost imenujemo aditivnost. Doda-

janje je mogoce le s pristevanjem nove svetlobe — proces se imenu-

je aditivno mes$anje barv svetlobe [2].

Tudi barve, ki jih dobimo pri opti¢cnem mesanju, nastanejo po za-

konitostih aditivhega mes$anja. Opti¢no mesanje nastane v ocesu

ali mozganih zaradi fizioloskih in psiholoskih ucinkov. O opti¢-
nem mes$anju barv govorimo, ko iz dveh ali ve¢ barv zaradi slabe
lo¢ilne sposobnosti ocesa dobimo novo barvo.

Barvi lahko dolo¢imo tri zaznavne dimenzije, s katerimi jo tudi

najlazje opisemo. Te dimenzije so: svetlost, pestrost in nasi¢enost.

- Svetlost (lightness) je edina lastnost, s katero lo¢imo nepestre
barve. Definiramo jo kot lastnost vizualnega dojemanja, s ka-
tero razlikujemo, koliko (ve¢ ali manj) svetlobe oddaja (seva ali
odbija) kaks$na povrsina. Svetlost je prav tako ena od lastnosti
kromati¢nih barv. Nekatere pestre barve so svetlejse od drugih,
na primer rumena je svetlejsa od rdece ali modre.

- Barvni ton, pestri ton (hue) je osnovna lastnost pestrih barv. Ta
pove, za kak$no barvo gre, in je dolo¢ena z imenom barve. Pes-
trost je tudi lastnost, s katero lo¢imo posamezne dele spektra,
in osnovna lastnost, s katero lo¢imo pestre barve od nepestrih.
Definirana je z razporeditvijo barv v barvnem krogu.

- Nasicenost (saturation) barve pove, kako je kak$na barva
razred¢ena s sivo ali belo barvo. Najbolj ¢iste in nasicene so
barvne svetlobe v spektru. Barve, ki jim zmanj$amo nasi¢enost,
so bolj blede, bele ali sive. Popolnoma nenasi¢ene so nepestre
barve (bela, sive in ¢rna).

2.2 Barvni sistem CIE L*a*b* in barvne razlike

Najbolj izpopolnjen in tudi najpogosteje uporabljen sistem za nu-

meri¢no opredelitev barv je sistem CIE L*a*b*. Ta sistem predsta-

vlja matemati¢no kombinacijo pravokotnega koordinatnega siste-
ma in cilindri¢nega koordinatnega sistema. Zajema vse dimenzije
barve, ki numeri¢no prikazejo barvne vrednosti, na podlagi kate-

rih lahko dolo¢imo lego barve v tridimenzionalnem prostoru: 3]

- L* pomeni svetlost barve in zavzema vrednosti od 0 (absolutno
¢rna) do 100 (absolutno bela),

- a* doloc¢a lego barve na rdece-zeleni osi,

- b* doloca lego barve na rumeno-modri osi,

- C* predstavlja kromo oziroma delez ¢iste barvne komponente v
neki barvi (C* > 50 - izraziti oziroma ¢isti barvni toni),

- h pomeni pestrost oziroma razporeditev barv v barvnem kro-
gu (0°-90° - rdece-rumeno podrocje, 90°-180° — rumeno-zele-
no podrodje, 180°-270° - zeleno-modro podrocje, 270°-360° -
modro-rdece podrocje).

Vsaka barva ima torej doloceno mesto v barvnem prostoru; nje-

na lega je dolo¢ena s pomocjo vrednosti a* in b*, ki predstavlja-
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- Lightness is the only property of a colour that
can differentiate achromatic colours. It is de-
fined as a characteristic of visual comprehen-
sion that corresponds to how much light is
emitted from a surface (radiated or reflect-
ed). Lightness is also a characteristic of chro-
matic colours. Some colours are fundamen-
tally lighter than others, for example yellow is
lighter than red or blue.

- Hue is the fundamental characteristic of
chromatic colours. It is that aspect of a colour
described with names. Hue is also the charac-
teristic which distinguishes particular parts of
the spectrum and it is the main attribute that
distinguishes chromatic colours from achro-
matic ones. Hue is defined with the arrange-
ment of colours on the colour wheel.

- Saturation describes how a colour is dilut-
ed with grey or white colour. The purest and
most saturated are colour lights in the spec-
trum. Colours for which saturation is de-
creased are paler, whiter or greyer. Unsatu-
rated colours are achromatic ones (white,

greys and black).

2.2 CIE L*a*b* Colour system

and Colour Differences

One of the most improved and most frequent-

ly used systems for numerical colour evaluation

is CIE L*a*b* system. The system represents a

mathematical combination of right-angled and

cylindrical coordinate systems. It contains all
colour dimensions which show colour values
numerically. On this basis, it is possible to de-
fine the position of a colour in a three-dimen-

sional space: [3]

- L* - colour lightness, which takes values from
0 (absolute black) to 100 (absolute white).

- a* defines position of a colour on the red -
green axis,

- b* defines position of a colour on the yellow
— blue axis,

- C* represents chrome, a part of pure colour
component in a colour (C* = 50 - distinctive,
pure colour shades),

- h - hue, represents the arrangements of col-
ours on the colour wheel (0°-90° - red-yellow
area, 90°-180° - yellow-green area, 180°-
270° green-blue area, 270°-360° blue-red

area).
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ta komponenti v kartezi¢nem koordinatnem sistemu, ter s kotom
h in razdaljo od sredi$¢a C*, ki sta del cilindri¢nega sistema. Kom-
ponenta, ki govori o svetlosti barve (L*), pa lezi v barvnem prosto-
ru pravokotno na osi a* in b*.

Iz $tevil¢nih vrednosti a* in b*, ki pripadata doloceni barvi, lah-
ko izra¢unamo barvne vrednosti za kromo (C*), ki predstavlja de-
leZ ¢iste barvne komponente v neki barvi, in barvni oziroma pestri
kot (h), ki pomeni razporeditev barv v barvnem krogu.

CX-:(aX-2+b>1-)l/2 [1]
h = arctan (b*/a*): +a* = 0% +b* = 90°% -a* = 180°% -b* = 270° [2]

Za ocenjevanje barvnih razlik lahko uporabljamo dve metodi, in
sicer vizualno ter numeri¢no. Vizualno ocenjevanje zahteva raz-
line, natan¢no dolo¢ene pogoje opazovanja, vendar ocene niso
objektivne. Objektivno primerjavo dveh obarvanih povrsin nam
omogoc¢a numeri¢no ocenjevanje.

Barvne razlike med dvema vzorcema v prostoru CIE L*a*b* lahko
izra¢unamo iz razlik koordinat v vseh treh smereh barvnega pro-
stora. Celotno barvno razliko pa ozna¢imo z AE*. [3]

AE* = [(AL*)? + (Aa*)? + (Ab*)]'? 3]
AE* = [(AL*)? + (AC*) + (AH*)]"? 4]
L* b*
P
S

a*
Figure 1: Colour difference in CIE L*a*b* colour space.

2.3 Skladnost vezav in barv na tkaninah

Tkanina je rezultat postopka tkanja in jo dobimo s prepletanjem

niti, ki potekajo v dveh med seboj pravokotnih smereh, in sicer v
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Every colour has a defined place in the colour

space. Its position is defined by values a* and

b*, which represent components in the Car-

tesian coordinate system, and with an angle h

and a distance from the centre C*, which are

the part of the cylindrical system. The compo-
nent L* lies perpendicular to a* and b* axis.

- From the numerical values L*, a*, b*, which
belong to a certain colour, it is possible to cal-
culate colour values for chrome (C*), which
represents a part of a pure colour compo-
nent in a certain colour and hue (h), which
means the arrangement of colours on the col-
our wheel.

For evaluation of colour differences, two meth-

ods can be used, namely visual and numerical.

Visual evaluation should be done under specific

conditions; however, it cannot be objective. Ob-

jective comparison of two coloured surfaces is
possible by numerical evaluation.

Colour differences between two samples in CIE

L*a*b* space can be calculated from differenc-

es of coordinates in all three directions of col-

our space. The whole colour difference is indi-

cated with AE* [3].

2.3 Harmony of weaves and colours
on a fabric’s surface
The result of a weaving process is that threads
interlace as a fabric in two right-angled direc-
tions, namely in vertical (warp) and in hori-
zontal (weft). The yarns of a warp and a weft
combine to form a plane - woven fabric. There
are many different methods of interlacing the
threads, which are called weaves.
A weave defines an arrangement of warp and
weft interlacing points. Regarding the fabrics
colour, every interlacing point consists of three
components in the same or various colours. The
size and the shape of an interlacing point de-
pend on the fabric’s construction parameters.
The most important parameters are:
- the yarn fineness in warp and weft (tex),
- the warp set (number of threads/cm) and
weft set (number of threads/cm),
- the weave (the pattern of interlacing of warp
and weft in a woven fabric ).
The above mentioned constructional param-
eters influence the perceived colour of the fab-

ric. The yarn fineness has an influence on the
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vertikalni (osnova) in horizontalni (votek). Preji osnove in votka
se zdruzita v ploskovno tvorbo - tkanino. Poznamo ve¢ nacinov
kriZanja osnovnih in votkovnih niti, ki jih imenujemo vezave.
Vezava je dolocena na podlagi razporeditve osnovnih in votkov-
nih veznih tock. S stali$¢a barve je vsaka vezna tocka sestavljena
iz treh komponent pravokotnih oblik - enakih ali razli¢nih barv.
Velikosti in oblike komponent, ki sestavljajo vezno tocko, so odvi-
sne od konstrukcijskih parametrov. Najpomembnejsi konstrukeij-
ski parametri tkanine so:
- finost ali titer preje (tex) v osnovi in votku,
- gostota osnovnih niti (g - niti/cm) in votkovnih niti (g - niti/
cm),
- vezava (nacin prepletanja niti).
Zgoraj navedeni konstrukcijski parametri imajo velik vpliv na bar-
vo tkanine. Od finosti preje je odvisna velikost posameznih barv-
nih povrsin, od gostote niti pa je odvisna razdalja med posame-
znimi barvnimi povrsinami. Ce pri tkanju uporabimo prejo velike
finosti ter tkemo z veliko gostoto v osnovi in votku, se barve, ki so
na povrsini tkanine, opticno mesajo. Tretji pomemben konstruk-
cijski parameter je vezava, ki vpliva na barvo povrsine s koli¢in-
skim razmerjem barv ter z velikostjo in obliko barvnih povrsin, ki
se pri izbrani vezavi tvorijo na licu tkanine [4].

5 ft
© we
=
311
1/90 :
d
- 0-; 2 |1
3

dvi 1/gy

Figure 2: Schematic review of a fabric in plain weave (d and d, -
warp and weft diameter, 1/g - distance from the beginning of one to
the beginning of another weft thread, 1/g - distance from the begin-
ning of one to the beginning of another weft thread).

Barvo vezne tocke sestavljajo torej tri barvne komponente, in si-
cer barva osnovne in votkovne niti ter barva podloge (slika 2). Pri
vzoréenju predpostavimo, da je barva osnovne vezne tocke enaka
barvi preje, iz katere je ta tocka, tako da lahko zanemarimo drugi
dve komponenti [5]. Poleg konstrukcijskih parametrov na rezultat
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size of the individual colour surfaces and the set
of a fabric has an influence on the distances be-
tween colour surfaces. When a very fine yarn is
used for the weaving process and the warp and
weft set is high as well, colours on the fabric’s
surface optically mix together into a new colour
sensation. The third important parameter of a
fabric’s construction is the weave, which influ-
ences the colour of the fabric’ face by setting the
proportion, size and shape of each colour sur-
face that comprises the face of the fabric [4].

The colour of one interlacing point consists of
three colour components: a warp colour, a weft
colour and a background colour (figure 2).
When designing a woven fabric we presume
that a warp interlacing point is the same as a
warp colout, therefore other two components
can be neglected [5]. Beside the construction-
al parameters of the fabric, there are other fac-
tors that influence the optical colour mixing,
such as a distance of an observer from the ob-
served fabric and also the lightning of the fab-

rics surface.
3 Experiment

In the experiment, the colours of visually sin-
gle colour fabric simulations made of two col-
our components were researched. Fabric sim-
ulations are visually one-coloured while colour
surfaces on the fabric face are so small that at
the reading distance (around 30 cm) they opti-
cally mix into one-coloured sensation because of
the chosen fabric parameters. The initial colour
of a fabric is made up of a warp and a weft in
the same colour, the rest of the colours are the
result of systematic change of warp and weft col-
our. In this research, the colours of both compo-
nents gradually and equally changed with the
same step size, one from another. The change of
fabric colour was evaluated regarding the mutu-
al distance of warp and weft colour in the colour

space, in comparison to the initial fabric colour.

3.1 Methods

The experimental work was accomplished us-
ing computer simulations of woven fabrics that
enabled precise changing of yarn colours and
preservation of constant fabric construction pa-

rameters. Fabric simulations were printed on

MoZnosti ustvarjanja vizualno enobarvnih simulacij tkanin iz razli¢cno obarvanih niti

mesanja vplivajo tudi drugi dejavniki, na primer oddaljenost opa-
zovalca od opazovane tkanine in osvetlitev povrsine tkanine.

3 Eksperimentalni del

V eksperimentalnem delu smo raziskovali barve simulacij vizu-
alno enobarvnih tkanin, narejenih iz osnove in votka v razli¢nih
barvah. Simulacije tkanin so vizualno enobarvne, ker so barvne
povrsine na licu tkanine zaradi izbranih parametrov konstrukcije
tako majhne, da se pri opazovanju z razdalje branja (okoli 30 cm)
opti¢no mesajo v enobarven vtis. Izhodi$¢na barva tkanine je re-
zultat prepletanja osnove in votka, ki sta v enaki barvi, druge barve
tkanine pa so rezultat sistemati¢nih sprememb barv osnove in vot-
ka. Barve obeh komponent se v raziskavi spreminjajo oziroma se
v barvnem prostoru postopno in enakomerno oddaljujejo druga
od druge. Pri tem smo ugotavljali spremembo barve tkanine v od-
visnosti od medsebojne oddaljenosti barv osnove in votka v barv-
nem prostoru glede na izhodi$¢no barvo.

3.1 Materiali in metode dela

Eksperimentalno delo smo izvedli s pomoc¢jo racunalnigkih simu-
lacij tkanin, kar nam je omogo¢ilo natan¢no spreminjanje barve in
ohranjanje enakih parametrov konstrukcije tkanin. Izdelane simu-
lacije smo natisnili na bel papir in barvo dobljenih natisov izmeri-
li s spektrofotometrom. Za izdelavo simulacij tkanin smo uporabi-
li CAD-sistem Arah podjetja Arahne, d.o.0., oziroma integrirani
program ArahWeave, ki je namenjen za nacrtovanje listnih in Za-
karskih tkanin.

Konstrukcijski parametri tkanin, katerih barve smo analizirali, so
naslednji:

- finost preje v osnovi in votku je 25 tex,

- gostota osnovnih niti (g ) in votkovnih niti (g ) je 30 niti/cm,

- vezava platno.

Po pri¢akovanjih so se pri izbranih konstrukcijskih parametrih tkanin
barve osnove in votka opti¢no mesale v vizualno enobarvno tkanino.
Izdelane simulacije tkanin smo natisnili s kaplji¢nim tiskalnikom
Epson Stylus Photo 870. Tiskalnik poleg $tirih obi¢ajnih uporablja
$e dve dodatni barvi, in sicer svetlo cian in svetlo magenta bar-
vo (CcMmYK), ki povecata barvni prostor tiskalnika. Tiskalnik, ki
smo ga uporabljali za natis, tiska z lo¢ljivostjo 720 dpi (pik na pa-
lec). Natis smo naredili na bel, gladek, premazan papir.

Nato smo izmerili CIE L*a*b*-vrednosti natisnjenih simulacij
osnovnih in votkovnih niti ter tkanin, in sicer s spektrofotome-
trom Eye-One podjetja Gretag Macbeth. Pogoji merjenja s spek-
trofotometrom so bili naslednji:

- kot merjenja 2°,

- geometrija merjenja 45/0,

- standardizirana dnevna svetloba D65,

- vrednosti merjenja: L*, a*, b* ter C* in h.
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white paper and the colour of the prints were
measured with a photo spectrometer. The sim-
ulations were performed using an Arah CAD
system and the integrated programme Arah
Weave, which is intended for design and crea-
tion of dobby and jacquard fabrics.
The constructional parameters of the fabrics,
whose colours were analyzed are as follows:
- fineness of yarns in the warp and in the weft:

25 tex,
- warp and weft set: 30 yarns/cm,
- plain weave.
As was anticipated, at the chosen construction-
al parameters of the fabrics, colours of the warp
and the weft optically mixed into visually one
colour.
The designed fabric simulations were printed
with an Epson Stylus Photo 870 ink-jet print-
er. Besides the four usual printing colours, the
printer uses two additional colours, light cyan
and light magenta (CcMmYK), which increase
the printer’s colour space. The simulations were
printed on white, smooth coated ink jet paper
with a resolution of 720 dpi.
CIE L*a*b* values of printed simulations of
warp and weft yarns and fabrics were meas-
ured using Gretag Macbeths Eye-One spectro-
photometer.
The measuring conditions were the following:
— observer: 2°,
- measuring geometry 45/0,
- standard light source D65,
- measured values: CIE L*, a*, b*, C* and h.
The printed simulations were measured on a
black background and every sample was meas-
ured three times.
The yarn colours were the variables on which
the experimental work was based. Values a*
and b* of the warp and the weft colours were
changed throughout the research. The same CIE
L*a*b* values were allocated in the CAD sys-
tem to the initial colours which were named “1”
for the warp and “a” for the weft colours. The
a* and the b* values for the warp and the weft
colours which follow, were changed in the two
manners which are shown in figure 3 (L* value
is constant for all colours).
Method 1

Changing of warp colour:

a*> +a* (increasing of value a*)
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Na papir natisnjeno simulacijo tkanine smo polozili na ¢rno pod-
lago, za vsak merjeni vzorec smo izvedli tri meritve.

Barva niti je bila spremenljivka, na kateri je temeljilo nase ekspe-
rimentalno delo. Barvam osnovnih in votkovnih niti smo spremi-
njali vrednosti a* in b*. Izbrana izhodi$¢na barva simulacije tkani-
ne pomeni barvo ,,1“ osnove in barvo ,,a“ votka. V CAD-programu
smo torej izhodi$¢ni barvi osnove in izhodi$¢ni barvi votka dode-
lili enake L*a*b*-vrednosti. Vrednosti a* in b*, ki so sledile, smo
spreminjali na naslednja dva nacina, ki sta prikazana na sliki 3 (L*
je v vseh primerih konstantna vrednost):

- 1. nacin

Spreminjanje barve osnove: a* > +a* (vecanje vrednosti a*)

b* > -b* (zmanj$evanje vrednosti b*)
a* > —a* (zmanjsevanje vrednosti a*)
b* > +b* (vecanje vrednosti b*)

Spreminjanje barve votka:

- 2. nacin

Spreminjanje barve osnove: a* > +a* (vecanje vrednosti a*)

b* > konstantna vrednost

a* > —a* (zmanjsevanje vrednosti a*)
b* > konstantna vrednost

Spreminjanje barve votka:

+b*

40

Method 1 Method 1

» >
Initial colour of
Fabric 3 and Fabric 4
Method 2 Method 2
- -> - -
Initial colour of
Fabric 1 and Fabric 2 20
< <
Method 1
>
—a* Method 2 +a*
< L
-50 -30 V10 10 30 50

Initial colour of
Fabric 5 and Fabric 6

=20

Figure 3: Schematic review of both methods of research and of three
initial colours in the CIE a*b* diagram.

Barvne vrednosti osnove in votka smo spreminjali s konstantno vre-
dnostjo koraka, ki je znasal 3 in je dolocal spremembo vrednosti a* in
b*. Pri izdelavi simulacije tkanine smo definirali tudi barvo podlage,
ki je prav tako pomemben parameter, saj ima velik vpliv na izmerje-
ne vrednosti barv tkanine [1]. Podlagi simulirane tkanine smo dolo-
¢ili enake vrednosti L*, a* in b* kot izhodi$¢ni barvi osnove in votka.
Za analizo barv smo izdelali simulacijo tkanine, pri kateri smo v
doloc¢enem zaporedju spreminjali barvo osnove in barvo votka. V
vzorcu snovanja in tkanja je 6 oziroma 12 razli¢nih barv osnove in
6 oziroma 12 razli¢nih barv votka, pri ¢emer sta prva barva osnove
in prva barva votka enaki. Na ta nacin je na povrsini tkanine na-
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b*> -b* (decreasing of value b*)
Changing of weft colour:
a*> -a* (decreasing of value a*)
b*> +b* (increasing of value b*)
- Method 2
Changing of warp colour:
a*> +a* (increasing of value a*)
b*> constant value
Changing of weft colour:
a*> -a* (decreasing of value a*)
b*> constant value
Colour values of the warp and the weft were
changed by a constant step value of three, which
defines the change in the values of a* and b*.
The colour of the simulation background was
also defined, and it had a big influence on the
measured values of fabric colours [1]. The back-
ground colours of the fabric simulations have
the same L*, a* and b* values as initial colours
of warp and weft.
For the colour analysis, a fabric simulation
was carried out, which had warp and weft col-
ours as shown in figure 3. In the weave pattern,
there are six colours, in two fabrics 12, differ-
ent colours of the warp and the weft, and the
first colour of the warp and the weft are equal.
In such a manner there are 36 (in two fabrics
144) squares on the fabric’s face in various col-
ours. The manner of the fabric simulation con-
struction, where 6 various colours of warp and
weft are used is shown in figure 4.
The warp colours are indicated by numbers (1,
2, 3,4, 5, 6, and for Fabrics 5 and 6 also 7, 8, 9,
10, 11 and 12) and for the weft colours, small
letters are used (a, b, ¢, d, e, f, and for Fabrics 5
and 6 also g h, i, j, k, and 1). The squares on the
fabrics are denoted by which warp and which
weft colour they are made from. Warp colour
“1” and weft colour “a” are identical or very
similar; therefore square “l1a” is a one-coloured
fabric, which is in the analysis described as the
reference square or the reference colour.
For the analysis of the results, the colours of
squares which are on the diagonal of the fab-
ric were observed (1a, 2b, 3¢, 4d, 5e, 6f and for
Fabrics 5 and 6 also 7g, 8h, 9i, 10j, 111). The
squares which are on the fabric’s diagonal have
warp and weft colour which are approximate-
ly equally distant from the initial colour in the

a*b* diagram.
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stalo 36 oziroma 144 kvadratnih polj razli¢nih barv. Na sliki 4 je
prikazan nacin izdelave tkanine, pri katerem je uporabljenih 6 raz-
li¢énih barv osnove in votka. Za oznacevanje barv osnove smo upo-
rabili $tevilke (1, 2, 3, 4, 5, 6, pri Tkanini 5 in Tkanini 6 pa tudi 7,
8,9, 10, 11 in 12), za oznacevanje barv votka pa male ¢rke (a, b, ¢,
d, e, f, pri Tkanini 5 in Tkanini 6 pa tudi g, h, i, j, k, 1). Polja tka-
nine so oznacena s Stevilko in ¢rko - glede na to, iz katere bar-
ve osnove in katere barve votka so narejena. Barva osnove ,,1“ in
barva votka ,,a“ sta enaki oziroma zelo podobni, zato je polje ,1a“
enobarvna tkanina, ki je v analizi predstavljena kot referen¢no po-
lje - referen¢na barva.

Warp N
O.
%,
2, 1 2 3 B 5 6
C
a 1a 2a 3a 4a 5a 6a
b ib 2b 3b 4b 5b 6b
c 1c 2c 3c 4c 5¢c Bc
%
=
d 1d 2d 3d 4d 5d 6d
e 1e 2e 3e 4e S5e Ge
f if 2f 3f 4f 5f 6f
v

Figure 4: The scheme of a printed fabrics simulation with the review
of signs for the warp, the weft and the indicated squares on the fab-
ric’s diagonall.

Pri analizi rezultatov smo opazovali barvne vrednosti polj na dia-
gonali tkanine (1a, 2b, 3¢, 4d, 5e, 6f, pri Tkanini 5 in Tkanini 6 pa
tudi 7g, 8h, 9i, 10j, 11k, 12I). Kvadratki, ki lezijo na diagonali tka-
nine, imajo namre¢ barvo osnovne in barvo votkovne niti v a*b*-
diagramu priblizno enako oddaljeni od izhodi$¢ne barve.

3.2 Rezultatiin razprava

Izbrali smo tri izhodis$¢ne barve, ki smo jih spreminjali po prej
opisanih nacinih. Pri prvi in drugi barvi so polozaji spremenjenih
barv ostali v osnovnem kvadrantu CIE L*a*b*-prostora, in sicer
pri prvi barvi v 2. kvadrantu (Tkanina 1, Tkanina 2) ter pri dru-
gi barvi v 3. kvadrantu (Tkanina 3 in Tkanina 4). Tretjo barvo pa
smo izbrali tako, da so spremenjene barvne komponente prehajale
tudi v obmocja drugih kvadrantov CIE L*a*b*-prostora: pri Tka-
nini 5 iz drugega v tretji in v Cetrti kvadrant ter pri Tkanini 6 iz
drugega v tretji in v prvi kvadrant. Pri obeh nac¢inih smo v CAD-
sistemu med barvo osnove in barvo votka vecali razliko v nasice-
nosti in v barvnem tonu, svetlosti barv pa so ostale nespremenjene
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3.2 The results and their analysis

Three initial colours were chosen, and they were
changed using the methods described above.
For the first and the second colour, the posi-
tions of changed colours remained in the ini-
tial quadrant of CIE L*a*b* space, namely first
colour in the 2nd quadrant (Fabric 1, Fabric 2)
and second colour in the 3rd quadrant (Fabric
3 and Fabric 4). The third colour was chosen in
such a manner that changed colour components
also pass on to the areas of other quadrants of
CIE L*a*b* space: for Fabric 5 from the second
on to the third and to the fourth quadrant and
at Fabric 6 from the second quadrant on to the
third and the first quadrant. For both methods,
the difference between warp and weft colours
was increased in saturation and in hue val-
ues in the CAD system, lightness of colours re-
mained unchanged (the results of measured col-
ours of fabric simulations show that the colour
values of the printed simulations differ a little,
in which can be seen in the tables). While the
colour values of printed colours deviate slight-
ly from values defined in the programme, only
the measured colour values were used for the
analysis.

The colour difference between the initial colour
of the fabric and the colour of the fabric that
is created from warp and weft colours that are
approximately equidistant from the initial col-
our in the CIE L*a*b* space was investigated.
In all cases the colour of the fabric was in be-
tween the warp and weft colours on a virtual
straight line that runs through all three colours.

Results of the measured colours and the calcu-
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(pri merjenju barv simulacij tkanin smo ugotovili, da so se te pri
tisku minimalno spreminjale, kar je razvidno iz podatkov v tabe-
lah). Ker se vrednosti natisnjenih barv nekoliko razlikujejo od vre-
dnosti barv, dolo¢enih v programu, smo za analizo uporabili le iz-
merjene vrednosti barv.

Ugotavljali smo skupno barvno razliko med izhodis¢no barvo tka-
nine in barvo tkanine, ki je narejena iz osnove in votka, katerih
barvi sta v CIE L*a*b*-prostoru priblizno enako oddaljeni od iz-
hodis¢ne barve. V vseh primerih pa barva tkanine na navidezni
premici, ki poteka skozi barvni komponenti, lezi med komponen-
tama. Rezultati meritev barv in izra¢unov skupnih barvnih razlik
so prikazani v tabelah in na grafih.

Razlike smo ocenjevali tudi vizualno. Zanimalo nas je, pri kateri
barvi oziroma pri katerem polju diagonale tkanine je razlika med
to barvo in izhodi$¢no barvo vizualno opazna.

3.2.1 Tkanina 1 in Tkanina 2

Izhodi¢na barva je zelena. Pri Tkanini 1 smo spreminjali barvo
osnovnih in votkovnih niti po 1. nac¢inu. Barvi osnovnih niti se je
nasicenost manjsala, barva votkovnih niti pa je postajala vedno
bolj nasi¢ena. Med barvama ,,6“ in ,,f“ je nastala dokaj$nja razli-
ka v nasicenosti, in sicer AC*__ = 23,56. Sprememba kota barvnega
tona med barvama je majhna in znasa Ah,_ .= 3,76.

Rezultati so pokazali, da se zadnja barva diagonale ,,6f od izho-
dis¢ne referencne barve ,,1a“ najbolj razlikuje (AE*, . = 2,70), kar
lahko vidimo na sliki 5. Sprememba barve, ki nastane med ome-
njenima barvama, je relativno majhna, ¢e jo primerjamo z razliko
med ,,1“ in ,a“ (AE* = 4,44) ter med ,,6 in ,f“ (AE*_ = 23,73).
Med navedenima barvama ,,1a“ in ,,6f“ je najve¢ja sprememba v
kotu barvnega tona (Ah, .= 2,5) in prav tako tudi najvecja razlika
v nasic¢enosti (AC*, .= 1,6). Barva diagonale postaja zaradi vecje-
ga vpliva votkovnih niti bolj nasi¢ena zelena. Sprememba nasice-
nosti je pri barvi votka namre¢ vecja (AC*_ = 14,75) kot pri barvi
osnove, ki pocasneje prehaja v manj nasiceno zeleno barvo (AC*
=13,03).

Table 1: Values L*, C*, h of warp and weft colours of Fabric 1 and colour differences AE* between individual

colours.

Difference between warp colours

2-1 3-2 4-3 5-4

Difference between weft colours

(| b-a c-b d-c e-d
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lated colour differences are shown in the tables
and in the figures.

Differences were also estimated visually to eval-
uate at which square the colour difference is al-

ready visually noticeable.

3.2.1 Fabric 1 and Fabric 2

The initial colour is green. For Fabric 1 the col-
ours of the warp and weft yarns were changed
using Method 1. The colour of the warp grad-
ually became less saturated and the weft colour
became more saturated. Thus there was a con-
siderable difference between colours “6” and “f”
(AC* = 23.56). The change of the hue angle
between the two colours is small and it amounts
to Ah,_= 3.76.

The results show that the last colour of the diag-
onal “6f” differs the most from the reference col-
our “la” (AE"IMf = 2.70), which is also shown
on the figure 5. The colour change that origi-
nates between the two mentioned colours is rel-
atively small, compared to the difference be-
tween “1” and “a” (AE*, = 4.44) and between
67 and °f” (AE¥, = 23.73). The biggest change
in the hue angle is found between the two col-
ours “la” and “6f” (Ah, _ = 2.5) as well as the
biggest difference in saturation (AC*, _= 1.6).

The colour of the diagonal became more satu-

la-6f

la-6f

rated green because of the bigger influence of
the warp colour. The change of the weft colour
saturation is bigger (AC*H = 14.75) in compar-
ison with the change of warp colour saturation
(AC*, = 13.03).

For Fabric 2, the colours of warp and weft were
changed using Method 2. The difference in the
saturation between the last warp colour “6”
and the last weft colour “f” is AC*  =14.37.
The hue angle between the two colours is big,
compared with the saturation difference, and
amounts to AhH: 21.34.

The biggest common colour difference on the
fabric’s diagonal is between the reference col-
out, “la” and the last colour on the diagonal
6f” (AE*,, , = 1.86). This colour change is
small compared with the colour difference be-
tween “I” and ‘a” (AE*, = 3.78) and between
“6” and f” (AE*_ = 20.48). Although the big-
gest colour difference is between the last and the
reference colour of the diagonal, what is also

shown on the figure 6, the biggest saturation
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Table 2: Values L*, C*, h of colours that are on the diagonal of Fabric
1 and colour differences AE* between warp and weft colours and be-
tween colours on the diagonal.

Diagonal

la

Difference between warp colour and weft colour

3—c 4-d 5-¢

1-a 2-b 6-f
Difference between colours on the fabric’s diagonal

= 2b-1la  3c-la  4d-la  5e-la 6f-1a

40 4

b*
im
el
| ]
d
[ ]
C 30
bm  4d 2b 3¢
- 31
o 00
6f 2/4'.3
m]
5e 3
Owarp
B Weft 40
@ Diagonal
u]
5 6
O
ll . 20
45 -35 -25 -15

Figure 5: The review of colour values of Fabric 1

Pri Tkanini 2 smo spreminjali barvo osnovnih in votkovnih niti po
2. nac¢inu. Razlika v nasi¢enosti med barvama ,,6 in ,,f* je AC*,
= 14,37. Sprememba kota barvnega tona, ki je nastala med tema
barvama, je v primerjavi s spremembo nasi¢enosti zelo velika, in
sicer znasa Ah,_ = 21,34.

Najvecja skupna razlika v barvi je na diagonali tkanine med refe-
ren¢no barvo ,,1a“ in barvo zadnjega polja diagonale ,,6t“ (AE*, o
= 1,86). Ta sprememba je majhna, ¢e jo primerjamo s spremem-
bo barve med ,,1“ in ,,a“ (AE* = 3,78) ter med ,,6“ in ,,f“ (AE*
= 20,48). Ceprav se je po analizi barv diagonalnih polj tkanine za-
dnja barva najbolj razlikovala od referen¢ne barve, kar je razvidno
tudi s slike 6, smo dobili najvecjo razliko nasicenosti med prvo in
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Table 3: Values L*, C*, h, of warp and weft colours of Fabric 2 and colour differences AE* between individu-
al colours.

Difference between warp colours

2-1 3-2 4-3 5-4

Difference between weft colours

b-a c-b d-c e-d

difference is between the first and the fifth col-
our (AC*,, ., = 0.87). The biggest change of hue
angle is between the first and the last colour on
the diagonal (AhIHf = 2.51). The colour of the
diagonal becomes more saturated green, while
the change of the weft colour saturation is big-
ger (ACY, = 9.75) than the change of the warp

colour saturation (AC*_ = 6.41).

3.2.2 Fabric 3 and Fabric 4

The initial colour is orange. For Fabric 3, col-
ours of warp and weft were changed using
Method 1. The warp colour thus proceeds from
orange to reddish colour and weft colour pro-
ceeds from orange to yellowish. The difference
in colour saturation between the last warp and
the last weft is small AC*, = 0.7. The change
of a hue angle between the two colours is large,
compared with the change of saturation (Ah,
= 38.51).

The analysis of colours on the fabric’s diagonal
indicates that the colour difference between the
reference colour “la” and first four colours is
small, as can be seen in figure 7. The last colour
of the diagonal “6f “ differs more from the refer-
ence colour. The common colour difference be-

tween them is AEX = 3.55, what is also visu-

la-6)
ally noticeable. The coflour difference is relatively
small, regarding the colour change between “1”
and ‘a” (AE*_ = 4.26) and between “6“ in “f”
(AE*, = 27.95). Among all the fabrics, where
the changed colours of warp and weft don’t pass
on to the other quadrants, in Fabric 3, there is a
biggest colour difference between the last colour

of the warp “6” and last colour of the weft “f”.

Table 4: Values L*, C*, h of colours that are on the diagonal of Fabric
2 and colour differences AE* between warp and weft colours and be-
tween colours on the diagonal.

Diagonal

la

Difference between warp colour and weft colour

1-a 2-b 3-c 4-d 5-e 6-f
Difference between colours on the fabric’s diagonal

- 2b-1la  3c-la  4d-la  5e-la 6f-1a

40 7
OWarp
o Weft
@ Diagonal
30 4
5e 3c
of 2b
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Figure 6: The review of colour values of Fabric 2.
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The colour “6f” differs the most from the refer-
ence colour, regarding colour saturation (AC*, .
= 3.47), the biggest change of hue angle is be-
tween the reference and the fifth colour of the
=1.17.

In Fabric 4, warp and weft colours were

diagonal “5¢” and is Ah,__,
changed using Method 2. The colour moves
from a less saturated orange to a more satu-
rated red area of the colour space. The colour
of the weft changes from orange to less saturat-
ed yellow. The difference in the saturation be-
tween the last warp colour and the last weft col-
our is AC*_ = 15.67. Change in the hue angle
between the two colours is big (Ah67f= 25.96) in

comparison with the saturation difference.
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peto barvo (AC* . = 0,87), najvecjo spremembo kota barvne-
ga tona pa smo dobili med prvo in zadnjo barvo (Ah . =2,51).
Barva diagonale postaja bolj nasi¢ena zelena, saj je spremem-
ba nasicenosti barve votka vecja (AC* _ = 9,75) kot pri osnovi
(AC*, .= 6,41).

3.2.2 Tkanina 3 in Tkanina 4

Izhodi$¢na barva je oranzna. Tkanini 3 smo spreminjali barvo
osnovnih in votkovnih niti po 1. na¢inu. Barva osnove tako pre-
haja iz oranzne v rdeckasto barvo. Barva votkovnih niti prehaja iz
oranzne v rumenkasto barvo. Razlika v nasi¢enosti barve med za-
dnjo osnovno nitjo in zadnjo votkovno nitjo je majhna, AC*_ =
0,7. Sprememba kota barvnega tona, ki je nastala med omenjeni-
ma barvama, pa je v primerjavi s spremembo nasicenosti precej
velika, in sicer Ah_ = 38,51.

Table 5: Values L*, C*, h, of warp and weft colours of Fabric 3 and colour differences AE* between individu-
al colours.

Difference between warp colours

2=l 3-2 4-3 5-4

Difference between weft colours

6-1 b-a c-b d-c e-d

3.56 | 3.03 | 3.05 | 2.04 | 4.50 | 15.90 | 3.69 | 3.54 | 3.04 | 3.63 | 2.74 | 16.40 |

Analysis of the colours on the diagonal of Fab-
ric 4 established that the biggest colour differ-
ence is between the reference colour and the last
colour of the diagonal. The common colour dif-
ference between colours “la” and “6f”is AE¥,
= 3.05 and it is relatively small compared with
the difference between “1” and ‘a” (AE*,_ =
2.68) and between “6” and “f” (AE*s_f: 23.56).
The colour difference between the reference and
the last colour is visually noticeable. Between
these two colours we also find the biggest differ-
= 1.80) and
gy = 2.36).

Colour changes on the fabrics diagonal are also

ence in colour saturation (AC"IMf

the biggest change in hue angle (Ah
evident in figure 8.
3.2.3 Fabric 5 and Fabric 6

In Fabric 5 and Fabric 6, the position of the ini-

tial colour is moved to the a* axis, therefore the

Table 6: Values L*, C*, h of colours that are on the diagonal of Fabric
3 and colour differences AE* between warp and weft colours and be-
tween colours on the diagonal.

Diagonal

la

Difference between warp colour and weft colour

1-a 2-b 3-c 4-d 5-e 6-f
Difference between colours on the fabric’s diagonal

- 2b-la  3c-la 4d-la 5e-la 6f-1a
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changed colour components pass on to other
quadrants of CIE L*a*b* colour space. The cho-
sen initial colour is unsaturated green with fol-
lowing values: L* = 60, a* = -10, b* = 0. Be-
sides that colours of the warp and of the weft
are changed in the way that they pass on to oth-
er quadrants, in these fabrics we included 12
changes of the warp colour and 12 changes of
the weft colour.

For the Fabric 5, the colours of the warp and
the weft were changed using Method 1. The
warp colours proceed through three quadrants
of CIE L*a*b* colour space, namely from the
second to the third and to the fourth quadrant,
as shown in figure 9. The warp colour becomes
blue-violet, and the weft colour becomes more
saturated green and remains in the initial, sec-
ond quadrant of CIE L*a*b* colour space. The
difference in colour saturation between the last
warp colour and the last weft colour is AC* , =
34.73. The change of the hue angle between the
two colours is relatively big compared with the
change of colour saturation (A, = 142.33).

The biggest common colour difference is be-
tween the initial colour “1a” and the last col-
our of the diagonal “12I” (AE*, , = 6.99). Be-
tween the two mentioned colours is also the
= 10.39)
and the difference in colour saturation (AC*,
1 = 6.46). Colour difference between the in-

biggest difference in hue angle (Ah

itial colour and the last colour on the diago-
nal is relatively small in comparison with the
difference between colours “1” and “a” (AE*,_
. = 11.07) and colours “12” and “I” (AE*, , =

57.89). Differences between the reference col-
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Pri analizi barv diagonalnih polj tkanine smo ugotovili, da se prve
$tiri barve od izhodi$¢ne oziroma referen¢ne barve ,,1a“ zelo malo
razlikujejo. To je vidno tudi na sliki 7. Zadnja barva diagonale ,,6f“
pa se od referen¢ne barve Ze precej razlikuje, in sicer znasa skupna
barvna razlika med njima AE* . = 3,55. Razlika je tudi vizual-
no precej opazna. V primerjavi s spremembo barve med ,,1“ in ,,a“
(AE*, = 4,26) ter med ,,6“ in ,,f“ (AE*, = 27,95) pa je relativno
majhna. Pri tej tkanini je med vsemi tistimi tkaninami, pri katerih
spremenjena barva osnove in votka ne prehaja v druge kvadrante,
nastala tudi najvecja barvna razlika med zadnjo barvo osnove ,,6“
in zadnjo barvo votka ,,f*.

Barva polja tkanine ,,6f“ se od referenc¢ne barve najbolj razlikuje
po nasic¢enosti (AC* .= 3,47), najve¢ja sprememba kota barvne-
ga tona pa je nastala med referencno in peto barvo diagonale ,,5¢“
in znasa Ahla_Se =1,17.

Tkanini 4 smo spreminjali barvo osnovnih in votkovnih niti po 2.
nacinu. Barva osnovnih niti prehaja iz manj nasi¢enega oranzne-
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Figure 7: The review of colour values of Fabric 3.

Table 7: Values L%, C*, h, of warp and weft colours of Fabric 4 and colour differences AE* between individu-

al colours.

Difference between warp colours

2-1 3-2 4-3 5-4

Difference between weft colours

6-1 b-a c-b d-c e-d
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our and between first eight colours on the fab-
rics diagonal (“2b™-“9i”) are relatively small.
The biggest difference is between colours “la”
and “5e” (AE*

la-5e

= 1.66), as shown in figure
9. These colour changes are not visually notice-
able. Colour changes between the reference col-
our and the last three colours of the diagonal
(“10§”, “11k” in “12I”) are bigger, and are also
visually observable.

For Fabric 6, the warp and weft colours were
changed using Method 2. The warp colour
passed from the 2 to the 1 quadrant of the
CIE L*a*b* colour space, corresponding to hue
changes from green to reddish. The weft colour
changed from less saturated to more saturat-
ed green colour. The difference in colour satu-
ration between the last warp and the last weft
is AC* , = 25.57. The change of hue angle be-
tween the two colours is relatively big compared
with the change of colour saturation Ah,, =
172.92. This is the biggest change of hue an-
gle between the warp and the weft colours that
were analysed in the research.

The results show that the biggest common col-
our difference is between the initial colour and
the last colour on the diagonal (AE*, =
5.53). The difference is relatively small in com-
parison with the difference between the warp
and the weft colours “1” and ‘a” (AE*, =
9.14) and between colours “12” and “I” (AE*
=49.70). Also, the last colour has a noticeable
visual difference from the initial colour. In the
case of Fabric 6, the first ten colours of the di-
agonal (“2b”-“11k”) dont differ substantial-
ly from the initial colour as shown in figure 10.
Between the mentioned colours there is the big-
gest common colour difference between the ref-
erence colour “la” and colour “11k”, which is
AE*

la-11k

= 2.71. The biggest change in hue an-
gle is between colours “1a” and “8h” (Ahm,gh =
8.88) and the biggest difference in colour satura-
tion is between colours “l1a” and “12I” (AC*

la-121
=4.68).
4 Conclusion

From this research it was established that us-
ing two suitable colours for the warp and the
weft, it is possible to create a simulation of vis-

ually one-coloured fabric that has the same or
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Table 8: Values L*, C*, h of colours that are on the diagonal of Fabric
4 and colour differences AE* between warp and weft colours and be-
tween colours on the diagonal.

Diagonal

la

Difference between warp colour and weft colour

3—c 4-d 5-¢ 6-f

l1-a 2-b

Difference between colours on the fabric’s diagonal

2b-la  3c-la  4d-la  5e-la 6f-1a
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Figure 8: The review of colour values of Fabric 4.

ga obmodja v bolj nasi¢eno rde¢e obmocje barvnega prostora. Bar-
va votkovnih niti pa prehaja iz oranzne barve v manj nasic¢eno ru-
meno.

Razlika v nasicenosti barve med zadnjo osnovno nitjo in zadnjo
votkovno nitjo je AC*, .= 15,67. Sprememba kota barvnega tona,
ki je nastala med barvama ,,6“ in ,,f% je v primerjavi s spremembo
nasicenosti velika, in sicer znasa Ah_ = 25,96.

Pri analizi barv na diagonali Tkanine 4 smo ugotovili, da se od re-
ferenc¢ne oziroma izhodi$¢ne barve najbolj razlikuje zadnja barva
diagonale. Skupna barvna razlika med barvama ,1a“ in ,,6f“ zna-
$a AE* . = 3,05 in je relativno majhna v primerjavi s spremem-
bo barve med ,,1“ in ,,a“ (AE* = 2,68) ter med ,,6“ in ,,f“ (AE*_,
= 23,56). Razlika med referen¢no barvo in zadnjo barvo diagonale
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very similar colour as a simulation of one-col-
oured fabric produced from the warp and the
weft of a single colour. Furthermore, the differ-
ence between the warp and the weft colours can
be considerable.

It was also established, that the colour change
of the fabric’s simulation is not very big, regard-
less of whether the change of the warp and weft
colours is in the saturation or in the hue values.
This is also true in the cases where changed col-
ours passed onto the other quadrants of CIE
L*a*a* colour space, and where the difference
in hue between the warp and the weft colours
was pretty big.

The intention was to ascertain the colour differ-
ence between the initial colour of fabric simula-
tion and colour of the fabric simulation that is
produced from warp and weft colours that are
approximately equally distanced from the ini-
tial colour in the CIE L*a*b* colour space. In all
the cases, the colour of the fabric lies on the vir-

tual straight line that runs through the colour
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je vizualno opazna. Med referen¢no barvo in zadnjo barvo diago-
nale je nastala tudi najvecja razlika v nasicenosti (AC*, . = 1,80)
ter najvecja sprememba kota barvnega tona (Ah, .= 2,36). Spre-

membe barve na diagonali tkanine so vidne tudi na sliki 8.

3.2.3 Tkanina 5 in Tkanina 6

Pri Tkanini 5 in Tkanini 6 smo polozaj izhodi§¢ne barve prema-
knili na os a*, tako da spremenjene barvne komponente prehaja-
jo tudi v druge kvadrante barvnega prostora CIE L*a*b*. Izbrana
izhodis¢na barva je nenasicena zelena z vrednostmi (L* = 60, a*
= -10, b* = 0). Poleg tega, da spremenjene barve prehajajo v dru-
ge kvadrante, smo pri obeh tkaninah barve osnove in votka spre-
minjali tako, da smo ustvarili 12 spremenjenih barv osnove in 12
spremenjenih barv votka.

Barve osnove in votka smo pri Tkanini 5 spreminjali po 1. na¢inu.
Barva osnove prehaja skozi tri kvadrante barvnega prostora CIE
L*a*b*, in sicer iz drugega v tretji in v Cetrti kvadrant, kar je raz-
vidno tudi s slike 9. S spremembo osnova postane modrovijoli¢ne
barve. Barva votka pa se spremeni v bolj nasi¢eno zeleno in ostaja
v izhodis¢nem, drugem kvadrantu barvnega prostora CIE L*a*b*.
Razlika v nasic¢enosti barve, ki je nastala med zadnjo barvo osno-
ve in zadnjo barvo votka, znaga AC* , | = 34,73. Sprememba kota

Table 9: Values L*, C*, h, of warp colours of Fabric 5 and colour differences AE* between individual colours.

5-4

Difference between warp colours

6-5 7-6 8-7 9-8

Table 10: Values L*, C*, h, of weft colours of Fabric 5 and colour differences AE* between individual colours.

Difference between weft colours

h-g i-h

f-e g-f
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Table 11: Values L*, C*, h of colours that are on the diagonal of Fabric 5 and colour differences AE* between
warp and weft colours and between colours on the diagonal.

Diagonal
6f 78 8h

Difference between warp colour and weft colour

-a —C 4- 5-e = 7-g
1107 14.85| 20.75| 17.26| 34.02| 38.76 | 47.60 | 53.47| 57.89

-h 94 10-j 11-k  12-1

Difference between colours on the fabric’s diagonal

2b-1a 3c-la

4d-1a

5e-la 6f-la 7g-la 8h-la 9i-la 10j-la 1lk-la 12l-la

components, in between them. In most cases the
colour differences between the initial colour and
the other colours were small.

Differences were also visually assessed and it
was noticed that perceivable differences between
the initial colour and the last colour of a fabric
simulation’s diagonal occurred when those two
colours were most distanced in the colour space.
With the assistance of visual evaluation of fab-
ric simulations printed on paper, the skeleton
numerical value of colour difference was set,
which in the case of the analysed samples de-
fines the border value of visual difference be-
tween colours that is still not noticeable. The
value is AE* = 3. For Fabric 1 and Fabric 2,
where colours are in the green area, this value
was not exceeded, despite relatively big differ-
ences between the warp and the weft colours.

It has to be stressed that the results present-
ed in this article are gained through the anal-
ysis of fabric simulations printed on paper and
not with the real fabrics, for which the results
would be most probably different.
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Figure 9: The review of colour values of Fabric 5.

barvnega tona med omenjenima barvama je v primerjavi s spre-
membo nasic¢enosti zelo velika, in sicer Ah , | =142,33.

Glede na rezultate smo ugotovili, da je najve¢ja skupna barvna razlika
med izhodi$¢no barvo ,,1a“ in zadnjo barvo diagonale ,,121“ (AE* =
6,99). Med omenjenima barvama je tudi najvecja razlika v kotu barv-
nega tona (Ah, . =10,39), pa tudi razlika v nasicenosti barv (AC* |
= 6,46). Barvna razlika med izhodi$¢no barvo in zadnjo barvo na dia-
gonali tkanine je majhna v primerjavi z razliko med barvama ,,1“ in ,,a“
(AE*,_ =11,07) ter barvama ,,12“ in ,,I (AE* , | = 57,89). Razlika med
referen¢no barvo in med barvami prvih osmih barv diagonale tkani-
ne (,,2b“-,,9i) je razmeroma majhna, najve¢ja je med barvama ,,1a“ in
»5€“ (AE* . =1,66). To je vidno tudi na sliki 9. Te barvne razlike tudi
niso vizualno opazne. Zadnje tri barve diagonale (,,10j ,,11k“ in ,,12I%)
se od referen¢ne barve bolj razlikujejo, kar je tudi vizualno opazno.
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Pri Tkanini 6 smo barve osnove in votka spreminjali po 2. naci-
nu. Barva osnove prehaja iz 2. v 1. kvadrant CIE L*a*b*-prosto-
ra. Barvni ton se spreminja iz zelenega v rdeckastega. Barva vot-

Table 12: Values L*, C*, h, of warp colours of Fabric 6 and colour differences AE* between individual colours.

Difference between warp colours

6-5 7-6 8-7 9-8 10-9 11-10

Difference between weft colours

f-e g—f h-g i-h

Table 14: Values L*, C*, h of colours that are on the diagonal of Fabric 6 and colour differences AE* between
warp and weft colours and between colours on the diagonal.

Diagonal
6f 7g 8h

Difference between warp colour and weft colour

4-d  5-e 6f 7-g 8-h 94

Difference between colours on the fabric’s diagonal

4d-la 5e-la 6f-la 7g-la 8h-la 9i-la 11k-1a
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Figure 10: The review of colour values of Fabric 6.

ka prehaja iz manj nasicene zelene v bolj nasiceno zeleno barvo.
Razlika v nasicenosti barve med zadnjo osnovno nitjo in zadnjo
votkovno nitjo je AC* , | = 25,57. Sprememba kota barvnega tona
med omenjenima barvama je v primerjavi s spremembo nasice-
nosti zelo velika, in sicer Ah , | = 172,92. To je tudi najvecja spre-
memba kota barvnega tona med osnovo in votkom pri vseh tkani-
nah, ki smo jih analizirali v raziskavi.

Rezultati so pokazali, da je najvecja skupna barvna razlika med
= 5,53). Ta
razlika je relativno majhna v primerjavi z razliko med barvama
osnove in votka ,, 1 in ,,a“ (AE* = 9,14) ter med barvama osnove
in votka ,, 12 in ,,I* (AE*_| = 49,70). Tudi vizualno se zadnja bar-
vo opazno razlikuje od izhodi$¢ne barve. V primeru te tkanine se
prvih deset barv diagonale (,,2b“-,11k“) od izhodis¢ne barve ne
razlikuje zelo. To je vidno tudi na sliki 10. Med omenjenimi bar-
vami nastane najvecja skupna barvna razlika med referen¢no bar-
vo ,1a“ in barvo ,, 11k in sicer AE* | = 2,71. Najve¢ja razlika v
kotu barvnega tona je med barvama , 12" in ,,8h" (Ah, = 8,88),
najvedja razlika v nasi¢enosti barv pa je med barvama ,,1a“ in ,,12I“
(AC* =4,68).

izhodi$¢no barvo in zadnjo barvo diagonale (AE*

la-121

4 Sklepi

Z raziskavo smo ugotovili, da lahko z ustrezno barvo osnove in
drugo ustrezno barvo votka dobimo simulacijo vizualno enobarv-
ne tkanine enake oziroma zelo podobne barve, kot jo ima simula-
cija enobarvne tkanine, izdelane iz osnove in votka enake barve.
Pri tem je lahko razlika med barvama osnove in votka precej$nja.

Ugotovili smo tudi, da sprememba barve simulacije tkanine ni ve-
lika ne glede na to, ali spreminjamo razliko med barvama osnove
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in votka v nasicenosti ali v barvnem tonu. Do teh ugotovitev smo
prisli tudi v primerih, ko so spremenjene barve prehajale v druge
kvadrante CIE L*a*b*-prostora in je bila razlika v barvnem tonu
med osnovo in votkom precej$nja.

Ugotavljali smo skupno barvno razliko med izhodi$¢no barvo si-
mulacije tkanine in barvo tiste simulacije tkanine, ki je narejena iz
osnove in votka, katerih barvi sta v CIE L*a*b*-prostoru priblizno
enako oddaljeni od izhodis¢ne barve, v vseh primerih pa barva
tkanine na navidezni premici, ki poteka skozi barvni komponen-
ti, lezi med komponentama. V vecini primerov so barvne razlike
med izhodi$¢no barvo in nastalimi barvami tkanine majhne.
Razlike smo tudi vizualno ocenjevali in opazili, da so nekoliko bolj
opazne razlike nastale med izhodiS¢no barvo in zadnjo barvo di-
agonale simulacije tkanine, pri kateri sta bili barva votka in bar-
va osnove v barvnem prostoru najbolj oddaljeni druga od druge.
S pomodjo vizualnega ocenjevanja na papir natisnjenih simula-
cij tkanin smo dolo¢ili okvirno numeri¢no vrednost, ki v prime-
ru nasih vzorcev dolo¢a mejo, do katere je sprememba barve vizu-
alno sprejemljiva, in sicer AE* = 3. Pri Tkanini 1 in pri Tkanini 2,
torej tkaninah, katerih barve so v zelenem barvnem obmocju, ta
vrednost ni bila presezena kljub razmeroma velikim razlikam med
barvami osnove in votka.

Poudariti je treba, da so to rezultati, ki smo jih dobili s pomo¢jo
analize na papir natisnjenih simulacij tkanin in ne s pomocjo de-
janskih tkanin. Ce bi analizirali dejanske tkanine, bi bili rezultati
verjetno drugacni.
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