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Abstract

In bicolor woven fabrics, the overall color ef-
fect is formed by the optical mixing of light re-
flected from differently colored threads. The
human visual response to optical mixing de-
pends first on color values of threads that com-
prise warp and weft as well as their combina-
tion and also on many observable conditions
such as illumination and observation distance.
In this work, the use of spectrophotometry for
determining the overall color effect of bicolor
woven fabrics is presented. Bicolor color mix-
tures of woven fabrics were identified as fol-
lows: 1. numerically with L*a*b* values and
2. graphically in the a*b* plane of CIE L*a*b*
color space. The chroma and the hue values
of the colors in the bicolor patterns were ana-
lysed with respect to the changes of weft thread
fractions in a color repeat. Moreover, the color
and optical deviations between different dou-
ble-sided weaves with an equal proportion of
warp and weft with interlacing points in weave
repeats were spectrophotometrically analysed.
The results of the research show the impor-
tance of knowledge and planning of construc-
tional parameters and color values of colored

components in fabrics by defining the overall
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lzvlecek

Kon¢ni barvni uc¢inek dvobarvnih tkanin nastane z opti¢nim mesa-
njem svetlobe, ki se odbije od razlicno obarvanih niti. Poleg tega, da
je reakcija ¢loveSkega vidnega sistema na pojav opti¢nega mesanja
svetlob razli¢nih valovnih dolZin odvisna predvsem od barv niti osno-
ve in votka ter njune kombinacije, vplivajo nanjo tudi pogoji opazo-
vanja, kot sta na primer osvetljenost vzorca in razdalja, s katere opa-
zujemo. V raziskavi je predstavljena uporaba spektrofotometrije za
dolocanje kon¢nega barvnega in opti¢nega ucinka dvobarvnih tka-
nin. Pri tem so dvobarvne tkanine definirane: 1. numeri¢no s pomocjo
barvnih vrednosti L*a*b* in 2. graficno v a*b*-ravnini barvnega pro-
stora CIE L*a*b*. Svetlost, nasicenost in barvni ton barv dvobarvnih
tkanin so analizirani v odvisnosti od sprememb deleZa barve votkov-
nih niti v dolo¢enem barvnem sosledju. Poleg tega so bile spektrofo-
tometri¢no analizirane tudi barvne in opti¢ne razlike med razlicnimi
obojestranskimi vezavami z enakim Stevilom osnovnih in votkovnih
veznih tock v sosledju vezave, a z razlicno velikostjo barvnega sosledja.
Rezultati raziskave so pokazali pomen poznavanja in nacrtovanja kon-
strukcijskih parametrov in barvnih vrednosti barvnih komponent pri
dolocanju kon¢nega barvnega ucinka dvobarvnih tkanin. Nadaljnje
raziskave so pokazale tudi pomen barvnih kombinacij barv osnovnih
in votkovnih niti ter pomen razmerja povrsin in odnosa med kombini-
ranimi nitmi (barvni kontrast in harmonija). Pri enakomernem spremi-
njanju konstrukcijskih parametrov so vrednosti svetlosti, nasi¢enosti in
barvnega tona barv dvobarvnih tkanin pokazale na bolj ali manj neli-
nearne spremembe kon¢nega barvnega ucinka dvobarvnih tkanin.

Klju¢ne besede: dvobarvne tkanine, konstrukcijski parametri, barvni
toni, nasi¢enost, a*b*-ravnina, barvni kontrast, barvna harmonija.
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color effect of a bicolor woven structure. Fur-
thermore, this research also reveals the impor-
tance of color combinations of warp and weft
threads and the relation between surface-com-
bined colors (color contrast and harmony).
The variations in lightness, chroma and hue
values in bicolor woven structures showed that
the changes of the overall color effect of bicolor
woven structures are rather non-linear, even
when the constructional parameters are uni-

formly changed.

Key words: bicolor woven fabrics, construction-
al parameters, hue, chroma, a*b* plane, color

contrast, color harmony

1 Introduction

Woven fabrics can be distinguished on the ba-
sis of many properties, including construction-
al, technical, and design parameters. The clas-
sification of woven fabrics and subsequent
analysis is easier when the variations of one
singular parameter or variations of similar pa-
rameters are considered. The opposite is true
in the case of experiments, where the simulta-
neous influences of different parameters and
their variations should be analysed. More-
over, the interactions between different pa-
rameters should be also taken into account as
the sum of the influences of different parame-
ters and their additive effects all contribute to
the final result. In this paper, the influence of
constructional parameters (weave), the origi-
nal color of threads, and the relation between
the colors of warp and weft threads will be an-
alysed. Three different scientific elements are
included in the analysis: mechanical proper-
ties of woven fabrics, colorimetry and opti-
cal properties, and psychophysical properties
of human vision. Each scientific element that
had been mentioned has a strong theoretical
background, which contributes to the starting
point of our analyses. For instance, the most
important constructional parameters to be
considered during optical and color analysis
are thread fineness, diameter, and cross-sec-
tion, the thread density, and the weave [1, 2],
which, together with other parameters, deter-

mine the geometry of woven fabrics. The wo-
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1 Uvod

Tkanine se lahko razlikujejo med seboj po razli¢nih konstruk-
cijskih, tehni¢nih in oblikovnih parametrih. Klasifikacija tka-
nin in posledi¢no njihova analiza je lazja v primeru, ko se kot
spremenljivka obravnava en sam parameter oz. skupina podob-
nih parametrov. Nasprotno je analiza komplesknejsa v primeru
eksperimentalnega dela, pri katerem poteka analiza isto¢asnega
vpliva razli¢nih parametrov in njihovih sprememb. Poleg tega
je pri tak$nih analizah treba upostevati tudi interakcijo med
razli¢nimi parametri oz. skupinami parametrov, saj tudi vsota
vplivov razli¢nih lastnosti oziroma njihov aditivni uc¢inek vpli-
va na kon¢ni rezultat. V ¢lanku je predstavljena analiza vpliva
konstrukcijskih parametrov, izhodis¢nih barv osnove in vot-
ka ter odnosa med barvami osnove in votka na skupni barvni
in opti¢ni u¢inek tkanine. V taks$no raziskavo je treba vkljuci-
ti najmanj tri znanstvena podro¢ja: mehanske lastnosti tkanin,
barvno metriko in opti¢ne lastnosti povrsin ter psihofizi¢ne la-
stnosti ¢loveskega vidnega sistema. Vsako izmed omenjenih
znanstvenih podrodij ima moc¢no teoreti¢no ozadje, skupaj pa
prispevajo k izhodi$¢u raziskovalnega dela. Najpomembnejsi
konstrukcijski parametri, ki jih moramo upostevati pri anali-
zi barve in opti¢nih lastnosti dvobarvnih tkanin, so dolzinska
masa niti, premer niti ter oblika in velikost njihovega pre¢nega
prereza, gostota niti in vezava [1, 2]. Nadteti parametri obliku-
jejo skupaj s $e nekaterimi lastnostmi geometrijo tkane struktu-
re. Ker je tkanina vse prej kot nezapletena konstrukcija, lahko
tako preprosti 2D- [3, 4, 5, 6] kot kompleksni 3D- [7, 8] geome-
trijski modeli le delno opisejo njeno zahtevno strukturo in ge-
ometrijo. Drugo omenjeno podrocje je barvna metrika, ki je zZe
davno prerasla iz metode za preprosto klasifikacijo v skupine
barv z razli¢no svetlostjo, barvnim tonom in nasi¢enostjo v na-
tan¢no objektivno metodo, ki uposteva vse pogoje za nastanek
barve objektov (svetlobni vir, opazovalec in lastnosti objekta).
Ne glede na mnoge standardizirane spektrofotometri¢ne meto-
de, ki omogocajo numeri¢no oceno barv in barvnih vrednosti
na razli¢nih medijih (tekstil, papir, kovina) [9, 10, 11], so osta-
la nekatera interdisciplinarna znanstvena podro¢ja skoraj brez
primernih objektivnih kolorimetri¢nih metod. To velja na pri-
mer tudi za oceno barvnega uc¢inka na vecbarvnih povrsinah
(tkanine iz razli¢cno obarvanih osnovnih in votkovnih niti) [1
2,13, 14, 15, 16, 17], pri kateri je treba upostevati tudi nekate-
re psihofizi¢ne procese ¢loveskega vidnega sistema. Seveda je v
spektrofotometri¢no analizo vecbarvnih tkanin tezko vkljuciti
vse procese ¢loveskega psihofizi¢nega dozivljanja barve, vseka-
kor pa je treba upostevati nekatere pomembne barvne in optic-
ne ucinke, ki prispevajo k enotnemu vizualnemu ucinku tkane-
ga izdelka [18, 19].
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ven fabric is much more than a simple con-
struction and consequently, basic 2D [3, 4,
5, 6] or more complex 3D [7, 8] geometrical
models can only partially describe the compli-
cated structure and geometry. The second sci-
entific element mentioned above was colorim-
etry, which has already gone beyond simple
methods of classification into groups of differ-
ent hue colors, chroma, and lightness (Munsel,
These

more advanced methods consider illumina-

etc.) to objective and exact methods.

tion, the observer, and the properties of object.
Without regard to many standarised spectro-
photometrical methods, which currently en-
able the numerical evaluation of colors and
color values on different media (e.g. textile,
paper, metal [9, 10, 11]), certain interdiscipli-
nary scientific fields do not use adequate ob-
jective colorimetrical methods. This is the case
in the evaluation of the color effect on multi-
color surfaces (woven fabrics made of different
color warp and weft threads) [12, 13, 14, 15,
16, 17], where some psychophysical phenom-
enon of color vision also must be considered.
Of course, the spectrophotometrical analysis of
multi-color woven fabrics can hardly include
all phenomena of human psychovision, but it
should consider some important color and op-
tical effects that contribute to overall visual ef-
fect of woven fabrics [18, 19].

2 Theoretical background

2.1 Color properties of threads
and woven fabrics

In general, the color of an object can be de-
fined with three color properties, which in-
clude lightness, chroma, and hue. In the CIE
color space, the most frequently used in tex-
tile technology, lightness is the position of color
on the L* axis, and a* and b* are two coordi-
nates, which also enable the definition of the
values of chroma and hue. Chroma, C* , rep-
resents the saturation of color and in the CIE
L*a*b* color space indicates the distance of
color from the achromatic axis L*. Hue, h,
is expressed in degrees or radians and denotes
the position of maximum reflectance of color
in the visible light range of the EM spectrum
in the a*b* plane [11].
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2 Teoreti¢ni del

2.1 Lastnosti barv niti in tkanine

Na splo$no je barva nekega objekta definirana s tremi lastnostmi:
- svetlostjo,

- nasicenostjo in

- barvnim tonom.

V CIE-barvnem prostoru, ki je najbolj uporabljan v tekstilni teh-
nologiji, je svetlost lega barve na osi L*, a* in b* pa sta koordi-
nati, ki dolo¢ata vrednosti nasicenosti in barvnega tona. Nasice-
nost C*_ pomeni ¢istost barve in v barvnem prostoru CIE L*a*b*
predstavlja oddaljenost barve od nekromati¢ne osi L*. Barvni ton
h , v kotnih stopinjah oz. radianih predstavlja v a*b*-ravnini lego
maksimuma refleksije barve v vidnem delu EM-valovanja, torej
ali je barva objekta rdeca, zelena, modra, rumena itd. Vse barv-
ne vrednosti barvnega prostora CIE L*a*b* so lahko predstavlje-
ne numeri¢no, ker pa so numeri¢ne vrednosti koordinat a* in
b* tezje razumljive, se barve najpogosteje opisuje z barvnimi la-
stnostmi oz. dimenzijami svetlosti L*, nasicenosti C* , in barvne-
gatonah  [11].

2.2 Tkanine z razlicnimi barvami osnovnih in votkovnih niti
Ob upostevanju vzorca snovanja in tkanja lahko tkanine razdeli-
mo v tri glavne skupine: [12]
— enobarvne tkanine z enako barvo osnovnih in votkovnih niti,
- dvobarvne tkanine z razli¢cnima barvama osnovnih in votkov-
nih niti in
- vecbarvne tkanine z dvema ali ve¢ barvami v obeh nitnih
sistemih.
Barva dvobarvne tkanine z razli¢cnima barvama v osnovi in vot-
ku nastane z opti¢nim mesanjem svetlobe, ki se odbija od ra-
znobarvnih povrsin tkane strukture. Delez svetlobe, ki se ab-
sorbira v osnovne in votkovne niti, je seveda razlicen zaradi
razli¢ne kemic¢ne sestave barvil obeh nitnih sistemov. Posledic¢-
no ima svetloba takoj po odboju od obeh nitnih sistemov raz-
licne spektralne vrednosti. Med opazovanjem tkanega objekta
dosezejo nase oko zarki, odbiti tako od osnovnih kot od vot-
kovnih niti, kar vizualno zaznamo kot vsoto Zarkov. Ta vsota
je dejansko opti¢na mes$anica svetlob razli¢nih valovnih dolzin
(13, 14].
Vpliv konstrukcijskih parametrov in barvnih vrednosti niti na
celotni barvni uéinek dvobarvnih tkanin se v praksi najpogo-
steje ocenjuje na podlagi posameznikovih izku$enj. Zaradi izku-
$enj tako vemo, da je dojemanje enotnega barvnega ucinka vec-
barvne povrsine lazje, ¢e so niti vecje finosti (manjsi premer), ce
je gostota niti vecja, Ce je prepletanje niti pogostejse in flotiranje
niti enakomernejse [15]. Opticno mesanje svetlobe, ki se odbi-
je od vecbarvnih povrsin, je kompleksen pojav, zato je zahtevno
tudi dolo¢anje kvantitativnih metod za oceno rezultatov opti¢ne-
ga mesanja.
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2.2 Woven fabrics with different color
in warp and weft thread system

In general, three main groups of woven fabrics
can be defined when considering different warp
and weft color patterns parameters: [12] (1) uni-
color woven fabrics with uniform color of warp
and weft threads, (2) bicolor woven fabrics with
different color in warp and weft thread system
and (3) multi-color woven fabrics with two or
more colors in both thread systems. The color
of bicolor woven fabrics with different colors in
warp and weft thread systems is formed by the
optical mixture of light reflected from different
color surfaces in the woven structure. The por-
tion of light that is absorbed in the warp and
weft threads is different, because the chemical
structures of dyes in the two thread systems dif-
fer. Consequently, after the light is reflected from
the surface, the spectral values of light reflect-
ed from warp and weft threads differ from each
other. During the observation of a woven object,
both sets of rays of light reach our eyes and their
sum is visually perceived. This sum is actually an
optical mixture of different colored lights [13,14].
In general, the influence of constructional pa-
rameters and color values of threads on the
overall optical effect of bicolor woven struc-
tures is in practice evaluated on the basis of the
experience of the individual. For instance, be-
cause of the experiences of our visual responses,
we know that the optical mixing of the light re-
flected from different color threads is easier for
threads with higher fineness (smaller diameter)
and higher thread density, and for constructions
with frequent interlacing and uniform floatings
[15]. The optical mixing of reflected light from
the multi-color surfaces is a complex phenome-
non. Therefore, determining quantitative meth-
ods for evaluating the results of optical mixing

proves challenging.

2.3 Color repeat and color components
of bicolor woven fabrics

Color repeat is similar to the weave of the small-
est repeating element in woven structures, which,
besides interlacing, also describes the color pat-
tern of warp and weft threads. When the prop-
erties of color patterns are considered along with
the weave properties, the size of the smallest re-

peating element in the color repeat is changed
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2.3 Barvno sosledje in barvne komponente

dvobarvnih tkanin
Barvno sosledje je podobno kot vezava najmanjsi ponavljajoci se
element tkanine, ki poleg prevezovanja niti opisuje tudi zapored-
je barv osnovnih in votkovnih niti. Ce poleg barvnih lastnosti niti
upostevamo tudi vezavo, postane najmanj$i ponavljajoci se ele-
ment barvnega sosledja obicajno vedji, ker vkljucuje konstrukcijske
parametre — vezavo, barvo niti in njihovo ponavljanje. V taksnem
barvnem sosledju se ustvarijo posebna razmerja med kompozicijo
in barvnim vzorcem osnovnih in votkovnih niti, ki omogocajo do-
lo¢anje povr$ine barvnih komponent in njihovih delezev. Posame-
zne vezne tocke in grupacije ve¢ veznih tock so razvr$cene na po-
vréini tkanine ter glede na svojo barvo in opti¢ne lastnosti vplivajo
na celotni barvni in opti¢ni ucinek tkanine [15].
Kot primer lahko predstavimo vezavo platno z velikostjo sosledja
vezave 2 x 2 vezni tocki. Z upostevanjem vzorca snovanja in tka-
nja lahko definiramo barvno sosledje. V primeru barvnega vzor-
ca 1Ala ali 1A1B lalb (A # a, B # b) ima barvno sosledje ena-
ko velikost kot sosledje vezave 2 x 2, razmerje razli¢nih barv (A,
B, a, b) pa je razli¢cno od razmerja osnovnih in votkovnih tock.
Ko dodamo v vzorec snovanja in tkanja $e eno barvo (1A1B1C
lalblc; A #a, B # b, C # ¢), se barvno sosledje poveca na Sest
osnovnih in votkovnih veznih tock, ker se $ele na sedmi osnov-
ni in sedmi votkovni vezni toc¢ki za¢ne ponavljati zaporedje veza-
ve in barv [14].
V dvobarvni tkanini z razli¢nimi barvami osnovnih in votkovnih
niti so tri barvne komponente: osnovne in votkovne niti ter pro-
stor med nitmi. Te barvne komponente se razlikujejo po konstruk-
cijskih parametrih, barvnih vrednostih in posledi¢no tudi opti¢nih
lastnostih, tako da ima vsaka barvna komponenta svoj prispevek h
konstrukcijskim parametrom ter celotnemu barvnemu in opti¢ne-
mu ucinku tkanine. Pri opti¢cnem mesanju svetlobe, ki se reflektira
od razli¢nih barvnih komponent dvobarvne tkanine, vsaka barv-
na komponenta vpliva na skupni barvni in opti¢ni efekt s svojim
povrsinskim delezem. Delezi barvnih komponent se lahko izracu-
najo s pomocjo teoreticnega geometrijskega modela, ki je predsta-
vljen v eksperimentalnem delu ¢lanka [14, 20].

2.4 Konstrukcijski parametriin opti¢ne lastnosti niti tkanin
Konstrukcijske parametre, ki neposredno ali posredno vplivajo na
opti¢ne lastnosti tkanin, lahko razdelimo na konstrukcijske para-
metre linijskih tekstilnih struktur - niti in ploskovnih tekstilnih
struktur - tkanine, ki so zdruzene v tkani strukturi. V nadaljeva-
nju bodo omenjeni in opisani le najpomembnejsi konstrukeijski
parametri. Soodvisnost posameznih konstrukcijskih parametrov
niti in tkanin je na splo$no tezko opisati s preprostim pravilom,
zato bodo v teoreticnem delu predstavljene le nekatere splo$ne po-
vezave [1, 2, 21].

Konstrukcijski parametri, ki definirajo opti¢ne lastnosti niti, so:

- surovinska sestava,
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and usually becomes bigger because it includes
constructional parameter-weaves, thread colors,
and their repetitions. In the color repeat, specific
relations are formed between composition and
warp and weft color patterns, which enable the
definition of surfaces of color components and
their fractions. A single interlacing point and the
grouping together of more points are positioned
in a defined way on the surface of woven struc-
ture. Their color and optical properties have an
influence on the overall color and optical effect
of the woven structure [15].

The example of a plain weave with a weave re-
peat 2 x 2 will now be presented. Color repeat
can be determined by also taking into account
the warp and weft color pattern. In the case of
color pattern 1A/ la or 1A1B/1alb (A # a, B #
b), the color repeat has the same size as weave
repeat, 2 x 2, but the ratio between different
colors (A, B, a, b) differs from the ratio between
warp and weft interlacing points. When we add
one more color to the warp and weft color pat-
tern so that it is now 1AIB1C/lalblc (A # a,
B # b, C # ¢), the color repeat includes six warp
and weft interlacing points with the same color
and interlacing point on the first and seventh
warp and weft threads [14].

Bicolor woven fabrics with different warp and
weft thread colors are comprised of different
color components. These color components
differ from each other in the color values, the
constructional parameters, and consequent-
ly, the optical properties. Therefore, every
color component contributes to construction-
al parameters and the overall color and opti-
cal effects of the woven fabric. When optical
color mixing of light is reflected from differ-
ent color components of these woven fabrics,
each component influences the overall opti-
cal effect. The fractions of color components
can be calculated with theoretical geometrical
models as presented in the Experimental sec-

tion [14, 20].

2.4 Constructional parameters

and optical properties of threads

and woven fabrics
Constructional parameters that directly or indi-
rectly influence the optical properties of woven

fabrics can be divided into constructional pa-
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- vrsta in prec¢ni prerez vlaken,

- vrsta, oblika, finost in pre¢ni prerez niti.

Lastnosti niti in razmerje med konstrukcijskimi parametri linij-
skih tekstilnih tvorb (niti, vlakna) se bolj ali manj neposredno pre-
nesejo tudi na lastnosti ploskovnih tekstilnih tvorb (tkanine).
Najpomembnejse lastnosti, ki vplivajo na videz tkanine, so:

- gostota osnovnih in votkovnih niti,

- vezava in njena orientacija,

- vrsta por med nitmi,

- faktor kritja in kompaktnost tkanine,

- vzorec snovanja in tkanja,

- apreturni postopki.

Omenimo lahko $e nekatere parametre, ki na barvne in optic-
ne lastnosti tkanin ne vplivajo direktno, ampak indirektno preko
drugih lastnosti: skrcenje in stkanje niti, povrsinska masa in na-
petost niti.

2.4.1 Premer, precni prerez in finost niti

Finost in premer niti sta soodvisni lastnosti, saj povecanje vredno-
sti finosti na splo$no pomeni tudi povecanje premera niti in po-
vr$ine pre¢nega prereza niti. Med prevezovanjem osnovne in vot-
kovne vezne tocke lezijo tudi na li¢ni strani tkanine in odvisno od
svoje finosti, premera in pre¢nega prereza vplivajo na celotni barv-
ni in opti¢ni u¢inek. Pre¢ni prerez niti direktno vpliva na povrsino
barv niti v barvnem sosledju tkanine. Vizualna in kolorimetri¢na
analiza tkanine v vezavi platno z enako gostoto osnovnih in vot-
kovnih niti ter z zelo finimi nitmi osnove in debelimi nitmi votka
bi tako pokazala, da je kon¢ni barvni in opti¢ni efekt tkanine odvi-
sen predvsem od barvnih in opti¢nih lastnosti votkovnih niti [14].

2.4.2 Gostota osnovnih in votkovnih niti

Gostota osnovnih in votkovnih niti je dolocena s $tevilom niti na
dolZinsko enoto. Gostota niti je primarnega pomena za mehanske
in fizikalne lastnosti tkanin ter skupaj z vezavo doloca vpliv flotira-
jo¢ih niti na celotni barvni in opti¢ni efekt tkanine. Veéja ko je go-
stota niti, intenzivnej$e so povrsinske lastnosti in barvni u¢inek teh
niti na povrsini tkanine. Vrednost gostote niti je odvisna od finosti
niti in vezave. Na primer, debelejse ko so niti (ve¢ji premer), ve¢jo
povrsino tkane strukture pokrijejo in posledi¢no je $tevilo teh niti
na dolzinsko enoto manjse. Nasprotno velja za niti z manj$im pre-
merom in pre¢nim prerezom. Definicija razmerja vezava-gostota
niti je kompleksnejsa, lahko pa bi jo na splo$no opisali takole: ve¢
prevezovalnih tock v vezavi ima za posledico manj$o gostoto niti.

2.4.3 Vezava

Vezava je najmanj$i ponavljajoci se element v tkanini, ki opisuje
prevezovanje osnovnih in votkovnih niti. Vrsta vezave in njene la-
stnosti vplivajo na relief in opti¢ne lastnosti tkanine ter skupaj z
vzorcem snovanja in tkanja tudi na barvo tkanine z naslednjimi la-
stnostmi: [2, 12, 14]
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rameters of linear textile structures-threads and
planar textile structures-fabrics, which are con-
nected in the woven structure. In the following
sections, only the most important construction-
al parameters will be explained. The correlation
between different constructional parameters of
the thread and woven fabrics is generally dif-
ficult to explain with a simple model, which is
why in this theoretical model, only general con-
nections will be presented [1, 2, 21].
Constructional parameters that determine the op-
tical properties of threads include the raw materi-
als, the type and cross-section of fibers, and the
type, shape, fineness, and diameter of the threads.
The thread parameters and the relation be-
tween constructional parameters of all line-
ar textile forms (thread, fiber) transfer more
or less directly on the properties of plane textile
form (woven structure).

The most important properties that influence
the visual appearance of woven fabrics include
the following: (1) warp and weft thread density,
(2) weave and its orientation, (3) type of pores
between threads, (4) cover factor and tightness
of woven fabrics, (5) warp and weft pattern,
and (6) finishing. Some other parameters that
do not directly influence the color and optical
properties of woven fabrics, but directly influ-
ence other properties include the crimp of warp
and weft threads, the mass per square meter,

and the tension of threads.

2.4.1 Diameter, cross-section

and fineness of threads
Fineness and diameter are dependent parame-
ters, as the increase in fineness directly increases
thread diameter and the thread cross-section sur-
face. During interlacing, warp or weft interlacing
points are also placed on the face side of woven
structures and the overall color and optical effect
depend on the fiber’s fineness, cross-section, and
diameter. The cross-section of threads directly in-
fluences the color surfaces of threads in the color
repeat of woven fabrics. For instance, visual and
colorimertic analyses of woven fabrics in plane
weaves with equal thread density of warp and
weft, but very fine warp threads and thick weft
threads reveal that the overall optical and color
effect of this woven fabric depend mainly on color

and optical properties of the weft threads [14].
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- velikost sosledja vezave,

- §tevilo osnovnih in votkovnih veznih tock ter njihovo razmer-
je (obojestranske in enostranske vezave v osnovnem in votkov-
nem efektu),

- razporeditev in grupacija osnovnih in votkovnih niti (relief, ve-
zave, orientirane in neorientirane vezave),

- flotiranje in specialni teksturni efekti,

- velikost in razporeditev barvnih povrsin (upostevajo¢ tudi vzo-
rec snovanja in tkanja).

2.4.4 Prostor med nitmi
Velikost, oblika in orientacija barvnih povr$in v barvnem sosled-
ju niso doloc¢ene le s konstrukcijskimi parametri, ampak tudi z ve-
likostjo in porazdelitvijo prostorov med nitmi. Prostori med nitmi
so primarnega pomena za tehnic¢ne lastnosti tkanin: zra¢na prepu-
stnost in prepustnost teko¢in, kompaktnost, izolacijske lastnosti in
transparentnost. Transparentnost pa je obenem pomembna tudi za
opti¢ne in posledi¢no barvne ucinke tkane strukture, ker omogoca
barvnim in opti¢nim lastnostim podlage prehod skozi tkanino in
vpliv na skupni barvni in opti¢ni ucinek tkanine.

Prostori med nitmi v tkanini se lahko razlikujejo po:

- velikosti,

- obliki,

- volumnu,

- §tevilu in porazdelitvi por (ta lastnost je pomembnejsa za ne-
tkane tekstilije, saj so pore v tkanih strukturah vedno med $ti-
rimi prevezujo¢imi nitmi).

V zelo kompaktnih tkaninah je vpliv podlage vizualno resda za-

nemarljiv, na splo$no pa spektrofotometri¢ne analize raziskav ka-

zejo prisotnost barvnih razlik med tkaninami z razli¢nimi kon-

strukcijskimi parametri in refleksijskimi lastnostmi podlage [22].

Poleg tega lahko analiza lastnosti podlage razlozi tudi nekatere ne-

pri¢akovane barvne in opti¢ne pojave na povrsini tkanine. Zato je

treba podlago obravnavati kot barvno komponento, enakovredno
osnovnim in votkovnim nitim, barvne vrednosti in opti¢ne lastno-
sti podlage pa je treba upostevati pri barvni in opti¢ni analizi tka-

nin [23, 24].

2.5 Odnos med barvami osnovnih in votkovnih niti
v dvobarvnih tkaninah

Odnos med osnovnimi in votkovnimi veznimi tockami v dvobarv-
ni tkanini ni le fizicen, temve¢ zaradi barv niti tudi opticen, kar
lahko opisemo z barvnim kontrastom in harmonijo. Pri na¢rtova-
nju dvobarvnih tkanin je treba upostevati prisotnost kontrasta ali
harmonije dveh barv barvne kombinacije. Dejstvo je, da je ¢love-
ko psihofizicno dojemanje povrsine dvobarvne tkanine odvisno
od barvne kombinacije in barvnih vrednosti vseh barvnih kompo-
nent. Kontrastni odnos dveh barv lahko definiramo kot svetlo-te-
mni, toplo-hladni, komplementarni, kvalitativni in kvantitativni.
Odzivanje ¢loveskega vidnega sistema na svetle, tople in nasi¢ene
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2.4.2 Warp and weft thread density

Warp and weft thread density are defined by
the number of threads per unit length. Thread
density is of primary importance for mechani-
cal and physical properties of woven structure.
Furthermore, together with weave, thread den-
sity also influences the overall color and optical
effect of woven fabrics. A higher thread density
results in a more intense surface properties and
surface color effect.

The value of thread density depends on the fine-
ness of the threads and the weave. For instance,
thicker threads cover larger surfaces in the wo-
ven structure, and consequently, the number of
these threads per unit length is smaller. The op-
posite is true for very fine threads with small di-
ameters and cross-sections. Determining the
weave-thread density relation is more com-
plex, but it can be generally defined to reflect
that more interlacing points in the weave have

a lower thread density.

2.4.3 Weave

A weave is the smallest repeating element in
woven fabrics, and they describe the interlac-
ing of warp and weft threads. The weave type
and its characteristics influence relief and opti-
cal properties and, together with color pattern,
also influence the color effect of woven fabrics
based on the following properties: (1) the size
of weave repeat, (2) the number of warp and
weft interlacing points and the ratio between
them (double-sided weaves, one-sided weaves
in the warp and weft effect), (3) the disposi-
tion and grouping of warp and weft interlac-
ing points (relief, oriented and non-oriented
weaves), (4) floating and special texture ef-
fects, and (5) the size and distribution of color
surfaces (considering also warp and weft color
pattern) (2, 12, 14].

2.4.4 Space between threads and pores

Size, shape and orientation of color surfaces in
color repeats are defined not only by construc-
tional parameters, but also by the size and dis-
tribution of spaces between threads. Spaces be-
tween threads are great importance with respect
to the technical properties of woven structures.
Technical properties of woven structures include

air and water permeability, tightness, isolation,
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barve je intenzivnejSe kot v primeru odziva na temne, hladne in
nenasicene barve. V primeru barvnih kombinacij dveh barv, ki sta
v kontrastnem razmerju (svetlo-temno, toplo-hladno, nasi¢eno-
nenasiceno, kvalitativni kontrast ali komplementarni kontrast), se
vec vpadle svetlobe odbije od svetlih, toplih in nasi¢enih barv. Po-
vrdine teh barv dojemamo intenzivnejse [25, 26, 27].

Pri opazovanju tkanine s harmoni¢nimi barvami barvnih kompo-
nent se odbita svetloba opti¢no mesa Ze pri manjsih razdaljah opa-
zovanja in vecjih povrsinah barvnih komponent. Zaradi barvne
harmonije oko namrec¢ tezje lo¢i barvne komponente med seboj in
s pomodjo vizualne adaptacije zdruzi razli¢ne barvne povrsine v
enoten barvni draZljaj.

3 Eksperimentalni del

V eksperimentalnem delu sta bili analizirani dve skupini tkanin
v obojestranskih in enostranskih vezavah. To je omogocalo pri-
merjavo tkanih konstrukcij z enakim razmerjem osnovnih in vot-
kovnih veznih tock ter konstrukcij s prevladujo¢imi osnovnimi
oz. votkovnimi veznimi tockami na li¢ni in hrbtni strani tkanine.
Obojestranske tkanine so bile: platno (PL), §tiri- in osemvezni pa-
nama (BA4, BAS8) ter cirkas (TW). Enostranski vezavi, S$tirivezni
keper (TW4) in osemvezni atlas (SA8), sta bili analizirani na li¢-
ni in hrbtni strani, s prevladujoc¢im flotiranjem osnovnih in vot-
kovnih niti.
Finost (8 x 2 tex), premer (0,187 mm) in zasuki (1040 Z) osnov-
nih in votkovnih niti so bili med raziskavo konstantni. Razli¢en
vpliv posameznih barvnih komponent na celotni opti¢ni in barv-
ni efekt tkanin je bil dosezen s spreminjanjem konstrukcijskih pa-
rametrov. Sistemati¢no nacrtovane spremembe velikosti povrsin
barvnih komponent in posledi¢no faktorja kritja osnovnih in vot-
kovnih niti so bile mogoce zaradi sprememb gostote osnovnih niti
(g,; 31, 36 in 40 niti/cm) pri vsaki vezavi ter petih vrednosti gosto-
te votkovnih niti (g ; od najmanjSe do najvecje vrednosti) za vsa-
ko vrednost gostote osnove. Z upostevanjem sprememb vezave in
gostote niti je bilo izdelanih 120 konstrukcijsko razli¢nih tkanih
VZOrcev.
Povr$ina in delezi barvnih komponent so bili izracunani z geo-
metrijskim modelom, katerega matemati¢na izpeljava je prikaza-
na v referencah [14, 20], enacba (1) pa predstavlja njegovo kon¢no
obliko. V enacbi (1) je U teoreti¢ni delez barvne komponente bar-
ve i (osnove U, votka U_ in prostora med nitmi UP; U +U_ + UP =
1); n je $tevilo vseh tock v barvnem sosledju; n_/n  je vsota osnov-
nih in votkovnih to¢k na osnovnih/votkovnih nitih i-te barve; U o
/u . je delez barve osnovnih niti v osnovni/votkovni vezni tocki;
n /o jeStevilo osnovnih tock na osnovnih/votkovnih nitih i-te
/n_ . je Stevilo votkovnih to¢k na osnovnih/votkovnih

barve;n
nitih i-te barve; u_ /u__je delez voktovnih niti v osnovni/vot-

wn,ot wn,wt

kovni vezni tocki.
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and transparency. Transparency is also an im-
portant optical property, and consequently af-
fects the color effect in the woven structure be-
cause it enables the color or optical effect of the
foundation to pass through the woven structure
to influence the overall color and optical effect
of the woven structure.

The space between threads in woven structures
can differ in: size, shape, volume, number, and
distribution of pores. Pore distribution param-
eters are more important for non-woven tex-
tile materials because they are always found be-

tween four interlacing threads
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U _ uan,ot X not,ai+ uan,wtx nwt,oi uwn,ot X nat,wi+ uvn,wtx nvt, wi (1)
i +
oi n wi

V preglednici 1 so predstavljeni konstrukcijski parametri tkanin:
vezava platno (PL), $tiri- in osemvezni panama (BA4, BA8), sti-
rivezni cirkas (TW), lina in hrbtna stran $tiriveznega kepra v
osnovnem in votkovnem efektu (TW4) ter licna in hrbtna stran
osemveznega atlasa v osnovnem in votkovnem efektu (SA8), mej-
ne vrednosti gostote osnovnih (g, . —>g ) in votkovnih (g . —
€., ) Diti, mejne vrednosti delezev osnovnih (U,  —>U_ ) in
votkovnih (U —U_ ) niti, delezi prostora med nitmi (UP .
U ) in razmerje med Stevilom osnovnih in votkovnih veznih

p max:

tock v sosledju vezave (os. : vot. V. t.).

Table 1: Weaves, warp and weft thread density, limit values of warp-g and weft-g  thread density and limit
values of fractions of warp-U,, weft-U, and space between threads-U, .

1. double-sided weaves

Group

2. one-sided weaves

Face side Back-side

In tight woven structures, the influence of foun-
dation is visually insignificant, but in general,
spectrophotometrical determination of color val-
ues of materials with different tightness has in-
dicated the presence of color differences between
fabrics with different constructional parameters
and foundation reflectance [22]. Moreover, in
some cases, the analysis of the properties of the
foundation can also explain unexpected optical
and color phenomena in the woven surface. As
a result, the foundation should be treated as an
equivalent color component in warp and weft

threads. Also, its color and optical properties

Vse tkane konstrukcije so bile izdelane s konstantno barvo osno-
ve — modro in Sestimi razli¢cnimi barvami votkovnih niti (mo-
dra, rdeca, rumena, zelena, ¢rna, bela). Ob upostevanju sprememb
konstrukcijskih parametrov in razli¢nih barv niti je bilo tako ana-
liziranih 720 vzorcev. Spektralne in barvne vrednosti osnovnih in
votkovnih niti ter dvobarvnih tkanin so bile izmerjene v skladu s
standardom EN ISO 105-J01 s spektrofotometrom Spectraflash SF
600 Plus-CT (D65, kot opazovalca 10°, D/8, 2 cm) in analizirane s
programsko opremo Datacolor DC Shell [28]. V preglednici 2 so
predstavljene spektralne vrednosti (vrednosti refleksijskega maksi-
muma in valovne dolZine), vrednosti L*, a*, b*, C* , h  osnovnih
in votkovnih niti ter vrednosti razlik barvnih vrednosti AL*, Aa*,
Ab* and AE , barv modrih osnovnih in votkovnih niti.
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Table 2: Color values L*, a* b* C*,, h,

Spektrofotometricna analiza barve in opticnih ucinkov tkanin iz razlicno obarvanih niti

, of threads and color differences between the colors of warp and weft

threads.
Color Blue Red Yellow Green Black White
Spekter |reflectance 15.46 | 53.36-67.76 | 63.76-82.80 15.53 - 144.78
max. (%)
A (nm) 440 650-700 540-700 500 - 440
22.82 37.63 83.38 38.05 14.66 96.79
9.67 47.22 -0.39 -21.58 0.13 4.56
-34.55 16.7 79.36 9.99 -2.03 -17.82
35.87 50.08 79.36 23.78 2.04 18.39
285.63 19.48 90.28 155.16 273.55 284.35
0 14.81 60.56 15.23 8.16 73.97
0 37.55 10.06 31.25 9.54 511
0 51.25 113.91 44.54 32.52 16.73
0 35.69 79.81 35.06 18.86 65.68
should be considered in color and optical anal- 4 Rezu |tat|

yses of woven structures [23, 24].

2.5 The relation between colors of warp
and weft threads in bicolor woven
fabrics

The relationship between warp and weft in-
terlacing points in bicolor woven fabrics is not
only physical, but is also optical. These optical
properties can be described in terms of color
contrast and harmony. During the design of bi-
color woven fabrics, the color contrast and har-
mony must be considered.

The human psychophysical response, in which

the surface of bicolor woven fabric is per-

Spektrofotometri¢ni rezultati raziskave so zaradi preobseZne-
ga Stevila numeri¢nih rezultatov predstavljeni graficno z razmer-
jem med barvnimi vrednostmi L*, a*, b*, C*_, h_ in delezi barvne
komponente, ki se je najbolj spreminjala s spremembo konstruk-
cijskih parametrov, tj. delezi barve votkovnih niti U .

Na slikah 1 in 2 so predstavljene spremembe svetlosti L*, ko se je
delez barve votkovnih niti spreminjal od vrednosti 0 do 1 (0 do
100 % povrsine v barvnem raportu). Na slikah 3, 4 in 5 so pred-
stavljene spremembe vrednosti a* in b* obojestranskih in eno-
stranskih vezav tkanin, na slikah od 6 do 8 pa so predstavljene
spremembe vrednosti nasi¢enosti C*  in barvnega tona h v od-
visnosti od deleza barve votkovnih niti v barvnem sosledju. Gra-
fiéne predstavitve so prikazane loceno za tri skupine vezav: obo-

! 10

| ‘ ‘ ‘ ‘ ]l ‘ ‘ ‘ ‘
0 02 04 06 08 uw 0 02 04 06 038 uw
AL blue-red OLblue-yellow OLblue-green  OL blue-black AL blue-red OLblue-yellow OLblue-green  OLblue-black

XL blue-white ~ =blue Ared @yellow XLblue-white ~ =blue red, @yellow

@green Wblack X white @green HWblack X white

a)

b)

Figure 1: The influence of weft thread color fraction on lightness-L of bicolor woven fabrics: double-sided
weaves (a) and the face side of one-sided weaves (b).
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ceived, depends on color combinations and
color values of all color components. The con-

trast relation between two colors can be deter-

39

jestranske ter enostranske v osnovnem in votkovnem efektu.

Barvne vrednosti L*, a*, b*, C* , h dvobarvnih tkanin so v le-
ab ab

gendi oznacene s ¢rkami L, a, b, C, h in praznimi znaki (moder-

mined as having light-dark, warm-cold, and

complementarity contrast as well as quality 90
. . . *
and quantity contrast. For instance, the vis- 80
ual response to light, “warm”, and saturated 70
colors is stronger than the visual response to 60
dark, ‘cold”, and unsaturated colors. In the 50 s
s X

case of the combination of two colors and tak- 5 Lol

40
ing into account their contrast relation, most 30 | Q A
of the incident light is reflected from light, 20 o O
warm, and saturated surfaces. Therefore, the 10
surfaces of these colors are perceived more in- 0
tensely (25, 26, 27]. 0 02 04 06 o8 UV g

i i i - AL blue-red OLblue-yellow OLblue-green  OL blue-black
When woven fabrics with harmonic color com Al beretie  2phoeY ared g Syeliow
@®green Mblack X white

ponents are observed, the optical mixing of re-

flected light occurs as a result of a short ob-
servation distance and larger surfaces of color

components. Because of color harmony, the hu-

Figure 2: The influence of weft thread color fraction on lightness-L of
bicolor woven fabrics on the back side of one-sided weaves.

920
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Aa blue-red ©ablue-yellow Oablue-green  Oa blue-black
Xa blue-white  =blue red @yellow
@green Wblack X white

L 4

Aa blue-red ©ablue-yellow Oablue-green  DOa blue-black
Xa blue-white  =blue red oyellow
@®green Mblack Xwhite

a)

b)

Figure 3: The influence of fraction of weft thread color on a* (a) and b* (b) values of bicolor woven fabrics

made of double-sided weaves.
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Ab blue-red ©b blue-yellow Ob blue-green  Ob blue-black
Xb blue-white  =blue Ared @ yellow
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Figure 4: The influence of fraction of weft thread color on a* (a) and b* (b) values of bicolor woven fabrics on

the face side of one-sided weaves.
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man eye has difficulty distinguishing color com-
ponents of a combination. Therefore, a visual

adaptation occurs, which results in the percep-
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rde¢, moder-rumen, moder-zelen, moder-¢rn, moder-bel), med-
tem ko so barvne vrednosti niti podane z imenom barve votka
(moder, rde¢, rumen, zelen, ¢rn, bel) in polnimi znaki na ordina-

tion of uniform color valence. tni osi y.
90 920
*
70 70
50
50
0.6 0.8 1
[ ]
_30 Uw
Aa blue-red ©ablue-yellow Oablue-green  Oa blue-black Ab blue-red ©ob blue-yellow Ob blue-green  Ob blue-black
Xa blue-white  =blue red @yellow Xb blue-white  =blue Ared @ yellow
@®green Wblack Xwhite ®green Mblack Xwhite

a)

b)

Figure 5: The influence of fraction of weft thread color on a* (a) and b* (b) values of bicolor woven fabrics on

the back side of one-sided weaves.
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Figure 6: The influence of fraction of weft thread color on chroma-C (a) and hue-h (b) values of bicolor woven

fabrics made of double-sided weaves.
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Figure 7: The influence of weft thread color fraction on chroma-C (a) and hue-h (b) values of bicolor woven

fabrics: face side of one-sided weaves.
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Figure 8: The influence of fraction of weft thread color on chroma-C (a) and hue-h (b) values of bicolor woven
fabrics on the back side of one-sided weaves.

3 Experimental

Two groups of woven fabrics were analysed,
which included double- and one-sided weaves.
These groups were selected to compare construc-
tions with equal ratios between warp and weft
interlacing points and constructions with domi-
nant warp or weft interlacing points on the face
and back of the woven structure. Double-sid-
ed weaves included plain (PL), four- and eight-
end basket (BA4, BA8), and four-end double-sid-
ed twill (TW). The one-sided weaves of four-end
twill (TW4) and eight-end satin (SA8) were ana-
lysed with predominant floating of warp and weft
threads on the face- and back-side of the fabric.
The fineness (8 x 2 tex) and the diameter
(0.187 mm) of warp and weft threads were con-
stant. An increase and decrease in the influence
of color components on the overall optical and
color effects was achieved by varying construc-
tional parameters. The changes in the warp
thread density (g) of 31, 36, and 40 threads/
cm in all weaves and weft thread density (g, )
in five steps from the minimal to the maximal
value for each warp thread density caused the
systematically planned variations of the size
of surfaces of color components. These varia-
tions changed the cover factor of warp and weft
threads. Altogether, 120 different constructional
patterns were prepared including all the varia-
tions in weave type and thread density.

The surfaces and fractions of color compo-
nents were calculated with a geometrical mod-
el, whose mathematical derivation is presented

in references [14, 20] and is presented in Equa-

5 Razprava o rezultatih

5.1 Odnos med izhodis¢nimi barvami osnovnih
in votkovnih niti ter barvami dvobarvnih tkanin

Na zacetku razprave je treba poudariti, da se spremembe kon-
strukcijskih parametrov (finost niti, gostota) spektrofotometric¢-
no ve¢inoma kazejo kot nelinearne spremembe barvnih vrednosti
dvobarvnih tkanin. Ta pojav in njegova analiza sta ob$irno pred-
stavljena v referencah [14, 15] in ga bomo zato v tej razpravi iz-
pustili. Vsekakor pa je za nadaljevanje razprave treba predstaviti
nekatere zakljucke omenjenih referenc. Tako kot v primeru kom-
pleksnega ¢loveskega vizualnega sistema opti¢éno mesanje na vec-
barvnih povr$inah ne more biti predstavljeno povsem aditivno
(kot je lahko aditivno mes$anje svetlob razli¢nih valovnih dolzin).
Poleg tega pa je treba pri uporabi CIE L*a*b* upostevati tudi ne-
enotnost predstavitve barv in barvnih razlik v barvnem prostoru
CIE L*a*b*. Obnasanje barv dvobarvnih mesanic v barvnem pro-
storu CIE L*a*b* je odvisno od L*a*b*-vrednosti izhodi$¢nih barv
in njihove kombinacije. Poleg tega so analiza in rezultati skupne-
ga barvnega uc¢inka dvobarvnih tkanin odvisni od uporabljenega
barvnega sistema: L*u*v*, XYZ, xy, L*a*b* [14, 15].

Glavna problematika ¢lanka je vpliv nekaterih konstrukcijskih pa-
rametrov na celotni opti¢ni in barvni u¢inek dvobarvne tkanine,
ki ju lahko spektrofotometricno dolo¢imo. Razmerja med izho-
di$¢nimi barvami osnovnih in votkovnih niti ter barvami dvo-
barvnih tkanih kombinacij lahko analiziramo v preglednici 2, kjer
so podane razlike barvnih vrednosti AL*, Aa*, Ab*, in na slikah
od 1 do 8, kjer so predstavljane spremembe vrednosti L*, a*, b*,
C*, in h . Na podlagi preglednice in slik lahko recemo, da je pri
spreminjanju konstrukcijskih parametrov sprememba barve dvo-
barvnih tkanin najbolj odvisna od tiste barvne vrednosti oz. tistih
barvnih vrednosti, ki se pri izhodi$¢nih barvah osnovnih in vot-
kovnih niti najbolj razlikujejo od vrednosti 0. Spreminjanje go-
stote votkovnih niti z veliko vrednostjo b* posledi¢no tudi najbolj
vpliva na barvno vrednost tkanine. Ce imamo torej votkovne niti
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tion (1). In Equation (1), U is theoretical frac-
tion of color component-i (warp - U, weft - U,
and space between threads - U, U + U, + U,
= 1), n is the number of all points in a color re-
peat, n/n_is the sum of the warp and the weft
points on the i" color warp/weft threads, u

on,ot

/u_ is the fraction of the warp thread color

onwt
in the warp/weft interlacing point, n ./ n is
the number of warp points on the i color warp/
weft threads, n, ./ n,, . is the number of the
weft points on the i" color warp/weft threads
is the fraction of the weft thread

color in the warp/weft interlacing point.

andu, /u,
Several constructional parameters of woven
fabrics are presented in Table 1 and include
the following: (1) plain weaves (PL), (2) four-
and eight-end basket weaves (BA4, BAS), (3)
four-end double-sided twill weaves (TW), (4)
face and back side of four-end one-sided twills
(TWH4) and face and back side of eight-end one-
sided satin (SA8), (5) the values of warp and
weft thread density, (6) the limit values (min—>
max) of warp/weft (U, U, ) thread fractions,
(7) fractions of space between threads ( UP ) (8)
and the ratio between the numbers of warp and
weft interlacing points in weave repeat.

All woven constructions were prepared with con-
stant color in warp-blue and six different weft
colors (blue, red, yellow, green, black, white). Af-
ter taking into account changes in construction-
al parameters and different thread colors, 720
patterns were prepared and analysed.

The spectral and color values of warp and weft
threads and the bicolor structures were measured
according to the standard EN ISO 105-J01 with
a Spectraflash SF 600 Plus-CT (D65, 10° observ-
er, D/8, 2cm) and analysed with Datacolor soft-
ware Dcshell [28]. The spectral values (the values
of reflectance maxima and wave lengths), L*, a*,
b*, C* , h,, values of warp and weft threads and
the differences AL*, Aa*, Ab* and AE,, between
colors of weft threads and the blue color of warp
threads are presented in the Table 2.

4 Results

The spectrophotometrical results are presented
graphically showing the relations between the
h,,, and the frac-

tion of the color component, which changes the

color values L%, a*, b* C* |
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z majhnimi vrednostmi L* in a*, se bo v dvobarvni tkanini najbolj
spreminjala prav barvna vrednost b*. Podobno bi veljajo tudi za
barvni vrednosti L* in a*. Posledi¢no se socasni uc¢inek sprememb
konstrukcijskih parametrov dveh barvnih komponent na povrini
(spremembe delezev barv osnovnih in votkovnih niti) spektrofo-
tometri¢no najbolj kaze v spremembah tiste barvne vrednosti L*,
a* ali b*, katere razlika med barvama osnovnih in votkovnih niti
je bila najvecja. Potrditev ugotovitve lahko najdemo na slikah od 1
do 5, kjer so prikazane spremembe barvnih vrednosti L*, a* in b*
dvobarvnih tkanin v odvisnosti od deleza barve votkovnih niti. Iz
slik lahko razberemo, da se pri spremembi gostote votkovnih niti
(deleza votkovnih niti) barvni vrednosti a* in b* najbolj spremi-
njata v primeru modro-rdecih in modro-zelenih tkanin, saj se mo-
dra osnova in rde¢ ter zelen votek najbolj razlikujeta v legah koor-
dinat a* in b* (preglednica 2, Aa* . = 3755 Aa* = ==
31,25, Ab* darrdeca = O 1,25, Ab* drafnclena = 44:54). Po drugi strani
pa je bila koordinata b* najbolj izpostavljena spremembam v pri-
meru modro-rumenih vzorcev (Ab* . =11391) in svetlost
L* v primeru modro-belih vzorcev (AL* . == 73,97). Modro-
¢rna tkana barvna kombinacija ni bila izpostavljena velikim spre-
membam barvnih vrednosti med nara$¢anjem vrednosti deleza
barve votkovnih niti, saj je bila razlika med izhodi§¢nima barvama

modre osnove in ¢rnega votka majhna (AE =18,86).

00 modra/¢rna
5.2 Vpliv konstrukcijskih parametrov na lastnosti
barv dvobarvnih tkanin

5.2.1 Vpliv deleza barvnih komponent na svetlost dvobarvnih tkanin
Na slikah 1a, 1b in 2 so predstavljene spremembe svetlosti L* dvo-
barvnih tkanin obojestranskih in enostranskih vezav. Dve tkani
barvni kombinaciji sta kazali ve¢je spremembe svetlosti: modro-
rumena in modro-bela, pri katerih je bila velika razlika v vredno-
sti svetlosti L* modrih osnovnih in rumenih oz. belih votkovnih
niti (ALY e = 00,56, ALY e = 73,97). Nasprotno pa se
majhne razlike v svetlosti AL* med modro osnovo in barvami rde-
Cega, zelenega in ¢rnega votka kazejo v konstantnejsih vrednostih
svetlosti L* dvobarvnih tkanih kombinacij. V primeru vseh barv-
nih kombinacij in vseh treh skupin vezav lahko vidimo, da svetlost
dvobarvnih tkanin variira med vrednostjo svetlosti osnovnih niti
in vrednostmi svetlosti votkovnih niti, ki so podane na ordinatni
osi. Svetlost dvobarvnih tkanin je tako nekako omejena s svetlostjo
izhodis¢nih barv osnove in votka.

5.2.2Vpliv deleza barvnih komponent na nasicenost dvobarvnih tkanin
Na slikah 6a, 7a in 8a je predstavljen vpliv deleza barve votkov-
nih niti na vrednosti nasi¢enosti dvobarvnih tkanin. Zaradi raz-
licnega razmerja osnovnih in votkovnih veznih tock so prisotne
razlike med spremembami vrednosti nasi¢enosti treh skupin ve-
zav: obojestranskih vezav, licne strani enostranskih vezav (votkov-
ni efekt) in hrbtne strani enostranskih vezav (osnovni efekt). Na
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most with the variations in the constructional
parameter fraction of weft thread color.

Figure 2 shows the changes in lightness (L*) of
bicolor woven structures when the fraction of
weft threads increases from 0 to 1. Figures 3, 4,
and 5 present the changes in a* and b* values of
woven fabrics in double- and one-sided weaves.
Figures 6 to 8 display the changes of the chroma
and hue values with respect to the fraction of
weft thread color in the color and weave repeats.
Separate graphical representations are given for
three groups of weaves including the double-sid-
ed weaves and the face and back side of one-
sided weaves. The color values L*, a*, b* C* |
h, of bicolor woven structures are marked in the
legend as follows: L, a, b, C, h and empty signs.
On the ordinate axis, thread color values are la-
beled with the weft thread color and full signs.

5 Discussion

5.1 The relationship between original
warp and weft colors in bicolor
woven fabrics

First, it should be noted that the construction-

al parameters that change with spectrophotom-

etry (e.g. thread fineness, density) result in non-
linear changes in color values of bicolor woven
fabrics. Results of this phenomenon have been

analyzed exhaustively in previous work [14, 15]

and therefore will not be discussed in this pa-

per. However, some important conclusions that
were drawn from these studies will be present-
ed. In the case of the complex human visual sys-
tem, the optical color mixture of multi-color
surfaces cannot be presented in a complete-

ly additive fashion (e.g. the additive color mix-

ture of light). As such, when the CIE L*a*b*

color space is used, the non-uniformity of color

and color difference has to be considered. The
behavior of colors in bicolor woven mixtures
in the CIE L*a*b* color space depends on the

L*a*b* values of the original colors of warp and

weft threads and their combinations. Moreover,

the analysis and the results of the overall color
effect of bicolor woven structures depends on
the color system used, including L*u*v*, XYZ,

xy and L*a*b* [14, 15].

This paper focuses on spectrophotometrically

analysing the problems associated with the in-
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splosno se spremembe deleza votkovnih niti kazejo kot nelinearno
gibanje tock, ki predstavljajo vrednosti nasi¢enosti na slikah. Pri-
merjava treh razli¢nih vrst vezav pa kaze, da je nelinearnost naj-
bolj izrazena v primeru obojestranskih vezav, pri katerih sta deleza
barv osnovnih in votkovnih niti na povrsini tkanine bolj izenace-
na. Primerjava nasicenosti izhodi$¢nih barv osnovnih in votkov-
nih niti, ki je na slikah podana na y-osi, in vrednosti nasi¢enosti
dvobarvnih tkanin obojestranskih vezav je pokazala, da ima ve-
¢ina dvobarvnih vzorcev z votki v kromati¢nih barvah nizje vre-
dnosti nasicenosti kot izhodis¢na barva votkovnih niti. Vzrok lah-
ko seveda najdemo v legi izhodi$¢nih barv osnovnih in votkovnih
niti v a*b*-ravnini barvnega prostora CIE L*a*b*, ki je na sliki 9a
podana za barvne kombinacije s kromati¢nimi barvami votkov-
nih niti: rdeco, rumeno in zeleno. Na sliki predstavljajo polni ge-
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Figure 9: The positions of original colors of warp and weft threads
and bicolor woven fabrics with chromatic weft thread color (a) and
achromatic weft thread color (b) in the a*b* plane [14, 29].
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fluence of a set of constructional parameters on
overall color and the optical effects of bicolor
woven fabrics. The relationship between origi-
nal colors of warp and weft threads and colors
that comprise bicolor woven combinations are
shown in Table 2 (numerical differences are rep-
resented as AL*, Aa* and Ab*), and in Figures
2 to 8, where the changes of L*, a* b*, C*, and
h,, are presented. When constructional param-
eters change, the variation in color values of bi-
color woven structures mostly depend on the
color value(s), which vary the most from the val-
ue 0 by original colors. Thus, it can be said that
when weft threads have high value of coordinate
b*, the changes in weft thread density has the
greatest influence on the value b* of the woven
fabric. Therefore, if the color coordinates L* and
a* of weft threads color have low values, value
b* changes the most in the bicolor woven struc-
ture. This occurrence is also possible in the case
of color coordinates L* and a*. Consequently,
the effect of simultaneous changes of construc-
tional parameters for two color components on
the surface (warp and weft thread color) spec-
trophotometrically results in the most variation
in the color coordinate L*, a* or b*, whose differ-
ence was the most pronounced between the orig-
inal colors of warp and weft threads.

Confirmation of this statement can be found in
Figures 2 through 5, where the changes in the
L%, a* and b* values for bicolor woven fabrics
are presented with respect to the fraction of weft
thread color. In the case of blue-red and blue-
green woven fabrics the figures show that when
the thread density (fraction of weft thread color)
changes, the coordinates a* and b* change the
most. Blue warp threads differ significaintly in
both coordinates a* and b* in comparison with
red or green wefts (Table 2, Aa*,, = 37.55,
Aa*,, . =3125Ab%,  =5125Ab%,
= 44.54). On the other hand, coordinate b* was
the most exposed to variations for blue-yellow
patterns (Ab* = 113.91) and lightness,

blue/yellow
L*, in the case of blue-white patterns (AL*,

blue/
e = 73.97). The blue-black color combination
did not exhibit great changes of color values
when the weft thread color fraction increased,
because the color difference between the origi-
nal colors of blue warp threads and black weft

=18.86.

threads was low AE blue/black
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ometrijski znaki lego izhodis¢nih barv osnove in votka, ravne da-
ljice predstavljajo razdaljo med izhodi$¢nimi barvami, krivulje pa
predstavljajo nelinearno spreminjanje nasi¢enosti merjenih barv
dvobarvnih kombinacij. Ker leZijo izhodi$¢ne barve osnove in vot-
ka v razli¢nih kvadrantih a*b*-ravnine, se barve tkanih kombina-
cij osnove in votka priblizujejo koordinatnemu izhodis¢u in pre-
hajajo v podro¢ja barv z nizjo vrednostjo nasicenosti. Nasprotno
je v primerih tkanih kombinacij z nekromati¢nimi barvami votka
(¢rn, bel), pri katerih leZijo izhodi$¢ne barve osnove in votka v is-
tem, 4. kvadrantu a*b*-ravnine (slika 9b). V tem primeru je seveda
nasic¢enost dvobarvnih kombinacij povsem odvisna od barve mo-
drih niti. Posledi¢no imajo vse dvobarvne kombinacije ve¢jo nasi-
cenost od nasicenosti izhodi$¢nih barv ¢rnega in belega votka in
z nara$¢anjem deleza barve votkovnih niti nasi¢enost dvobarvnih
tkanin ocitno pada.

V primeru obojestranskih vezav, pri katerih je razmerje med
osnovnimi in votkovnimi tockami 1:1 in delez barve votkov-
nih niti nara$c¢a od 0,1 do 0,8, so vrednosti nasi¢enosti dvobarv-
nih me$anic na splo$no manjse od nasi¢enosti modrih osnovnih
niti (slika 6a). Pri vzorcih, pri katerih je nasi¢enost votkovnih niti
vecja od nasicenosti osnovnih niti (modra-rdec¢a, modra-rumena;
C*\ oara = 35,87, C* . =50,08, C* = 7936), nasiCenost
dvobarvnih vzorcev na splo$no nara$¢a z veCanjem deleza barve
votkovnih niti Uv. Nasprotno pa v primeru vecanja deleza bar-
ve votka nasi¢enost dvobarvnih modrih in zelenih vzorcev pada,
saj je nasi¢enost zelenih votkov manj$a od nasi¢enosti modrih niti
(C*, iena = 23,78). Na sliki 6a lahko za te vezave vidimo, da do vre-
dnosti deleza barve votka U = 0,6 popolnoma vse tocke, ki pred-
stavljajo nasi¢enost dvobarvnih tkanin, leZijo pod vrednostjo na-
sicenosti osnovnih niti. Spremembe nasicenosti vzorcev z modro
osnovo in votkom kromati¢ne barve so bile v vseh primerih neli-
nearne, kar hkrati potrjuje tudi nelinearno vizualno percepcijo na-
si¢enosti. Konkavno zaporedje leg tock, ki predstavljajo nasi¢enost,
je bilo najbolj izrazeno v primeru modro-rumene tkane kombina-
cije v obojestranskih vezavah, pri kateri je prisoten ociten padec
nasicenosti v odvisnosti od nara$¢anja deleza barve votkovnih niti
do vrednosti 0,25. Vrednost nasicenosti tkanih struktur te barvne
kombinacije z delezem barve votkovnih niti med vrednostma 0,2
in 0,3 je kriti¢no nizka. Vrednosti nasi¢enosti so se spustile pod 5,
kar je kazalo na nekromati¢ni barvni u¢inek me$anice. V nadalje-
vanju, ko povrsina barve votkovnih niti naraste nad vrednost 0,3,
se nasi¢enost ponovno povecuje in se pocasi bliza vrednosti na-
si¢enosti rumenih votkovnih niti. Trdimo lahko torej, da je v na-
$em primeru minimalna vrednost nasi¢enosti celotnega barvnega
ucinka barvne kombinacije dveh komplementarnih barv doseze-
na pri razmerju delezev dveh komponentU U~ =0,75:
0,25. To razmerje dveh barvnih komponent kaze na soc¢asno delo-
vanje dveh opti¢nih pojavov, ki ju imenujemo komplementarni in
kvantitativni kontrast. Vrednosti refleksije rumenih votkovnih niti
(R =63,76-82,80 %) lahko pri bistveno manjsih vrednostih de-
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5.2 The influence of constructional
parameters on color properties
of bicolor woven fabrics

5.2.1 The influence of fractions of color
components on lightness
of bicolor woven fabrics
In Figure 2 (a—c), the changes in the lightness, L*,
of bicolor woven fabrics in double and one-sid-
ed weaves is presented. Two woven color combi-
nations exhibit pronounced changes of lightness:
blue-yellow and blue-white woven fabrics. The
difference in lightness between blue warp and
yellow or white weft threads was high (AL* ,
selow = 60.56, AL* = 73.97). On the other

hand, low differences in lightness, AL*, between

blue/white

the color of blue warp threads and the colors of
red, green, and black wefts graphically display
more constant L* values for bicolor woven com-
binations. In the case of all color combinations
and all three groups of weaves, it can be seen that
the lightness values L* of bicolor woven range
from the value of lightness of warp and weft
thread color. These lightness values are present-
ed on the ordinate axis. Thus, lightness values
of bicolor woven structures are somehow limit-
ed within the defined lightness values of original

colors of warp and weft threads.

5.2.2 The influence of fractions of color
components on chroma value
of bicolor woven fabrics

Figures 6a, 7a, and 8a present the influence of
weft thread color fraction on the chroma val-
ues of bicolor woven fabrics. Due to the ratio
between the warp and weft interlacing points,
there are some differences in chroma chang-
es of three groups of woven structures in dou-
ble-sided and the face (weft effect) and back
side (warp effect) of one-sided weaves. In gener-
al, the changes in weft thread fraction result in
non-linear motions of points showing chroma
values. The comparison of three weave groups
show that the non-linearity is most distinct in
the case of double-sided weaves where the val-
ues warp and weft thread color fraction in the
woven surface are more equalized.

The comparison of warp and weft thread chro-
ma values is given on the y-axis. The chroma

values of bicolor structures in double sided-
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leza barve votka (manj$a povrsina barvne komponente votka na
celotni tkani povrsini) vplivajo na celotni barvni u¢inek kot modra
barva osnove, katere refleksijski maksimum je nizek (R = 15,46
%). Za ,nevtralizacijo“ nasi¢enosti rumenih niti do nekromatic-
ne barvne kombinacije je tako v nasem primeru potrebna trikrat
ve¢ja povrsina komplementarnih modrih niti. Konkavna oblika
sprememb nasicenosti se je nekoliko kazala tudi v primeru mo-
dro-rdece kombinacije, pri kateri pa zaradi manjsega kontrasta v
refleksijskih vrednostih modrih in rdecih niti (R = 53,36-67,76
%) ni bilo prisotne tkane konstrukcije s kriti¢cno majhno vredno-
stjo nasicenosti.

Sliki 7a in 8a, ki predstavljata prevladujo¢i ucinek osnovnih in
votkovnih niti enostranskih vezav (licna in hrbtna stran), neka-
ko nadaljujeta razlago odnosa med delezem barve votkovnih niti
in nasicenostjo dvobarvnih tkanin. Skupina vzorcev enostran-
skih vezav v votkovnem efektu (licna stran), predstavljena na sli-
ki 7a, kaze, da povecanje deleza barve votkovnih niti (0,25 > U <
1) povzroca skoraj enakomerne (linearne) spremembe nasi¢enosti
dvobarvnih tkanin in se izraza tudi v priblizevanju vrednosti na-
sicenosti votkovnih niti. Vrednosti nasi¢enosti vseh dvobarvnih
tkanin z votki kromati¢nih barv so nizje od nasi¢enosti votkovnih
niti. To velja tudi za vzorce modro-bele tkane kombinacije v atla-
sovi vezavi, ki imajo nizjo vrednost nasicenosti kot vzorci v eno-
stranski keprovi vezavi v votkovnem efektu in kot izhodis¢na bela
barva votkovnih niti. Skupina enostranskih vezav v osnovnem
efektu na sliki 8a kaze v primerjavi z vzorci v votkovnem efektu
manjse razlike v vrednostih nasi¢enosti razli¢nih barvnih kombi-
nacij, za kar je vzrok konstantna modra barva osnovnih niti. Tudi
v tem primeru enostranskih vezav se izkaze, da ima rumena bar-
va votkovnih niti bistveno ve¢ji vpliv na celotni barvni in opti¢ni
ucinek tkanine kot druge barve votkovnih niti. To je razvidno na
sliki 8a, kjer ima tkanina z modro osnovo in rumenim votkom na
splo$no minimalne vrednosti nasi¢enosti med vrednostmi deleza
barve votka 0,2 > U < 0,4, ne glede na to, da ima ta tkanina ena-
ke konstrukcijske parametre in enaka razmerja med osnovnimi in
votkovnimi veznimi tockami kot tkanine z drugimi kromati¢nimi
barvami votka.

5.2.3 Vpliv deleza barvnih komponent na barvni ton
dvobarvnih tkanin

V tem poglavju nadaljujemo z analizo sprememb barvnega tona
dvobarvnih tkanin. Na podlagi slik 6b, 7b in 8b lahko na splo-
$no trdimo, da vecanje vrednosti deleza barve votkovnih niti od
0,1 do 1 pri vseh barvnih kombinacijah pomeni priblizevanje vre-
dnostim barvnega tona votkovnih niti, ki so predstavljene na or-
dinatni osi y. Oblika sprememb vrednosti barvnega tona pa je za
razli¢ne barvne kombinacije razli¢na. Pricakovano kaze primer-
java treh skupin vezav na slikah 6b, 7b in 8b skoraj konstanten
barvni ton modro-¢rnih in modro-belih kombinacij. Dejstvo je,
da je barvni ton modre osnove in ¢rnega ter belega votka zelo po-
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weaves show that the major part of bicolor wo-
ven patterns with the combination of chromat-
ic thread colors have lower chroma values than
the original color of weft threads. The cause of
this lies in the position of the original colors of
the warp and weft threads in color space, as
is presented in Figure 9a for color combina-
tions with chromatic colors in weft thread sys-
tem (red, yellow and green). In that figure, full
geometric signs represent positions of original
colors of warp and weft, straight lines repre-
sent the plane distance between the positions of
original colors. The curves present the non-line-
ar changes of chroma values of measured colors
of bicolor woven fabrics. Because the original
colors of warp and weft threads are found in
different quadrants of the a* b* plane, the colors
of their combinations approach the zero point
of the coordinate system and pass over the posi-
tions with lower chroma values. This result does
not occur for patterns with achromatic weft
threads (black, white). In this case, the posi-
tions of blue-warp and black/white-weft colors
are present in the same- the fourth quadrant of
the a* b* plane (Figure 9 b). The chroma values
of bicolor structures depend completely on the
color of blue warp threads. Consequently, all bi-
color structures have chroma values higher than
the chroma values of original weft colors (black,
white). By increasing the weft thread color frac-
tion, the chroma values of the bicolor mixture
obviously decrease.

In the case of double-sided weaves where the ratio
between warp and weft interlacing pointsis 1 : 1,
and the fraction of weft thread color changes from
0.1t0 0.8 (U, ), the chroma values of bicolor mix-
tures are generally also lower than chroma values
of blue-warp threads (Figure 6a). However, in the
patterns where the chroma value of weft threads
is higher than chroma of warp threads (blue-red
= 50.08, C*

and blue-yellow patterns, C* el

ab red
ow = 79.36), the chroma value of bicolor patterns
increases by a larger fraction of the weft thread
color U,. The opposite is true in the case of blue-
green patterns where, because of the low chroma
value of weft threads (C*,, = 23.78), the chro-
ma value of bicolor woven structures decreases
when the weft fraction U, increases. In Figure 6a,
it can be seen that for weft color fractions up to

U, = 0.6, all points representing chroma values of
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doben (h, =28563°h, . =273,55°h, = 28435°), po-
sledi¢no pa spremembe deleza barvnih komponent bistveno ne
vplivajo na barvni ton dvobarvne kombinacije. Na sliki 9b lah-
ko vidimo lego barv modrih, ¢rnih in belih niti, ki leZijo skoraj
na isti liniji, medtem ko spektrofotometri¢no doloceni barvni ton
barv dvobarvnih kombinacij leZi pri nekoliko nizjih vrednostih a*
in b*. Na drugi strani pa grafi¢na predstavitev vrednosti barvnega
tona barv tkanih kombinacij z rde¢im, zelenim in rumenim vot-
kom kaze na bolj ali manj nelinearno spremembo barvnega tona
med spremembami deleza barve votkovnih niti. Linearnost spre-
memb barvnega tona je najbolj izrazena v primeru modro-rde-
¢ih vzorcev, medtem ko modro-rumena kombinacija ponovno
kaze posebno in druga¢no obnasanje vzorcev te barvne kombi-
nacije. Glede na grafi¢no predstavitev na sliki 6b povzrocajo vre-
dnosti deleza rumene barve votkovnih niti od U =0,2do U =
0,3 zelo veliko spremembo barvnega tona, tj. za priblizno eno tre-
tjino barvnega kroga (od 240° do 120°). Na sliki 9a, kjer je pred-
stavljena a*b*-ravnina, lahko vidimo, da je lega barve ravno teh
modro-rumenih vzorcev zelo blizu tocke 0 koordinatnega siste-
ma. Ob tem lahko opomnimo, da so to vzorci, ki so obenem ime-
li tudi kriti¢no minimalno vrednost nasi¢enosti (slika 6a). Zani-
mivo je, da nadaljnja analiza pokaze, da imajo modro-rumene
konstrukcije obojestranskih in enostranskih vezav (licna stran) z
delezem barve votka, ve¢jim od 0,3, skupni barvni efekt s skoraj
konstantno vrednostjo barvnega tona (sliki 6b in 7b) ter z manj-
$imi spremembami barvnega tona v primerjavi z modro-rde¢imi
in modro-zelenimi kombinacijami. Kot v primeru nasi¢enosti je
tudi v primeru barvnega tona vzrok za specifi¢no obnasanje barv-
ne kombinacije lega izhodi$¢nih barv osnove in votka v barvnem
prostoru. Na splo$no lahko trdimo, da se v primeru sistemati¢nih
sprememb deleZev ene ali ve¢ barvnih komponent dogajajo spre-
membe barvnega tona ter posledi¢no celotnega barvnega in op-
ti¢nega efekta dvobarvne tkanine v barvnem prostoru v smeri od
ene do druge barvne komponente. Vendar pa je vizualno odziva-
nje na spremembo barvnega tona (linearno, nelinearno) poveza-
no z medsebojno lego barv osnovnih in votkovnih niti. Opti¢no
mesanje dveh barvnih komponent dvobarvne tkane strukture, ki
leZita blizu druga drugi v barvnem prostoru CIE L*a*b* in ima-
ta podobne vrednosti barvnega tona, daje na dolo¢en nacin pred-
vidljive rezultate. Po drugi strani pa lahko vecja razdalja med le-
gami barv barvnih komponent v barvnem prostoru CIE L*a*b*
in posledi¢no vedje razlike v barvnih lastnostih (barvni ton, nasi-
¢enost) povzrocijo nepric¢akovane in specifiéne barvne in opti¢ne
ucinke na povrsini.

5.2.4Vpliv velikosti in porazdelitve povrsin barvnih komponent

na skupni optic¢ni in barvni ucinek dvobarvnih tkanin
Povr$ina barvnih komponent, njena velikost, oblika in porazde-
litev, je odvisna predvsem od konstrukcijskih parametrov niti in
tkanine. Na tej tocki bi bilo treba omeniti mnoge konstrukcijske
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bicolor structures can be found below the chroma
value of the warp threads. The changes of chroma
values of patterns with blue-warp and chromatic
weft threads shown were all non-linear. Chroma
changes are another element that influences the
non-linearity of human visual perception. The
concave sequence of chroma point positions was
most pronounced in the case of blue-yellow wo-
ven combinations in double-sided weaves. Here,
the obvious decrease in chroma value is present
when the weft color fraction increases up to 0.25.
In the woven structures of this color combination,
in which the weft thread fraction falls between
0.2 and 0.3, the critical-low values of chroma are
distinct. Here, the chroma values of bicolor com-
binations were lower than 5, indicating an ach-
romatic color effect of the mixture. Furthermore,
when the surface of the color of weft threads in
the color repeat is greater than 0.3, the chro-
ma value slowly approaches the chroma value
of the original yellow weft thread color. Thus, it
can be said that in our case, the minimal chro-
ma value of the overall color effect of bicolor com-
bination of two complementary chromatic colors
is reached when the ratio of the fractions of two
color components U, U, . = 075:0.25
This ratio of two color components indicates two
optical phenomena, which are called the comple-
mentary contrast and the contrast of quantity.
The reflectance values of yellow weft threads (R
= 63.76-82.80%) can actually influence the over-
all color effect at much lower values of weft color
fraction (smaller surface of wefts color compo-
nent in the overall woven surface), which is sim-
ilar to the blue-warp thread color that has a low
reflectance maximum value (R = 15.46%). To
neutralize chroma values of yellow threads to an
achromatic color combination, it is necessary for
the complementary blue thread to have a sur-
face area three times larger than that of the yel-
low thread. The concave shape of chroma changes
was also slightly distinct in the blue-red combina-
tion, but as blue and red thread colors have sim-
ilar reflectance values (R = 53.36-67.76%)
there are no bicolor construction critical values.
Figures 7a and 8a, which present the warp and
weft effects of one-sided weaves (front and back
side), continue the explanation of the relationship
between the fractions of the weft thread color and

the chroma value. The group of patterns of one-

Spektrofotometricna analiza barve in opticnih ucinkov tkanin iz razlicno obarvanih niti - 47

parametre, vendar bodo analizirani samo najpomembnejsi, ki so
predstavljeni v teoreticnem delu: finost in premer niti, vezava in
gostota niti.

Namen tega dela raziskave je bila primerjava spektrofotometri¢-
no doloc¢enih opti¢nih uc¢inkov dvobarvnih tkanin v razli¢nih obo-
jestranskih vezavah z enakim razmerjem osnovnih in votkov-
nih veznih tock 1 : 1. Analizirane so bile vse barvne kombinacije.
Natanc¢neje pa bosta predstavljeni le dve barvni kombinaciji (mo-
dro-rumena in modro-zelena), da bi razlozili vpliv barvnih lastno-
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Figure 10: Spectrophotometrically determined color values L*a*b* of
blue-yellow (a) and blue-green (b) double-sided weaves with warp
thread density g = 40 niti/cm and different weft thread density (g, -
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sided weaves with weft thread floating (face side),
presented in Figure 7a, shows that the increase of
fraction of weft thread color (0.25 > U, < 1) caus-
es almost constant (linear) changes in the chroma
of bicolor woven fabrics, which eventually ap-
proaches the chroma value of weft threads. How-
ever, the chroma values of all bicolor woven struc-
tures are generally lower than the chroma values
of the weft thread color. This result is also true in
the case of the blue-white color combination in a
satin weave, which has lower chroma values than
the patterns in one-sided twill weaves as well as
the original white color of weft threads. The group
of patterns of one-sided weaves with warp thread
floating (warp effect) in Figure 8a are shown in
comparison to weaves in weft thread floating with
smaller differences between the chroma values of
different color combinations due to the constant
blue color of warp threads. Also in these cases of
one-sided weaves, the yellow color of weft threads
has more influence on the overall color and opti-
cal effect than other weft thread colors. This result
can be seen in Figure 8a, where in spite of equal
constructional parameters and equal ratio be-
tween warp and weft points in woven structures
with different wefts colors, the woven combina-
tion with blue warp and yellow weft threads have
minimal chroma values between weft color frac-
tions 0.2 > U < 0.4.

5.2.3 The influence of fractions of color

components on the hue value

of bicolor woven fabrics
The analysis of the changes of the hue value for
bicolor woven fabrics will be presented here.
Figures 6b, 7b, and 8b show that the increase in
weft thread color fraction from 0.1 to 1 results
in values (h,) near those of the weft thread
colors presented on the y-axis. The changes of
the hue values, which are more or less linear,
vary for different color combinations.
As expected, the comparison of three groups of
weaves in Figures 6b, 7b, and 8b show the hue
constancy of blue-black and blue-white com-
binations. In fact, the hue values of blue warp
and black and white weft threads are very sim-
ilar (h,, . = 285.63% h,, . =273.55% h
= 284.35°). Therefore, the variations of the frac-

tions of color components do not significantly

ab white

influence the hue values of bicolor woven com-
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Figure 11: Spectrophotometrically determined reflectance values of
blue-yellow (a) and blue-green (b) double-sided weaves with g = 40
and g = 21 threads/cm.

sti barvnih komponent na celotni opti¢ni in barvni u¢inek. Na
sliki 10a so za modro-rumene in na sliki 10b za modro-zelene tka-
nine grafi¢no predstavljene spremembe barvnih vrednosti L*a*b*
obojestranskih vezav (platna, PL, §tiri- in osemvezne vezave pa-
nama, BA4 in BAS, in $tiriveznega cirkasa, TW) v odvisnosti od
sprememb gostote votkovnih niti L*a*b* = f(g ) ter pri konstantni
gostoti osnovnih niti g = 40 niti/cm. Vzorci obeh slik se med se-
boj razlikujejo le po barvi votkovnih niti, medtem ko so konstruk-
cijski parametri vzorcev obeh barvnih kombinacij pri dolo¢eni go-
stoti votka popolnoma enaki. Na osi x je predstavljeno nara$¢anje
vrednosti gostote votkovnih niti in je za vse vezave skupaj poda-
no od minimalne g = 8,5 do maksimalne vrednosti g . = 59 niti/
cm. Pri vrednosti gostote votkovnih niti gv6 je za vse vezave po-
dana konstrukcija s popolnoma enakimi vrednostmi osnovnih in
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binations. In Figure 9b, it can be seen that the
positions of blue, black, and white thread colors
lie almost on the same line, while spectrophoto-
metrically defined hue values of colors of bicolor
combinations appear with lower a* and b* val-
ues. Notably, the graphical presentations of hue
colors of woven compositions with red, green
and yellow weft threads indicate non-linear
changes of the hue values with changing weft
thread color fraction. The linearity of changes of
hue is most evident in the case of blue-red pat-
terns, while blue-yellow patterns show a partic-
ular and different behavior in patterns for these
color combinations.

According to Figure 6 b, the values of the yel-
low weft thread fraction from U = 0.2to U, =
0.3 result in large hue changes of approximately
one third of the color circle (from 240° to 120°).
In Figure 9a, where the a*b* plane is shown, the
color position of these blue-yellow patterns are
very close to the zero point in the coordinate
system. It is important to remember that these
constructions also have minimal chroma val-
ues. It is interesting that further analysis shows
that the blue-yellow constructions with weft
thread fractions greater than 0.3 in double-sid-
ed and one-sided weaves (face side) result in the
overall color effect with almost constant-valued
hues (Figures 6b, 7b). There were some minor
variations of the hue values in comparison with
blue-red and blue-green combinations.

Similar to chroma values, the specific behavior
of color combinations is caused by the positions
of original warp and weft colors in the color
space. In general, when the fractions of color
components are systematically changed, the
changes of the hue value and, consequently, the
color and the optical effects of the bicolor woven
structure in the color space, progress from one
color component to another.

The visual response to changing hue values (line-
ar, non-linear variations) is connected to the re-
ciprocal positions of the colors of warp and weft
threads. For instance, when two original colors
having similar hue values that comprise a bicolor
woven structure are positioned close to each oth-
er in the CIE L*a*b* color space, the optical mix-
ture of these color components give predictable
results. On the other hand, the greater the dis-

tance between positions of color components in

Spektrofotometri¢na analiza barve in opticnih ucinkov tkanin iz razlicno obarvanih niti 49

votkovnih niti: g = 40 niti/cm in g, = 21 niti/cm. Za te konstruk-
cije razli¢nih vezav so na slikah 11a in 11b lo¢eno predstavljene re-
fleksijske krivulje.

Na slikah 10a in 10b je razvidno, da lahko vezave z enakim raz-
merjem osnovnih in votkovnih veznih tock ter z razli¢no veliko-
stjo barvnega sosledja opti¢no delujejo kot ena sama vezava, ki
omogoca velik obseg vrednosti gostote votkovnih niti (od platna
z minimalno do osemvezne vezave panama z maksimalno gosto-
to votkovnih niti). To je predstavljeno s skoraj linearnimi in ena-
komernimi spremembami barvnih vrednosti L*, a* in b*, ko se
je gostota votkovnih niti platna ter vezav panama in cirkas spre-
minjala od g  do g .. Tocke, ki predstavljajo konstrukcije raz-
licnih vezav pri enakih gostotah osnovnih in votkovnih niti g =
40 in g = 21 niti/cm, se skoraj prekrivajo tako pri modro-rume-
ni kot pri modro-zeleni kombinaciji ter izpostavljajo spektrofoto-
metri¢no podobne barvne vrednosti konstrukeij z razli¢no veli-
kostjo barvnega sosledja. Nadaljnja analiza pa je pokazala, da je
vpliv povrsin barv razli¢nih barvnih komponent z enako veliko-
stjo na skupni opti¢ni uc¢inek odvisen od refleksijskih in L*a*b*-
vrednosti barvnih komponent. Na slikah 10a in 10b lahko vidimo,
da so bile spremembe barvnih vrednosti L*a*b* manj enakomer-
ne v primeru vzorcev z rumeno barvo votkovnih niti, poleg tega
pa se lege vrednosti L*, a* in b* pri vrednosti gostote votka g
manj razlikujejo v primeru modro-zelenih vzorcev. Razlago za ta
pojav lahko najdemo v analizi refleksijskih vrednosti vzorcev raz-
li¢nih vezav z rumenimi in zelenimi votki pri enakih vrednostih
gostote niti g =40 in g = 21 niti/cm. Na sliki 11a so zato pred-
stavljene razlike med refleksijskimi krivuljami tkanin z rumenim
votkom v vezavah platno, $tiri- in osemvezni panama ter cirkas.
Pomembne razlike so prisotne pri visjih vrednostih valovne dol-
zine, pri katerih imajo rumene niti maksimalno vrednost odbite
svetlobe (refleksijski maksimum). Vezava z najvecjimi povrsina-
mi barvnih komponent (8-vezni panama) in najve¢jim barvnim
sosledjem je omogocala najvecje vrednosti odbite svetlobe, ki so
se spektrofotometri¢no za 3 % razlikovale od refleksijskega ma-
ksimuma dvobarvne tkanine z najmanj$imi povrSinami barvnih
komponent in najmanj$im barvnim sosledjem (platno). Zanimi-
vo je, da so bile spektrofotometri¢ne razlike izrazene tudi med
dvema Stiriveznima vezavama (Stirivezna vezava panama in $ti-
rivezni cirkas) z orientiranim in neorientiranim flotiranjem vot-
kovnih niti. Stirivezni panama, katerega povrsina barvnih kom-
ponent ni orientirana v tkani strukturi, je kazal nekoliko visje
refleksijske vrednosti kot §tirivezni cirkas z Z-orientacijo. Vzrok
za ta pojav je seveda orientacija odbite svetlobe, katere lastnosti bi
bile lahko natanc¢neje analizirane s pomocjo goniometri¢ne me-
tode. Ker uporaba te metode ni namen nase analize, je dovolj na
tem mestu poudariti le, da lahko tudi s sprektrofotometrijo ana-
liziramo dolocene opti¢ne efekte na tkaninah razli¢nih vezav in z
razli¢nimi velikostmi barvnega sosledja. Spektrofotometri¢ne raz-
like med razli¢nimi obojestranskimi vezavami so bile ugotovljene
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the CIE L*a*b* color space, the greater the dif-
ferences in color dimensions (hue, chroma). This
larger difference can result in unpredictable and

specific color and optical effects on the surface.

5.2.4 The influence of size and distribution

of surfaces of color components

on overall optical and color effects

of bicolor woven fabrics
The color component surface, size, shape, and
distribution depend mainly on constructional
parameters of threads and woven fabric. Many
constructional parameters could be mentioned
at this point, but we have only analysed the
most important of these, which are presented in
the theoretical section: thread fineness and di-
ameter, weave, and thread density.
The objective of this analysis was to compare
spectrophotometrically determined optical ef-
fects of bicolor woven fabrics with the same ratio
of warp and weft interlacing points in different
double-sided weaves. Woven fabrics in all color
combinations were analysed, but only two color
combinations (blue-green and blue-yellow) will
be presented in detail to explain the influence of
properties of color components on overall optical
and color effects. For this purpose, the changes of
color values L*a*b* of double-sided weaves (plain
PL, 4-end BA4 and 8-end basket BA8 and 4-end
twill TW with respect to changes in weft thread
density L*a*b* = f(g ) and constant warp thread
density (g = 40 threads/cm) are graphically pre-
sented together in Figure 10a for the blue-yellow
combination and 10b for the blue-green combi-
nation. The patterns presented in these two fig-
ures differ only in weft thread color, while the
constructional parameters are the same. On the
x-axis, weft thread density is increases, and range
from a minimal g to a maximal value g .
From weft thread density (g, ), all weaves have
an equal warp and weft thread density: g = 40
and g = 21 threads/cm. For the constructions in
different weaves, the reflectance curves are sepa-
rately presented (11a and 11b).
In Figures 10a and 10b, it is evident that the
weaves with the same ratio between warp and
weft interlacing points and different sizes of color
repeats can act optically as a single weave, which
allows for a wide range of weft thread density

(from plain weaves with minimal density to bas-
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tudi v primeru dvobarvne strukture z rde¢imi in belimi votkov-
nimi nitmi, torej v vzorcih, v katerih so imele votkovne niti viso-
ke vrednosti refleksijskega maksimuma. Tudi v primeru teh dveh
barvnih kombinacij so bila spektrofotometri¢ne razlike med veza-
vami najbolj izrazene v obmocju valovnih dolzin, v katerem imajo
votkovne niti refleksijski maksimum.

Nasprotno se je pokazalo v tkanih strukturah z zelenimi in ¢rni-
mi votkovnimi nitmi, katerih vrednosti refleksijskega maksimuma
niso presegle 20 % vpadle svetlobe. Tu je bila vrednost (vendar ne
lega) refleksijskega maksimuma podobna za modre osnovne in ze-
lene votkovne niti (R = 15,46 %, R = 15,53 %), ne-
kromati¢ne ¢rne votkovne niti pa so seveda imele po celotnem
vidnem delu EM konstantno nizko vrednost refleksije, ki ni pre-
segala 4 % vpadle svetlobe. Tako se med razli¢nimi vezavami pri
enakih vrednostih gostote niti ni pokazala pomembna razlika v re-
fleksijskih krivuljah, kar lahko za modro-zeleno tkano kombinaci-
jo vidimo na sliki 11b.

Tako sta torej velikost in povr$ina barvnih komponent v barvnem
sosledju spektrofotometri¢no pomembni le v primeru, ko ima ena
izmed barvnih komponent dvobarvne kompozicije visoke refle-
ksijske vrednosti in med obema barvnima komponentama obsta-
ja neke vrste kontrastno razmerje. Ta ugotovitev je lahko potrjena
tudi z znanim pojavom opti¢nega me$anja raznobarvnih povrsin,
ki trdi, da se podobnejse (harmoni¢ne) barve lazje opti¢no mesajo
in pri manjsi razdalji opazovanja tvorijo enoten barvni efekt.

‘max zeleno

6 Zakljucki

Poudariti je treba, da predstavljeni zakljucki ne morejo biti popol-
noma posploseni, saj izhajajo iz eksperimentalnega dela z majh-
nim $tevilom barvnih kombinacij in s konstantno barvo osnovnih
niti. Ne glede na to je predstavljena raziskava lahko strnjena v ne-
kaj pomembnejsih zakljuckov, ki predstavljajo nekatere nove pri-
stope in metode za evalvacijo opti¢nih in barvnih u¢inkov dvo-
barvnih tkanih struktur.

- Med nac¢rtovanjem kon¢nega barvnega efekta dvobarvne tkani-
ne morajo biti konstrukcijski parametri skrbno doloceni, upo-
$tevati pa je treba tudi njihove spremembe med procesom tkan-
ja in po njem. Posebno pozornost je treba nameniti tkaninam,
ki imajo nestabilno strukturo, in tkaninam, katerih konstruk-
cijski parametri so izpostavljeni ve¢jim spremembam.

- Upostevati je treba vpliv konstrukcijskih parametrov in njiho-
vih sprememb med procesom tkanja in po njem (finost in gos-
tota niti, vezava) na velikost, obliko in razporeditev povrsin
posameznih barv barvne kompozicije ter na celotni barvni in
opti¢ni uc¢inek tkanine.

- Celoten barvni uc¢inek dvobarvne tkanine, njene spektrofoto-
metri¢ne barvne lastnosti (svetlost, nasi¢enost, barvni ton) in
lega v barvnem prostoru so odvisni predvsem od barvnih last-
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ket 8 with maximal values of weft thread densi-
ty). This idea is demonstrated by the almost linear
and uniform changes of values L*, a* and b* when
the weft thread density for plain, basket and twill
weaves is changed from g to g . The points rep-
resenting constructions in different weaves at equal
warp and weft thread density (g = 40 and g =
21 threads/cm) almost cover each other for blue-
yellow and blue-green combination, which indi-
cates the similarity in spectrophotometrical color
values of constructions with different sizes of color
repeat. However, further spectral analysis demon-
strated that the influence of color surfaces of differ-
ent color components with equal size on overall op-
tical and color effects depends on reflectance and
the color values L*a*b* of the color components.
First, it can be seen that in Figures 10a and 10b,
the variations of the color values L*a*b* were less
uniform for patterns with yellow weft thread. The
positions of the values L*, a* and b* at weft thread
density g differ less for the case of blue-green pat-
terns. This explanation was found from the analy-
sis of the reflectance values of patterns in different
weaves with yellow and green wefts at equal thread
density values (g =40 and g, = 21 threads/cm).
In Figure 11a, the differences between reflectance
curves of woven structures in plain, 4-end and 8-
end basket, and twill with yellow weft thread can
be analysed. Significant differences are present at
higher values of wavelength, where the color of
yellow weft threads has the maximum value of
reflected light. The weave with the biggest surface
size of the color component and the biggest color
repeat (8-end basket) results in the attainment of
maximal values of reflected light. Such values dif-
fer by 3% from the reflectance maximum of the
bicolor woven structures with the minimum size
of surface color components and the minimum
size of color repeat (plain). Interestingly, differ-
ences were also pronounced between the two 4-
end weaves (4-end basket and 4 end twill) with
oriented and unoriented floating of weft threads.
Four-end baskets, which have color surfaces of
color components that are not oriented in the wo-
ven structure, show slightly higher reflectance val-
ues than 4-end twill with a Z orientation. The
cause for this phenomenon is the orientation of
reflected light. The properties of light could be
analysed with goniometry. As the application of

this method is not the aim of our research, at this
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nosti izhodi$¢nih barv, ki sestavljajo tkanino, in njihovih leg v
barvnem prostoru CIE L*a*b*. Ko je dvobarvna tkana struktu-
ra sestavljena iz barv s podobnimi refleksijskimi/barvnimi last-
nostmi in z bliznjo lego v barvnem prostoru, je skupni barvni in
opti¢ni uc¢inek mesanja bolj predvidljiv, spremembe konstruk-
cijskih parametrov pa se kazejo v bolj linearnih spremembah
vrednosti LY, C* ali h . Po drugi strani pa lahko kombinaci-
ja dveh kontrastnih barv (dve kromati¢ni barvi, ki lezita v raz-
licnih ali v nasprotnih kvadrantih barvnega prostora) med
spreminjanjem delezev barvnih komponent v tkani strukturi
povzro¢i neenakomerne spremembe barvnega tona ali nekro-
mati¢ne opti¢ne uc¢inke barvne mesanice.

- Vsaka barvna komponenta vpliva na skupni barvni efekt dvo-
barvne tkanine s tisto barvno vrednostjo L*, a* ali b*, ki ima
najve¢jo numeri¢no vrednost. Pri spreminjanju delezev obeh
barvnih komponent dvobarvne tkanine se tako najbolj spre-
minja tista barvna vrednost L*, a* ali b*, po kateri se najbolj
razlikujeta tudi barvni komponenti dvobarvne konstrukcije
(osnovne in votkovne niti).

- Sprememba konstrukcijskih parametrov v primeru uporabl-
jenih vezav v raziskavi igra v primerjavi z barvnimi lastnos-
tmi niti sekundarno vlogo pri naértovanju konénega barvnega
u¢inka dvobarvne tkanine. S temi spremembami se ve¢inoma
dosegajo le doloc¢ena intenziteta vpliva posamezne barvne kom-
ponente ter nekatere variacije opti¢nih u¢inkov (odboj in sipan-
je svetlobe, lesk).

- Med konstrukcijskimi parametri dvobarvnih tkanin je za do-
loc¢anje celotnega barvnega u¢inka najpomembnejsa vezava, ki
doloca delez barve posamezne barvne komponente na povrsini
tkanine. V nasem primeru se je tako izkazalo, da obojestrans-
ke tkanine z enakim razmerjem osnovnih in votkovnih veznih
toc¢k v sosledju vezave in z bolj izena¢enim vplivom barvnih
komponent v barvnem sosledju v odvisnosti od barvne kom-
binacije kaZejo na splo$no bolj nelinearne spremembe nasice-
nosti in barvnega tona. V vezavah s poudarjenim osnovnim ali
votkovnim efektom se zaradi prevladujocega deleza ene barvne
komponente med spreminjanjem gostote niti dogajajo bolj line-
arne spremembe barvnih lastnosti.

- Med nadrtovanjem kon¢nega barvnega in opti¢nega ucinka
dvobarvne tkanine je treba upostevati tudi odnos med barva-
mi barvnih komponent v tkanini. Ti odnosi so lahko opisani
numeri¢no z barvnimi razlikami (AE, AL*, Aa*, Ab*) ali opis-
no kot harmoni¢ni in kontrastni. Vrsta odnosa pomembno vp-
liva tako na subjektivno dojemanje barve in opti¢nih lastnosti
dvobarvne tkanine kot tudi na objektivne spektrofotometri¢ne
analize opti¢nega mes$anja na dvobarvni tkanini.

- Barvne komponente z razlicnimi vrednostmi refleksijskega
maksimuma razli¢no vplivajo na skupni barvni in opti¢ni uci-
nek dvobarvne tkanine. Ne glede na enako velikost povrsin raz-
licnih barvnih komponent ima barvna komponenta z vedjimi
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point, it should be emphasized that spectropho-
tometry allows for the analysis of certain optical
effects on woven structures in different weaves
and with different color repeat size. The spectro-
photometrical deviations of the plain weave from
the basket and twill weaves were noticed in the
case of bicolor structures with red and white weft
threads in the patterns in which weft thread color
had a high value of reflectance maximum. Also
in case of these two color combinations, the spec-
trophotometrical deviations between weaves were
present at wavelengths where the weft threads
had the maximal values of reflectance.

The opposite was observed in the woven struc-
tures with green and black weft threads. Its re-
flectance maximum does not exceed 20% of
incident light. Here, the value (but not the po-
sition) of reflectance maxima were very similar
for blue warp and green vs. black weft threads,
because achromatic colors have constant, low
reflectance values over the overall visible light
spectrum Achromatic colors do not exceed 4%
of incident light. Thus, no significant deviations
resulted between the reflectance curves of differ-
ent weaves at equal warp and weft thread den-
sity. This information is apparent in in Figure
11b for blue-green woven combination.

In summary, the size of the color component sur-
faces in a color repeat is spectrophotometrical-
ly relevant only in the case when one color com-
ponent of the bicolor composition has a high
reflectance maximum, and also when there is a
contrasting relationship between two color compo-
nents. This finding can also be confirmed with the
known phenomenon of the optical mixing of dif-
ferent color surfaces. This phenomenon states that
similar colors combine more easily, and at minor

observation distance, form a uniform color effect.

6 Conclusions

It should be noted that the presented conclu-
sions result from experimental work that was
performed on only a few bicolor combinations
with a constant color in the warp thread sys-
tem. In spite of these simplifications, the re-
search can be summarized in some important
conclusions, which present some new approach-
es and evaluation methods of optical and color

effects on the bicolor woven structures.
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vrednostmi refleksijskega maksimuma ve¢ji spektrofotometric-
ni (in tudi vizualni) vpliv na skupni barvni in opti¢ni uéinek
dvobarvnih tkanin kot barvne komponente z nizkimi vrednos-
tmi refleksijskega maksimuma.

- Velikost in oblika barvne povrsine dolo¢ene barvne kompo-
nente ter posledi¢no velikost barvnega sosledja vplivajo na ref-
leksijo in barvne vrednosti dvobarvnih tkanin, ampak le v pri-
meru visokih vrednosti refleksijskega maksimuma ene izmed
barvnih komponent oz. kontrastnega odnosa med obema barv-
nima komponentama. Te razlike so lahko med razli¢nimi veza-
vami tudi spektrofotometri¢no dolocene.
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- During the planning of the final color effect of
bicolor woven structures, constructional pa-
rameters should be carefully considered and
their changes during and after the weaving

process should be taken into consideration.

Special attention is needed especially for the
woven fabrics with less stable structures and
for woven fabrics subjected to variable me-
chanical and structural properties. When con-
structional parameters are determined and if
variations occur at some point in the weaving
process (thread fineness, density and weave),
their influence on the size, shape and distri-
bution of surfaces of color compositions on an

overall woven surface should be considered.

The overall optical effect of bicolor woven fab-
rics and their color properties (chroma and
hue values) depend mainly on the color prop-
erties of original color components that com-
pose the woven fabrics and their positions in the
CIE L*a*b* color space. When a bicolor woven
structure is composed of colors with similar re-
flectance/color properties and near positions in
the color space, the overall effect of color and
optical mixture is more predictable, the and
change of constructional parameters results in
more linear variations of the values L*, C*,, or
hub. On the other hand, the combination of two
complementary colors in woven structures (two
chromatic colors positioned in different or op-
posite quadrants of the color space) can result in
an achromatic optical effect of color mixture or
quite non-uniform changes of color hue when

the fractions of color components are changed.

Every color component influences the over-
all color effect of a bicolor woven structure the
most with the high numerical value for L*, a*,
or b*. Upon the changing the fractions of both
color components in bicolor woven structures,
large changes may occur in that color value
L%, a* or b*, which differs the most between
the colors of the two components of the bicolor
construction (warp and weft threads). Chang-
ing the constructional parameters plays a sec-
ondary role in planning the final color effect of
a bicolor woven structure. With these changes,
only the level contribution of single color com-
ponents, and some variations in optical effects
(light scattering and reflectance, luster) can be

manipulated, while the basic color properties
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and the positions of color on the overall color
effect of bicolor woven structures remain con-
nected with the color values of all threads in
the woven fabric. The weave is the most im-
portant constructional parameter for deter-
mining the overall color effect because it de-
termines the fractions of all color components.
In our research, it was found that double-sid-
ed weaves with the same ratio between the
number of warp and weft interlacing points
and more equal influences on all color com-
ponents in the color repeat display more non-
linear changes in the chroma and hue val-
ues. The weaves with long warp or weft thread
floating have a dominant fraction of one color
component. As such, changes of construction-
al parameters result in more linear variations
of color properties. The relationship between
the color components in bicolor woven fabric
should also be taken into consideration during
the planning of final color and optical effects
of woven structure. These relations can be de-
scribed numerically with color differences (AE,
AL%, Aa*, Ab*), and can also be described as
harmonic or contrast. The type of relationship
of colors significantly influences the subjective
visual response to color and optical properties
of bicolor woven fabrics. It also influences the
objective spectrophotometrical analysis of op-
tical mixing in bicolor woven fabrics. Color
components with different values of reflection
maxima differently influence the overall color
and optical effect in a bicolor woven structure.
In spite of the equal amounts of different sur-
face color components, the color component
with a higher reflectance maximum has a
greater spectrophotometrical (and also visual)
influence on the overall color and optical effect
of bicolor woven structure than color compo-
nents with low values of reflectance maxima.

- The size and shape of color surfaces of color
components, and the size of color repeats can
influence the reflectance and the color val-
ues of bicolor woven structures, but only in
the case of high values of reflectance maxi-
ma of one color component or a contrasting
relationship between two color components.
These differences between weaves can also be

determined spectrophotometrically.
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