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ABSTRACT

llluminant metamerism and observer metamerism are increasingly employed in different areas
such as colour science, printing, packaging, visual percepiginting, museums etcOn

artistic paintings refers to a phenomenon, where different pigments orinaiiobs of
pigments appear to match under one light source but exhibit a noticeable difference in colour
when viewed under a different light source. In the context of artistic paintings, the pigments are
composed of various chemical compounds that alzsuilveflect specific wavelengths of light,

by selectingsubtractivecolours from the original painting that are prone to metamegcam

have different spectral properties and interactions with lighting conditions, influencing visual
system, colour percaph and metamerism.

Characterizing the spectral characteristics of colour techniques and inks throughneitac
measurements, play a crucial role in quantifying and analysing metamerism by comparing the
colour differences between differdight soures

Within this dissertation, research was carried out to find possibilities of reducing metamerism
in different colour techniques, to standardise and reduce metamerism in perception of paintings.
By using a higlguality printing process that can acculateproducecolours, the calibration

of printers was employed to ensure colour fidelity and consistency. Printing test samples on a
matte paper can helminimise reflections and provide a neutral background. This research
defines comparison of paintingstkv similar motive andhalf-tone reproduction sample, by
providing insights into how humans perceive colour and the extent of metamerism in different
lighting conditions under standardised conditions of various light sources: LED light 3000K,
4000K, 6500K,Wolfram light, and Halogen light under their Spectral Power Distributions
(SPD). The task of this research was to find a scientific correlation between illuminant
metamerisnon paintings, made by different colour techniques and inks, such as tempera, oil,
acrylic, pastel,and watercolour paintings he study of illuminant metamerisnon artistic
paintings was made with objective and subjective reseavih, standardised condition
observers assess colour matches or differences wadeuslight sources By using such
modelspnecanpredicthow a painting will appear undéifferentlighting conditions and better

understand the factors contributing to illuminant metamerism.

Key words: llluminant metamerism, SPD, colour perception, printing, pigments



SAGETAK

Met amerija uvjetovana promjenom osvjetljenja
gt o su znanost. o boji, tliksskw muzgimitd. Kadageu , Vi
promatraju umjetnil ke slike metamerija se

pigmenti ili kombinacije pigmenata podudaraju pod istim izvorom svijetlosti ali pokazuju

primjetnu razliku u boji kada segledajgp dr ugi m i zvorom svjetl a.
sli ka, pi gment i se sastoje od razlilitih k
specifilne valne duljine svjetlosti [ mo g u
uvjetima osvjetien a, utj el ul i na vidni sustav I perce

Karakteriziranje spektralnih karakteristika
mjerenja igra kljulnu ulogu u kvantificiran
osvjetlienja usporedbomiaz ka u boj i izmelLu razlilitih izv
Ovaj doktorski rad fokusirao se na fenomen metamerije uvjetovane promjenom osvjetljenja u
kontekstu umjetnilkih slika izlogenih razli/
pronal.i owari mavpat liozst i koj i ubl agava perce
prosjelnu vizualnu percepciju.

Sredignja hipoteza ove teze je da prisutnost
sli kama ovi si o specifilnimldéstehagkaamaj es | mdt

uvj etovane promjenom osvjetljenja dalo je u\

razlilite tehnike slikanja daju razlili.it Iz C
ideju da metamerija uvjetovana promjenans vj et |l jenja igra kIl juln
umj etnil kih slika. Nadal j e, vagno otkrile | e

ubl agavanju mani festacije metamerije uvjeto\
karakterizirana dobro defirnom spektralnom distribucijom. Glavni cilj ovoga rada usmjeren

je na optimizaciju uvjeta osvjetljenja kako
da se kvantifikacija razlike dogivljadoa boj a
upotrebe indeksa metamerije (Ml) za definiranje perceptivnih nijansi metamerije uvjetovane
promjenom osvjetljenja wunutar domene promat
tehnikama.

U okviru ove disertacije pamaEldenmodwel nodtria ¢
met amerij e uvj etovane promjenom osvjetljen
standardizirala i smanjila metamerija uvjetovana promjenom osvjetljenja u percepciji slika.

Korigtenjem visokokvali okehoogeprodesiar aspi ba



je kalibracija pisala kako bi se osigurala v
je na mat papiru koji pomoii smanjuje refl ek
sjajnosti materijala.

Ovo i stragivanje definira usporedbu sli ka
reprodukcije, prugajuli uvid u to kako | judi
uvj etovane promjenom osvjetljenj) @arasgvetibsttst and s
LED svjetlo 3000K, 4000K, 6500K, Wolfram svjetlo i halogeno svjetlo, odnosno pod njihovom

spektralnom distribucijom snage (SPD). Zada
povezanost i zmelLu met ameri jea unva esloivieama pr g
razlilitim slikarskim tehnikama, kao gto su

met ameri j e uvj etovane promjenom osvjetljenj

objektivnim i subjektivnidm zii gtama § ipvraonnaetnr,a | p
podudarnosti Pl razli ke boja pod razlilitir
se predvidjeti kako Ie slika izgledat:i pod
| i mbeni ke Koj i d mgiamerife o wjetovarse m@aramjerom j asvjetljenja.

Umjetnil ke slike, koje su primjeri sinteze r
koji selektivno apsorbiraju i reflektiraju o

boja s izvore slike, predisponiranih metameriji uvjetovanoj promjenom osvjetljenja, stvara

razlilite spektralne vrijednost:i koji su u i
utj el e na Vvizual ni sustav, na r anzetamerije e v an|j
uvj etovane promjenom osvjetljenja. Jedinstve

tehnikama slikanja, daju male razlike u refleksiji svjetlosti u usporedbi s ljudskim vizualnim
sustavom boja. U biti, zagonetka metamerije uvjetovaoenjgnom osvjetlienja nalazi se

unut ar domene percepcije boja, zamr genog as
dogivljaju boj a k od promatral a. | ako j e p

osvjetljenja unutar jednotonskih boja relativno jednastav, procjena Vvigeton

razlilitim svjetlosnim uvjetima zahtjeva USs
kvantificirat:. razli ke u bojama. Ovo ] e I st
metamerije uvjetovane promjenom osvijetlenak vi geboj ni h sl i ka anal

sive boje, precizno reproduciranog putem empirijski testiranih uzoraka. Razlike koje se mogu
uol i ti unutar polja sivog balansa podlodgne
uvjetovane promjenom osvignja putem indeksa metamerije.

Kako su se u radu istragivale razlilite sli

osvjetljenja, u radu je ustanovljeno da | jud



izvora osvjetljenja. Takojettsanov!l jeno da se kod slika koje
uvjetovana promjenom osvjetlienja najmanji kada se Kkoriste izvori osvjeteljanje s
temperaturom boje u korelaciji (CCT) u rasponu od 3000 K do 4000 K.

Kod ulja na platnu, najmanja metamerijaet@yana promjenom osvjetljenja dogodio se kod

temperature boje u korelaciiji i zmelu 2700K
takolLer da kod wulja na ©platnu | judi vide b
promatral a i itjoelpu veemgitwlejnaoj au rdazl i ke u svj e

akrila pokazalo se se da je metamerija uvjetovana promjenom osvjetljenja najmanji kada se
koriste hladnije boje i to prvenstveno kod halogenog svjetla koje ima takvu spektralnu
refleksiju.

Kod ove tehnike je takolLer wustanovljeno da |
bolje percipiraju boje koje su toplije, od
metamerije upravo radi interakcije s temperaturom boje svjetlosti. Koded&ya ustanovljeno

da da se boje relativno jednako percipiraju u rasponu temperature boje u korelaciji 0d-2700 K
4000 K, melLut i m, primjeieno je da se plave
navedenoj temperaturi boje u korelaciji, pa seanstilo da je za navedenu tehniku bolje
osvjeteljenje hladnijeg izvora osvjetljenja s temperaturom boje u korelaciji od 6500 K.

U kontekstu pastelnih umjetnilkih djela, I a
uvjetovaua promjenom osvjetlienja, ustavl j eno je da se kod gutih
manja metamerija uvjetovana promjenom osvVvj et
i zvore svjetlosti Koj i pokazuju drugalij.i [

detaljnouobpagnpnueénoma disertacije.

Kl julne rijeli: Met ameri zam uvjetovan pr omj e

tisak, pigmenti



Objective and hypothese®f the research:
H1 llluminant metamerism appeanspaintings,dependingn thepainting techniques.

H2 StandardisetED light decreases appearance of illuminant metamerism with defined

spectral power distribution of light.

H3 With themetamerismndex, it is possible to define objective values of accepoderance

for illuminant metamerism on different paintings.

Expected scientific contributionof the proposed research:
llluminant metamerism appears in paintings depending on painting techniques.

StandardisetlED light decreases the appearantanilluminant metamerism with defined

spectral power distribution of light.

The metamerisimdex can be a unit thdefines thalluminant metamerism between different

painting inks
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1. INTRODUCTION

Visual perception is differerfor everyone.t should be notedhat individual perception is
affected by different factors for the selection of a particular object. The main factor of individual
perception is the lighting that surrounds the environment. Human colour vision has its own
impressions from the brain of Wwasomething works or how it igerceived.The perceptions

unigue These observers are different individuals, which suggests that perception is individual
the human brairecognisepictures that were first created by photosensitive cells in the retina.
Colour is a visual perception composed of the stimulus of three types of photorecaliors

L, M, and S. cones.

The human eye ofterecogniseslifferent spectral distributions as the saroéur sincesach

cone has broad spectral responses. The ragustrof stimuli in phenomenal consciousness is
visual perception. Traces at unconscious levels of processing are left by unperceived stimuli
that caraffectvisual perception and performance. [1]

Whenit comedo visual perception of an object, our brain performs computation that outclasses
the most sophisticated modern computers, and each time we open our eyes, we make sense of
the pattern ofight reaching the human retina. [Perceiving electromagnetic radiati is a
subset of the optical spectruiratenables the human eye to be a sensory organ. [3] Common
factors of visual perception may be the cause of a similar perceptierlluminationof light,
illuminant metamerism,and observer metamerism show thisstin terms of individual
perception. Luminous changes indicate a change in perception.

This researchproposes a methaw evaluatethe ratio of the mixture of dyes that can cause
metamerism. The purpose of this research is to present how colours are perceived by different
individuals - by using 3 subtractive colours in different colour technique and to generate
iluminant metamerisnunder different sources difjht, to thus enables the representation of
premeditated colours.

Paintings as artworks have the highest ligknhsitivity in museum lighting. Therefore,
photochemical damage suchfaging,and discolouration may be irreversible. T4le spatially
variablespectral reflectancactor, thesurface macrostructurand thesurface microstructure

are included in a complete physical descrippbbpaintings.[5]

In artistic paintings,it is possble to match a wide range of colours by using a combination of

three fixed colourants (red, blue, and yellow) for a particular observer and light souildee [6]



CIE International Commission on lllumination. Scotopic vision and photopic vision are two
types of vision; the first one has to do with the rods mediate vision when very little light is
available, 0,230Ix, and photopic vision is defined by the proxy of cones when vision is sharp,
under luminous conditions of over 30Ix. [Fgrceptually approximdteuniform colour space

is the CIE L*a*b* colour space (Colourware Ltd 2001: International Commission on
lllumination 1996). This colour space was intended for use with surface colourEhg8]
CIELAB space is determined to be acceptable in manywedd applications despite its
theoretical challenges. However, if the aim is a photographic reflection that prints a picture, this
is frequently unsatisfactory,since our visual system adjusts its judgment regarding the
"perceived" lightness based on the illnation geometry in the scen@olour stimuli with the

same tristimulus values but different spectral radiant power distrib#ierns fact, metameric
colour stimuli.

These definitions areermed metamersnd the basiconcept is referred tas metamerism. [9]
Dependingn thedominant tones, a phenomenon oftecursthat results ithe dissatisfaction

of theenduserwith halftone colour reproduction, and this phenomenaaliedMetamerism.

[10] Obtaining paints that cause metamerism umldedesired light source is difficult for the
average person, despithe colour charts that are available commercialty confirm
metamerism[11] Colourimetric coordinates are supposed to be the most common metamerism
indices.

The degree of metamerism is described by the indices that are based on the spectra deviation of
a metameric pair or the differenicecolourof the pair under test conditioriBhe evaluation of

the magnitude of illuminant metamerism is commonly represditédde measurement of the
colour difference under the test illuminamhe colour differences calculated by the selected
test illumination aralifferent in this case, the measured (social) metasmatimdex could be
considered as the test illuminatidependent valug9] It was assumed that metamerism would

not be a problem under various real sourcesgl,8illmeyer (1963)], if a pair of metameric
samples matched for both D65 and A source of light. According to the definition, each set of
metamerisnthat ismatched under CIE illuminant D65 for the 1964 CIE standard observer
under a test illuminant would be mismatched, forming a gamut of colourimetric coordinates.
These gamuts of metameric mismatch were quantitatively evaluated usingultivariate
statistics [12].Two specimens are metameric only if their spectra are different in the visible
regionand if they haveidentical tristimulus values for a single condition of illumination and
views, accordig to the CIE. [13] A different colourom the observer for the same item is

producedvhen the light source shanged. [14]



There are many facts that presentstamdardisatioof LED light. The improvemeraf modern
light has been continuing across #pectrum, and the most promising one for the 21st century
is no doubt th& ED light, which has 24 times more useful lifespan than that of their average
competitor, while producinbigh-quality light much more efficientlyCompared to light bulbs,
light-emitting diodeshave improved their efficiency by roughd9%,LEDs arehighly energy
efficienti less heat, more light, lowenst,LEDs do not contain mercury and do not emit UV
rays., Unlike fluoresceriulbs,which waste most of their energy in the form of he&i) use
100% of their energy to produce lighithe LED lightning systemfits perfectly into thedecor

of the spacenostLED fixtures are made dfigh-quality, ecofriendly plastics.[15]

The strengths and weaknesses of monochromaticity. Bbalight arereflected by its spectral
characteristics. MangkEDs cannot produce monochromatic liglha wavelength peak, so the
termé d cmmaint  w a vséntroduteayl filmidg to describe the spectral propertiedass.

The wavelength of the main monochromatic light defines the dominant wavelength, and it is
observed by the human eyidhe LEDs have only one dominant wavelength, even thaeghe
LEDs give multiple wavelengths of light. [18 monochromatic light sourcds€:Ds are more
advancedlueto their miniaturdootprints.Using these devices for colomnixing is much more
feasiblecomparedo conventional light sources, which are obviously of ladyeensions. [17]
Light-emittingdiodes, knowirby theacronymLED, are sources of radiant enexdaracterised

by solid state. This radiant energy produces material light-emitting diode, a prepared
semiconductomaterial,where small amountsf chemicalcompounds are added contrded
impurities These impurities are used as ttypes.One is knowras then-type, which yields a
semiconductor material and has an excess of electidresLED has aspectral radiant
distribution and is confined to a narrow spectral regidre semiconductamaterial and the
added impurities are two things that tlwavelengthof LED peak emission depends drhe
light-emittingdiodes are very small physically.

The dimension ofhe semiconductor chip of the pmctiongenerally ranges from 0.2 to 1Imm
square; 2 tdmmis the sizeof theassembledource, which varies depending on its design and

construction. [8]



1.1 Light

Light refers to electromagnetic radiation that is visible to the human eye. It is a form of energy
that travels in waves and is characterized by its wavelength and frequency. Light plays a
fundamental role in various scientific disciplines, includpiysics, chemistry, biology, and
optics.The term electromagnetic wave is a kind of electromagnetic radiation which is directed

at the rays of a source and transmitted over a given area of the envirohtnuant be
characterisedby measuring an electrogaetic wave's frequency (f) or wavelength), (The
International System of Units (French nabeeSyséme | nt e r n aéablwreviatbnofl 6 Un i
the Sl) uses hertz (Hz) as the unit of frequency and the metre (m) as the unit of wavéength.
shown in the following equation, the frequency of a wave, or the number of waveforms passing

a specific location in a second, is inversely proportional to its wagtde

f=

> o

1)
where the speed of light in a vacuum is ¢ = 299,792,458 m/s. [18]
The wavelengtliescribes the light for which th@nomete (nm) represents a convenient unit
of length.Light can be moved as a waveas a particle photori.he mostcommonbasisfor
visible light infact, is electromagnetic radiation, just like microwaveshigh-frequencyX-
rays and all othesisshown in (Figure 1xhroughwhichvisible radiation is considered to have
a lower limit between 360 and 40anometresand an upper limit between 760 and 830
nanometres[19][20] The specifiavavelength throughaysdetermineshecolour and intensity
determine theource of lightlf the wavelength is longer than the visible spectrum, for instance,
on waves of IRinfrared, our eye cannot catch them. If the wavelength is shorter thatvthe
rays, again it is impossible see themOther species have a bit different ray of visiort,the
visible spectrum is for mankindccording toSliney, D. H., Wangemann, R.,TiThis is the
part of theelectromagnetic spectrum that mankind has evolved the dbipgrceiveHowever,
under laboratory conditions, the human eye can detect leveyer wavelengths, up to 1064
nmo[21]
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Figure 1. Electromagnetic spectrum, visible radiation is approximately betwee880 and

780nm in this spectrum [19]

Essentially, light is the visible radiant energy that awakensotiserver through visual
experience. [22] Issac Newton divided white light into its constituent colours in 1666 using a
glass prism. Newton gave this range of unbroken hues the name spectrum, which is a translation

of the Latin word for "appearance” or "apjtion". [23]

1.1.1 Blackbody radiation

Shortly and Williamg1974pp. 323-326) gave a definition of Black Bodwgdiation describing

it through the temperature ofaterialsthat above zero, radiation is emitted.

The solidtemperatureadiates arenergy thatncreasesapidly; therefore, the emitted radiant
power depends on the character ofgbkd surfaceMax Planck tried to find out precisely the
black body radiation, experimenting with a box with a small hole, hedtiagd waiting for

the system to reach a fixee@mperaturdo see what kind of electromagnetic radiation comes
out of the holeTrying to apply classical mechanics to this probl&ayleigh,andJeansywho
calculated correctlygassertedhat the black body would emit electromagnetic radiation, having
a distribution of frequencies. Therefore, thgher thantensityis when thdrequencybecomes

larger, and thus the ultraviolebmesto be an absurd conclusion. [ZHje spectragéxitance or



the radiant flux of blackbody radiation emitted by a surface per unit area per wavelength, is
how Planck’s lavetates 0 _is given by,

_ 2mhc? 1
ed ™ 35 (ethkT _ 1)

(2)

where T is the temperature kelvins (K), h is the Planck constant (6.625®:0005) x103*
joulesseconds (Js), and k is the Boltzmann constant, which is 1.3802X X/&. [24][26]27]

1.1.2Radiometry and photometry

The scientific study of measuring radiant energy, including its distribution, intensity, and
spectrum content, is known as radiometMany disciplines, including remote sensing,
atmospheric science, and materials reseamte dependenton radiometry. When
electromagnetic radiation is measured, its radiant energy and the geometry of how it travels
across space adeterminedThe measurement of electromagnetic radiation using photometry

is similar,andonly considers visible radiation. [26]

The radiant energy per unit timet is known as the radiant flux (radiant powgr), the time

rate of flow of radiant energy (unit: watgpreadfrom a sources explainedn the equation
belowaccording taVicCluney, W.R.(2014:

o=
dt 3)
The measurementf light, including its brightness, colour, and distribution, is the sulgict
scientificfields of photometry[27] Many disciplines, such as lighting design, vision science,
and astronomicaimaging, depend on photometry. The watt is the unit of radian(W). The
luminous flux is the photometric unit that corresponds to the radiant flux. It includes the unit

of lumen(lm),

330
q)v = Km (I)E,/l V(}L) d/l
380

(4)



where under photoprcumstanceghe spectral luminous efficiency function(M) represents

how the human eye reacts to light intendi®7] Theradiometric and physiological variables

are relatedo theconstant Km = 683 Im/W. The wavelength at whick) peaks aflW, thus,

a monochromatic light source with a wavelength of 555 nm produces radiant flux with a
luminous flux of 683 Im[26] [27]

1.1.3Spectral power distribution

Spectral power distribution (SPD) refers to the measurement or description of the power of light
at each wavelength across the entire electromagnetic spectrum.

According toSchanda, J., & Danyi, M. (1977)

fiThe amounobf power emitted by a light source per unit wavelength is knoviimesspectral
power distribution (SPD). [28]

It is alsoknown agherelative spectratlistribution of SX), as it shown in the equation,

S(A) = Xa(A)

R (5)
Theradiant flux per wavelength Xi(1) | and R is defined as "a fixed reference value, which
may be the maximunaveragepr arbitrary value of thidistribution(CIE, 2011)[29]
The opticalpower distribution refers to the measurement of how the power of a light source is
distributedover different wavelengths or frequencies of light. In other words, it describes how
muchenergy is present at each wavelength in a light source. Some notable contributors to our
understanding of spectral power distributions include Max Planck, who developed the theory
of quantum mechanics in the early 1900s. Other important figures in fdisniddude James
Clerk Maxwell, who developed the theory of electromagnetic radiation, and Johannes Kepler,
who conducted early experiments on the properties of [@Fit.



1.1.4 Correlated colour temperaturei CCT

The correlateatolour temperature is referred to as the distribution temperature if the relative
spectral power distribution of the sourcerrespondent corresponds the point on that
Planckian locus according to the CIE vocabul$2g][30] Therelative power distribtion is

not perfectly replicated by most sources, but many of them share its chromaticity, in which case

the temperature of the latterdalled the colour temperature (Figure 2).
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Figure 2. The CIE 1931 x y, chromaticity space also exhibits a line of constant
associated colour temperature and the h r o ma tof btackdgdylight sources at

varying temperatures[29]

A curved line known as thelanckian locuss used to depict thehromaticitiesof Planckian
radiators at various colour temperatures inxhg, chromaticity diagram. The corresponding
colour temperature is calculated for sources that do not locate on the Planckian locus as the
colour temperature whose chromaticity is closest & gburce's chromaticity on the v,
diagram. [25][Z][28] [29]



1.2 Light Sources

1.2.1History of light

Lightningis knownto havemade its rapid revolution iall areaf humanlife. Daylight refers

to the natural light that is present during they when the sun is above the horiz@right
natural light that illuminates our surroundings during the day, allowing us to see and perform
tasks without relying on artificidight. Thelight varies in intensity and colour depending on
factors suclastime of day, season, weather conditions, and geographical location. It is essential
for our physical and mentalell-being,as it helps regulate our circadian rhythms, which affec
our sleepwake cycle, hormone production, and other bodily functif@i4.Three components
constitute daylight: direct sunlight, diffuse sky radiation (also known as skylight), and sunlight
and skylight reflected off the Earth or objects on the grol@2] Beyond visible lightX-rays,

UV, IR, and radiavavesare also includeth solarradiation.[33] The effective temperature of

the sun, or the temperature at whicblack bodywould produce the same total quantity of
electromagnetic radiation, [34] abe sun is around 5777K, according to the National
Aeronautics and Space Administration (NASESB]

One of the most brilliant idea®r using the sunlight inside an object was of course the
Pantheon, which isn outstanding architectural work from thenin Empire, where iis
designed almost entirely around the ojércircle at the top of its dome. Since then, the human
mind has continuouslpeentrying to find more efficient ways and methods of lighting specific
objects and areakightning, as one of the most essential elements in life of every species on
earth,has itsevolution andpf course its irreplaceable role. Compared withltiternetas an
important part of modern life, lightning has always been a significant part not only for human
beingsbut alsofor all creatures oicarth, meaning here for the natural lighdurce the Sun.

The fact that this source of light is present only in aifigegpart of the day, not 2hours,has

made ithecessary to have light during the night and in places where the lightQirnlsannot
bepenetratedsuch as caves in prehistoric timelereby, athattime, the first artificial source
wasfire andthencandleslmaginesuch a long timago, thathere was a long way to dor

light as it is today.

Another way of lightning in prehistoric ages was the making of torches which is supposed to
be used in70.000. This typeof lamp was made of shell, hollowedit rock filed with dried

grass or wood; later, wax or some kind of oil was used, surrounded #lanmonable material.



Candles were showas another source difjhtning, as results of human efforts to invent
something more practical to be useére,we have to do witkhe use of wakeeswax or tallow

(a derivative of animdiat), whichthen represented the most significant technological lighting
advancement since the discovery of fire itself. The first holding caacdespposed to be used

in the fourth century.C., in ancientEgypt, theRomanempire,and theGreeks, but the Asian
countries of that time were separately making candles out of whale fat as early as 200 B.C. [36]

1.2.2Incandescent light source

The majoradvancement in lightning, géampsand electric lamps to com&790 was the year
whengas lamps have been develope&mgland, theelectriclamp was another advancing step

in lightning, created by Englishman Humphry Davey whd e b thetfiestdncandesent light

to the Royal Instituteof Great Britain, using a bank of batteries and two charcoald s 6
according to the US Department of Energy). [37]][38

When an object is heatedo glow, incandescent light is emitted. h e o0 bheatingt 6 s
temperaturespecificallywhite light,is 1,341°H727°C).

The basic principle of all incandescent lamysrking is thatlight is emittedthrough ahigh
enough temperature by electricity running through thin strips of metal. This invention was
shown by Sir Humphrey Davy in 1802. This invention was followeddéya Rue, who
demonstrateé further process of this kind of lighting, by a lamp made obiéed platinum

wire in a glass tube with brass end caps. Electnedg passethrough the end caps and the
wire when the current was switched on. The resistance of the wire to the current, heated it until
it glowed whitehot,andlight is producedAt that time, theseampswere unsteady, expensive,
and hadshortterm function. The reason for the short lifetime of these lamps wdadhtnat

the filament could burn up in the air.

The early researchers of thisne, such as Thomas Edison, Joseph Swemederick De
Moyleyns, Moses Farmer, HiramMaxim, and William Sawyer,gave their contribution in this
field. Thomas Edison wasell knownfor the invention of the light bulb.

On 22 0October1879, who set out thismwvention, his prototypeincandescent lighturnt for
thirteen and a half hours.

This invention marked the revolutionary advancement of lightning technology. [39] The

alternating current and cableless power transmission are credited to Nelstdethe inventor.
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The transmission afon-wired energy by electromagnetic waves (oscillagipin the industrial
alternating current frequency band (0@ [Hz]), which overlaps with radio frequencies, and

the transmission of energy through monophase, biphasic, and polyphase alternating currents are
attributed with this. [40]

1.2.3 CIE Standard llluminant A and Planck radiation

Accordingto theCIE standardiraught{41], it is as follows:

Typical domestidungsten filament lighting is representey the CIE standard illuminant A.

The Planckianradiaton at a temperature around 2856K represents its relative spectral power
distribution. Unless there are specific reasons for using a different illuminant, use of
incandescent lightings usedin all applications of colourimetrysing theCIE standard
illuminant A. [41] Blackbody radiation approximates well the radiation of deddungsten
filament incandescent lamp, one of the radiatitorswhich SPD can bedescribedusing
fundamental pysical laws and constantf42][43] Radiantexit spectralconcentrationis

described byPlancksradiation law[44], M , in W/m?® (power per sourcearea of source per

wavelength interval) as tHenction of wavelengths, in metresand temperature, T, in Kelvins,

by the equation,

C1

# o) -]

M. ;(1,T) = , units W/m3

(6)

werg

c1=2n-h-c>=374183 x 107'°W/m?, c; =h-c/k=1.4388 x 107°m-K (7)

c is the speed of light in vacuum, hhie Planclconstantand k is the Boltzmann constant. [42]
[45] The CIE standard illuminant A, with the abovea | u e s  oaftemperatur of @88&
has the same relative spectral power distribution as a Planckian ratiiatorant A's relative

spectral powedistribution is'Y _ , [26]
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The relative SPD determined by this equation is the same as the relative SPD established in
1931 [26][29][46]

1.2.4 Halogen light

The invention of halogen light carbecauseot ngi neer s6 ef forts to fi
that would last longethan anincandesceniamp andto give brighter light while consuming
less energy. This is determined by the lasting filhenent,and if evaporation the filament is
reduced, thdife of thelamp will be longer. The lamp will shine brighter if the temperature of
the filament isincreased.Therefore,the halogen lamp was the better solution. A carbon
filament lamp containing chlorine was invented by Edwin Scribner of the United Blattisc
Lighting Corporation (USELC) and was grantedd@patent in March 1882, but it was removed
from the market in 1894. [47] The first commercial haloganp was introducedh 1959 by
General Electri¢US Patent 2,883,571), being developed by Elmeairieh and Emmet Wiley,
who worked there. They have improved halogen lamps to be lighter since 1980. [48]

An incandescent tungstéamp, calleda halogenamp, contains small amount$ halogens
such asodine or bromine. When the halogen gas migratek tmagard thecentre of the lamp

and interacts with the evaporating tungsten, it deposits the metal back onto the filament. The
halogen cycle is the name of this ongoing cycle. [23] [26]

Halogen lamps are of two variants: esided and twesided. Used asdbdlights, workights,

and film production lights, twaided halogen lamps have stronger light and take more power.
Having strong light and small size, esieled halogen lamps are used in museums, automobile
headlights, filmprojectorsand in homes as geral lighting.

These lamps can hleharacterise@t high temperatures arou850to 3300K,with a higher
efficiency around 15 Im/W to 3Bn / W, [23] because they have smaller surfaces that cool less
and are closer to the filament.
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1.2.5 Light Emitting Diodes 17 LED

The most promising for the 2tentury is evident to be Light Emitting Diodé<££Q) lightning,

for its solidstate light thatloes notequire glass housing like traditional bulbs gmdduces
light-convertingelectrical current using a semiconductor. Nick Holonyak was the sciantist
General Electric whinvented theLED in 1960.Whenyou seehe high improvement dfED

in every field of life, LED has become the modern light of thé'2&ntury. [49]

Light-emitting diodesknownby theacronymLED, are sources of radiant enegaracterised

by solid state. This radiant energy producegerial in a lightemitting diode, isa high purity
semiconductor materigreparedwhere small amountsf chemical compounds as conteal

0 i mp u havet beed added to thasgurities,of two types;one is known as-type,which
yields a semiconductor materiaith an excess of electrons. The other type of impurity is
known as ptype material that has a shortage of electrorwtas [50]

The strengths and weaknesséshe monochromaticity of a ED arereflectedin its spectral
characteristics. Monochromatic light cannot be produced by m&s; it is not only one
wavelength peak, so the teind o mi nant  wiatnodudedton dpdcriibé thei spectral
properties ofLEDs. The wavelengtlof the main monochromaticght defines a dominant
wavelengthandis observed by the human eyidere is only one dominant wavelength that an
LED has,even thouglsomelL EDs can givenultiple wavelengths dight. [51] Having alonger
operating life and much better efficiency thangsten lampd,ED lampsaresolid statelevices
and are rugged.

The use of.EDs as reference light source is being set up under CIE, by a technical committee
becausd ED lamps have different spectral power distribution. A reference spectraEfor
standard lamps named illumindntvas decided by theommittee [52].

In recent yeargherehas beem rapid development of liglgmitting diodesl(ED).

This development is arked by the wideitilisationof LED in daily life, such as museum and
gallerylighting, indoor lighting outdoor lighting, special lighting, monitor and backlight.
More attentionis paid to the requirements of gopérformancen high light efficiency and
high quality of lightdistributionbecause of ED development. [53AIso, they have a lonlife

of more tharl00,000hours.

The CIE istrying to standardie the methods for describing and evaluating the characteristics
of LEDs andLED cluster arrays. [54] [55]
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2. COLOUR VISION

2.1 Physiology of colour vision

We get information through the five sensAd. these senses send information to the brain.
Colouris the perception dight that can be described and identified only through the sense of
sight. A certain object can be described without the presence of light by its form and
composition,but colours as aabstract thingcannot be touched, so thegnnotbe defined
without light. The eye is the only seneéfirst contact with light. Light colours are permanent,
where the colours of objects are unstabight transmits colour in different ways.
Dependingonindividual perception, colour is seen in different ways by differentivess.

It is enabled to describe colour through referential to physical processes such as the production
of stimulus in the form of light, including here directly and indirectly by interacting with a
material, and subjective outcom&sch ageceiving ad interpreting this stimulus in the eye
and brain or generally visual systefiese latter effects are more significant to obsetvassd
onthe existence of colours in the mind of the viewdoreover to understanthem, the visible

spectrum must be considered. [56] [§59]

2.1.1 Human visual response

Through eyestructure the mechanism which the information is transmitted inbiteen and

how the information is interpretexhto thebrain is clearly and closely seévision or sight is

based on the interaction of light with the eye. The cornea is the transparent frontal part of the
eye. Around twethirds of the eye's optical power comfesm the cornea. [§ Due to the
difference in the index of refraction between the cornea and air, the cornea, which has a curved
surface, serves as the main componeti®ifefractive system.

The coloured portion of the eye, the iris, is located bethadornea. The pupil is a hole in the
centreof the iristhatis controled by it. Iris fixes the amount of light that penetrates throitigh
anddetermines how much light enters the eye. It can be seen when thehaungédorm to

fix the intensity ofavailable light. Tightening is dald when this parof thepupil is diminished,

andextension is cé&dwhen it becomes bigger. Due thelight rays passing through the eye,
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the pupil appears dark. Behind the pupithelens thattoncentratethe lightabove theetina.

The pupil of the eye allows light to enter the e&#hough the amount of light in the retina
usually determines the size of the pupil, other factors, such as the spectral and time properties
of light, the size and area of the retindiation, andnonvisualevents, such as emotional
reactions, also affect the pupil respori6€] The crosssection of the human eye's optical axis

and visual reaction is shovim (Figure 3).

Choroid

Cornea

Optic nerve

Cones
and Rods

Ciliary body Fovea

Figure 3. Optical axis of the human eye[196]

The photoreceptorfound in the retina absorb some of the light thigg them and produce a
signal that the brain eventually decodes. The process of forming a picteng smilar tohow

a camera works. Depending on the absorpfiotyssingproperties of the cornea, scattering,
lens, and fluidshat fill the eyeball, ihas animpact on the quality of the retinal imagg8|

Rods and cones are tiwygesof receptors that are distinguished by their shapes. They are found
in the retina and togethé&rm the retinal mosaic arglynchroniseircadian rhythm.g1] They

are distibuted differently in each retina and between individuals. The fovea, also known as the
foveal pit, is a depression in thetinalocatedin thecentreof the eye. There are only cones in
this area. Foveal vision is used to identify extremely fine detsuish aswhenreading or
viewing items from a distance5§] The amount and purpose of the twwin groups of
photoreceptors, rods, asdnesdiffer. In a typical human retina, there are 90 million rods and
4 million cones. [62]

The rods, which areutsidethe fovea, are around 100 times more sensitive to brightness and

allow vision at low luminance levels (less than abou8X@/m2) (CIE, 194). [63]

15



The conesre the colour sensors in our eyes. The world turns g@yto colour as the sun
begins to rise in the morning. We have three different types of photopigments, each of which
reacts to light differently depending on its wavelength, these pigments are what give us our
perception of colour. Different cone signals lead to distinctly coloured stimsteadthere

are interconnections betwekbarizontal, bipolar, amacrine, and ganglion cellsich structure
receptive fields, each oivhich formsreceptive fields; eacltone does ndtavea unique
connection to the braif64] [58]

2.1.2 Trichromacy theory

The three cone types are denoted by the letteterlg, M- medium, and Sshort, with the
wavelength sections serving as their respective peak sensitiyi@sAccording to Mark
Fairchild (2013)65], the relativequantity ofL, M, and S cones is arodm0:20:1.

Their spectrum sensitivities, especially those of the L and M cones, overlap gititds a
result, colour perception isnproved.The distance between the S and M cones is another.
Spectradifferences are rarely used to forecast vistiflerences, ashe spectrum is not
samped consistently When two stimuli create the same cone signals, regardless of whether
they are lighted objects or coloured lights, they are identical in colour, as shékigure 4.
Knowing the spectral sensitivity of the cones and the spectra of the stimuli allovis one
calculate theolour matching[46]

0.75

0.5

Relative sensitivity

0.25

0 . . .
380 430 480 530 580 630 680 730
Wavelength (nm)

Figure 4. Spectral sensitivities of the human visual system correspond to the L, M, and S

cones, respectively46]

16



Two different processes: the trichromatic theory at the photoreceptor level and the opposition
theory from the ganglion celbnwards can besxplainedfor the fundamental of colour
processing in the visual system. Thomas Young is commonly given crettiefotchromatic

colour theory, which proposed that consequences of the $sigmathe three different types of
photoreceptor cells can result in colour vision (1802). [66] Helmholtz, extending Young's
theories, carried ownlour matchingexperiments ir1866 to demonstrate that any light may be
matched by a combination of three different primary lights [8&]. Even thoughhere is proof

that several scientists and technologists predicted trichromacy it8theentury, including
Palmer in 1777. [68]58]

The transformation of spectra into trichromatic signals is showme equationbelow,

L=/SAR,{ZAdA
A

A

where Y is the spectral power distribution of an illumination sour¥e,is the spectral

(9)

reflectance factor of an object, aid & ,"Y are the spectral sensitivities of the human visual
system. One of the most crucial aspects of the visual system is the trichromacy process, which
transforms spectra into three signals. This implies that the same trichromatic response can be
generated bydifferentspectra. This phenomenon is ledl metamerismthere are several

instances, especially visual onfg9]

2.1.3 CIE 1931 XYZ Colour Matching Functions

The human visual system's reaction to light of various wavelengths is describedllegion

of mathematical formulas called the CIE 1931 XYZ colour matching functions. They are a
standard in colour science and were created by the Commission Internationale de I'Eclairage
(CIE) in 1931[44] [50]

The three types of cones in the human eye react to various light wavelengths in different ways,
which are described by the CIE 1931 XYZ colour matching functions. The colour matching
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functions define the proportions of light that must be combined to pecalperceived colour
in these cones, which are sensitive to short (S), medium (M), and long (L) wavelgb@jths.
Several colour spaces, notably CIELAB and CIEXYZ, that have applications in colour science

and colour management, are based on the CIE 19ZLcé¥ur matching functions.

2.1.4 Colour deficiency

In trichromatictheory, three lightaretakento make a match. Trichromatic theory explains the
predicted fact that what happens if a person losesfahecone classes in theetina iscalled
colour deficiency. In this case, the problem for these people is not thaiategtsee colours,

but theycannotdistinguish between hues, as the peoplh@e conesan.

Individuals with this deficiencgannotdistinguish reds and greerss, based oplentiful data,
this isdue tathe loss oM or L-cones. Another deficiency, known as being unabtistinguish
blue and yellowjs the result of loss of -ones. [70]A colour vision test c#&d the Ishihara
test is used to identifyed andgreen colour deficitsto identify observers witlstandad and

deficiency(Figure 5).

Figure 5. Example of testing for standard and deficiency observergr72]

It was given that name monourof its creator, Professor Shinobu Ishihara of the University of
Tokyo, who initially published his tests in 1917. [71][72]
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3. METAMERISM

3.1 Definition of Metamerism

There are numerous definitions for metamerism, but Jud and Wyszecki (1963) defined
metamerism as follows:

Metameric colour stimuli are colour stimuli with the same tristimulus values but different
spectral power distributions. An equivalent definition states that metameric colour stimuli are
colour stimuli that have different spectral radiant power distribution but match in color for a
given observerMetameric colour stimuli, as defined above, aften referred to as metamers,
and the underlying concept is referred to as metamefigsh.

A phenomenon known as metamerism ocehien thecolourof two objects appeate be the

same under a specific light source but reahgdifferent spectral power distributions. The
colour difference between them may be seen when a different type of light source.is used
Metameric objects arthosethat, when illuminated by a giverference illuminant, reflect
stimuli of different spectral power distributions (SPD) that produce the same colour under the

same viewing conditions.50][74]

3.1.1 Metamerism fields

According to Wyszecki, 1985, there are four typemefamerism:
1) [lluminant Metamersim

2) ObserveiMetamersim

3) GeometricMletamerism

4) Field-sizeMetamerism

3.1.2 llluminant M etamerism

The CIE definition of illuminant metamerism is exemplified by two specimens with unequal
spectral radianceistributions within the visible spectrum that have identical tristimulus values
for a given reference illuminant and reference observer. When the reference illuminant is

replaced with a test illuminant, a tristimulus mismatch may occurfgg3]
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Each light source has its own emission spectiegolour),so when a lighsourceis projected

onto a surface, the surface colour is influenced by the colour of the lighThéSermhasa
relatedmeaning;considering in the field of reflecting samples, metamerism in this case is
distinguisheddue tothe possibility of surfaces hangeperceivedcolour, thereby alterinthe

spectral characteristics of thi&uminant. The proposed metamerism indices dependthe
assessed change in colour of specific surfaces changing the illuminant, calculated by procedures
that are similar téhose used for the colour rendering index of illuminaausion the number

of intersections of the assesssamplesspectral refletance functions. Two samples are
metameric as the result of intersections of these functions at least three times, whereby the
degree of metamerism is lower when there are more intersections, thereby implying more
resistance to colour change by illuminahainging. [76]

Metameric colour stimuli are those that have the same tristimulus values but distinct spectral
radiant power distributionsThe term "metameric stimuli" refers to colour stimuli that are
similar in colourto a particular observer but havaried spectral radiant power distributions.

The term "metamerism” refers to both the fundamental idea and these defiiitiermstferent
spectral radiant power distributions of two metameric colour stimulhdreatedby the letters

P1 andP2andmustsatisfy the following equation®&@] in quantitativecolorimetricterms:

JP_lA r(A)dA = f P_2Ar(A)dA
A A

fP_l/l g A)da = JP_ZA g A)da
A A

wal)L b (A)da = JPMZA b (A)dA
1 yl (10)

This happens because the spectral makeup of the light source cémealtay colourseem to

our eyes. Colour perception is a complex process that involves the interaction of light, the object
being observed, and the human visual system. When lightstik object, some wavelengths
areabsorbedand others are reflected.

In summary, illuminant metamerism is a phenomenon in colour perception where two colours
look the same under one lighting condition but different under another ligigmdijtion [77].

This occurs because the spectral composition of the light source affects the \eggare

perceivecolour,and can have practical implications in various places such as museums and
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industries where colour matching is essential. The change of SPD and CCT in logictimg

with anilluminant metamerisnasshown in (Figure 6).

Figure 6. The Getty Museum in LosAngeles,Gallery of late Neoclassicism in European
art and design. Thevarious types of lighting are (a) soft, (b) bright, (c) cool, and (d)
daylight. [5§]

However, if the lightingconditions aredifferent during the painting or printing process, the
final product may look different than intended, white particlesare placed in a different
environment and light condition$§] For example, in printing, colour matching is essential to
ensure tht the final printed product matches the original dedigifl. Although this is not the

only request when we have present illuminant metamerism (Figure 7), due to the different

specifics of lighting conditions such as SPD, CC®alour rendering indexgRI), Lux, etc.

I

Figure 7. llluminant metamerism due to the change on different SPD, CCT, CRI, Lux

[197]
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3.1.30bserver metamerism

If identical tristimulus values are produced, metameric stimuli with respect to aaisenver
are object colour stimuli of different spectral radiant power distributibims two stimuli being

in a complete coloumatchis judged by the given observer. [7Bjis type of metamerism has
to do with different observesgshenmetameric pairs are observed by the eyes of an individual
and mismatched by another, which is significant not onlgetermining theacceptability of
perceived colour differences in metamepiirs, but also in illuminant metamerism, as the
reference in thevaluation[50]

The speciaietamerism index: change in observer, also abbreviated as "obsetaenerism
index," is a metric of observer metamerism (as proposed by the CIE) [3]skartmlly the
CIELAB colour difference between the metameric samples (under illuminant d365)
perceived by the ClEtandarevariable observer. [79\Whenthe illuminant or the observer
changesthenthe larger the spectral differences, the larger the colour misnBschuse of the
limitation to the case in which the illuminant is changed, the special metamerismdgnitex

fact, the CIE metamerism5[)]

3.1.4 Geometric metamerism

This type of metamerism refers to two object colours, matched under onecsetddfons,
which no longer match when tlieometricof illumination and viewing are changed. This is

due tothe differencedetweergloss and texture of the two members ofghe. [50]

3.1.5Field-size metamerism

When the match fails becaustthethe size of visual field or distanegewing, then we have
to do with fieldsize metamerism. [80] For the sapieservedifferent sets of colour matching
functions are usenh this case for the fields of4 ° and abovel ° angularsubtensdifferent

sizes of visuafield are used50] [81]
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3.1.6 Metamerism index

Colorimetric coordinates are supposed to be the most common metamerism iddicés. [
reference condition araltest condition are defined, in the first one the metameric pair matches,
and in the second one (a test condition) the degree of metamerism is evaluatfdhe[82]
measured (special) index of metamerism could be viewedessiBuminant-dependent value
because the calculated colour differences are invariably contingent on the test illuminants
chosen[77] The spectrabased metamerism indices function as a single numeahsd;many

of them have been criticized for hagipoor correlation with visual evaluation. [83]

According to Roy S. Berns (2019):

AHaving rank ordered the test conditions, a
of each colour difference, shown in Eq. (a) where w defines a weight and n is the specific

illuminant. Another approach is to calculate the maximum colour differesmoavn in Eq. (b).

Any statistical metric can hesed,such as the meanoragivere r c e[B8]:i | e 0
7 ]'vn AE 00,1
MIweighled = —}1
a) n''n
b) MImaximum = max(AEoo.n) (11)

An intriguing method is to structure the problesmthat each illuminant is the reference
illuminant, to compute a Ml for each test condition using Eq. (b), and to perform the analysis.
[58][60] utilise the formula with the minimum MI possible. [8duminant metamerism is not
evaluated using standardisdindex. The performance of several indexes has been compared
by Choudhury and Chatterjee (1996) [85] and Kuo and Luo (1996 a, b). [86]
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4. COLOUR MIXING

4.1 Additive and subtractive colour generation

There are two modes of colour generation that are important to distinguiahaysepne of

them is additive and subtractive colours generation. In daily life, for example, an additive colour
model is used for television sets or flat panel display, &k@ee primary colours red, green,
and blue are added in different quantiteshecoloursgenerated.

This process produces the space of possible colouksgd gaimutof the display device. [87]
Whentwo colours, secondary colours are produced, sscmiging red and green produces
yellow, ormixing red and blue the magenta colour is produced, and blue andpyoehrce
cyan.[30]

The combination of red, green, and blue creates white, where the secooldaryis created
mixed with its oppositevhite, and the black colour is default colcasshown in(Figure 8).

Additive color Subtractive color

Magenta Blue

Red Cyan Magenta

Cyan Yellow Green

Green Yellow

a) Additive colours Shibtractivecolours

Figure 8. Arbitrarily utilised primary coloursfor a) additive colour mixing and

secondary colours required for b) subtractive colour mixing26]

Printing is a very important process where the subtractive colours model is used. A printed
image or document only reflects the light that illuminateshe light is absorbed, and the
remainder is reflected. The colour of the point is determined by the light reflected by a point on

the surface. [23] Deposited pigments that absorb one primary colour create colours.
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In this case,the three primangubtractivecolours are yellow, magenta, cacyan. From the

yellow point blue is absorbed and red and green are reflected. Green is absorbed while red and
bluereflectfrom the magenta point, red is absorbed and blue and green are reflected from the
cyan point. If there is a combination of magenta and yellow, then green and blue are absorbed
andonly redremains. 7] Therefore, the combination of yellow and magentateseed, the
combination of yellow and cyatreategyreen, and by the combination of magenta and cyan,
blue is created. Cyan absontesl, while magenta absorbs green. In tvay, red, green, and

blue are secondary colours. The combination of blue, magemd yellow creates black, where

it (black) is created also by the combination of secondary colour with its opposite. Therefore,
white is the default colour. [87][881 is oftenmore challenging to forecast and quantitatively
formulate the outcome ofsubtractive mixture than an additive one. The challenge is brought
aboutby the uncertainties surrounding dye interactions and the dependence of the mixture on
many properties of the constituent materials, among ttlesrsize of particles, density,
refractve index,and theransparency. [88flowever jf paints have comparable tinting, opacity,

and dilution, the reflectance valfr paint or dye mixtures can be generally computed using
the approximate geometric mean of the individual reflectance funcf88is.

The final combination can be relatively well predictedemploying a weighted geometric

mean if the paints are not combined in exactly equal amounts. [90]

4.1.1 Specific characteristicof the colour

The main colour characteristics in a sense of view, distinction and descriptibnearealue

and chromaThese specific terms are used to determine and distinguish a certain colour (CIE,
2011). [91] These characteristics are very appropriate processams of describing a certain
colour, and all three are suitable for defining and using a colour for different purposes. [92] Hue
is described using common colonames,for example,green, red, blue, yellow, so it
distinguishes one colour from anothéalue defines a colourow close to white or black, so

by its darkness or lightness. [91] Finally, chroma expresses the purity of a colour. The synonym
for thew o r dofogrstone,shadeand tint is the word hue, but it is a dominant wavelength of
light that a person can see, in terms of physics. TO®] difference between hue and colour is

that colour is the term used to describe each variation of hue that can be seen, and hue
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specifically refers to the colours of the visual spectrum such as green, blue, red,yakmge,

and violet. [9110n the othehand the value is the term that refers to the brightness and darkness
of the colour, thais, how close a colour to white ithe lighter it will be, and the darker it is, if

it is closer to black[92]

The value of the lighter colour is higher than the dark colour, so white has the highest value,
and the black colour has the lowgstue.Light, middle, and dark are values theave every
colour. A pure hue carhangdightness or darkness by adding black, whitegrerto a certain
colour, and if we want to alter the colour, then it can be adtieanother colour[91] The
determination of a colour value is best done byezifig tool caledgreyscale At one end there

is black,and at the otheznd theras white, in thegreyscale.Theelevenstepvalue of this tool

of black and white on both endsdivided into portions equal to 100%.

Letés focus on the two characteristics of colour hue and vafube focus is on the purest
version of each colour, it might be concluded that they are equal in value, but if the focus is
away from the hue and lo@k the lightness, they do not have the same quantity values. [55]
The best example is yellow, considered lighter than any etileur,and blue and violet are

darker than any otheolour,asshown in (Figure 9).

Figure 9. Specific characteristicof hue, value and chromg 198§

Chroma, as a very significant characteristic of colour, is the synonywnedl down soft,

muted, subtle, misty, dull that expresses the lightness or darkness of a colour with reference to
how close itis to white or black. So, the main point for us, about these three characteristics of
colour, is to remember the clear definition of thoééhem. Hue refer® thecolour of a colour

family, value determines the lightness or darknessofaur,and chroma refert® thestrength

or intensity of a colour. [92]
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4.1.2The history of colours

The world and human evolution cannot be imagwétout civilisation and coloursObjects
distinction is made by colours, and by the psychological side, our concept about phenomena
that surrounds us, is developiself and changes our answer about this perceptiomll
historical perception, colourals drawn human attentioexcited itscuriosity, and alwaysas

been efforts for essentially discovering this mystargli ancientivilisations Colour was the
subject ofdiscussionand different mythologiebavebeen developed about it, even though

thesesocieties have not named many kindsabur.

An explanationof the concept ofPythagora which states that the placements of the planets
between the earth and the sphere of the fixed stars, as well as the orderly arrangement of colours,
provide the fundamental elements of all harmony. [@4#Fient philosopherAristotle had
considered that the black colour and white a
sun and moon, male and female, stimulation and calmness, extearsibshrinkage, outside

and inside. Asalways, thephilosophic perception of ancient Greece was the connection of
colours with four elements: earth, water, air, and fire. [95]

Aristotle had seen the possibility of colaeflexionby changing the lightdr i ng t he day.
this study, he created a linear system of colours that moved from the white of midday to the
bl ack of mi dasshgwnindgFigur¢ @6 ] [ 97 ]

[ !/Fm\\ I -
7?21-0' O 2¥d 1 %%% b)

a)

Figure 10. a) Pythagoras: colours are assigned to tonels) Aristotle: Colours over the
course of the day: white, yellow, red, violet, green, bluéjack [97]
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The first chancellor of the University of Oxfol@pbert Grossetestan the early 13th
centuryhad a very fundamental and impractical interest in the phenomenon of colour. [98]
In the history of colours, this was the first circle of colours. [1@6his conception of the
cosmos, which was based on the metaphysics lof, la@plour was intended to be the "prima
materia” of the universe. [99][100]

Leon Battista Albertian Italian architect, arideonardo da Vingianltalian painter, were more

pragmatidn explaining the colours, as it shown in (Figure 11).

\\\\\\

BIANCO
GIALLO
VERDE
BLU
ROSSO

NERO

a) e b) . C)

Figure 11. a) Robert Grosseteste: Tnameles$ basic colours between «Lux clara» and
«Lux obscura»;b) Leon Batista Alberti: yellow, green, blue, red;c) Leonardo da Vinci:

white, yellow, green, blue, red, black199

In thebook "Della pittura" byLeon Battista Alberfiwhich was published in 143be managed

to get by with four (real) colours that make up a rectangle on the panel: yellow (Giallo, G),
green (Verde, V), blue (Blu, B), and red (Rosso, R). [101][102]

These four colours operate as the base for a double cone, whose tips are the iachromat
extremes. The next goal for Alberti was to apply this development to create a functional method
for stain mixing. Halid notleave the readers with a visual picture of his ideas and just briefly
discussed them in his book. [103][104]

The famous physiaenlsaac Newtorhadmeticulouslystudied the physics of colours. Through
sunlight reflected on the prism of glass, it is refracted in spectral colchespectral colours

were the rainbow colours: red, orange, yellow, green, blue, indigguapte.[105]
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According toN e wt ostndy,she approved that white light was the mixture of all spectral
colours,illustratingthe twedimensional circle, [105][106sshown in (Figure 12).

Figure 12. The famous circular arrangement of the spectral colours of Isac Newton

appears in 1704 in hi¢$l19% entral work on AOpt:I

Considering that the experiment of Newton had tavith light, he didn't manage to approve
his discoveryin apractical way by nxing the pigments, hbad notbeen able, after the white

is achieved, because the colours of pigments operate by subtrges/édlours). [107]

English graphisMosesHarris became well known in 1766Vhen he wrote his work Natural
System ofColours. [104] [108]n this book, he presented three primary colours: rgsllow,
and blue, which he dald primitives [109] According to Harris, the mixture of three primitive
colours made thé ¢ o m dloeirs @ secondary one like: orange, greerpample, as it shown
in (Figure 13)[108][109]

PRISYATIC

Figure 13. Moses Harris presentation of "Natural System of Colours", 1766109
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The second circle of colours from the book Natural System of Colours, published by Royal
Academy of London about766, created his circle of 18 scales by three primary colours,
colours approaching threentre acquire darker tones gfey(Figure 13). [104]110][111]

In 1810,Johan Wolfgandgsoethethe Germarpoet andscientist, published hibook fiThe
theory of c¢ odaledmore inportamtithar His pdetic creativity. In the history of
colour theory, he was the one of the first modern intell¢otsnterpret colours fronthe
perspective of thbumaneye.[104][112]

All theorists, includingNewton,too, were concerned more Wwithe physics of colours, skipping

the psychological factor of human perception. [104] Goethe opposed the physical theory of
colours, andllustrating his theory, he presented a manlehtwo-dimensional circle baseah

atriad of primarycolours suctas redyellow, and blue combined with secondagiours such

as orange, green and purple placed as complementary to primary ¢blgurs 14)[112]

Hi s aim was t o ex c eeadsof Nerestaoclorite sdstmakeaod nyotal by
effects of colours. Besides the colour cirtie,alsgpresented th&iangle,where he explained

better the connection of colours. [113]

Figure 14. Goethe has been dealing with the problems of colour since 1791. His work
"On Colour Theory" appearedin 1810(the photo wastaken personally from Goethe

Museum in Dusseldorf, 2022)

0 G o eekpfoees all aspects of colours, such as the psychological gsolagical reaction,

the role of complementary colours, simulant contrast, successive contrast, shadow effects on
objects, principles of proportionalpplicationof c o | o u r Ehis extensige. résearch into
colours was introduceid his work that hadneenrealiseduntil then.[112] [113] [114]
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The GermamainterPhilip Rungen hisworké Teke |l our sphered publ i shec

the first historical model of thredimensional colou(Figure 15),ntroducing twelve colours
in thesphericaformat. [104][115]

'//I///r/////// w

Figure 15. The painter Philip Rungein 1810 presented his construction of a sphere after

working with colours for eight years[115

The spherical model of Runge also had red, yellow, and blue as primary colours. However, nine
other nuances were diffused to form the spherical equator. [116] EBCH] colouof Runge,

had been mixed in two scales, black on one side of equator aoith¢nevhite. [115]
Scottishphysicianand scientistlames Clerk Maxwel{1831:1879), his experiments by the
colour blending were revolutionary and brought the invention of colour photography
techniques[118] Maxwell experimented by combining additive or light colo(it4.9] [120]

He developea colourdiagram that had the forof atriangle (Figure 16), with the gredriue,

and red displayed on the vertices of the triangle, the green on the blue, the ptinglg&low

had placed on the side partsen the white one was placed in tientreof triangle.

Figure 16. The physicist James Clerck Maxwell presented his theory of colour mixing
between 1855 1860[118]
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In addition to his "theory of colour vision," which is regarded as the forerunner of quantitative
colour measurement (colourimetry), the name of this seteististill linked to four sealed

field equations that were proposed to explain how light propagatesiggested the existence

of electromagnetic waves, whose reception is used, for instance, by everyone in modern society
when listening to the radio. [73][45][121]

Michel EugeneChevreul, French chemidtad been appointed director of the famous Gobelin
campet manufacture in 1824, where he was a colour master. He approved that all colours can be
obtained by blending the primary colours: red, yellow, and blue. In addition to the three main
colours,Chevreul creates a ffartcolourwheel whoseadiusreflectsthree primarymixtures:
orangegreen, andiolet, aswell as six additional secondary mixtures. He noticed that certain
colours placed in other colours would influence their layout. [104][TBH made him tatart
research of colours reactiom the sgnificant publicationcaled 6 T tprnciples of colour
harmony andc o n t y[B28] thes garticipated with his discoveries, wherenhede agreat
contribution in the discovergf the reaction that colours hadith each otherWell-known
principles of simudnt contrast (based on complementary colours), successive colours

(sequential)and opticablending,whereas the result of his resea(Elgure 17) [122][123]

/
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\

N T e ) o
Figure 17. The 72part colour wheel a), b),c) the chemist Michel Eugéne Chevreul

presented his (uncompleted) attempt at a systematic colobaesthetic in 1839199

According to this researcEhevreulcreated his theory about the harmony of colours, about the
combination of colours in art, imdustry,and architecture that is still used nowadaysa as
certain standard in these fields. His wanlksla lot in the period of Impressionism in art. Artists
of Impressionism anbdleo impressionismffected Chevreul ihis works.[104][124]

The AmericarphysicistNicholas OgdefRoodwas eminent by his higher education in science

and art. This madeim acces$o his intensive research for colours in these aspects. [104]
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In 1879, due tdnis long research Rood published his research and insights into physiological
optics6 Mo der n Chsitoshoan in (Figuse 18)n his work, he states that colours
change because of three causes: purity (satiety), brigt{tre@égeand nuance [125]

The main preoccupation was expressed in his research for optical mixture achieved through
pointillism techniquesSmall dots are not mixed with each other in this techniqumaioiting

but are placed next to eacotherto be visualised by the human eyejrooptical form. [125]

Figure 18. Colour wheel of Nicolas Odgen Rood presented his research and insights into

physiological optics in 1879125

By his circle Rod accentuated the significance of knowing complementary colours, to describe
his theory, he based red, green, and blue as the primary colours. The colours of this circle or
the complemenof thecone were not achieved by mixipggments butvere achievedehind

the imagef the primary coloursAccording to his assertion, Rood accentuated those artists,
based on his model, complement or directly behind the imageabar, whowould be able

to create works still more powerful chromatic by this aspect. [125] [126]

The Germarphysiologistand psghologistEdward Herringwas deeply interested in colour
perception theory. He considered red, yellow, blue, gmenprimary coloursHer r i ng o s
diagram is based on human perception, not on physical primary mixture.Ti@4diagram

was created in theofm of a triangle, by pure colour, black and white placed on three sides of
the triangle. The diagram of Wil helm Ostwald
are based on Edward Herring. [127]
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Figure 19. The "Theory of the Sense of Light"by Edward Herring in Vienna in 1878,
which opposed a purely physical understanding ofolours[127]

The colour description was thirst in history that was accepted and adopted as the official
standardby the American theoreticiaAlbert Munsellin 1905. He was based dtberman
Helmholtzstheory, where the colour best is described by three variables: nvahee), level

of brightnesgdakness), anadhrome (satiety). [104The Munsellsystem of colours is based

on five primarycolours, whichhe caled themthe principle one: red, yellow, blue, green, and
purple. Behind the images of these five primaolpours wagreated the basis of complementary
colours.Munsell colour gave number 5 with the initials of the colour. Fastance, theed
colour is marked B-Red. He gave an intermediate system of numbers, colours that were placed
in the middle of five primary colours and five complementary colours. Number 5 marks the
middle of each colour in this circle or system. If the marking 10R implies the colour betwee
the values 5R an8YR. In his system, the valuef Munsell marked with number 0 to 9.
According to thissystem|f it is marked 5R5 it presents the middle red colour, with the middle
values[128] [129] While higher numbers present a middle colour wiildfe values as shown

in thephotos below a) and las it shown ir{Figure 20).
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Figure 20. Colour systems by the American painter Albert Henry Munsell was developed
between 1905 and 1916LP§
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Mu n s esdmimarized system can be overviewed as follows: the first number and letter present
the colour, the following second number presents the valeefitd number presents chrome.

This system of evaluation caused the revolution in colour marking, enabling tartraeke
accurate notes of colour components without proof. [129] Inathig in terms of standard of

colour evaluatioror industries, thisystem enables precise specification of pigments. [130]

Wilhelm Ostwald1953- 1932),a German novelist for chemistry, was also a famous researcher

of colours. He created his colomodelbased on geometric advancement.

In Ostwalds system, th#egree of values is based on absorlguaality of colours. [131] [132]

In arithmetic form, therii t i al s 1, 2, 3, 4dareadfed., Thrdaugh thes &ystm, c o | o |
many gradual optic degrees were regarmaed colouevaluation. [133] [134] [135]

The achromatic degree of this system was 8 degrees, consisting of two triangles linked to one
side,atapoint of black colour, while in the other point of white colour (Figure 21). [136] [137]

His system was based on three primary colours: yellow, red, and blue.

Figure 21. The colour system of Wilhelm Ostwald, a threalimensionaldrawing [136]

According to his analysi®f colour harmony, Ostwald considered that colours are the
combination of corresponding nuances, vathercentage of black and white colour. [136]
All the mixtures werealways100%, that made them complete. [138][139][140][141]

Johanes Iterf18881967), Swiss professor of art, is the best known in cdlwewrywith his
antilogic work The Art of ColoursThis work was also published with the title Elements of
Colour. Iten was the lecturer abaaiour athe famous school Bauhaus. [1Q4ingthe system

of sphere andtarshe had made the description of colo(fgure 22) The stapresentedn a

flat two-dimensionalversionwas based on the earlier creator Otto Runge. [142] But Iten
presented gellow colour at the top of the stdyecauseaccording to him, that was the most
visually approximate to the white colour, and it was the brightest of the ailoeirs. [143]
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Figure 22. Johhanes IttenColour sphere in 7 light values and 12 tones, 192142

Alfred Hickethier,German painter (1968967) was the great researcherabar reproduction

in printing, especially inmulti-engraving After the previous study of the theory of colours, in
1952 he published thetandardisatiomf printing colours. He created 1000 adjast®lours.
This system was based on 3 printing colours, where the basic toleilow, magenta, and
cyan. [104]The main purpose of Hickethier was the identificatmal description of the full
range of printing colours. Through this system of primarpwersandblack colour, a number

to each was given, while the whitelour wasdescribed by 000 (the lack of colour), the black
oneby 999 (the presence of ablours),yellow by 900, magenta by 0.90 and cyan by number
009. [144][145]Consequently, he nked the colours from yellounagentato the end by cyan.
The numbers angresent olours inproportionshould be mixed to form the other colours as

shown in (Figure 23).
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Figure 23. The Colaur Cube of Alfred Hickethier was published in 1952 144

For the first time in history, this thredgit system endbd marking very bright colours that

c o u | have Been calculated earlier by the other systems. In this system, three primary colours
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wereplaced at the edges of the cube, presented in ten middle scales from 0 the lack of colour
to 9 of its fullest intensity. Through this system very precise mixing wadesh@abyesult inthe

very identical colour. [144][146]

The famous professor of colours, in Bauhaus sclioskef Alber§18881976), dedicated his
career to colour interaction and reaction. In addition to his individual researthese
phenomena, he encouraged the students to do their own research. [147]

Albers diagram in triangle form, used in his subject of colours, was like the one of Goethe, with
red, yellow, and blue placed at tr@rners,and so the orange, purpdedgreen at the three
sides of the triangléThered togrey, yellow togrey and theblue isto greyin the middle of
triangle (Figure 24) Albers published his work Interaction of colours in 1963, because of his
perennial researcfil04][148][149]

Figure 24. Josef Albersproduction tests, printed paper, screen printing, offset

lithograph, graphite ink with the notesé | nt erodc tCiodmr 6, 1963 [ 148]

Most of his researctvas focused on the simultaneous contrast effecalstestudied in detail

the reactions near the edges of diffel@iours during his caredn his studies, the rectilinear

forms of placing the colours were used. According to hims, wasused to provde research
unlimited possibilities of coloucombinationsand the study of innumerable effects through
presenting colours next to each other. [149]

Through thorough theoretician of coldeaber Birren(19001988) born in Chicago, during his
sensational career, had managed to publish about 25 books with this topic, no doubt his work
is appreciatedas a colour expert and psychologist all around the world. Birren had made the
difference between warm andld colours. He created a cirofer at ¢ @ln@audr wheel 0

thirteen colour segmenits adetached perimeter form the centre, proposadl®@ more space
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for warm colourghrough theed and yellow colour thafior cold one like that are between the
green andpurple. [150]

Since the human eye distinguishes warmer colourfad) theyare more important in art.
According to Birren, warm colours corfrem violet shortlybefore the red and extebéyond

yellow. He specified that if a circle is constructedh the subtractivemixing of primary
coloursyellow, blue, and red, parallel in space, the half of the circle would contain warm
colours.Whereas if a colour circle is created with four primary colafrgsychology and
vision, yellow, green, blue, and de the warm colours apshed, anthey are seen in less than

half of the circle[150][151]

With this system, Birren describékde harmony and the practice of the artists. According to
him, most of he artists give more meaning the warm colours than cold ones, because they are
more dynamic and have an intensive effect. [Iblle expr essi on ®wHel | i ng
fact that the circle of ordinary colours presengsey colour to the eyghenrotated around the
centre which would laterbe the mentioned fillingoint mentioneds it shown in (Figure 25).

[151] Birrenscolour circle doesn't beconggey after rotating around theentre Birren in his

theory formulatedix types of harmony; elements of harmony, the one approached to harmony,
harmonic opposition, harmony of triads, the harmony of the separated complementary,
harmony of the dominant colours. [152]

a)

Figure 25. Faber Birren, the American art historian, designed his "rational colour
wheel" in 1934[199]

Working further on his system of colour harmony, Birren created the theonpefeeption of
colours. From thigheory, he specifies: the effect of iridescence, lustra effect, the effect of
luminosity, the effect of transparency, and the effect of chtioriight. [152]
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4.2 Artistic painting colour techniques

4.2.1 Tempera (Gouache) colour

Tempera(gouacheg is a fluid, semitransparent, opaque paint. It can either be painted on
properly to create flat, matte opaque expanses of colour, or modified Hiraesparent washes

like watercolour. It's standard practice when creating gouaches to overpaint in white and then
add whiter to achieve hues. It can be painted over both coloured and white paper because it is
opaque[153][155] The word temperaomesfrom the verb temper that meadst bang to a

desired consisten@yThis kind of paintingolouris executed with pigment ground in a water
miscible medium. Fresco paintings were distinguished by this kinzblolur. Most of the

worl d dulture used tempera in ancienedium butwas gradually superseded by oil painting

in Europe[154]

The ancient dynasties like Babylonia, Greece, Egypt, @nitha used tempera for mural
medium,while the Christian catacombs were decoratgith this kind ofcolour. The mixture

with the yolk of fresh eggsastrue tempera, but the white of eggs was often used by manuscript
illuminators,where the whole egg was added by some easel painters.

Another mixtue, the rich one, was egg yolk with gum and linseed oil, casein glue with linseed
oil, andegg white with linseed.

Traditional tempera is a lengthy process. Being smooth surfaces, its supports contain planed
wood, vellum, paper, stone, fine gatster,and modern composition board of compressed
wood or paper[155] The 13" and 14 century were thdimes when the tempera was
traditionally used by Duccio di Buoninsegna and Giotto, the flattened picture space of whom
enriched by fields and textures of gold leaf, extended by the Renaissance depth perspectives in
the paintings of many painters of this time.that time oil painting waalreadyused, being

challenging to tempera painting.54]
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4.2.20il colour

There are three things that create oil patmgrinding pigment in oil, bindeand thethinner.
Pigment refers to theolourelementwhereas théinder (the oil) is the vehicle that holds the
ground pigment to be applied to thaper,canvas or any other surface that is painted on. To
apply with abrush,the viscous pigmertil mixture. The oil pant dries byoxidation, reacts
chemically with oxygen in thair, graduallychangingrom aliquid to a gel and finallypecomes
hard.[153][156]

The types of oil paint are linseed, safflower, poppy seed, or walnut oil. The most useful and
popular of these types is linseed because it driesigiation,driesfaster, andt canbe easily
re-workedin the procesforms amore flexible paint film. Noall types of oil paint dryat the
same speed153][157]

For centuries, dying oils had been used as binders for pigments to make daihtround the
11" centuryit beganto be applied, and in the ®16entury thepractiseof easel paintingvith oil
colour grows out. It is supposed that the Flemish artist Jan Bfark was thepioneerwho
paine dThéArnolfini Marriag®in 1434 Herevolutionisedhepractiseof oil painting, but he

did notinvent it. It is also supposed that the 11th cgmivaisthe time of using thisolour. The
development of oil painvasrecorded to be by Leonardo Da Vinci and Raphael, who aise

paint in combination with tempera.

Flexibility and the depth ofolour are the main advantages of paint that are applied in
different ways such as from thin glazes diluted with turpentine to dense thick impasto. This
kind of colour allows thartists to create greater richness @olourand a wide range of tonal
transtions and shadefl53]

4.2.3Watercolour

Watercoloupaint is &luid, versatile and widely used variety of waysn painting, known for

its transparent and luminous qualitiess composed of pigments suspended in a wsdrble

binder, usually gumi\rabic. The binder irwatercolourpaint, gumArabic, is derived from the

sap of the Acacia tree. It acts as a dispersing agent, holding the pigment particles together and
allowing them to adhere to the painting surface. Scientific studies have investigated the

40



chemical composition and properties of gum, including its molecular structure, viscosity, and
interaction with pigmentg§158]

Gum Arabic has been used as a bindewiatercdour paints for centuries due to its excellent
solubility in water and ability to form stable suspensions.

Pigments used iwatercoloupaints can be organic or inorganic compounds, selected for their
colour properties, lightfastness, and transparency. Histon@dercolourpigments include
natural earth pigments, such as ochressatha as well as mineral pigments like ultramarine
and vermilion. Modern synthetic pigments offer a wide rangeadurs and improved
lightfastness[153] The 18" century presents the tinfier applyingwatercolourby artists such

as J.M.W Turner, John Constable, and David Cox.

They were the first artists who used the method of painting with this krwlair. Due to size,
these pigments can penetrate papercamhotmigrate very farThe densityand their ability to
sustainfibresare the features that differ pigmerjib9]

4.2.4Acryl colour

Compared with oil andvatercoloumpaintingthat are longstanding, acrylic is medium

Some of the important characteristics of acrgbtouris asfollows: it is one of the least toxic
colours comparedo other kinds of most flexible and versatjl@ater resistanplastic polymer,
so it iswatersoluble .Driesquickly, sothe artisttanwork in multiple successive layersthout
feeling clutteredmuddying thecolours

Acrylic colour can be used with water, being thinnuat, if it is used too much water, then it
will breakdown because tie flecks will be left in the paintThereforeto avoid this, liquid
acrylic in ink form is the best way to be used in paintii§3] Anothercharacteristic of acrylic
colouris that it is usedike anoil colour, and because of itgightness colour

Thiscolourcan be used in surfaces that are not too glossy and greasy, likecpapas, brick,
cloth, wood, masonite, concref@60] It was used for the first time by Dieguver, one of the
Mexican muralists of th&920s,[and 1930s. He used this kind adflour with othermuralists
on a largescalebecause of itglurability. Others, likan 1950, acrylichecame availablen a

commercial aspect and its popularity has greatly ise@aince therj161]
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4.2 5 Pastelcolour

Pastel paint is a unique and versatile medium known for its rich, viboémirsand velvety
texture. It is composed of pure powdered pigments mixed with a small amount of binder. The
pigments used in pastel paint are finely ground, pure powdered pigments, often sourced from
natural minerals or synthetic compounds. These pigment&lprioiense and lightfasblours
Scientific studies have examined the chemical composition and properties of various pigments
used in pastels, including thewolour characteristics, particle size distribution, and light
fastness[153][158]. Understandig the properties of pigments helps artists select suitable
coloursand ensures the longevity of pastel artworks.

The binder used in pastel paint is a minimal amount of a neutral argteasy substance, such

as gumtragacanthiror methyl cellulose. The binder acts as an adhesive, binding the pigment
particles together and allowing them to adhere to the painting sy&éé.

The preparation of pastel paint involves mixing the powdered pigments with the binder to form
a homogeneus mixture. This mixture is then shaped into sticks or pencils, allowing for easy
application and control.

Artistic works that are done lpastelrefers to those works that are covered in pastel, all over
the painted surface. Their exquisite blend apilibeir luscious texture, makes the work with

the same depth and richness as paintings. In pastel drawings, we meet the surface, not all
covered in pastel, because we can notice the paper or underlying surface showing through.
These worksare reminiscendf drawings and sketchdd.60]

The importance of using pastebasedn its wonderfully luscious appearance of work, velvety
texture, deep, rich colours, aedse oblend, for achieving splendid luminosityhere isno

need to use a lot of tools to vkowith pastelsaswould be with other paintolours It is
important to mention the disadvantages of ugiagtel;one of them is that the pastel particles

are never fixed or set in pladé53]
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5. COLOURIMETRY

The objective description of theghysical correlates of colour perception is the subject of
colourimetry. To provide an objective descriptiohthecolour at first, coloured samples were
used Physicists developed techniques for comparing coloured lights directly to refégimnse

To improvethe correlation between colour measurement and vpgrakptionmany colour
specification systems and colalifferences have been proposed.

Modellingthe human perception of colour is the aintalourimetry that implies the following
objectives.Colourimetry focuses on matching colours and predicting small colour differences
when two stimuli are not matching. Catanetric data alone do not specihatcolourcan be
sea. [55]

Colourimetry is a field of colour science thapecifies the numerical colour of a physically
defined visual stimulus in such a way thée specificatiorshould have the same effect when
viewed under the same conditigriBe certainnumbers in the specification are continuous
functions of the physid¢aharacteristics describing the spectrum radiant power distribution of
the stimulus.[26][45][50]

5.1 Commission Internationale d'Eclairage-CIE

The InternationalCommissionof illumination or CIE in 1931, had begun more completed
scientificstandardisationf colour marking. Untihow, the results of thistandardisatioof the
system were more precisemeasuring and marking the cato

For the first time in CIE standardas used the instrument (catometry), through which the
measuring of three colours variables had been madgnance(the light intensity), nuance

and saturation. All these three variables definetitematicityof the colour.The more precise
scientific way of describing the colour is provided by the CIE system, caused problems by
fading printed samples afolour, and eliminatedthe incorrect interpretation of colours by
humans. Although it is the most accurate in colour ¢afimn, CIE diagram in the formaf a
horseshoe, it is not used in art. [45][3@Y]
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5.1.1 Tristimulus values

The CIE 1931 RGBcolour specification system was created using tioéour matching
functionsr(a- )g(a )and b{e )which were developed from twaolour matchingexperiments
(Guild, 1931; Wright, 1929Monochromatigprimaries for red, green, and blue were 700 nm,
546.1 nm, and 435.8 nm, respectively.

R = hy(A) F(A) dA
L P*l( ) ?’( )
G= B (A)T(A) dA

LF’A( )3(A)

B= ffp,{(/i) b(A) dA

where?21() the colourstimulus function is defined as the "description eblourstimulus by
the spectral concentration of a radiometric quantity, such as radiance ot awhan, as a
function of wavelength[163][50][26]

5.12 Standard Observer

The Standard Observer for Colorimetry was established in 1931 by the International
Commission on Illumination (Commission Internationale d'Eclairage: CAE)standard
observer has been defined for the purpose of being used for accurate reprobuctierous
industrial colour evaluation techniques are based on CIE colourimetry, and the fundamentals

of this approach are still applicable today64jL

5.1.3 Object colorimetry

Measuremenbf the colour of objects is the main issue in industrial colourimetry. Sun or a
tungsten filament lamp assource of radiant power emit the light striking the given object,
making it visible to the observer. A sensation dbaooidentified as the colour of the object by
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the observeris the colour stimulus @hat emergesrom the object anénterst he obser ver
eye. [45][50]

The ASTMD1729standardoractice for visual appraisal abloursandcolour differences of

diffusely illuminated opaque materials 4], this method describes the requirements for
evaluating thecolours and contrasts betweerolours of opaque specimens under diffuse
illumination. The similar tristimulus values that are used falcalating chromaticity can also

beutilisedto evaluate an object®lourappearance. Thalourstimulus function (also known

as thecoloursignal) ¢a(4) ig given by:

¢(A) = R(A) S(A) (13)

w h e r eis tRe(spektral reflection factor of the objach d iStheSRDof the light source
consequently, it is possible to determine the CIE XYZ tristimulus va]li66]

X = k f R(A) S(A) ®(A) dA
A

Y =k f R(A) S(1) 7(A) dA
A

Z=k L R(A) SOV E(A) dA
(14)

where k is an adjustment factor,

K= 100
I | S(A) 7(A)dA

(15)
so that Y = 100 for objects that perfeatflectwhite (.e., at each wavelength, all the light is
reflectedd when R( &) .H6316 T(M&hlk, provid&s@ Hasis for correlating the
colorimetric calculationsvith the perceivedhue chroméa[23][26]. So, for the Y value, it's
shown as a percentage that can be anywhere from zero foHi®doesn't apply to fluorescent
objects[163]
The deinition of threedimensionalcolour space by CIE has been considered more uniform
than the CIE XYZ colour space. The intention $et-luminouscolours is determinedy the
L*u*v* colour space. A range of approximately L00,100lisof t he coor s nat es

shown in formula below. The transformation of X¥@ordinatebasically is done by the three
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dimensional colour space, L* denotes luminanice, radiance weigted by the spectral

sensitivity functionas it shown in below equatiofn0][166]

(%)SY/YH, Y/Y, < )3
116(Y/Y,)Y3 — 16, Y/Y, > (

3
;)
w* = 13L% - (v — u})
v =13L" - (v — ) (16)

L =

| Bl

b

The CIE L*a*b* color space is another approximately unif@mmiour space for perceptioas
it was explained binternational Commission on Illumination 19980] This colour space was

intended for use with surface colouss it shown in (Figure 26),

100
90
80
70
60
50
40
30
20
10

+L
-a = +b

‘_-_,/
-b i

+a
Green
e 50% -a*
T

Red
+a*

Black

Figure 26. CIE L*a*b* and L*C*h* colour [200]

L* describes lightness and extends from O (black) to 100 (white). Theatlinaterepresents
therednessgyreennessf the sample. The b* coordinate represents the yellownbhseress.
As shown in formula below the coordinates a and b have a range of approxirEQ8ly(0].
[45][50]
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Despite the theoretical difficulty, the CIELAB space is found to be adequate in many practical

(17)

applications. For viewingeflexionsamples, the reference white can be taken as the reflection
from a perfect reflecting diffuser under the same lightihgminant However, this is often
unsatisfactory if the target is a photograplitexionpriand and our visual system makes some
adjustment 1in its judgment regarding the fipe
geometry in the scene.

The best dnsity balance for typicaéflexionprints also leaves some reflectance dynamic range

to accommodate for speculdighlights, so that they are printed br i ghaar whitebo
Therefore, the common recommendation for the reference whitefleaionprintis to adjust

the density to its scenedependent optimum and thbackcalculatewhat the ideal reflecting
diffuser will be on that print and use that as the reference white. G8J|[56]

The CIELAB colourspace and the first Delta E formula were tvifeiings from CIE in 1976.

The measure of change in visual perception of two giedoursi s - (détak, dE

0 D el is aametrido understanthiow the human eye perceivesourdifference.

The termdeltacomes from mathematics, meaning change in a variable or funditaf.

The suffixE references the German wdedhpfindungwhich broadly meand s e ns,at i on o
the CIEDE2000 colour difference was determined using the following simple mathematical
overview.[167][168]

The explanation is identical to that of Luo, Cui, and Rigth a little modification to make it

more like an algorithmic explanation. It is reproduced here so that implementation
recommendations and comments in subsequent sections ceslatexl to the equations
displayed below, the CIEDE2000 colour difference formula is based on the CIELAB colour
space. [67][169][170]
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It representshe CIEDE2000 colour difference between a pair of colour vafudse CIELAB
space, L*1, a*1, b*1 and L2, a*2, b*2, as follows:

AE(L%a*b* L% a%b%) = AEg = AE
00 1 1 00— [} (18)

The calculationof the colour difference is denoted by the following equations, which are
organisedinto three basic parts, given two CIELAB colour valuésfus fos and the
parametric weighting coefficient®, Q, andQ . [167][168][171]

Calculated ,Q:

Ap (AL’)2+(AC’)Q+(AH’)2+R ACT AH
0 =N \%.LS, ke Se kr Sk T keSe knSy

AL =Ly — L}
L+l ,_Ci+Gs
2 2

i’ * [I-I CYT ' * H-; CYT
a=aty Ve 2Tt |\ VEe

C' = G+G —; C and AC' = Cy—C} where C} = \/a] + b} =Jd, + b5

h} =atan2(b],a}) mod 360°, A, = atan2(by,a;) mod 360°

B - 1 |1y — B| < 180°
AW = { By — By +360° |, — K| > 180°, By < K,
Ry — I, —360° |, — k| > 180°, k) > I}

(R, + By +360°) /2 |R, — hy| > 180°
(R + hy)/2 |hy — By < 180°

H' =2\/CIClsin(AK[2), H = {

T = 1-0.17 cos( H'=30°)4-0.24 cos(2H")40.32 cos(3H'+6°)—0.20 cos(4 H'—63°)
0.015 (E — 50’

Se=1+0045C" Sy =1+0.015C"T

el )

(19)
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5.1.4Colour rendering index i CRI

Photography,where colour is important, such as museums, graphic design, printing,
photography, and fashion, lighting for colour accuracy is cru@iglng a constant and accurate
depiction of colour under the employed light source is the main objective of lightingléar
accuracy. When choosing lighting for colour accuracy, several elements, suchcatotine
rendering indeXCRI), Colour Temperature, argpectral power distributio(SPD), must be
considered[30][50] Colour rendering properties differ accordiaghe relative spectral power
distribution of the source; sodium lamps, which create nearly monochromatic light, perform
very badly in this regardWith the introduction of fluorescent lighting, where the relative
spectral power distribution could be astied at will across a significant range, it became highly
useful to have a way of describing how well a specific source rendered colours. To do this, the

CIE in 1965 established the General Colour Rendering IndéX, as:

R, = 100—%{d1+d2+ ds + dy + dg+ dg + d; + dg)

(20)
where d1 is the distance between pointfie u, v chromaticity diagram (multiplied byator
of 800)that represent hues of the Munsell colour that have the same spectral reflectance. sources
with correlatedcolourtemperatures below 5000K; d2, d3, d4, d5, d6, d7, and d8 (instead of a
D-illuminant, a Planckian radiator source is usggi)][26]
A true huethat appears from a light source is describgdhecolour rendering index (CRI)
that is scked from zero to 100. The best colour rendering properties is natural light which is
100. Depending on the intent of thgaceCRI is critical.
A high CRI for the human eye to reafevourablyis neededor museums and retail works
spacesthis must be 800 CRI.In comparison to a source of natural light, the CRI evaluates
how well a light source reproduces the colours of things. A light sourcerthyadrfy renders
colours and has a high CRI rating (above 90) is useful for colttizal applications [X2][1773]
as it shown in (Figurg7).
In interior spacesthere is colour consistency that should be evaluated in addition to CRI.
Colour consistencyni a museum is very significant for exhibits and the appearance of true
colours. Under artificial light sources the materials and finishes will appear different. Reflective
properties of the surface and context and the lamp colour spectrum are two thirggdhr

rendition depends on. T4 The experiencand expectations ddn individual with normal
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vision are related to the context. The goal of museums is to educate viewers about the historical
pastandpreserve artifactsThe correct use of colour am@w lighting can impact that use of

colour is included in the success of the museum lighting desigt§. [1

Ra:

90-100
Ra:
70-80
Ra:
<70

Figure 27. Colour rendering index (CRI) and temperature [201]

5.1.5Method for Evaluating Light ANSI/IES TM -30

The influence of a light source on the colour appearance of objects and surfaces, or as it is
known as colour rendition, is a very significant part of lighting quality arising from the spectrum
of the emittedight and that is reflected by surfaces andcpssed by the human visual system.
The ANSI/IES TM30 method combines scientific principles, colour science, and human
perception studies to provide a comprehensive evaluation of light sources. It goes beyond
traditional metrics, offering a more nuancediaccurate assessment of colour quality, which

is valuable for applications where accurate colour rendering is crucial, such as architectural
lighting, art galleries, and retail environmeni$1-30-15 waspublishedfrom the Illumination
Engineering Socigt (IES) as a substitute for the CIE's CREcause ofidvancements in
colorimetry research and issues with the GRI6][26]

TM-30 becaméhe American National Standard in 20187[] Dozens of lightingesearchers
haveworked for decades finddetails, where IES TMBO wasdroughtedy the Colour Metrics

Task Groupln TM-30-15, average fidelity index (Rf), average gamut index (Rg), adoar

vector graphic (CVG) are used to measure changes in saturatiaolandfidelity using a

unified colourspaceAccording to IES (2015), CVG shows changes in hue and saturation in an

a *b * plot, with Rf ranging from 0 to 100 and Rg from 60 to 140 (when Rf >60). (IES, 2015).
[178][179]26]
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Some of the further improvemenare specific to TMB0-15. These include the continuous
reference illuminant (between 4500 K and 5500 K; the referidno@nant isconjunctionof a
Planckian radiator and sunshine), as well as a sizable collection of spectrally wofoun
samples tht are equally sensitive to changes in the test.SRinpared to earliecolour
rendering metrics, TMB0-15 offers several of advancemerts79] CRI has existed for 50
years; it served a vital purpose and wesognisedvorldwide. [173][180][181]

However,two classes of deficiencies with CRI and broad28 have been identified.

The first one, despite advances in colour, the underlying calculation framework never updated,
and it relies on an accurate model of colour vision that is considerel@teisp the CIE. [173]

Here is significant temphasisa small set of colour samples that are not capable of capturing
the full effect of a light source. T¥][182][183] [184]

The secondthe method CRI and the broader 13.3, only attempt to address colour fidelity,
where the main deficiency here is not conveying how different colours change in appearance.
These two deficiencies were an obstacld&developmerdndspecification oimoreefficient

and higher quality solidtate lighting devices. JI/]

5.1.6 Accurate reproduction

Accurate printing or reproduction refers to tinethenticand precise reproduction of colours,
tones, details, and overall visual characteristics of an original image or artwork. It involves
maintaining the integrity and authenticity of the original content throughout the printing
process, ensuring that the ged output closely matches the intended or reference irfi33g.
Colour management requires a significant amount of uniformity in the desktop colour imaging
environment of today, where different imaging peripherals can be converted out Eit86ill.

In this effort, the International Colour Consortium (ICC) has been quite attngindustry

driven group has developed a software framework to simplify the construction ohamdiged
colourimaging systemg187][188]

A key requirement for colour balance in reproductiogresy balance. A neutral will not be
produced most often by the three printing process colour ayls, magenta, and yellow, nor
light neutral, medium, and dagkeyscale at display values will be promed. Equal parts of red,
green,and blue light are three colours that white light consist of. When all three are absorbed

then the black is achieved equal amounts, throughout the light range in the darll, this
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ability of the process ink group is tad greybalance[65] In this way a very lighgreywould

be produced by a value of 5% of the dots in each colour. An average vagteyafould be
produced by a value of 50% of the points in each of tH&i]. Equal amounts of primary
colours are not absorbed by equal process ink screens and thus a range ojnegwiahles

are not produced without correction. They are out of balancergretfect.Bilevel halftones,

often known as homogeneously thick and cleanly edged ink dots, are the default assumption in
spectral prediocdn models for halftone printét the edges othe ink dots in actual printghe

ink thickness frequently lowersreating continuoutevel halftoness it shown in (Figure8).
[165][189]

Figure 28. Sample of grey balance fieldn reproduction printing
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6. LIGHT IN MUSEUM SAND GALLERIES

6.1 Museum lighting

There are two main and very important issues to museum lightings: preserving artworks from
damaging of lighteffects and provide the best visual impression to the visitors, through
adequate light source. In many museums there are some principles of pkgeotg of artwork,
according to their sensitivity to light and levels of luminance. But there is a very important issue
about that, what source of light to use inside the museoic@lide with the preservation of
artworks and getting the best impressido visitors at any time of the dayhe development

of technology, specifying here the lighting technology, &dhiflexibility in some
characteristics of lighting and setting such as luminance levels, correlated colour temperature
and colour renderingroperties.

All these characteristics have a significant impact on the visual impresswsitors. In the

past decadeseveral studies have investigated the preferences and visual impregsibas
observer about museum lightirj@90][26]

Basedon light sourced,ED is considered to have higher efficiency and bettéour quality,
including here naturalness. Undoubtediery important to bemphasisedere is minimal
infrared and ultraviolet radiation contefit6] What is characteristic fdtED spotlights, they

can change theichromaticity they have small dimensions and can be less intrusive in
exhibitionspaces andhange the visual appearance of artwork according to the intended effect.
[58][26] Basedonall these characteristidsEDs are supposed to be very suitable and effective
light source inside museumiseD, as a very potential and effective light source, has better
impact in museum lighting compared with the traditional light source such as haldgeim,

can cause higher colofade.[16][17] Many studies have focused on the lighting conditions
under which the perception of painting was compaweth the aim of determininghe best

light arrangements. The focus has beetheCCT and the level of luminandd.90] The results
showed that the artwork under illuminance of approximately 3600 is preferred blgdbevers

because they considered that arrangements were neither too cool nor too warm.
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6.1.2 Effects of lluminant Metamerism on artistic paintings

It is especially important to mention that not all light is the same since different temperatures
derive from different light sources, thiskiecauseinder the warm light of a sunset colours will
look different compared to the cool light of an overcast. deccording to research and
experiments there are supposed to be two steps to use correct painting thidéddinst step

IS to choose the correct light that illuminates the painted subject, where it would be the easiest
way to use certain points. Thgsbecause ahe fact yellow and red are always warm, light, and
bluish- white is always cool[191]

The dominant light source is warm if a sunsgtainted, and dominant light source will be cool
bluish white But it is notassimple considering that nature is unforeseeablerefhectslight.

There are cases where therenscertain point that it can be referréal because the light
sometimes is so neutral that it cannot be specified if it is warm or cool.

Thereforejt is necessary to consider the observasothat the colour of the light sourcan

be identified [77] It is especiallyuseful to havehe instruction like codight, warm shadow,

warm light cool shadow. If the appearance of shadow is warm compared ghtterdias, then

it is supposed thahe light source is cool, and vice versa if the appearance of shadow is cool
compared to the light areas, then the light source is wathe primary colour of the light is
determined precisely, it is required using ttolours that line up with that light sourténder
certain light there are certain colours that careast; for instancethe red object under the

blue light is closest to the black whereas the vivid cadmium used on scene lighilweuld

be inappropriatd191]

If the light iswarm, coolcolours must be restricted (such ldse) andwarm colours will
retainsaturation|If the light is cool-warm colours must be restricted (such as orangeeat)d

and cool colours will retairsaturation As it is said, the colour temperature of sunset is very
warm and inclinesowardorange, so in case of painting thensetthen it would be no sense
having strong blue under that light.

An object with a blue colour (like the blue of seaflerwarm light, is closer tgreythan a rich
blue;the stronger the light woulde, and théslue colour is less blu@he colours seen in the
shadow would beooler than colour in light, based on the warm light cool shadow instruction.
Using strong blues and purples in the shadows, the sense of temperature contrast is already
given.Lighting significantly affects the protection of artistic works, and its proper use is crucial
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for preserving the integrity and longevity of the artwofk81] The impact of lighting can vary
depending on the type of artwork and the specific period ainigsl to.

Here are some considerations for using lighting in relation to different periods of paiRti@gs:
modern and Renaissance Periods: Paintings from these periods often utilize traditional materials
such as tempera or oil paints. They tend to beemasust and less sensitive to light.

However, it is still important to avoid excessive light exposure, as it can cause fading and
discoloration over time. It is recommended to use moderate and controlled lighting conditions
to ensure the protection of gee artworksBaroque and Rococo Periods: Paintings from the
Baroque and Rococo periods may incorporate delicate materials and intricate details.

They often feature vibrambloursand subtle tonal variations. To preserve these artworks, it is
essential tause lighting that enhances the nuances and details without causing any harm.

The use of adjustable spotlights or focused lighting can help bring out the richvessuo$

while minimizing potential damagbmpressionist and Pe$npressionist Periodgirtists from

these periods, such as Monet, Renoir, and Van Gogh, employed techniques that captured light
and its transient effects. The choice of lighting for displaying these artworks is crucial to convey
the intended luminosity and atmospheric qualifi£83]

It is recommended to use diffused and controlled lighting, avoiding direct beams that could
create glare or uneven lighting conditiomModern and Contemporary Periods: Artworks from

the modern and contemporary periods encompass a wide rangeesf staterials, and
mediums. These artworks often involve experimental techniques and unconventional materials.
The lighting approach should be tailored to each artwork's specific requirecmmilering

the artist's intentions, the materials used, amgdspecial display considerations.

Collaboration with conservation experts and lighting specialists can help determine the most
suitable lighting techniques for these artworksall periods, it is important to consider the
duration of light exposure. To minimize the risk of damage, artworks should not be subjected
to excessive lighting for extended periods.

Additionally, the use of UV filters and controlled lighting with apmiate intensity and
spectrum can help protect artworks from fading, discoloration, and otherindided
deteriorationUltimately, the selection and application of lighting for artworks should be done

in consultation with experts in conservation, corgt and lighting specialists. By carefully
considering the characteristics of the artworks and their respective periods, it is possible to
strike a balance between optimal display conditions and thetéongpreservation of these

valuable artistic treases.[191]
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In a further investigation, the light source spectrum was modified using several filters to keep
the illumination incident on the artworks while preventing colorants from fading. [194][26]

In a further investigation, the light source spectruns wadified using several filters to keep

the illumination incident on the artworks while preventing colorants from fading. [194][26]
Professor Janos Schanda, who was part of this university, introduced the idea of a major project
for quality lighting in tle Sistine Chapel. The lighting measurements and fresco analysis were
conducted by Prof. Ferenc Szabo, from the same faculty. To achieve this major project and
serious work, aiming to achieve the realisation of the natural lighting as Michelangelo saw it at
that time, to offer visitors the same experience as during the creation of the artworks, it required
a team of expert workers and various measurements to achieve this result. The lighting used in
the Sistine Chapel is Led light Osram. Various tests weggerformed, including quality
management and colour testing, at one of the most visited places in the world. The Sistine
Chapel changed its illuminant and is now using 7,000 Osram LED lights to mimic natural light

and protect the frescoes from further fagl195]
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7. EXPERIMENTAL PART

7.1 Research plan

The experimental part of thigsearchstarted by doing five similar paintings, in different
painting techniques, in a way of different techniques that contain necessary elements for
subjective and objective identification of painting qualification, under illuminant metamerism.
The form of panting will consist of painting techniques witempera(gouaché colour, olil,

acryl, water,and pastel. These paintings with simggmbolic elementpresent the elements

that define them on the visual presentation, using illuminant metamerism. Painting work has
been donavith threesubtractivecolourss: red, yellow, and blu@he workswere done on the
paper of 300gr mataper in320x420 mmbecause s format was more suitabier technical
comparison and more accepted by the obseméhe nearest space.

To be analysed the visual perception of painting under the illuminant metamerism, printed
sampleswith greybalance fielchave been selectedherethe fields in the printefbrm were
established{o control the increasing and decreasing on reduction of deBgices ofjrey
balance field with values (C 50%, M 40%, Y40%) have been added to these iffrtagekieve

to theseorinted samples, the original paintings have been photographed in a professional way
by the Canon camera EOS 5DS R, by manual objectilighding, in standardisedondition,

this has done to get more qualitative photography.

Worked samples for the compson to the most similar with the originphintingswere
processed by Adobe photoshop 2G##6gramme changing the tonality of colours CMYK,
increasing and decreasing the half tone colour in a very small percentage frostabigg

point, by values +/2%, 4%, 6%. The level of curves change of colours will be divided in each
colour inrise,such as Cyan, Magenta, Yellow, and +Cmyk awiehyk in reduction of colours.
Colours at equal intervals and areas of range control will be defined near thes&édmeasg

this tonality over the image in objective aspect, sampkgebeen measuread thegreyspace,
because of the inability of measuringanotherspace, considerintpat theimages would be
analyseccompletely and nadita single certain point. To seblorimetricvalues of printing in

a part ofgreylevel, in the printing formthere have alsbeenspaces to control the space of this

colour. In addition to the listefields that can be used to perform the objective airdf the
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printing quality of colours, in the printefdrm, printing samples of differertbnalities were
analysed, whichvere useful to evaluate the subjective quality of the standard observer.

The experimental part h&gencarried ouin a laboratoryatelier with aa space o#A x 4 m2=

16 m2with light greyinterior of thewalls, where the lightning will be placed the widest wall

of laboratory space above the paintinGansidering that the main part of this research is
illuminant metamerism, which in this researohludefive different sorts of lightource Jike

LED light 3000K, 4000K, 6500K, Wolframlight, and Halogen light. Each paintingas
analysedinderfive different lightsourcesStandarabserversvereasked to seledive samples

that weremostlike original paintings. The chosen samples will be classified by point, from the
best one ofive pointsand the smallegimilar oneby 1 point.

This will enable visual andlassification and suitability.

7.1.10bjective research

Theusedcolourtechniques were chosen by the company Royal Tal@nisCreation, andheir
historydates fronl899. Since it i&n oldproductand hasxpanded witlthe artistioworld, its
quality has beeoonsideredn the foreground in the various productgolours. In this research
five colourtechniques werehosenAcrylic, Oil, TemperaGouachg Watercolourand Pastel.
Thecolours chosen in these paintings are used only primary pigments as: blue, red, 3=llow,
it showsbelowin the (Figurs 29, 30, 31, 32, 33), to correlate with theolours of the lighting
andthe vision of the observers, whereserverganfind adaptability and ease of identification
between them.

Colournames and numbers that are usectaleuredblue, in the specifications below.

The motive of thg@aintingsof differentcolourtechniques is theame as beingble to compare
them.The paintings were done individually, under the same conditions and with standardised

lighting.
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TALENS ART CREATION
9021712M

Contents: 12 x 12 ml tubes (105 Titanium WHhit827
Yellow Ochrei 270 Azo Yellow Deep 275 Primary
Yellow 17 369 Primary Magentd 396 Naphthol Red
Mediumi 409 Burnt Umbei 411 Burnt Sienn& 504
i Ultramarinei 572 Primary Cyari 619 Permanent
Green [2epi 701 Ivory Black)[196]

Figure 29. Acrylic colour set, pigment used 275 Primary Yellowi 369 Primary
Magenta- 572Primary Cyan [202]

TALENS ART CREATION
9020112M

Contents: 12 x 12 ml tubes (105 Titanium White205
Lemon Yellow(Primary)i 200 Yellowi 334 Scarlei 318
Carminei 504 Ultramarinei 530 Sevres Blud 662
Permanent Greein227 Yellow Ochrd 411 Burnt Sienna
409 Burnt Umbei 701 IvoryBlack).

Figure 30. Oil colour set, pigment used(200 Yellowi 334 Scarleti 504 Ultramarine)
[202]
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TALENS ART CREATION
9021612M

Contents: 12 x 12 ml tubes (1@bite- 205 Lemon Yellow
(Primary)i 201light yellow- 334 Scarlet 362 Deep Rose
T 512cobalt blue (ultramarine)501 Light Blue (Cyan)
602deep green 227 Yellow Ochré 411 Burnt Sienna
409burnt umber 700 Black).

Figure 31. Tempera (Gouache) setpigment used 205Lemon Yellow (Primary) - 362
Deep Rose 501 Light Blue (Cyan)[202]

TALENS ART CREATION
9022012M

Contents: 12 x 12 ml tubes (108 Chinese WIiit200
Yellow 7 334 Scarleti 326 Alizarin Crimsoni 504
Ultramarine 7 535 Cerulean Blue (Phthaloj 617
Yellowish Greeri 602 Deep Green227 Yellow Ochré
411 Burnt Sienna409 BurntUmber 7 0 8 P &rey).e 6 s

Figure 32. Water colour set pigment used (200Yellow 326 Alizarin Crimson 1 504
Ultramarine) [202]
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TALENS ART CREATION
9029012M

Contents: 12 pastels (10¢hite - 200 Yellowi 202 Deep
Yellow i 398 Naphthol red light- 318 Carminei 570
Phthaloblue- 535 Cerulean Blue (Phthalbp17yellowish
green- 615 Emerald Green227 Yellow Ochré 408raw
umber- 700 Black).

Figure 33. Soft pastel setpigment used 200 Yellow- 398 Naphthol red light - 570
Phthalo blue) [202]

The paintingsare made in Italian matte Fabriano 1264 pdpeqg life ISO 9706(Figure 34)
since reproduction on paper is used, this type of Mix media paper was cbokem, and
composition 100% alpha cellulose, surface and finishivagural grain, gnmmage 300gsm,

which is suitable for all techniques and easier to compare with the reproduced samples.

Figure 34. Mixed media paper used for different colour paintings [203]

7.1.2 Applied devices

In the experimental part of thveork, aCanon EOS 5DS R digital camera was usececord
the original paintinggFigure35). At this stage, the research continued with the photography of
the original worksn natural lighting, with manual white balancen&:this, it affects thewvay

balance is adjusted.
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This process played a very important role in the ongoing processes, the comparison with the
original paintings,and the presentation of the samples in the press.

Figure 35. Recording of the original paintings withCanon EOS 5DS R204]

The specific datan the technical characteristics of the Canon EOS 5DS R digital camera for

the tool usedo photograploriginal paintings (Tablé).

Table 1. Technical characteristics of the Canon EOS 5DS R digital camera

Body type

Mid-size SLR

Max resolution

8688 x5792

Effective pixels

51 megapixels

Sensor size

Full frame (36 x 24 mm)

Sensor type

CMOS

ISO Auto, 1066400 (expandable to 5IP800)
Lens mount Canon EF

Focal length mult. 1x

Articulated LCD Fixed

Screen size 3. 2nj

Screen dots 1,040,000

Max shutter speed 1/8000 sec

Format H.264

Storage types

SD/SDHC/SDXC (UHY compatible), CompactFlas

usB

USB 3.0 (5 GBit/sec)

Weight (inc. batteries)

930 g (2.05 Ib / 32.80 02)

Dimensions

152 x 116 x 76 mm (5.9

GPS

None
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7.1.3Recording and processing of test samples

In contrast to traditional photographic systems, the digitals(Figure36), staredrecording,
which illuminates the photosensitimeedia sensognd the resulting pictungasrecorded as a
digital record on a storage mediuim,the memory card. The digitalecordwas processed
properlyappliedin themanual shoandready forquality printing, replicagédon the screern

the experimentatesearchstudy, the procéure of the material processing methodology and

scaling of the workingtagesave beerollowed before being presented to the observers.

The first stage idone with asimilar motifof five differentcolourtechniques such asempera
(Guache) ail, acrylonitrile, pastel, wateiThesefive paintings were created under the same
standardisedonditions.As a second phase, five paintings of different techniques were taken
and photographed with a Canon camierananualnaturallight so that the necessary values
couldbe determined.

In the third phase, théigitisedphotos were taken from the storage medand transferred to

a computer, where they were presented Image display on the $orgenfourth stage, due to
printing and technical issues, dibitised photos of the original paintings were placed in the
digital process in the Adobe Photoshop 2pa8gram where agrey balance field was placed
in the left corner of the painting with the same vallieshis prograncolourcorrection of all
images in all divisions of CMYKolourspace in tonal difference from the average line, with
increasing and decreasing valwé2%, 4%, 6% 2%, -4%, -6%.

In the fifth stage, the samples are transferred with storage memorynoriterto be reviewed

in the preprint stage. Also, beforeripting, the monitor is calibratedin the sixth stage, the
samples were printed on a calibrafethter Xerox colourc70 in high quality, to achieve the
most accurate samplds the seventtstage after the selection of the observers of the most
similarsamples. Measurements of the L*a*b* valwesemade with Exacspectrophotometer

to objectivelyanalysethe study part.
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Canon

Motiv Recording- Computer- Digital processing-
digital camera Image display on the screen Color correction

Storage
medium

L
| ) B —
N
Photographic realization ‘ %

Measuring Printing Monitor

Storage

Figure 36. The scheme of the experimental research process

The selected photographs most similar taottiginal have been repeated until the most pleasing
and similar results are achieved, in order to have the opportunity to continue the study further
(Figure37).

a) Acryl painting b) Oil painting
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c) Tempergpainting d) Waterpainting

e) Pastepainting

Figure 37. Recording of fivedifferent painting techniques

Digital records taken from photographic imagesre downloadedon the Adobe Photoshop

2020 programme with perceptive interpretation in tl@MYK reproductive colours CMYK.

For technigue reasons and more precisely, five photographic images of different techniques
were placed inttheprogrammesite, beingenaltedto function parallel, equally in the changing

of curves.In the seconghaseall photographic images wepaced ina cubegrey balance

field (Figure38), where theaccurate dimensiongeredetermined according to standardization
(50% C, 40% M, 40% Y)This cubeenablesaccurate measurement loélf-tone change of

whole image, being unnecessary to measure the parts. In thixefmoe have been separated,
starting from average value 50% of CMY¢0lour space on haltolour tone images by
increasing and decreasing-2%,4%,8%6, the tones have been changé¢al three certain

percentagesand this has bearontinued thesame for Cyan, Yellow, Magenta, +CMYK and
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CMYK. The last one hasamplevalues such agt8%, -46%, -44%. This wasachievedirom
each painting technique of 15 samples for each in différ@htolourimages.

a) Acryl sample b) Oil sample

c) Temperasample d) Watersample

e) Pastebample

Figure 38. Photographic images with cubegrey balance field
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All of them have been savexh theJPEG record of the highedarity.

The names of the initial testing samples are included in (Bab#ndthey were shortlytilised
as a key letter to identify which tonality and percentage of halftone imegyesliscussed in

the research.

Table 2. Initial testing samples and percentage of increased and decreased halftone

image valuesrom the CMYK colour space

Percentage of increased a Sample
decreased halftone image valy initials
from CMYK color space

52% Cyan 2% C
54% Cyan 4% C
56% Gyan 6% C
52% Magenta 2% M
54% Magenta 4% M
56% Magenta 6% M
52% Yellow 2% Y
54% Yellow 1% Y
56% Yellow 6% Y
52% CMYK 2% K
54% CMYK 4% K
56% CMYK 6% K
-48%-CMYK - Lighter -2% L
-46%-CMYK -Lighter -4% L
-44%-CMYK -Lighter -6% L

Tonality changes in the CMYK colour space division were made with the properties option,
and through the u r \hist@gsamthe x, y axis optionsvereavailable. Due to the small tonal
difference and the small subjective difference, only the output moveometite x axis is
selected. In this space colours have been separated, starting from average value 50% of CMYK
colour space on half colour tone images by increasing and decrea&i#g4/6,6%, the tones

have been changed to three certain percentages ondkis of output, and this has been

continued same for CyaNgllow, Magenta, +CMYK andCMYK.
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The last one has sample values such4&8%, -46%, -44%. This was achieved from each

painting technique of 15 samples, each in different tones (Fi@ré\B of them have been

saved on JPEG records of the highest quality.
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Figure 39. Histograms of changing halftone colour image in CMYK space colour
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Subjectivechanges of 15 samples iaiagereproduction of images on the Tempera (Guache)
colour technique with increasing and decreasing valinelng similarity and comparison with

the original painting under different light sour¢bsough visual perceptiofrigure40).

Tempera samples

|
]
| = m

2%Y 4% Y 6% Y
o n [

2% K 4% K 6% K
] ] =

2% L -4% L -6% L

Figure 40. Temperacolour techniquereproduction samples with increasing and

decreasing values
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Subjectivechangesn the reproduction of images of 15 samplesgthe Oil colour technique
with increasing and decreasing values, finding the similarity and comparison with the original
painting under different light sourcésough visual perceptioffrigure4l).

Oil samples

Figure 41. Oil-colour technique reproduction samples with increasing and decreasing

values
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Subjectivevariations of the image reproduction of 15 sampigke acryliccolourmethod with
increased and decreasing values, comparing them to the original artwork timisugh

perception and determining theimilarity (Figure42).

Acryl samples

|
|
|
|
u | t‘“y &> a o T

-4% L -6% L

Figure 42. Acrylic colour technique reproduction samples with increasing and

decreasingvalues
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The subjective adjustments of p&stelcolour reproductions afonditionsand dryingvalues,
comparing them to the original paintings under various lighting conditions, and evaluating how
similar they are (Figuré3).

Pastel samples

2% L -4% L -6% L

Figure 43. Pastelcolour technique reproduction samples with increasing and decreasing
values
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Subjectivealterations of the reproduction of 15 sampleshe water coloutechnique with
increasing and decreasing values, comparing them to the original painting under various

lighting sources, and determining their similarities and differences @-4gr

Water samples

2% L -4% L -6% L

Figure 44. Water colour technique reproduction samples with increasing and decreasing

values
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The elaborateamples in the digital process have passed through the printing process, reviewing
the calibration of the monitor first and then the press.

Reproductiorof the images of the paintings was printed on the Xeodsxurc70 printer under
standardisedonditions(Figure45). The print performances were chosen with a high quality of
100%;this is because the printing process was repeated several times for reasons of searching

for the best possible print quality and the suitability ofdbleurs and certain values L*a*b*.

4

Figure 45. Device for printing the samplesXerox colour c70printed press[205]

The characteristics of the printer play a big role in a print, reproduction of a certain material or
image, one of the main aspects is the technical specification as well as the certalilboation
of the machine (Tabl8).

Table 3. Technical specificationsof the Xerox colour ¢70 printing press

Model C70PRO

Print speed Colour. up to 70 ppm

Black: up to 75 ppm

Digital FrontEn d s A IntegratexGolBur Server

Xerox® EX-i C60/C70 Print Server Powered by Fiery®

Xerox® FreeFlow® Print Server Integrated for the Xerd@lour C60/C70 Printer
Xerox® EX C60/C70 Print Server Powered by Fiery®

Performance
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Print speed Colour. up to 60/ 7(bpm

Black: up to 65/ 75 ppm

Resolution  Print/Copy: 2400 x 2400 dpi

Scan: 200 x 200, 300 x 300, 400 x 400, 600 x 600 dpi

Recommended average montkiglume 10,000 50,000 pages per month

Duty cycle 300,000 pages per month
Scanspeed Ugo 200 ipmcolour/ 200 ipm blackandwhite (2sided, 8.5 x 11"/ A4)
Line Screens 6000, 200 and 150 Clustered Dot, 200 Rotated Line Screen

The paper for the printing of the samples was ugEdx Colotech +with a thickness of 300g
mat within theA3 format (Figure 46), were extended 5 images type of reproduction of the

paintings that simultaneously had g@mne paper with the original paintings.

——y——

Xerox g,

Figure 46. Paper type Xerox Colotech + material used for paintings angample

reproduction [205]
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Technical specifications of timapematerial used in the original paintingsd thereproduced

samples (Table 4).

Table 4. Technical specifications of paper type Xerox Colotech+

Specifications XEROX COLOTECH +
UNSPSC Code 14111507
Weight 23.4kg

Brand Xerox
Categories Paper & Card
Category Card

Colour White
Dimensions 420%x297mm
Eco-Aware Yes
Environment Support FSCCertified
Grammage 300gsm
Manufacturer Xerox

Size A3

Type Card

In this researcito compareand achieving the similarities of each original paintings with

reproduction images through visyarception five different light sources, all of which are

Osram reflector Light brand, instead of Wolfram Lighituminant A.
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The technical specifations of OsranbED light 3000K (warm white) have special features
from other lighting such as CCT, Im, Ra (Table 5).

Table 5. Technical specifications of OsranLED Light 3000K

OSREAMLED LIGHT 3000K
PRODUCT DATASHEET
PMRI16 3536°43 W/3000K GUS3

Nominal wattage 4 3w/ S0W
Nominal voltage 220-240

Light colour (designation) Warm White

Colour temperature 3000 K

Luminous flux 350 lm

Colour rendering index Ea =00
Beam angle 36 °
g —
51 mm

1 ) |

55 mm

i
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The technical specificationsf the OsramLED light 4000K (neutral white) have special
features from other lighting such as C@#, andRa (Table 6).

Table 6. Technical specifications of OsranLED Light 4000K

OSRAMLED LIGHT 4000K
PRODUCT DATASHEET
PAFR16 50 536- GU10

Nominal wattage 4.3 w/ S0W
Nominal voltage 220-240
Light colour (designati on) Neutral White

Colour temperature 4000K

Luminous flux 350 lm
Colour rendering index Ea =90

Beam angle 36 °

—— - —
51 mm

| ) |

95 mm
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The technical specificatiord the OsramLED 6500K light (cool white) have special features
from other lighting such as CCT, Im, Ra (Table 7).

Table 7. Technical specifications ofOsram 6500KLED Light

OSRAMLED LIGHT 6500K
PRODUCT DATASHEET

PAR16 50 36- GU10
Nominal wattage 2.6 w/ 35W

Nominal voltage 220-240

Light colour (designation) Cool Davlight
Colour temperature 6500K

Luminous flux 230 lm

Colour rendering index Ra=00

Beam angle 36 °

5 51 mm =
[ ) A
E
£
uD
— ud
)
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The technical specificationsf the Osram Halogen light 3000K (warm white) have special
featuresand thehighestcolourrendering index Ra >10C€CT from otherlighting (Table 8).

Table 8. Technical specifications of OsranHalogen Light 3000K

OSRAM HALOGEN LIGHT

PRODUCT DATASHEET
DECOSTAR 515 44860WFL

Nominal wattage 20 W

Nominal voltage 12 V

Light colour (designation) Warm White

Colour temperature 3000 K

Luminous flux 200 lm

Colour rendering index Ra>=100

Beam angle 36 °

——- “—
51 mm
| J A
£
'3
w
- W
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The technical specifications ®¥olfram Light Illuminant A 280K (warm white) havehe
highestCRI, Ra >100 from other lightingCCT, Im, as it shown ir{Table9).

Table 9. Technical specifications ofWolfram Light - llluminant A

WOLFRAM LIGHT-ILLUMINANTA
PRODUCT DATASHEET

WOLFRAM 34816

Nominal wattage 5 W

Nominal voltage 24 V

Light colour (designation) Warm White

Colour temperature 2800 K

Luminous flux 415-460 Im

Colour rendering index Ra>100

Beam angle 36 °

@2.37in
T |e02mm] T

4.13n
104.9mm
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Software for measuring arahalysingcolour is available from BabelColor under the names
CT&A and PatchTool. Printers, ppess teams, photographersjour management experts,
lighting professionals, as well as expert amatandsenthusiasts, altilise the software. Both
Windows and Mac can asCT&A and PatchTool. With thisoftware,the CRI of the light
sourcess measured bysing the new methods, technical memorandum (TM 30) developed by
llluminating Engineering Society (IESFigure 47). The instrumentused in the software
BabelColor CT&Asoftware to measute nm of light sources was i1Pro / i1lPro 2 (XRGA).
The i1Pro device is eolourspectrophotometer that can measure many aspects of light, such as
its brightness or intensity. The luminous flux,calgown as theamountof light falling on a
surface, may be precisely measupgdlPro,ard is expressed in lumens (Im).

A BabelColor CT&A - X

File Edit Instrument RGBvsRGB Tools Help
=3
=3 P 4
0 < @9 0 [
m I e g & \J ; e

] CRI Density  FluoCheck  Graph 1SO 3664+ Mi RAL D-esign Whiteness | Help

RGBvsRGB  Tables Munsell

Instrument

O Emissii (o] (o] - (o] (o] - (] ]
i1Pro / i1Pro 2 (XRGA) ol ® e Emission Reflectance MO/III-A M1/D50 © M2/UV-cut @ M3/Pol

O Ambient O Flash O Spectral tools

Figure 47. CT&A and PatchTool. With this software,the CRI [206]

The i1 Pro 3 x-rite pantongholographic diffraction grating witth28pixel diode array) with
integrated wavelength analysismeasurethe spectral distribution, chromaticity, acdlour
temperature of light, among other aspects of ligtesedata can be helpful foseveral
purposes, including display calibrationplour management in the printing sectand
characterizatioof light sourcegFigure48).

Figure 48. Device of light measuring i1Pro 3 x-rite pantone [207]
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7.1.4Subjective researchand survey analysis

he visual analysis of the experimental segment was conducted utilizing a broad spectrum of
participants. This diverse groupomprised individuals identified as laypersons, lacking
professional expertise or experience within the field. Their task encompassed the assessment of
photographic imagery through concurrent evaluation and comparison with the original visual
stimuli. It is imperative to note that the surveyor cohort possessed no direct familiarity with the
intricacies of metamerism, yet their collective interest revolved around aspects of visual
observation, communication, perceptual cognition, coloration, and memmogyuence.

The comprehensive surveyor ensemble was composed of 45 individuals, with a gender
distribution of 23 women and 22 men, spanning an age range from 18 to 60 years. This age
distribution further categorized into three distinct groups238eargcomprising 8 women

and 7 mentotalling 15 participants), 285 years (comprising 10 women and 10 metalling

20 participants), and 465 years (comprising 5 women and 5 ntetelling 10 participants).

To ensure the credibility of the participantdsual acuity andsimultaneousbinocular
capabilities, astandardselection process was implemented. Prior to their inclusion in the
experiment, all observers underwent a comprehensive binocular examination test,
supplemented by the Ishihara testidentify, and assess visual impairments. Only those
participants who successfully navigated through these stringent assessments, affirming their
possession of normal vision, were included in the experiment. This meticulous selection process
guaranteed the adhemnto standardized visual conditions within the domain of graphic
technology.The experimental procedures transpired within a designated laboratory atelier,
encompassing an area of 16 square meters (4 x 4m?). The laboratory atelier interior featured
light grey walls, while the windows remained completely sealed, precluding any external light
sources. This environment was meticulously designed to maintain consistent and controlled
conditions suitable for the exploration of graphic phenoméfiidin the laboatory atelier, the

point of observation was established with specific parameters: a direct horizontal viewing angle,
an angle of incidence set at 60 degrees, illumination originating fronda@@e angle, sample
observation from a 4@egree angle, and pitioning at an average adult eye level, specifically

at a height of 1500mm, maintaining an elevation of 4000mm above the laboratory floor. This
strategic arrangement was precisely configured to adhere to standardized conditions within the
field of graphictechnology, ensuring the reproducibility and validity of the experimental

outcomes.Figure 49, illustratesthe spatial arrangement, emphasizing the placement and
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orientation of the visual stimuli. The dimensions of the artworks uexBmination adhered to

the format of 250x320 mm, enhancing the precision and consistency of the visual analysis.
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Figure 49. Visual researchexperiment

Thes u b j distahcé fsonthe worksplacedwas 1000mm, the works on the wall were placed
1500mmhigh, and theobserversvere standing on feet, while the samples are placed on the
table in the visual corner &0 ° at a height of 730mm (above the flooty, ensurehat all
participants, regardless body heighthadan average of the same height dwad astraight
point of view with the paintings. Averagd the level of theadult eye= 1500mm above the
floor. Reflexion of the lighangle of30 ° with the distance from the wall 2000mm.
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8. RESULTS AND DISCUSSIONS

8.1 Subjective resultsand discussions

The visual outcomes encompass an integral component of the investigation, focusing on
tempera coloupaintings subjected to diverse lighting conditions, including LED Light at
3000K, LED Light at 4000K, LED Light at 6500K, Wolfram Light (I.A), and Halogen Light.
Within the context of this research, the primary objective revolves around the assessment of
meticulously chosen samples that exhibit the highest degree of similarity to the original
reference. To this end, a comprehensive analysis is conducted, elucidating the characteristics
of all hal-tone images employed in the study. The frequency distoibwif these images is
meticulously documented, both in terms of individual selections under the illumination of LED
light at 3000K, and subsequently, in accordance with their hierarchical ranking, as depicted in
(Figure 50. This systematic approach afferd detailed insight into the selection process and
enables a nuanced understanding of the visual outcomes achieved under distinct lighting

conditions.
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Figure 50. Description of subjective evaluation of different samples under # LED light
3000K

86



Also, changingcolour or pigments creates a different observation of light by the other
techniques, amdication of the right human perception.

The samples chosenoresimilar to the original inthe 3000KtemperatechniqueunderLED

light, the classifiedrequenciesresummariseavith themost 5 chosen with the mdstquency

for comparison to bperformed(Figure 3).
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Figure 51. Best match samples of tempera colour under LEIight 3000K

Through visual perception of observers, and individual seledtierirequencief the most
likely to original of temperacolour testing(Figure 50)underLED light 3000K. Theseare
ranked by dividing the poinfsom the best one by pointsto 1 as the last selection. According
to the results ofnalysis,there isa diversity of selection onuancesthat observers have
evaluated asiuanceswith a small differenceof half tone. The firsnuance,-2%L, and the
second2%C,arethe mostsimilarto the smallest peentage of the tonality changdowever,
summarisinghe pointsat (Figure 3), we see 3 samples of differgmrcentage$%) of the
same nuance afolour. We can say that thauances?2L, -4L, and-6L, are most acceptable
from the observers under thED light 3000K in the visual aspeddased on the visual methods
under theLED light 4000K oftemperacolour painting, observers anindividual way have
evaluated the most similar nuances to the origimhich means that we have different results

according to the individual or changing the lighting.
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The presentation of subjective evaluation of samptesparedto the original painhg of
temperacolourunderthe LED light 4000K ispresented all nuances, comparing betwesdfi

tonesof colours (Figure 2).
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Figure 52. Description of subjective evaluation of different samples under theED light
4000K

Thebest sampleselectedunder the differenlighting conditions werenadeto see closely the
subjective evaluation. Despite the same conditionthefsameresearch methodology, the
evaluation and results are seen to be different. WthadrED light 4000K,the most5 similar

samples to the original are selectEdy(re 53).
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Il Tcmpera c. LED light 4000K
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Figure 53. Best match samples of tempera colour unddrtED Light 4000K

In presentation ofempera colouresults(Figure 5) underLED light 400K, it canbe se&
that the best selection is 2M, while the most general evaluatiohdsrversaveragesi% of

different nuances and thest6%. Thereforethe percentagmcreasen nuances of the selected

samples is seen.

According to the same method of subjective eatbn in selection of the most similar samples
matched to the original painting temperacolours under the_.ED light 6500K, all samples

have been evaluated by the possibility of finding the closest simi(&igyre ).

89



I Tcmpera c. LED light 6500K
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Figure 54. Description of subjective evaluation of different samplesn tempera colour

under the LED light 6500K

Althoughby this presentation 5 most similar to the original have been selected, by the classified

evaluation or the most pus (Figure 5).
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Figure 55. Best match samples of Tempera colour unddrED Light 6500K
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The results showm (Figure 54 under theLED light 6500K, the sampleé%L is clearly higher

and different from other samples. This is because of thedmbtrr LED light 6500K makes

the observer to see the most similar the nuance with the differéficeas a result of the
reflexionin more white ¢ blue, this indicates in subjective perception of the observer. Whereas
other nuances 4%M, 6%D, 2%M, 4%C are positive nuances with diffeeecgntagesyhere

is seen a distinction fortmefirst sample pecaus®f the darker percentage.

Under the lighthg of Wolframlight (Illuminant A), the presented samplegere evaluated
according to théght reflexionand its SPDHere,wesummaris¢he general evaluatidngether

with the technique wittemperacolours (Figure %).
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Figure 56. Description of subjective evaluation of differentsamplesin tempera colour

under Wolfram Light I. A

Althoughby this presentation 5 most simitarthe original have been selected, by the classified

evaluation or the most sjaative selected one&igure ).
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Figure 57. Best match samples of tempera colour under Wolfram Light

The results showanderlight Wolfram light (Illuminant A) asshown in(Figure %), percentage

tonesof warm shades such as 2%M, 4%M are subjectiolebsen morayithout excluding the
shadegl%Dand 6%D which ardarker and the last 4%@Inder thidighting, the most selected
shadesre clearljthe warmer andarkershades. This is due to the SPD of Wanfr Light that

its spectrum is warmer, this reacts to the choice of the observers to see the most similar shade
because ahereflexionof the redcolourof theillumination;this is clearly seen in the subjective

perception of thebservers.

Under the lighting ohalogen lightthe presentedamples werevaluated according to thight
reflexion and its SPDHere, the general evaluation alongside the technique tethpera

colours (Figure B).
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I Tcmpera c. Halogen light
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Figure 58. Description of subjective evaluation of different samplesinder Halogen Light

The description of best matching asdmparisonthrough subjective results of different

samples unddralogen ligh{Figure D).

- Tempera c. Halogen light

120

frequency

2%L 2%M 4%D 2%C 4%M

samples

Figure 59. Best match samples of tempera colour under Halogen Light
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The results achieved under Halogen Ligkhigure ®), are mostly mixed. However, the results

are of the smallest percentage as the closest choice 2%M, then the second 2%C while as the
third choice we again have a magenta shade 4%M, as the next result we have 2%Y and the last
also witha smallpercentag@%D. This is due to the SPD of Halogen Light that its spectrum is
warmer and mostly used on museum and galleries, this reacts to the choice of the observers to
see the most similar shalddecause ahereflexionon small percentages of differdvalf-colour

tone imagesThis is clearly seen in the subjective perception of the observers haldgen

light.

By summarisinghe overall results of all samples in the common aspect under all illuminations,
some selected sample points aeen,which find suitability under different illuminations.

However, in terms of subjective evaluation, we have a cl{bigeire60).
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Figure 60. Subjective results of samples under different light sources

Visual results obil painting and samplender different lighsourcesas LED Light 3000K,
LED Light 4000K,LED Light 6500K, Wolframlight, Halogen Light.Changing thecolouror
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lighting technique creates a different visual perception of ligiéxion or observation than

other techniques.

All the half tone imagesised,and theirfrequencyare described according to the individual
selection of the observer under the 30Q@EOD light in the Oilcolourtechnique and in the order

as follows(Figure ).
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Figure 61. Description of the subjective evaluation of different samples oail colour
under LED Light 3000K

Thecategorisedrequencyis summed using the tdjwe samples that are the most similar to the

original in theoil-colourmethal under the 3000KED light, in order to make a comparisas

it shown in (Figure B).
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I Oil c. LED light 3000K
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Figure 62. Best match samples obil colour under LED Light 3000K

According to the results of analygisigure &), we see a diversity of selectionraranceshat

the observers have evaluated as shades with differences on the half tone. The first nuance 4%C
and the fourth 6%C restuht the most similar nuances to the tonality change, the second shade
2%M and the thit 2%D according to thérequencyare thehalf toneswith the smallest
percentage, continuing with the last shade with a more darker tone 4%D.

Different lightings andtolours have their own specific characteristics, at the same time when

we combine or chage one or the other.

In the presentation of the subjective samplesilafoloursamples next to the original painting
under the illumination oEED light 4000K,these results were achieved between half tones of

colouss. In the Figure63) it is shown oil coloursbserve light differentljrom acryliccolours.
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I ©il c. LED light 4000K
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Figure 63. Description of the subjective evaluation of different samples oail colour

under LED Light 4000K

The besfive samples in theil colourtechnique under theED light 4000K that most closely

resemble the original are used to total the catefgeguencyin order to construct a comparison

(Figure64).
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I Oil c. LED light 4000K
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Figure 64. Best match samples of oil colour under LED Light 4000K

According to theselection of the resul{@-igure64), closest to the original oil painting under
4000K LED light, we can see that the average evaluation by the observers is 4% of half tone,
from the best 4%D, 4%C and 4%Y, with except for the third halftone with the smalle
percentage of 2%C and the last one of the highest percentage 6%M.

All samples aranalysedvith the potential to identify the closest resemblance using the same
approach of subjective assessment in the selection of the most similar samples that match the

original oil painting under 6500KED light (Figure65).
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Figure 65. Description of the subjective ealuation of different samples onoil colour
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In the presentation of the resultsoilf painting under the illuminatioof theLED light 6500K,

the 5 closest samples have been seleéligdie ®).
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Figure 66. Best match samples of oil colour under LED Light 6500K

99



The results shown under th&D light 6500K at (Figure @), starts with the best choice 6%Y

is clearlyhigher,and as seen in theselours the observers are more attracted byytiow
shades and continues with the second shade 2%Y and the fourth 4 %Ythelieree shades

of the samesolour from the other samples are presented. While the third shade 2%D and the
last 6%D are the other choices according to subjective appearance. This is becausé of the
colours and their composition that they have #mel LEDIlight 6500K reactsdifferently when

observing their lighting anceflexion

The provided samples were evaluated using Wolfram Light (llluminant A) illumination in
accordance with the lightingflexionand its SPD. Herss included a summary of the ovdral

analysis withthe oil painting methodKigure &).
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Figure 67. The description of subjective evaluation of different samples under the

Wolfram Light LA
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The five that are most comparable to the original have been chosen for this presentation, the

categorisecevaluation or the most subjective selections have been (Rapee @).
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Figure 68. Best match samples of oil colouunder Wolfram Light I.A.

Results displayenh (Figure @) under Wolfram light (Illuminant A), the percentage tones from

the shades with the highest percentages such as the first 6%C, the second 6%D and the last
6%Y are subjectively more chosen, not exaigdthe third shade 4%C and the foustade

2%D, which these shades have been chosen twice in different percentages. Under this lighting,

the most selected shades are clearly the shades with the highest percentages.

This is due to Wolfram Light's SPD that its spectrum is warmer, also fror@itheplour
technique. This responds to the oldsdotheer 6s
reflection of the lightingcolour and the painting technique. These areartjeseen in the

subjective aspect of the perception of the observers.
Under thehalogen lightthe presented samples oil panting techniques, were evaluated

according to the lightingeflexion and subjective observerblere, the general evaluation

alongside(Figure @®).
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Figure 69. Description of subjective evaluation of differentOil c. samplesunder Halogen

Light

The analysis of the best comparison and matching using the best oil painting samples under

halogen lightaccording to subjective resultSigure70).
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Figure 70. Best match samples obil colour under Halogen Light
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The resultsachieved undehalogenlight at (Figure70) are mostly mixed. However, the best
selected result is 2%M while the second sample with a difference in percentage and shade 6%C,
followed by the third shade with a small percentage of 2%D, followed by the fourth shade 4%
C and the last 4%D. Also, in thigghting, we have two repeated shades with different
percentages. It is because of the SPD of halogen light that its spectmwarnier, and

differences between techniques and choices by observers are seen differently.

The offered @aluationof oil painting techniquesiasassessed based on lightiaflexionand
the subjective opinions of the observers urdiféerentlight source. The whole evaluation was

summarisedhere as wellKigure 7).
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Figure 71. Description of Oil colour samples under different light sources

According to subjective resultshe best comparison and matchinglising the best acryl
painting samples und&ED light 3000K Figure 2).
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I Ayl c. LED light 3000K
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Figure 72. Description of subjective evaluation of different samplesf Acryl colour

under the LED Light 3000K

Using the best acryl painting samplesderlight 3000K, the study of the best comparison and

matching was performed, with subjective conclusi@gngure B).
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Figure 73. Best match samples of Acrytolour under LED Light 3000K
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The analysis's findingst (Figure B) lead us to detect a variety of selections or subtleties, which
observers have classified as shades with variations in the halftone. The most comparable
subtleties to the tonality shift are found to be the first nu2f6®l and the last nuance 2%C,
followed by the second sampléoY and third one 4%D. Thieueswith the highest percentages,

in order of scoring, are followed by the fourth shade with a darker tone, @#&n we mix or

alter one or the other, varied lightingdcolours each have their own unique propertiaghis

instance, acrylicolours absorb light imifferentways.

These findings were obtained betwdématf-tonesof colours when the subjective acrykolour
samples were displayed next to the original artwork under the illumination of 400DKight
(Figure 4).
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Figure 74. Description of the subjective assessment of different samplesaif colour

under LED Light 4000K

The analysis of the best comparison and matching using the best Acryl painting samples under

4000KLED light produced subjectivelfavourablefindings Figure 5).
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Figure 75. Best match samples of Acrytolour under LED Light 4000K

It is shownthat the average evaluation by the observers is in the middle of ha#tt¢ngure

75), and small of half tone, from the best 4%C, secé#, continuing with the third one
2%C, the fourth sample 2%Y, and the last e2#L. According to the selectiorf the results
closest to the originahcryl painting underLED Light 4000K light. Two variations are

reproduced in this experiment, althougtvarying degrees.

With thesamesubjective assessment in the selection of the most comparable samples that match
the original acrylic painting undé&ED light 6500K, all samples aevaluatedvith the ability

to discover the closest similariti#igure B).
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I Acryl c. LED light 6500K
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Figure 76. Description of the subjective evaluation of different samples of Acrydolour

under LED Light 6500K

Subjectively acceptable results were obtained from the examination of the best comparison and

matchingutilising the best Acriypainting samples under 650QKD light (Figure 7).
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Figure 77. Best match samples of Acrytolour under LED Light 6500K
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According to the selection of the results closest to the original Acryl painting LB@eright
6500K, it is demonstrated that the average evaluation by the observers is in theamedle
smallof half-tonne(Figure 77). It starts with lighter tone from the best 4%L, second 4%Y, by
continuing with the thirebne,2%D, the fourth sampl€%L, and thdastone,2%M.

In this experiment, different variants are replicated, albaiifferentdegreesUsingthe same
subjectve evaluatiormethod, allsamples werassessed with trability to identify t that most

closely resemble of thariginal acrylic painting when viewed in Wolfram Ligtiigure B).
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Figure 78. Description of thesubjective evaluation of different samples of Acryl colour
under Wolfram Light

Subjectively acceptable outcomes were achieved from the assessment of the best comparison
and matchingisingthe best Acryl painting samplesderWolfram light (Figure ).

108



I Acryl c. Wolfram light |.A

100

80

frequency
o))
<

I
[
!

204

6%L 2%M 4%M 6%D 6%M

samples

Figure 79. Best match samples of Acrytolour under Wolfram Light

According to the selection of the results closest to the original Acryl painting under Wolfram
Light (Figure M), it is demonstrated that the average evaluation bghlikervershowshigher
percentage dialf-tones,and all percentage of magenta nuance are chosen. It starts with lighter
tone from the best 6%L, second 2%M, by continuing with the third one 4%M, the fourth sample

6%D, and thdast one 6%M.

In this research different variantsand degreesare replicatedAll samplesare subjectively
evaluatedusing the same technique to determine wbiogsmatch the original acrylic artwork

when seen in Halogen LighEigure80).
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Figure 80. Description of the subjective evaluation of different samples afcryl colour

under Halogenlight

The evaluation of the best comparison and matching using the best Acryl painting samples

under Halogen light produced subjectively satisfactory redtilgsie 8L).
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Figure 81. Best match samples cécryl colour under Halogenlight
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According to the selection of the results closest to the original Acryl painting under Halogen
Light (Figure &), it is demonstrated that the average evaluation by thes e rshowssimaller
percentage of half tonésmostly chosen.

It starts with magenta tone from the best 2%M, second 2#@ continuesvith the third one

2%C, the fourth sample 4%Mnd thdast one 2%Y.

It is possible to identify certain chosen sample locations that are appropriate under various
illuminations by summing the total resultsadf samplesf Acryl colourin the common aspect
under all illuminationsHowever,it hasa choice when it comes to subjective evalua#iernt

shown in(Figure &).
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Figure 82. Description of the subjective evaluation of samples @icryl colour under
different light sources

Given that the research involves evaluating samples that have been picked based on their
similarity to the original sample, all relevantancesand their score according to the observer's
individual selection ompastel colouunderLED light 3000K, and ecording to the ranking are
explained in this manndgFigure &). Moreover, alteringolouror pigments changdbe way

light is seen using various approaches, providing information on how humans should perceive
certain things.
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Il Pastel c. LED light 3000K
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Figure 83. Description of the subjective evaluation of different samples qfastel colour

under LED Light 3000K

Using the best Pastel colour painting samplesger 3000KLED light the best comparison and

matching were examing@igure &), according to the subjective findings.
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Figure 84. Best match samples gpastel colourunder LED Light 3000K
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Observers havelassifieda range of choices or nuances as shades with changes in the halftone,
as shown by thstudyresults in Figure &). The first subtlety with a deeper tone, 6%D, is
placed after theolourwith thehighestpercentagesiterms of scoring, followed by the second
sample, 4%Y, and the third sample, 2%Y. The fourth shade with a small percentage, 2%D, and
the last nuance 6%®ifferent lighting andcolourseach have their own distinct characteristics

when we mix or modify onanother.

All relevant nuances and their score according to the observer's individual decigastein
colourunderLED light 4000K, and according to the ranking are discussedsmiy since the
research entails assessing samples that were chosen based on how close they are to the original

sample Figure &).
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Figure 85. Description of the subjective evaluation of different samples qfastel colour

under LED Light 4000K

Accordingto subjective findings, the best comparison and matching exatiatedusing the

best pastetolourpainting samples und&ED light 4000K Figure &).
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Figure 86. Best match samples gpastel colourunder LED Light 4000K

According to the selection of the results closest to the original acrylic paintingluEideright
4000K at (Figure &), it is demonstrated that the average evaluation by the observers is in the
middle of half tone and mixed of half tone, from the &%D, the second4%C, continuing

with the third one 2%Y, the fourth sample 2%D, and the last one 4%Y.

To identify which samples, when viewed und&D Light 6500K igure &), most closely
resemble of the originglastelcolourartwork, all samples were subjectively assessed using the

same methodology.
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Figure 87. Description of the subjective evaluation of different samples gqfastel colour

under LED Light 6500K

Accordingto the subjective resultthe best comparison and matchingsassessed using the

best pastetolourpainting samples undeED light 650K (Figure 8).
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Figure 88. Best matchin pastel colourunder LED Light 6500K
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It is shown(Figure &), that the average assessment by the observers isaarttreof highest

of half tone at, based on the selection of the results closest to the original Pastel colour painting
underLED Light 6500K it starts with highesgellow tone from the best 6%Y, second 6%C,

by continuing with the third one 2%Y, the fourth sample 6%D, and final one 4%D. Many

variations are duplicated in this experiment, but to varying degrees.

All samples were subjectively evaluated using the samatiod, thesamples most closely

resembledhe original pastetolouredartwork when seen under Wolfrdight (Figure &®).
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Figure 89. Description of the subjective evaluation of different samples qfastel colour

under Wolfram Light

The best comparison and matching of subjective redtilgsie 90) were assessed using the

best pastetolourpainting samples under Wolfram light.
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Figure 90. Best match samples gpastel colourunder Wolfram Light

In the selections of the five closest to the original, in the Pedtmlirtechnique under Wolfram
Light (Figure90), all shades of yellow are present, starting with the first selection 4%Y, the
second 6%Y, the third different shade 6%C, ftheth-choice4%D, and finally again closing

with shade 2%Y.

Evaluation of the subjective descriptimuith all samplef Pastelcolour under Halogetight

(Figure 9).
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Figure 91. Description of the subjective evaluatiorwith different samples ofpastel

colour under Halogen Light

The bestpastelcolour painting samples under Halogen light were used to evaluate the

comparison and matching of subjective outconféguie 2).
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Figure 92. Best match samples gpastel colourunder Halogen Light
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In (Figure93), which demonstrates that the average assessment by the observers reveals a lesser
and mixed percentage of half tones are mainly picked, displays the findings that were chosen
as being the closest to the original of pastel colour painting under Halagjan Li

All percentagesf the+CMYK- (D) toneare presenin this light, bystarts with the best 4%D,
followed by the second%D, thethird best choic&%yY, fourth 4%, andthe highest tone the

lastone6%D.
Il Pastel . LED light 3000K
I Pastel ¢ .LED light 4000K
[ Pastel c. LED light 6500K
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Figure 93. Description of the subjective evaluatiorof pastel coloursamplesunder

different light sources

In the analysis of the visual evaluations of the observers of the pastel painting and its samples
(Figure @), a mixture of the selection of half tones was achieved. In general, under the
illumination of five different lightsthe shades of magenta (M) an@MYK (Lighter -L) are

generally the least selected.

Description of the subjective results with all samspdéwater coloumunder the illumination of

LED light 3000K Figure 9%).
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Figure 94. Description of the subjective evaluation with different samples of Water

colour under LED Light 3000K

The best matching samples of subjective reskitgife 99 wereevaluated bgingingthe water

colour undeLED light 3000K.
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Figure 95. Best match samples ofvater colour under LED Light 3000K

120



Description of the five most selected water colour sampteterillumination of Ledlight

3000K (Figure %). In thisapproacthof thetechnical type otoloursand lighting, results with

the percentage of 2% and 4% have been achieved. Selection of shades for lighter shades such
as cyan, yellowighter, andthis can because tlwlour of the technical water gives a lighter
appearance arabes not absorb much light, also the observers under this tesdlevtedhe

reproduction of the samples with a percentage of small.

The first choice is 4%Y, the second 2%C, the thHa%L, the fourti2%Y, and the last4%L.
Descriptionof subjectivefindings using all watecolour samples under 4000KED lighting
(Figure %). Here,the results of which samples are the most selected and which of the samples

are the least selected under this lighmdition can be seen.
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Figure 96. Description of the subjective evaluation with different samples ofvVater

colour under LED Light 4000K

The five most visually selected samples by observers usingatescolourtechnique under

the illumination ofLED light 4000K (Figure ).
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Figure 97. Best match samples oifvater colour under LED Light 4000K

The curation of watercolor results, characterized by the hidgieegiencycounts under LED

light of 4000K (Figure 97), is akin to the methodology employed for the selection of samples
under LED light at 3000K. However, it should be noted that the sequencing differs. The
selection process begins with the identification of the sample bearing the césssblance

to the original, serving as the foundational reference point, denoted as 2%Y. Subsequently, the
progression entails the inclusion of 4%C, 4%Y, another 2%Y, and culminates with 2%M,

manifesting a sequential arrangement based on the degrieelafity to the original stimulus.

The comprehensive presentation of the watercolour test results, across all samples, in the
context of LED Light 6500K illumination, is expounded upon through the subjective lens of
observers (Figure 98). This holistiepresentation seeks to elucidate the collective perception
and assessment of the watercolor specimens under the specific lighting conditions, shedding

light on the qualitative aspects of these observations.
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Figure 98. Description of the subjective evaluation with different samples of Water

colour under LED Light 6500K
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The most selectesamples werselected in the subjective aspect of watdpur underLED

light 6500K Figure D).
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Figure 99. Best match samples oivater colour under LED Light 6500K
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In the selection of the five samples closest to the original of the a@ltaurtechnique under
the illumination ofLED light 6500K figure ®), these mixed results were achieved, starting
with the first one that the light may have influenced the selection of shades id%I{Dge
continued with 2%Y, 2%D4%M, and the last 6%Dt seems that observers no longer see many

differences in different sldes of colours.

Description ofall the results of the samplsedusing the subjective evaluation with the water

colour technique under Wolfram lighigure100).
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Figure 100 Description of the subjective evaluation withdifferent samples of Water

colour under Wolfram Light

The most selected sampkagbjectivelyof thewater colour technique under Wolfram Ligig

it shown in(Figure 1Q).
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Figure 101 Best match samples ofvater colour under Wolfram Light

In the selection of most similaamplego the original water colo under the illumination of
Wolfram light (Figure 1@), the first choice as a reference to the original is the shade 2%M,
wherethe observers were influenced by tbelourtemperature of light, more consistent with
the other sampldsllowing like 6%D, 4%C, 2%C and the last 6%Y.

Subjectiveevaluation withdifferent samples of water colour under Halogight description,

by comparing the moghingsone in each light how it affects in perception of colasiit shown

in (Figurel102).
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Figure 102 Description of the subjective evaluation with different samples oiater

colour under Halogen Light

The watercolour best match samples chosen from observers under Hélgigeas it shown

in (Figure 1(3).
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Figure 103 Best matd samples ofwater colour under Halogen Light
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In this comparison the mosimilar chosen samplet® the original water colour under the
halogenlight (Figure 1@), thefirst chosen ones reference to the origingdainting is the
reproduction sampl2%M, which is the same tonality sample chosen under Wolfram light, this
can be common whildbse two lights have similar specification in quality light.

Visual perceptiom humanscan be triggeretdy quality in many aspects thhoosemore wisely.

The other samplis acombination of smallest and middle torleat continuesvith 2%D, 4%M,
2%Y, and the las4%L.

In the analysis of the visual evaluations of the obsenrmsater colour samplésigure104),

a mixture of the selection of half tones was achieved. In general, under the illumination of five

different lights, theehosershadesre mixed.
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Figure 104. Description of the subjective evaluation of samples efater colour under

different light sources
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Spectrophotometric ardknsitometrymeasuresvereperformed usinghe X-Rite eXact device
(Figure41), whichis used fomeasuremenis a wide gamut of different paper materidilss,
sheets, antkextiles. Conditions for measuring with a spectrophotomaatelight D65 with e
visual c o r nwkendorwe fby a2déngitometem light A is used with the same visual
corner.This devce is used for measurirand controllingpressuran all sorts of special and
conventional coloursin all cases, in order to achieve optimal accuracy, a white standard is
integrated (reference point), which allows automatic calibration withnecessanl user

intervention.Basictechnical characteristics are shoinr{Table10).

Table 10. The basic technical characteristics of the device-Rite eXact

Characteristics Value
Wavelength range 4007 700 nm
Measurement range 071 200%reflection
Measurement speed 2s

Optical resolution 10nm

Geometry 45101

Standard observer 27101

Measuring surface n1.502,04,06 mm

X-Rite eXact enable densitometric values measures, cofpture,and spectrophotometric
values (CIE L * a* b*), raising the rastalement,reflectance of lightalso many other
possibilities(Figure 1().

Figure 105 Measuring device XRite eXact[208]
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8.2 Objective results and discussions

8.3 Metamerism index of different colour techniques and samples under

different light sources

The grey balancefields of sample reproductionsere analysedand measured ihO different
spotsdirectionswith L*a*b* valuesin, to achieve wider results, then the averagmberof
eachcolourwerepresented

This researcincludesthe changing of half tone colour imad®s measuring metamerism index

of the bestsamples as similar tothe original paintings under different standardised light
sourcesand those of quality control of thenalities,to present correlationpnanagemenof

image appearan@nddeviation.

The searchfor defined fields by printing forms will be done by laboratory measures,
colorimetric differences of tristimulus values of the reflected colours. Differenceslour
nuances CMYK will be placenh thegreyspaceonthe left part of the printed samples.

In this paper the attention is focused on modification of illuminant metamerisnrcieptien

of artisticpaintings,in addition to printed samples of tonal changesich are defined by the
international standards, applying to define the qualityreybalance.

However,the grey balance field is one of the main parameters of printinditguahere the
L*a*b* values will be measured. By this, enabling the observers to choose thesimdat

visual perception to the original paintings, compared to the samples of different tonalities under
the different illuminant effectsThis enablesusto getsubjective results, then the counting of
points was done by the selection, ranking from the best selection of the most similar to the
original paintingto less similar, being 5 samples with the best match of each paintieg the

5 sorts of light surces Values L*a*b* will be taken to these sampl&se measuredalues in

the L*a*b* colour space will be done in the way that each sample will be measured ten times
in thegrey spacewith the aim of havingnore measures to achieve the closest number of the
colour averagel.*a*b* values of TemperacolourunderLED light, the reference whiciwas
thebest matche asoriginal comparedo theotherfour best samples. With this, the comparison
and difference of the Metamerism indeours isachievedAs shown in the (Tabl&1), under

LED Light 3000K metamerisnmndex is very small between the origin@) - 2%L andthe

other samplesmostly the results are accountabbiceptable, especialtite comparison ofO)

- 2%L 1 second 2%G0nducesDE = 1.66, DE ab = 0.22and(O) - 2%L i fourth 4%D induce

the DE = 1.61DE ab = 1.20While theother two results Ml is higher in lightness L*.
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Table 11. Temperacolour under LED Light 3000K- MI values of referencevs. samples

Tempero c. LED Light L* a* b* L*2  a*2 b*2 DE DE
3000K Ref. vs Samples 2000 ab

0. 2%L - second 2%C 5793 -6.18 -14.59 59.77 -6.27 -14779 1.66 0.22

0. 2%L - third 6%L 5793 -6.18 -14.59 6329 -535 -1546 4.79 1.20
0. 2%L - forth 4%D 5793 -6.18 -14.59 5924 -523 -1531 1.6l 1.20
0. 2%L - fifth 4%L 5793 -6.18 -1459 5994 -572 -16.18 2.1 1.66

In the (Tablel2), of Tempera colour unddrED Light 4000K, metamerism index is higher
between the original O. 2%M with the other samples, mostly the results unacceptable are
between the comparison of O. 2%decond 4%DnduceDE 2000 = 12.20andDE ab = 5.83
TheMI of O.2%M - third -4%L inducesthe DE 2000 42.6Q DEab = 4.76. The MI between
0.2%M 1 fourth 4% C induceDE 2000 = 6.15 while DE ab = 2.15 is smaller compared to
other resultsThe Metamerisnindex between O. 2% fifth 6%C inducesDE 2000 = 10.87,

and DE ab = 2.8ITheresultsof Ml underLED Light 4000K arehigher in lightness L*even

in ab* values, excludingamples %C and 6%C on ab* values.

Table 12. Temperacolour under LED Light 4000K- Ml values of referencevs. samples
Tempero c. LED Light L~ a* b* L*2 | a¥*2 b*2 DE DE
4000K Ref.vs Samples 2000 ab
0.2%M -second 4%D  47.42 -10.20 -1828 5923 -5.19 -1531 1220 5.83
0. 2%M - third 4%L 47.42 -1020 -1828 59.96 -5.846 -16.35 12.60 4.76
0. 2%M - forth 4%C 4742 -1020 -1828 5345 -11.84 -19.67 6.15 2.15
0. 2%M - fifth 6%C 47.42 -1020 -1828 5841 -8.24 -16.27 10.87 281

In (Table 13), of Tempera colour unddtED Light 6500K, themetamerism index is higher
between the original O. - 6%L with the other samples, mostly tresults that aranacceptable
are between the comparison af-6%L - second 4%DnduceDE 2000 = 12.20, and DE ab =
5.83. The MI of O-6%L - third 4%LinducesdDE 2000 = 12.60, DE ab = 4.76. The MI between
0. -6%L 1 fourth 4%C induce DE 2000 = 6.15 while DE ab = 245Smaller compared to
other results. Metamerism index between@&nL i fifth 6%C induce DE 2000 = 10.87, and
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DE ab = 2.81The results of Ml undetED Light 4000K are higher in lightness L*, even in
ab* values, excluding samples 4%C and 6%C on ab* values.

Table 13. Temperacolour under LED Light 6500K- Ml values of referencevs. samples

Tempero c. LED Light L*
6500K Ref. vs Samples

0. 6%L - second 4%M  63.24
0. 6%L - third 6%D 63.24
0. 6%L - forth 2%M 63.24
0. 6%L - fifth 4%C 63.24

a* b* L*2 a*2 b*2 DE DE
2000 ab

-522  -1528 5923 | -519 | -15.31 347  0.04
522 -1528 5996 -5846 -1635 292 1.24
-5.22 -1528 5345 -11.84 -19.67 10.28 7.94
-5.22 -15.28 5841 -8.24  -1627 495 3.18

In (Table 14), of Tempera colour under Wolfram Lighttis seen that Ml is mismatching

between the original O. - 6%L with the other samples, the results unacceptable are between
the comparison of O.6%L - second 4%M induce the DE 2000 = 13.33, and DE ab = 4.39.
The MI of O.- 6%L - third 4%D it is decresedcompared withother samples with results DE
2000 = 3.69, the smallest difference under this light source is at DE ab = 0.38. The MI between
0. - 6%L T fourth 6%D induce DE 2000 9.37 while DE ab =4.81 The last comparisors
higherbetween O- 6%L T fifth 4%C induce DE 2000 = 187, and DE ab .91 The results

of Ml at Tempera colouwnderWolfram light are higher in lightness L*, even in ab* values,

excludingreference O- 6%L - 4%D is in L* and mostlyin ab* values.

Table 14. Temperacolour under Wolfram light - Ml values of reference vs samples

Tempero c. Wolfram L*
Light Ref. vs Samples

0. 6%L - second 4%M  63.24
0. 6%L - third 4%D 63.24
0. 6%L - forth 6%D 63.24
0. 6%L - fifth 4%C 63.24

a* b* L*2  a*2 b*2 DE DE
2000 ab

-5.22  -1528 4913 -539 -19.67 1333 4.39
-5.22  -15.28 5898 -5.447 -1559 3.69 038
-522  -1528 53.63 -7.08 -10.85 937 |43l
-522  -15.28 5344 -1209 -19.20 1037 791

In (Tablel5), of Tempera colour under Halogen Lighis seen that Ml is mismatching between

the original O. 6%L with two

other samples, thesults areunacceptablebetween the
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comparison of O: 2%L - second 2%M induce the DE 2000 = 10.89, and DE ab = Bl46,
the MI mismatchof O. - 2%L - fifth 4%M is highercomparingwith other samplesvith the
results achieved @E 2000 =8.87, atDE ab =5.33. Theaccountably acceptabiél between
O.-2%L 7 third 4%D induce DE 2000 £.61, while DE ab =1.2Q The last comparison the
closestresultbetween O: 2%L i fourth2%C induce DE 2000 = @6, and CE ab =0.22 The
results of M| at Tempera colour under Wolfram Light emiged values,which aregain in two

samples pleasurable results at MI.

Table 15. Temperacolour under Halogen Light - Ml values of reference vs sample

Tempero c. Halogen L* ax b* L*2 a*2 b*2 DE DE
Light Ref. vs Samples 2000 ab

0. 2%L. -second 2%M 5793 -6.18 -1459 4742 -1020 -18.28 1089 546

0. 2%L - third 4%D 5793 -6.18 -1459 5924 -5226 -1531 1.61 1.20
0. 2%L - forth 2%C 5793 -6.18 -1459 59.77 -6.27 -14.79 1.66 0.22
0. 2%L - fifth 4%M 5793 -6.18 -1459 4935 -521 -19.82 8.87 5.33

In (Tablel16), of Oil colour undet.ED Light 3000K it is seen that Ml is mismatching between
the original- O. 4%C and other samples, the result§/bfaire mostly higher in Lightnes L*,
between the comparison of O. 4%€econd 2%MnduceDE 2000 = 7.22, and DE ab = 1.92.
The MI mismatchof O.4%C - third 2%D it is higherin LightnessL* results achieved of DE
2000 =12.15, while DE ab =0.92 is the closest in hue theoriginal referenceTheMI between
0.4%C 1 fourth 6%C induce DE 2000 %.46,while DE ab =3.13. The last comparisoshows
thehighest results ahismatchbetween 04%C i fifth 4%D induce DE 2000 £3.57 and DE

ab =6.29 The results of MI abil colour underLED Light 3000K are higherin mismatch

excludingin two comparison of hues that ardesdst acceptable.
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Table 16. Oil colour under LED Light 3000K- Ml values of reference vs samples

Oil c. LED Light L* ax b* L*2 a*2 b*2 DE DE
3000K Ref. vs Samples 2000 ab

0.4%C - second2%M  56.67 -5.85 -16.74 4934 -5.70 -18.65 | 7.22 1.92

0. 4%C - third 2%D 56.67 -5.85 -16.74 4451 -5544 -1587 1215 0.92
0. 4%C - forth 6%C 56.67 -5.85 -16.74 51.55 -8.79  -17.82 5.46 3.13
0. 4%C - fifth 4%D 56.67 -5.85 -16.74 43.64 -526  -1047 1357  6.29

In oil colourunderLED light at 4000K (Tabld.7), thefindingsare typically greater in Lightnes
L *, compared to other samples, indicating that the origefatenceD. 4%D and other samples
are highermismatchecdeven inlightness L *and ab* values, excludinipe referenc®. The
4%D1 fifth 6%M sampleinducesDE 2000 =2.65, and DE ab = 3.18hich makes thévI
betweerthosevisible smaller than other results.

Table 17. Oil colour under LED Light 4000K- Ml values of reference vs samples
Oil c. LED Light L* a¥ b* L*2 | a¥*2 b*2 DE DE
4000K Ref. vs Samples 2000 ab
0.4%D - second 4%C 4364 -526 -1047 56.67 -5.85 -16.74 13,57 6.29
0. 4%D - third 2%C 4364 -526 -1047 5553 -5915 -18.81 12.86 8.37
0. 4%D - forth 4%Y 43.64 -526 -1047 56.82 -3.73 -17.02 1393 6.73
0. 4%D - fifth 6%M 43.64 -5.26 -1047 4544 -534 -13.65 | 2.65 3.18

In (Table18), of Oil colour undeLED Light 6500Kit is seen that Ml is mismatching between
the original- O. 6%L with two other samples, the resulfthe mostacceptable are between
the comparison afeference). 6%Y - second 2% induceDE 2000 = 177, and DE ab 4.33
The other sample aountably acceptabl@atchof Ml is betweer0.6%Y and thefourth 4%Y
with the results achieved of DE 200076 at DE ab =22.68 The other two results are highly
mismatched, especialin lightnessL* values and different results in ab* values, which are

more closely relatetb theoriginal.
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Table 18. Oil colour under LED Light 6500K- Ml values of reference vssamples
QOil c. LED Light L* a% b* L*2 | a*2 b*2 DE DE
6500K Ref.vs Samples 2000 ab
0.6%Y -second 2%Y  57.74 -3.34 -1437 5931 -2.61 -1548 1.77 1.33
0. 6%Y - third 2%D 57.74  -3.34  -1437 4451 -5544 | -1587 1335  2.67
0. 6%Y - forth 4%Y 5774 -3.34  -1437 56.82 -3.73 -17.02 1.76 2.68
0. 6%Y - fifth 6%D 5774  -3.34  -1437 4323 -389 -10.21 1477 4.20

In the analysis of oil coloufTable19) under Wolfram Light, the findings of Ml are typically
greater irLightnesd_* than in other samples, indicating that the original reference O. 6%C and
other samples are higher mismatched evehgimness L *and ab* values, excluding the
reference OThe6% C- third 4%C sampléenducesDE 2000 = 5.46 and DE ab = 3.3hich

is obviously smallethan other results.

Table 19. Oil colour under Wolfram Light - Ml values of reference vs samples

Oil c. Wolfram Light L* a* b* L*2  a*2 b*2 DE DE
Ref. vs Samples 2000 ab

0. 6%C - second 6%D 5155 -8.79 -1782 4323 -389 -10.21 10.07 9.05
0. 6%C - third 4%C 5155 -879 -1782 56.67 -585 -16.74 546 3.13

0. 6%C - forth 2%D 51.55 -879 -17.82 4451 -554 -1587 748 3.79
0. 6%C - fifth 6%Y 5155 -879 -17.82 57.74 -334 -14.37  7.65 6.45

In oil colour underHalogen light(Table 1.20), the findings of MI are typically greater in
LightnessL *, compared to other samples, indicating that the original referen2&mM.and
other samples are mixed results mismatched evéghtness L *and ab* values, excluding
the referenc®.2%M1 third 2%D DE 2000 = 4.95 and DE ab = 2.79. The other comparison
O. The sample of 2%N1 four 4%Cis higher the DE 2000 =7.22, and DE ab = 1v@2ereMI
between ab* values is visible smaller than other resultsler Halogen Light the oil colour

sanples are mostly mismatch between the reference and samples.
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Table 20. Oil colour under Halogen Light- Ml values of reference vs samples
Oil c. Halogen Light L* a* b* L*2 a®2 b*2 DE DE
Ref. vs Samples 2000 ab
0.2%M -second 6%C 4934 -5.70 -18.65 51.55 -8.79 -17.82  3.49 3.20
0. 2%M - third 2%D 4934 -5.770 -18.65 44.51 -5544 -1587 4.95 2.79
0. 2%M - forth 4%C 4934 -5.70 -18.65 56.67 -5.85 -16.74  7.22 1.92
0. 2%M - fifth 4%D 4934 | -5.70 -18.65 43.64 -5.26 -1047 | 7.35 8.19

In (Table21), of Acryl colour undeLED Light 3000K,it is seen that Ml ikiigherbetween the
reference). 2%0M with all other samplesAt this comparison d¥il, the difference of DE 2000

is high in Lightness L*, but mostly in this casehigher than other comparison in DE ab*
values.lt is worth mentioning in the first comparison of reference O. Z&8dcond 4%Y that
visually they are h e d i fniost setected,ebst dresultsare the highest with results of

DE 2000 = 7.78 and thedtiest mismatch metamerisndex of mismatclis in DE ab = 12.75.

This means that visually in Acryl colour observers no longer see much difference as it comes

when measuring colourghere therare higher results.

Table 21. Acryl colour under LED Light 3000K- Ml values of reference vs samples
Acryl ¢c. LED Light L* a*® b* L*2 a¥2 b*2 DE DE
3000K Ref. vs Samples 2000 ab
0.2%M - second 4%Y  53.65 -10.54 -20.50 51.11 -7.46 -8.13 7.78 12.75
0. 2%M - third 2%D 53.65 -10.54 -20.50 5824 -6.325 -15.10 584  6.85
0. 2%M - forth 6%C 53.65 -10.54 -20.50 5193 -8.68 -9.65 6.49 11.01
0. 2%M - fifth 4%D 53.65 -10.54 -20.50 5854 | -720 @ -15.63 5.63 5.90

In Acryl colourunderLED light at 4000K (Table€2), Ml findings of Ml are typicallyhigher

in both Lightness* and ab* values, in albmparisonsbetween reference and samples,
indicating that the original reference @% Cand other samples are higher mismatched. The
highest difference resulis the between reference O. 4%Gecond 4%Y sampieducesDE
2000 =7.43, and DE ab = 12.14, that MMee¢nthesas visible higher than other results. Under
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the LED Light 4000K the Acryl colour samplasgeld results higher in DE ab* rathéman DE
2000, whichmeans thatbjectively theyare more differentiated at hue

Table 22. Acryl colour under LED Light 4000K- Ml values of reference vs samples

In (Table 23), of Acryl colour underLED Light 6500K, it is seen that MI is mismatching
between the original O. 6%L with two other samples, the resufghe most acceptable are
between the comparison of reference O. 698¥¢cond 2%YnduceDE 2000 = 1.77, and DE

ab = 1.33. The other sample accountably acceptable match of Ml is between @r@Ptive

fourth 4%Y with the results achieved of DE 2000 = 1.76, at DE ab = 2.68. The other two results
are highlymismatching.especiallyin lightnessL* values and differentasults in ab* values,

which are more closely relatéal theoriginal.

Table 23. Acryl colour under LED Light 6500K- Ml values of reference vs samples

In (Table 24), of Acryl colour under Wolfram Light-A, it is seen that MI is mismatching
between the original O. - 6%L with othersamples, the resultsf the lessunacceptable are
between the comparison of reference 6%L - second 2% induce the DE 2000 3.02 and

DE ab =3.86 The othersample that imccountablyacceptable tanatchMl is between O-
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