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Abstract: The aim of the research was to to evaluate the quality of illuminant metamerism by using Colour rendering index through similar paintings and half-tone reproduction 
images within the graphic industry. Employing the methodology of visual perception and testing conducted by standard observers, the study scrutinises how different colour 
techniques of paintings respond to diverse light sources under standardised conditions. This investigation is pivotal for understanding the chromatic fidelity and consistency of 
paintings and their reproduction with half-tone colours, by measuring the grey balance field, for all images. To find the most suitable light source and to complete the colour quality, 
the Osram LED light at 3000 K, 4000 K, and 6500 K is used. The resulting index could be deceptive in cases of significant disparities. The American IES TM-30-18 colour rendering 
index (CRI) metric, quantifies illumination metamerism's ability to faithfully depict natural colours. At every stage (R1–R15), the average colour reproduction CRI must be more 
than 90.  
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1 INTRODUCTION 
 

The assessment of colour rendition in various contexts, 
particularly within the graphic industry, has long been a 
subject of keen scientific inquiry. Over the decades, 
researchers have endeavoured to understand the intricacies of 
illuminant metamerism and its implications for the faithful 
reproduction of colour [1]. The accurate reproduction of 
artistic images is a critical concern in the field of graphic 
reproduction, where color fidelity is paramount.  

This research aims to investigate the impact of illuminant 
metamerism on colour fidelity in the graphic reproduction of 
artistic images, focusing on works created with acrylic and 
oil painting techniques. This can significantly affect the 
perceived colour accuracy of reproduced artwork, leading to 
discrepancies between the original piece and its printed 
version. Understanding how different light sources influence 
colour fidelity is essential for improving reproduction 
techniques and ensuring that printed images closely resemble 
the originals. Acrylic paints dry quickly and maintain colour 
vibrancy, while oil paints dry more slowly, allowing for 
blending and creating rich textures. These differences 
influence the way each medium interacts with various 
illuminants, affecting the colour fidelity of the reproduced 
image. By understanding these differences, we can improve 
the accuracy and quality of reproduction industry, lighting 
engineering, benefiting artists, printers, and the art 
reproduction. This research will provide valuable insights 
into the best practices for replicating artworks, ensuring that 
the printed reproductions remain true to the original pieces. 

Efforts to assess the colour rendering abilities of light 
sources commenced during the 1930s with the emergence of 
fluorescent lamps, which presented a spectral composition 
distinct from the prevalent incandescent lamps of that era. 
Initially, a method known as the spectral bands approach was 
proposed [CIE 1948], paving the way for standardisation 
efforts by the International Commission on Illumination 
(CIE) [1, 2].  

Understanding and assessing metamerism requires 
utilizing colourimetric measurements to evaluate the spectral 
characteristics of colour methods and inks [3-5].  

In the realm of illuminant metamerism and reproduction 
technology, the accurate portrayal of colour is of paramount 
importance [2, 3]. As artists strive to convey their intended 
messages through paintings, and as reproduction 
technologies advance, understanding the quality of colour 
reproduction becomes increasingly crucial [6]. Research on 
metamerism has a long history; however, its application in 
the context of industry, art, and reproduction on half tone 
images has been relatively limited [3, 4, 6, 7].  

Modern approaches to museum lighting seek to create an 
optimal balance between two key concerns: limiting the 
potential negative impact of light on artworks and achieving 
the best visual appearance through light [4, 8-11].  

Modern museum lighting strategies strive to achieve a 
delicate balance between two key objectives: minimising the 
potential harm of exposure to artwork and optimising visual 
perception through strategic lighting [9].  

This endeavour enables the representation of 
predetermined shapes. In the realm of traditional colour 
painting, the inherent metamerism often leads to colour 
matches with the original artwork under testing light sources, 
as reproducing the full spectrum using only three or four inks 
is inherently challenging [12]. 

Colour accuracy and consistency are crucial aspects of 
graphic technology, particularly in fields such as printing and 
display manufacturing [13]. Hence, the manipulation of light 
sources, including the adjustment of their chromatic 
attributes and the precise control of beam orientation, gives 
the ability to modify the visual characteristics of artworks to 
align with the specific desired effects [3].  

The outcomes of these investigations affirm the viability 
of light-emitting diodes (LED) as an apt choice for 
illuminating museum spaces [10, 11]. LED lights are pivotal 
in various aspects of modern life because of their numerous 
advantages over traditional lighting technologies. They offer 
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energy efficiency, longer lifespan, durability, and 
environmental friendliness compared to incandescent and 
fluorescent bulbs [14]. This selection is supported by their 
commendable attributes such as efficient energy utilisation, 
environmental sustainability, protection of artworks from 
potential harm, and the versatility of the lighting arrangement 
in terms of rendering accurate colours [15]. 

Little is known, however, colour rendition, which refers 
to how a light source affects the colour perception of objects 
and surfaces, is a crucial aspect of lighting quality. It is 
influenced by the spectrum of light emitted, how it interacts 
with surfaces, and how the human visual system processes it 
[9, 16, 17]. 

The implementation and adoption of ANSI/IES TM-30-
18, an established American National Standard for assessing 
the colour rendition of light sources, signify substantial 
progress in lighting technology. Endorsed by the 
Illuminating Engineering Society, this method has gained 
increasing traction among lighting manufacturers, different 
industries, specifiers, and researchers in the past five years.  
Its enhanced precision and comprehensive data offerings 
surpass those of its predecessors, making it the preferred 
choice for evaluating colour rendition across various industry 
contexts [16]. 

This study explores the quality of illuminant 
metamerism, focussing specifically on its manifestation in 
the reproduction of paintings. With advancements in lighting 
technology and the widespread use of digital reproduction 
methods and colourimetry, it is imperative to evaluate how 
well these systems preserve the colour accuracy and fidelity 
of the original artwork. To this end, we dive into the 
intricacies of the Colour Rendering Index (CRI) and its role 
in determining the quality of colour reproduction [17]. 

By examining the interplay between illuminant 
metamerism and the CRI, we aim to provide insights that can 
inform improvements in the reproduction process, thereby 
enhancing the fidelity and authenticity of reproduced 
paintings. This involves comparing colour variances across 
different lighting conditions to discern disparities.  

Although our study aims to measure all images in 
appropriate meaner in the grey balance field. However, these 
domains endure challenges that stem from inadequate 
production comprehension and substandard quality.  
This method is very limited, since previous studies tend to 
measure spot parts and many scientists lack understanding of 
the industry of graphics and the quality of reproduction [6, 
10].  

Evaluating colour rendition under different lighting 
conditions is essential to ensure that printed or displayed 
colours match their intended appearance [9, 10, 16]. 
 
1.1 CMYK Reproductive Colours in the Colour of 

Photorealistic Images 
 

In the field of graphic technology, the convergence of 
colour management practices and colourimetry is crucial 
[17]. Digital printing processes has inaugurated a new era 

characterised by increased precision and fidelity in the 
reproduction of intricate visual compositions [5].  

This symbiotic relationship between colour science and 
printing technology has paved the way for substantial 
advancements in the realm of colour accuracy [18, 19]. 
Moreover, the seamless integration of colour measurement 
instruments and spectrophotometers within the printing 
workflow facilitates real-time colour calibration and on-the-
fly adjustments. This ensures that the colour output is 
precisely with specified standards, maintaining unwavering 
consistency throughout all production cycles [20].  

 
1.2 Illuminant Metamerism 
 

Central to this understanding is the concept of illuminant 
metamerism, which refers to the phenomenon where colours 
match under one light source but appear different under 
another [2, 3].  

Metamerism, in which the colours of paintings and 
different light sources are known as a source of annoyance 
among painters and museums and among those in the 
apparel, visual perception and advertising industries [10].  

For the average person, it is challenging to obtain paints 
that create metamerism under a particular light source [10]. 

In the context of graphic reproduction, metamerism can 
lead to inconsistencies in colour appearance when viewed 
under different illuminants. This is particularly crucial for 
artistic images where colour accuracy is paramount. 
 
2 METHODOLOGIES   
 

This research proposes a technology for realizing the 
artistic perception of two similar paintings, acrylic and oil, 
by comparing their reproduction in halftone images under 
different light sources such as Osram LED lights at 3000 K, 
4000 K, and 6500 K, with the assessment by standard 
observers.  

The colour techniques utilized were selected by Royal 
Talens – Art Creation, a longstanding entity in the art supply 
industry known for prioritizing quality in its diverse range of 
colour products. Red, blue, and yellow pigments, examples 
of subtractive colours, were applied in these paintings to 
correspond with the CMY colour reproduction, lighting, and 
viewers' vision, allowing for easy identification between 
them. The size of the artwork was 250 × 320 mm.  

The original works were created under standardized 
conditions in natural light. The artworks were produced on 
Italian matte Fabriano I264 paper, compliant with the ISO 
9706 long life standard.  

This mixed media paper was chosen for its suitability for 
different colour techniques, comprising 25% cotton and 
100% alpha cellulose, with a natural grain and cold press 
finish. With a weight of 300 g/m², it supports all artistic 
techniques and facilitates comparison with reproduced 
samples. 

This study presents a detailed workflow for the 
photographic realization of visual subjects, crucial for high-
quality image reproduction in research (Fig. 1). 
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Figure 1 Realization process flow for high-quality image printing 

 
The process begins with capturing the subject using a 

high-resolution digital camera, the Canon EOS 5DS R, with 
manual settings to ensure accurate detail and colour.  

The captured image data is stored on a secure digital 
storage medium, typically an SD card, allowing for easy 
transfer and subsequent processing. The image is then 
transferred to a computer for digital processing, including 
inside grey balance, colour correction and enhancements, to 
faithfully represent the original subject. The processed image 
is saved and verified on a high-resolution monitor before 
being printed. The printed image undergoes scientific 
analysis for accuracy and quality. The Xerox Colour C70 
printer was used to reproduce the painting images under 
conventional operating procedures, with a high quality of 
100%, the prints met our predetermined standards for 
precision and clarity. The colour mode was set to full colour, 
which provided the best balance between colour accuracy 
and print consistency. 

Laser printers are known for their precision and ability 
to produce consistent, high-quality prints. The printer was set 
to its maximum resolution of 1200 × 1200 DPI to capture fine 
details. Print speed Colour: up to 60/70 ppm, we utilized 
Xerox Colotech + paper mat, which have a thickness of 300 
g/m², for the sample preparation.  

To measure the grey balance, we used the 
spectrophotometric using the X-Rite eXact device, standard 
observer 2°, which is used to measure the L* a* b* values on 
grey balance field. 

All equipment was calibrated before use according to the 
manufacturer’s guidelines.  

This workflow ensures precise reproduction of visual 
subjects in both digital and physical formats, maintaining the 
integrity required for experimental research. The techniques 
of oil- and acrylic-colour, which, although not often used in 
scientific research comparison, especially in technology of 
graphic, detecting differences through different light 
temperature and light sources, turned out to be a good choice.  

The purpose of this research is the use of three 
subtractive colours of paints in different colour techniques to 
generate illuminant metamerism, thus enabling the 
representation of premeditated shapes. As an example, 
painting detection was illuminated by different light sources 
such as a LED, with matching CCT as 3000 K, 4000 K, 6500 
K, luminance and visual perception and measuring the 
metamerism index to see similarities and differences between 
them.  
 
2.1 Optical Colour Space Utilizing CMYK for Digital 

Recording 
 

Using the software program, CMYK reproduction 
colours were employed for the perceptual analysis of digital 
records derived from photographic images. To address 
technical considerations, two distinct photographic images 
using various techniques were deliberately incorporated into 
the programme framework.           

This arrangement allowed for their simultaneous and 
consistent operation when alterations were made to the 
curves. During the subsequent phase, a grey balance field 
was integrated into all photographic images.  

The accurate percentages of this grey balance were 
established according to the ISO 12647-2 standard (50% 
Cyan, 40% Magenta, 40% Yellow). This grey balance field 
configuration facilitates the precise quantification of the half-
tone variation across the entire image, obviating the need for 
part-specific measurements.  

Referring to (Fig. 2), for an example of reproduction 
employing an oil-colour painting within a grey balance field. 
Similarly, (Fig. 3) illustrates the reproduction of an acrylic-
colour painting using the same grey balance field.  

 

 
Figure 2 Oil-colour painting reproduction with grey balance field 

 

 
Figure 3 Acryl-colour painting reproduction with grey balance field 

 
Within this spatial framework, tonal adjustments were 

made within the Generic CMYK profile using the built-in 
tools available in the property’s settings, from the starting 
point value of 50%.  

Halftone images underwent alterations by incrementing 
and decrementing their values by ±2%, ±4%, and ±6%.  
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For specific tones, adjustments were consistently applied 
in increments of three defined percentages: 52%, 54%, and 
56%. This modulation procedure was mirrored across the 
Cyan, Yellow, Magenta, +CMYK - Process, and ‒CMYK - 
Process channels. For the ‒CMYK channel, adjustments are 
described as relative decrements from the original tone value. 
Therefore, the values 48%, 46%, and 44% indicate 
reductions from the original value, respectively. 

An enumeration of the initial test samples is provided in 
(Tab. 1); wherein abbreviated identifiers were used as key 
markers to signify the tonality and proportion of halftone 
photographs that were scrutinised within the research. 
 
Table 1 The percentage of halftone image values increment and decrement in the 

CMYK space. 
Variations in the percentage of halftone picture values 

from the CMYK colour space 
The identifiers 

 
Cyan 52% +2% C 
Cyan 54% +4% C 
Cyan 56% +6% C 
Magenta 52% +2% M 
Magenta 54% +4% M 
Magenta 56% +6% M 
Yellow 52% +2% Y 
Yellow 54% +4% Y 
Yellow 56% +6% Y 
CMYK 52% - Process +2% P 
CMYK 54% - Process +4% P 
CMYK 56% - Process +6% P 
CMYK 48% - Process -2% P 
CMYK 46% - Process -4% P 
CMYK 44% - Process -6% P 

 
This achievement was realised through the application of 

two distinct methodologies: oil-colour painting and acrylic 
colour painting. Each methodology was subjected to a 
comprehensive analysis involving 15 distinct sample 
variations, all within the context of half-tone colour images. 

Additionally, the manipulation of tonality was facilitated 
through the utilisation of the curve's histogram, affording 
control over the x-axis. 

Due to the relatively minimal tonal disparities and subtle 
subjective distinctions, a judicious decision was made to 
exclusively employ the x-axis to effect output adjustments. 

The light sources used for the purpose of this research 
are Osram LED lights with different CCT from 3000 K, 4000 
K, and 6500 K as shown in (Tab. 2), the product 
specification. 
 

Table 2 Technical specifications of Osram LED lights 
Product specification 

OSRAM LIGHT 
LED LIGHT 

3000 K 
LED LIGHT 

4000 K 
LED LIGHT 

6500 K 

Product datasheet 
P MR16 35 
36° 4.3 W/ 

GU5.3 

PAR16 50 36° 
GU10 

PAR16 50 36° 
GU10 

Nominal wattage 4.3 W/50 W 4.3 W/50 W 2.6 W/35 W 
Nominal voltage 220-240 220-240 220-240 
Light colour 
(designation) Warm white Neutral white Cool Daylight 

Colour temperature 3000 K 4000 K 6500 K 
Luminous flux 350 lm 350 lm 230 lm 
Colour rendering index Ra ≥ 90 Ra ≥ 90 Ra ≥ 90 
Beam angle (Ceiling) 30° 30° 30° 

 

In this graphic technology research, a comprehensive 
visual analysis of the experimental phase was conducted 
involving nonspecialist surveyors based on the standard 
ASTM-D1729 [21]. These participants lacked professional 
knowledge in the field but engaged in the evaluation of 
photographic images using simultaneous comparisons with 
originals. Despite their unfamiliarity with metamerism, the 
35-observers surveyor group expressed interest in visual 
perception, colours, communication, and memory 
compliance. 

Participants, 18 women and 17 men, aged 18-60, were 
classified by age: 18-25 years (10), 25-45 years (15), and 45-
65 years (10). Before the experiment, observers underwent 
binocular and Ishihara tests to ensure normal vision, with 
only those passing participating. Strict adherence to 
standardised circumstances was maintained throughout the 
graphic technology inspection experiment. 
     

 
Figure 4 Subjective research 

 
The experiment was conducted in a laboratory atelier 

with an area of 16 m². The interior walls were painted light 
grey, and external lighting was eliminated to ensure more 
accurate results. 

This study investigates optimal viewing conditions for 
wall-mounted paintings under artificial illumination, 
focusing on geometric relationships between light incidence, 
reflection angles, and observer position in gallery settings.  

The analysis considers a ceiling height of 4000 mm, an 
average adult eye level of 1500 mm.  

The painting is located 730 mm from the floor, and a 
viewing distance of 1000 mm. The light source, mounted on 
the ceiling, directs the beam angle at a 30°, minimizing glare 
and harsh shadows, angle of incidence from the painting 60°. 
A reflection of 40° angle aligns with the standard observer 
enhancing visual comfort, finding the best matches of the 
samples and comparing with original paintings under 
different light source.  

The 60° viewing angle ensures a comprehensive view of 
the artwork, with the observer positioned 1000 mm from the 
painting. The standard observers were asked to choose three 
of the best samples toward original painting under each light 
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sources. These conditions create an ideal viewing 
environment, enriching the viewer's experience by 
maximizing detail visibility and minimizing glare. This 
framework guides optimal light source positioning for the 
best visual perception, with potential future research 
exploring variations in painting sizes and room dimensions 
(Fig. 4). 
 
3 RESULTS AND DISCCUSIONS 
 

Colour evaluations were performed using original 
painting comparing with acryl and oil-based reproduced 
samples under three different LED light sources: 3000 K, 
4000 K, and 6500 K. Each observer was asked to choose the 
three best matches to the original painting under each light 
source. These visual results were ranked, with the best match 
receiving 5 points, the second-best receiving 4 points, and the 
third-best receiving 3 points. Each light source represents a 
different colour temperature, which can significantly 
influence visual perception, as shown in (Fig. 5).  
 

 
Figure 5 Subjective results of oil colour samples on Osram LED Light 3000 K, 

4000K, 6500 K 
 
The x-axis lists the samples, which are identified by 

specific chromaticity, density variations and the percentage 
of change. The height of each bar indicates how frequently 
that sample was chosen as one of the best matches during the 
evaluation. The y-axis represents the frequency with which 
each sample was selected during the visual evaluations under 
the different LED light conditions. The histogram allows for 
a comparison of how different light sources influence the 
visual evaluation of color samples. 

Higher bars suggest a higher preference for that sample 
under the specific lighting condition, indicating how well the 
sample matches the original painting under that light. 

The results reveal significant variations in the colour 
under different LED light sources and sample conditions. 
Colour perception appears to be influenced by the light 

source's colour temperature, with differences observed in 
both chromaticity and density measurements.  

For instance, in the +2% C samples, the LED Light 4000 
K source yields notably higher readings than the other 
sources. Similarly, in the +6% Y samples, the LED Light 
6500 K source leads to significantly higher measurements 
compared to the other sources. 

Moreover, the density of the samples also contributes to 
variations in colour measurements. This is evident from the 
divergent results between different density levels within the 
same chromaticity category. For instance, in the +4% Y 
samples, there is a substantial difference between the Led 
Light 4000 K measurements for the +4% Y and +6% Y 
samples, indicating the impact of density on colour 
appearance. In the context of graphic technology, the 
presented results show the effects of different lighting 
conditions LED light at 3000 K, 4000 K, and 6500 K on the 
visual perception of various acryl samples containing 
different concentrations of colourants as shown in (Fig. 6). 
 

 
Figure 6 Subjective results of Acryl colour samples on Osram LED Light 3000 K, 

4000 K, 6500 K 
 

     Varying concentrations of colourants result in significant 
differences in how the first best samples are perceived under 
different lighting conditions. This indicates that presence and 
concentration play a crucial role in the appearance of the 
colour. The different LED light temperatures (3000 K, 4000 
K, and 6500 K) have different effects on the perception of 
colour.  

For instance, higher colour temperatures (e.g., 6500 K) 
seem to enhance the visibility of certain colourant 
concentrations, while lower temperatures (e.g., 3000 K) 
might alter the perception. The interaction between 
colourants is evident in some cases. For example, at +2% C 
and +4% C concentrations, the samples appear significantly 
different at the three light temperatures. This suggests that 
the interplay between the Cyan colourant and the lighting 
temperature is intricate. 

Negative lightness percentages (‒2% P, ‒4% P, ‒6% P) 
demonstrate a pronounced effect of lightness on the 
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perception of the samples. The results indicate a considerable 
shift in how samples are perceived, especially under LED 
light with a colour temperature of 4000 K. Looking at 
specific colourant combinations, such as +2% M and +4% M, 
the differences in perception under different lighting 
conditions are notable. This could imply that lighting 
colourant's interaction with the lighting plays a significant 
role in colour appearance. The results are not linear in many 
cases.  

For example, the +4% Y samples appear quite differently 
under the three lighting conditions.  

This non-linear response could be attributed to complex 
colour interactions and human visual perception. The results 
of the colour analysis of L*a*b* values of first best match 
samples with metamerism index (MI) and Delta E (ΔE). 
Undertaken on both acrylic and oil colour samples, that were 
illuminated by various light sources with different colour 
temperatures, provide a comprehensive insight into the 
nuanced interaction between lighting conditions and colour 
perception (Tab. 3). 
 
Table 3 The colourimetry measurements between the best sample reproductions of 

acrylic and oil colour samples. 
Sample 

1) Acryl s. 
2) Oil s. 

LED 3000 K 
+2% M 
+4% C 

LED 4000 K 
+2% C 
+4% D 

LED 6500 K 
+2% M 
+6% Y 

1. L* 53.60 58.46 53.61 
1. a* ‒10.50 ‒7.12 ‒10.51 
1. b* ‒20.45 ‒12.96 ‒20.45 
2. L* 56.72 43.13 57.79 
2. a* ‒5.92 ‒5.31 ‒3.31 
2. b* ‒16.85 ‒10.83 ‒14.15 
ΔL 3.12 15.33 4.18 
ΔC 5.99 3.64 9.33 
ΔH 3.37 0.50 5.67 
ΔE 4.68 15.46 7.40 
Δab 5.83 3.15 9.56 

 
Investigation of perceptual differences, as evidenced by 

the calculated parameters (ΔL), (ΔC), (ΔH), (MI), and Δab, 
provides a foundation for an in-depth understanding of the 
impacts of illuminant metamerism across the specified colour 
samples [22]. 

Under illumination of LED light with a colour 
temperature of 3000 K, the acryl colour sample denoted as 
+2% M and the oil colour sample typified by +4% C emerge 
as subjects of enquiry. On examination, the acryl colour 
sample manifests a distinct alteration in its perceptual 
attributes. Specifically, an increase in luminance (ΔL) by 3.12 
units is accompanied by a concomitant elevation in chroma 
(ΔC) by 5.99 units and hue (ΔH) by 3.37 units.  

This perceptual change corresponds to a metamerism 
index (MI) of 4.68, indicative of a moderate degree of 
perceptual variation. Similarly to this, the +4% C, at oil 
colour sample experiences alterations in luminance, chroma, 
and hue by 15.33, 3.64, and 0.50 units, respectively. This 
perceptual modulation is further reinforced by an MI of 
15.46, which substantiates a notable divergence in colour 
perception under the specified lighting conditions. 

Transitioning to the LED light source with a colour 
temperature of 4000 K, the acrylic colour sample of +2% C 
and the oil colour sample of +4% D emerge as test subjects.  

Upon illumination, the acryl colour sample registers a 
reduction in luminance of 15.33 units, accompanied by 
marginal changes in chroma and hue of 3.64 and 0.50 units, 
respectively.  

This perceptual deviation gives rise to an (MI) of 15.46, 
underscoring a discernible shift in colour perception.   
Parallelly, the oil-colour sample experiences a decrease in 
luminance, chroma, and hue by 5.31, 5.31, and 10.38 units, 
respectively. This perceptual transformation is reflected in an 
(MI) of 3.15, which is indicative of a relatively lower degree 
of colour variation compared to the acryl sample. 

Shifting the focus to the LED light source with a colour 
temperature of 6500 K, the acryl colour sample denoted as 
+2% M and the oil colour sample of +6% Y assume 
prominence. The acryl colour sample exhibits incremental 
shifts in luminance, chroma, and hue by 4.18, 9.93, and 5.67 
units, respectively, contributing to an (MI) of 7.40.  

These changes in perceptual attributes signify a 
moderate level of colour variation attributed to illuminant 
metamerism. Similarly, the oil-colour sample experiences a 
transition in luminance, chroma, and hue by 4.18, 9.93, and 
5.67 units, respectively, which results in an (MI) of 9.56. This 
value suggests a discernible alteration in colour perception 
under the stipulated lighting conditions, albeit to a slightly 
higher degree than in the acryl sample. 

In summary, the analysis of the presented results 
underscores the intricate relationship between illuminant 
metamerism and the distinct colour samples under varying 
LED light sources. The calculated parameters, (ΔL), (ΔC), 
(ΔH), (MI), and (Δab), collectively provide an empirical basis 
for understanding the impact of spectral changes inherent in 
different lighting conditions on colour perception. These 
findings illuminate the necessity for judicious lighting 
selection in the presentation and conservation of artworks, 
underscoring the significance of accounting for illuminant 
metamerism to ensure faithful colour representation and 
perception. Further research and adaptations of these insights 
in practical settings may facilitate enhanced visual 
experiences within the realm of art display and appreciation. 

The technical memorandum TM-30-18 standard was 
used developed by Illuminating Engineering Society (IES), 
employing 99 colour samples and specific evaluation metrics 
tailored for LED sources. In this investigation, every light 
source tested demonstrated excellent colour fidelity based on 
the TM-30 standard. The software BabelColor CT&A 
utilized the i1Pro / i1Pro 2 (XRGA) device to measure the 
nanometers (nm) of light sources. 

For example, LED Light 3000 K showed exemplary 
lighting quality with notable characteristics such as 
uniformity of radiant power throughout the spectrum (630 -
780 nm), minimal local chroma and hue changes, rendering 
fidelity (Rf-95), and preservation of the gamut (Rg-104) as it 
shown (Fig. 7).  

However, slight deviations were observed, such as a 
marginal increase in CCT to 3102 K and a (Duv) value 



Albulena Bilalli, Igor Zjakić: Impact of Illuminant Metamerism on Colour Fidelity in Graphic Reproduction of Artistic Images 

TEHNIČKI GLASNIK 18, 4(2024), 609-617                                            615 

indicating a minimal change in CCT from the black body (-
0.0061). Additionally, while overall colour rendering fidelity 
was high (Rf 95), specific hue bins (R6, R7, R8, R10) fell 
slightly below this threshold.    
 

Figure 7 LED light measurement at 3000K using TM-30-18 color rendition. 
 

High quality lighting may be observed using LED Light 
4000 K in (Fig. 8). Specifically, (a) the radiant power 
increases considerably between 630 nm and 680 nm. In (b) 
and (d), there are minor fluctuations in the local hue and 
chroma shifts. 

The colour vector graphics (CVGs) in (c) show a 
rendering gamut (Rg-100) and rendering fidelity (Rf-96), 
with a higher CCT of 4100 K than what is required 
technically.  

Is visible in the Duv measure a small CCT variation from 
the black body (‒0.0015). 

Despite a high CRI (Rf 96) in (e), some hue bins (R10, 
R11, R12) remain slightly less than 95. 

The characteristics of artificial light vary among 
different sources, exhibiting nuanced differences despite 
advances aimed at daylight emulation. In (Fig. 8), under LED 
light, 6500 K demonstrates fluctuations in radiant power (a) 
between 430 nm and 580 nm, accompanied by varying 
percentages of local hue and chroma shifts in (b, d).  

In line with technical criteria, is shown by the colour 
vector graphics (CVG) in (c). High-quality illumination with 
rendering fidelity (Rf-93) and rendering gamut (Rg-100).  

A change in the CCT value of 0.0050 from the black 
body is reflected in the Duv measurement.  

Figure 8 LED light measurement at 4000K using TM-30-18 color rendition. 
 

Figure 9 LED light measurement at 6500K using TM-30-18 color rendition. 
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While some hue bins (R5, R10, R11) fall below Rf 95 in 
(e), others surpass this threshold, notably R2, R7, and R16. 

The data appears to be comprehensive and cover various 
aspects of colour rendition and illuminant properties. It 
seems to facilitate analysis of how different hues, chromatic 
shifts, and illuminant conditions impact colour rendition 
performance. 

Across all colour temperatures, certain wavelengths 
exhibit notable differences in intensity. 

At shorter wavelengths (e.g., 380 nm to 500 nm), the 
LED lights tend to have higher intensities, with variations 
depending on the colour temperature. 

Longer wavelengths (above 500 nm) show decreasing 
intensities across the spectrum, again with differences 
between colour temperatures. 
 
4 CONCLUSIONS 
 

The utilisation of standardised LED lighting has been 
found to reduce the occurrence of illuminant metamerism, 
especially when accompanied by a clearly defined spectral 
power distribution. This finding emphasizes how well 
standardized LED light works to decrease the impacts of 
illuminant metamerism.  

These results highlight the intricate relationship between 
colourants, lighting conditions, and human perception. The 
variations observed underscore the need to carefully consider 
lighting conditions and colourant concentrations in graphic 
technology applications to ensure accurate and consistent 
colour reproduction.  

Based on the comparison of TM-30-18 results for LED 
lights at different colour temperatures (3000 K, 4000 K, and 
6500 K), the preferable option depends on the specific 
requirements of the application and the pigments. Further 
exploration could delve into the underlying mechanisms of 
colour perception, aiding in the refinement of colour 
management strategies in practical applications.  

In summary, the comprehensive analysis conducted in 
this study sheds light on various critical aspects of colour 
rendition and its response to differing illuminant properties. 
The findings offer valuable insights into the intricate 
relationship between illuminant characteristics and colour 
performance metrics. By identifying and visualising trends in 
colour fidelity, chroma, and hue shifts across different 
entries, this research provides a comprehensive 
understanding of the overall colour rendition performance.     
Furthermore, examination of how alterations in illuminant 
properties correspond to shifts in colour performance metrics 
uncovers the nuanced connections between these factors. 
Grouping entries based on illuminant properties serves as a 
robust approach to comparing colour rendition variations 
under distinct lighting conditions. Delving deeper, the 
investigation of outliers or extreme shifts in colour fidelity 
and other metrics offers a deeper comprehension of their 
connection to specific illuminant properties.  

It is concluded that the absorbance of light by oil and 
acrylic colours depends on various factors such as the 

composition of the pigment, the thickness of the paint layer, 
and the specific properties of the paint medium.  

In summary, oil paints generally absorb more light than 
acrylic paints due to their higher pigment concentration and 
thicker consistency. Acrylic paints, on the other hand, are 
generally less absorbent than oil paints. Acrylic paints have 
a more translucent quality, allowing more amount of light to 
pass through the paint layer.  

Natural daylight or full-spectrum lighting is often 
preferred for viewing both oil and acrylic paintings and their 
samples, although LED lights with lower colour 
temperatures, such as 3000 K and 4000 K with high CRI up 
to ≥90 can it be the most preferable for illuminating acrylic 
artworks.  

These lights generally exhibit higher colour fidelity and 
a wider colour gamut compared to higher colour 
temperatures like 6500 K. The balanced spectrum of lower 
colour temperatures enhances the rendition of various hues, 
contributing to accurate colour representation and visual 
clarity. 

This study, by untangling the complexities of colour 
rendition under varying illuminations, contributes to 
enhancing our knowledge of colour management and 
reproduction strategies, ultimately benefiting applications in 
graphic technology and related fields.  
 
5 REFERENCES   
 

[1] Schanda, J., & Danyi, M. (1977). Correlated Colour- 
Temperature Calculations in the CIE 1976 Chromaticity 
Diagram. Colour Research & Application, 2(4), 161-163. 
https://doi.org/10.1002/col.5080020403 

[2] Wyszecki, G. & Stiles, W. S. (1982). Color Science: Concepts 
and Methods, Quantitative Data and Formulas, 2nd ed., Wiley, 
New York, pp 25-50, 184-186. 

[3] Kuo, W. G. & Luo, M. R. (1996). Methods for quantifying 
metamerism. Part1-Visual assessment. Journal of the Society 
of Dyers and Colourists, 112(11), 312-320.  
https://doi.org/10.1111/j.1478-4408.1996.tb01765.x  

[4] Berns, R. S. (2019). Billmeyer and Saltzman’s Principles of 
Colour Technology, Fourth Edition. John Wiley & Sons.  
https://doi.org/10.1002/9781119367314 

[5] Hunt, R. W. G. & Pointer, M. R. (2011). Measuring Colour. 
John Wiley & Sons. https://doi.org/10.1002/9781119975595 

[6] Zjakić, I., Ljevak, I. & Bilalli, A. (2021). Metamerism index of 
LED light on halftone colour images Acta Graphica, 30(2), 1-
9. https://doi.org/10.25027/agj2017.28.v30i2.197 

[7] Zjakić, I., Parac-Osterman, D. & Bates, I. (2011). New 
approach to metamerism measurement on halftone colour 
images. Measurement, 44(8), 1441-1447. 
https://doi.org/10.1016/j.measurement.2011.05.016 

[8] Feltrin, F., Leccese, F., Hanselaer, P. & Smet, K. A. (2020). 
Impact of illumination correlated colour temperature, 
background lightness, and painting colour content on colour 
appearance and appreciation of paintings. Leukos, 16(1). 
https://doi.org/10.1080/15502724.2018.1522261 

[9] Schanda, J., Csuti, P. & Szabo, F. (2016). A new concept of 
color fidelity for museum lighting: based on an experiment in 
the Sistine Chapel. Leukos, 12(1-2), 71-77.  
https://doi.org/10.1080/15502724.2014.978503 

[10] Bilalli, A. (2023). Illuminant metamerism on artistic paintings 
= Metamerija uvjetovana promjenom osvjetljenja u 



Albulena Bilalli, Igor Zjakić: Impact of Illuminant Metamerism on Colour Fidelity in Graphic Reproduction of Artistic Images 

TEHNIČKI GLASNIK 18, 4(2024), 609-617                                            617 

slikarstvu.  PhD thesis. Grafički fakultet. 
https://eprints.grf.unizg.hr/id/eprint/3637/ (in Croatian) 

[11] Durmus, D. (2018). Optimising Light Source Spectrum to 
Reduce the Energy Absorbed by Objects. PhD thesis, 
University of Sydney. 

[12] Berns, R. S., Fairchild, M. D. & Beering, M. M. (1988).    
Quantification of illuminant metamerism for four colouration 
systems via metameric mismatch gamuts. Color – Research 
and Application, 13(6), 346-357.  
https://doi.org/10.1002/col.5080130605 

[13] Choudhury, A. K. R. (2015). Principles of Colour and 
Appearance Measurement. Volume 2: Visual Measurement of 
Colour, Colour Comparison and Management. Woodhead 
Publish. https://doi.org/10.1533/9780857099242.103 

[14] Chi, N. (2018). LED-Based Visible Light Communications. 
Signals and Communication Technology, Springer, p. 18.  
https://doi.org/10.1007/978-3-662-56660-2 

[15] Yang, S. L. S., Lam, H. S. B. & Chau, Y. C. (2018). Calibration 
of total luminous flux, spectral radiant flux and correlated 
colour temperature of led lamps by integrating sphere, PO14. 
CIE 2018 Conference on Smart Lighting. 
https://doi.org/10.25039/x45.2018.PO14 

[16] Royer, M. P. (2022). Tutorial: Background and guidance for 
using the ANSI/IES TM-30 method for evaluating light source 
color rendition. Leukos, 18(2), 191-231. 
https://doi.org/10.1080/15502724.2020.1860771 

[17] Schanda, J. D. (1997). Colourimetry. In Handbook of Applied 
Photometry. DeCusatis, C. Ed., AIP Press, Woodbury, NY, 
327-412. 

[18] Hunt, R. W. G. (2004). The Reproduction of Colour. John   
Wiley & Sons Ltd., England. 
https://doi.org/10.1002/0470024275 

[19] Fairchild, M. D. (2013). Colour appearance models (3rd edn.). 
Chichester, England: John Wiley & Sons. 
https://doi.org/10.1002/9781118653128 

[20] Schanda J. Ed. (2007). Colourimetry: Understanding the CIE 
System. John Wiley & Sons, Inc., 38-39. 
https://doi.org/10.1002/9780470175637 

[21] ASTM-D1729. (2022). Standard Practice for Visual Appraisal 
of Colors and Color Differences of Diffusely Illuminated 
Opaque Materials. 

[22] Luo, M. R, Cui, G. & Rigg, B. (2001). The development of the 
CIE 2000 colour difference formula: CIEDE2000. Color – 
Research and Application, 26(5), 340-350. 
https://doi.org/10.1002/col.1049 

 
 
Authors’ contacts: 
 
Albulena Bilalli, PhD, Professor assistant 
(Corresponding author) 
University for Business and Technology UBT, 
Lagjja Kalabria, 10000 Prishtina, Kosovo 
E-mail: albulena.bilalli@ubt-uni.net 
 
Igor Zjakić, PhD, Professor 
Faculty of Graphic Art, 
University of Zagreb, 
Getaldićeva 2, 10000 Zagreb, Croatia 
E-mail: igor.zjakic@grf.unizg.hr 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


