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Section S1: CIE- L* a* b* color space
[bookmark: _Hlk196810321]The CIE-* * * color space, an international standard adopted by the Commission Internationale d'Eclaiage (CIE) in 1976, quantifies the sensitivity and uniformity of color changes perceived by human observers. It is represented as a three-dimensional vector system (Fig. S1a), where the coordinate L indicates the lightness of a color, ranging from black (*0) to white (*100). The *and * coordinates (-120, 120) determine the chroma (), hue (H) and saturation (S) (see Eq. S1-S3) [1]. The **plane of Fig. S1b is divided into four quadrants (Q) where Q1 (*, *) is the red-yellow region, Q2 **) yellow-green, Q3 (**) green-blue, and Q4 (**blue-purple [2–4].
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	Figure S1. (a) CIE- * * *   color space used to represent chromatic properties, with the L-axis associated to lightness ranging from 0 (black) to 100 (white). (b) CIE- * * * plane is divided into four quadrants based on a and b values, representing the chroma () and hue () for a given color.


The Euclidean distance in CIE- * * * space was initially proposed as a measure of the similarity of two points (). This is calculated from the differences between their values of  and (Eq. S4).
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Section S2: CIE- L* a* b* conversion
Tristimulus values CIE- 
CIE- values are a mathematical representation of the human eye's response to light stimuli in the red (X), green (Y) and blue (Z) bands, corresponding to the sensitivity of the S, M and L cones in the retina. in the color’s interpretation processes [5,6]. These values can be derived from the spectral fingerprint or the RGB values associates for a given sample.
Reflectance to XYZ
Reflectance spectra  in the range from 380 to 780 nm provide the necessary data to accurately determine the chromatic properties of a surface. This calculation depends on the type of illumination  and the color matching functions ,  and  associated the optical capability of the observer [7–11].
The  values are determined by weighted averages of these quantities using Eq. S5a-d.
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Moreover, the CIE- * * * chromatic coordinates are calculated as follows:
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where  are the tristimulus associated to the sample, and  the corresponding values of the white reference [12,13].
 
RGB to XYZ
The RGB model is an additive color system that encodes the optical properties of an object using three components: red (R), green (G) and blue (B), emulating the operating principle of the human vision. In this system, white is represented by the maximum and equal values of each component (255, 255, 255), while black is by null values of these (0, 0, 0). Other colors are created by combinations of these three values [14,15].
Currently, different sizes (gamut) of visible space can be reproduced by RGB values, which differ primarily in the fidelity of colors (optical properties) projected on TV screens, computers and mobile devices. The most common color gamut used for consumer content today is the sRGB, created by Microsoft and Hewlett-Packard in 1996 to standardize color representation of web image and videos [16].  Recent color gamuts, such as REC2020, Adobe RGB or P65 have been developed to meet the requirements of high-definition displays, offering greater saturation (purity) [17]. REC2020 covers approximately 72% of the visible space, enhancing color fidelity compared to sRGB, which covers around 35%.
The transformation matrices that convert RGB values to CIE- color space, for an observer at 2° and a standard illuminant D65 in the sRGB and REC2020 representations, are shown in Eq. 9 a-b, respectively [18–21].
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Chromaticity space CIE- 
The tristimulus values are typically plotted on the CIE- chromaticity diagram using Eq. S10a-b. This is a colored solid whose contour represents the wavelengths of the visible region (380 to 700 nm). The interior of the horseshoe-shaped gamut illustrates the range of spectral combinations that can produce the colors perceivable by the human eye (see Fig. S2a). The “purple line” connecting the blue (380 nm) and red (700 nm) regions represent colors that exist only as mixtures of these wavelengths. The white reference point (D65 standard  0.33,  0.33) indicates an equal content of the three primaries (red, green, blue) and servers as reference for determining color saturation level. While colors are generally described trough three-dimensional systems (RGB, , * * * , ), the chromaticity diagram offers a simplified visualization of an object’s chromatic properties.
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	Figure S2. (a) Chromaticity diagram CIE- used for representation of visible color space (horseshoe) and gamut of sRGB (solid line) and REC2020 (dash line). (b) The Macadam ellipses allow to determine the region where a group of colors produce the same visual effect.


The chromaticity diagram in Fig. S2a illustrates the gamuts of sRGB and REC2020 representations. The REC2020 gamut encompasses a larger proportion of the visible color space (72%) compared to sRGB (35%), with notable differences in the blue and green regions [21]. In this study, the RGB images were analyzed in both color spaces before being converted to CIE- * * * space to assess differences in color property calculations. Chromaticity space is also used to define regions around a reference point where color differences are barely perceptible to the human eye (just-noticeable difference-JND). Macadam et al. conducted matching tests in 25 chromatic regions, finding that equidistant points in the red, green or blue bands do not produce the same visual effect [22,23]. These regions, known as Macadam ellipses (Fig. S2b) are a key criterion for determining color differences in visual inspection processes.

Section S3: CIE-2000 color difference

Since the 1940s, several definitions of color differences have been developed for the CIE system. These range from simple relations, such as the Euclidean distance between two points in a 3D system (Eq. S4), to more complex empirical models that include adjustment parameters based on the color types evaluated. The most recent definition for color differences is CIE-2000 (, will be used in this work to compare the chromatic predictions using HSI and RGB images. Detailed descriptions of each parameter involved in Eq. S11 are available in Ref[24]
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Section S4: RGB values of representative Pantone TCX Samples
Table S1 displays the digital values associated to the chromatic information of the 16 samples of Fig. 3 (main document), obtained by using an RGB camera and represented in the gamut of sRGB and REC2020. In the Red-Yellow group (Q1), differences higher to 10% are found between both color representations in the three channels, particularly for dark samples. In the case of sample 3, the values are greater than 120 in the three cases, contributing equitably to the color representation generating between both gamut. These large or small differences between RGB values are well supported by the intensity level of the reflectance spectra in each wavelength band shown in Fig. 3a (main document). On the other hand, the variations between sRGB and REC2020 representations can be associated with the remarkable restriction and differences in the color space contained, thus affecting the capture and interpretation of the optical information, as shown in CIE- chromaticity diagram of Fig. S2a. Both representations mainly differ when R, G and/or B are lower than 120, which is corroborated by the findings of samples 5-8 (Q2) for channel B and samples 9-12 (Q3) for channel R. In the case of samples 14 and 16, despite having low values in two of the three channels, the discrepancy between sRGB and REC2020 is minimal. This is attributed to the fact that within the blue-purple region both representations exhibit similar gamut, resulting in equal color representation capabilities. Conversely, the most pronounced distinctions between the two representations are evident in the R channel for the darker samples within the green-blue spectrum. This occurs precisely in regions where there is minimal overlap between both gamut as well with the visible spectrum. Hence, the colors/samples in Q3 might be the ones generating the most significant disparities in the HSI and RGB color reproduction.
The most noticeable differences in the RGB values obtained from the two representations are observed when the optical characteristics of the sample are confined to a particular spectral region (Red, Green, Blue). This limitation directly impacts the accurate reproduction of the surface's color properties. In the case of high reflectance across the visible spectrum (associated with high  values), both RGB representations display a strong correspondence. Upon reviewing the color representations of the 16 samples (colored squares in Table S1) at first sight, there appears to be a trend where REC2020 tends to exhibit colors with a lighter appearance compared to sRGB. This discrepancy is attributed to the saturation level of the primaries defined in each case (red, blue green), which consequently impacting the representation of individual colors.




	Table S1. Digital data for the red (R), green (G) and blue (B) channels for the 16 samples of Fig. 3 (main document), obtained from RGB camera. The colored squares have been generated by using the representations sRGB and REC2020 to highlight the differences (Diff) in color interpretation.

		Samples
	Color Representation
	R
	G
	B

	
	sRGB
	REC
2020
	sRGB
	REC 2020
	Diff (%)
	sRGB
	REC 2020
	Diff (%)
	sRGB
	REC 2020
	Diff (%)

	Red – Yellow
 (Q1)
	1
	[image: ]
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	245.09
	196.16
	19.96
	89.08
	104.98
	17.85
	57.02
	66.28
	16.24

	
	2
	[image: ]
	[image: ]
	168.00
	129.89
	22.68
	30.03
	48.73
	62.27
	49.08
	51.12
	4.16

	
	3
	[image: ]
	[image: ]
	255.00
	232.84
	8.69
	182.39
	187.82
	2.98
	122.05
	131.00
	7.33

	
	4
	[image: ]
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	249.57
	198.49
	20.47
	86.10
	103.08
	19.72
	30.29
	46.10
	52.20

	Yellow – Green 
(Q2)
	5
	[image: ]
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	247.98
	240.73
	2.92
	237.09
	237.31
	0.09
	180.74
	187.67
	3.83

	
	6
	[image: ]
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	223.09
	204.95
	8.13
	185.73
	187.45
	0.93
	51.96
	77.30
	48.77

	
	7
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	182.52
	192.51
	5.47
	218.46
	215.21
	1.49
	110.22
	124.26
	12.74

	
	8
	[image: ]
	[image: ]
	176.91
	174.91
	1.13
	177.81
	177.23
	0.33
	129.68
	135.36
	4.38

	Green – Blue (Q3)
	9
	[image: ]
	[image: ]
	220.55
	227.35
	3.08
	240.56
	239.42
	0.47
	214.94
	217.84
	1.35

	
	10
	[image: ]
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	16.92
	53.61
	>100
	90.47
	87.25
	3.56
	68.92
	70.69
	2.57

	
	11
	[image: ]
	[image: ]
	123.64
	159.70
	11.18
	202.84
	198.72
	2.03
	220.92
	217.97
	1.34

	
	12
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	0.13
	50.16
	>>100
	104.50
	99.96
	4.34
	107.24
	105.81
	1.33

	Blue – Purple 
(Q4)
	13
	[image: ]
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	163.55
	180.22
	10.19
	200.51
	198.82
	0.84
	223.99
	221.95
	0.91

	
	14
	[image: ]
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	41.46
	61.13
	10.22
	77.93
	76.78
	1.48
	116.57
	113.39
	2.73

	
	15
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	231.19
	224.38
	2.95
	212.54
	214.19
	0.78
	224.16
	223.66
	0.22

	
	16
	[image: ]
	[image: ]
	45.35
	43.91
	3.18
	36.21
	37.50
	3.56
	70.08
	67.56
	3.60
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