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ABSTRACT

This study evaluated the color constancy of two Iranian banknotes (10,000 and
50,000 tomans) under four illuminants D65, A, TL84, and white LED. The largest
color gamut volumes were observed under D65, with 178,757 units for the 10,000-
toman note and 118,047 units for the 50,000-toman note, while the smallest volumes
occurred under illuminant A (153,529 and 100,741 units, respectively). The average
color inconstancy indices (CMCCONO02) for the D65-A, D65-TL84, and D65-LED
pairs were 2.46, 2.43, and 1.31, respectively. Two-way ANOVA confirmed significant
effects of both banknote type and illuminant on color stability. These findings indicate
higher color constancy under artificial white light (LED and TL84) than under
tungsten light, and demonstrate the applicability of the proposed quantitative protocol

for quality control in banknote printing.
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Figure 1: Sample of the used national currency banknote.
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Figure 4: Spectral power distribution curves of the four selected illuminants used (D65, A, TL84, White LED).
Table 1: Characteristics of the illuminants used.
IHluminant Type CCT (K) Typical Application Reference
ASTM E308;

D65

A

TL84

White LED

Standard daylight (synthetic
daylight)

Incandescent tungsten
filament

Triphosphor fluorescent lamp

Phosphor-converted LED
(pc-LED)

~6500

~2856

~4000

30006500
(typ. 4000-5000)

95-100

~100

80-86

80-95

Standard colorimetric evaluations;
printing; quality control

Indoor warm lighting; classic tungsten
environments

Retail stores; commercial lighting

General indoor lighting; offices;
modern environments

CIE 015:2018;
ISO/CIE 11664-2:2022
CIE 015:2018;
1SO 7589:2002
CIE TN 001:2014;
IEC 60081:1997

IEC 62722-2-1:2023
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Table 2: Calculated color gamut volume for banknote samples under four illuminations: D65, A, TL84, and White LED.

Banknote

Color gamut volume

10000 Tomans 178757

50000 Tomans 118047

153529

100741

170372 165927

112224 109472
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Figure 5: Color gamut obtained for the 50,000 Toman banknote sample under four illuminations of D65, A, TL84, and White LED.
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Figure 5: Spectral reflectance of the selected areas on the banknote
samples and the distribution of their color coordinates in the a”-b”
plane.
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Figure 8: Values of the color inconstancy index of the banknote samples for the illuminant pairs D65-A, D65-TL84, and D65-White LED.
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Figure 9: The magnitude and direction of color changes obtained for the banknote samples when transitioning from the reference illuminant D65 to
illuminants A, TL84, and White LED.
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Table 2: Statistics of the color inconstancy index for different illuminant pairs.

Illuminant pairs

D65-A 2.4583
D65-TL84 2.4269
D65-White LED 1.3078
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1. Interaction

AE;,

Mean | Minimum [ Maximum Range

0.5455 6.8330 6.2875
0.4603 4.4227 3.9624
0.4862 2.8041 2.3179
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Table 3: Statistical ANOVA results for the Color Inconstancy Index obtained under different illuminants.

Tests of Between-Subjects Effects

Dependent Variable: Color

In Constancy Index

et o
Corrected Model 24.102°
Intercept 159.101
Illuminant Pair 10.370
Bank Note Type 9.239
Illuminant Pair x Bank Note Type 3.617
Error 58.784
Total 248.922
Corrected Total 82.886

df S'\é'lj’:?e F Sig.
5 4,820 2.706 037
1 159.101 89.316 000
) 5.185 2011 069
1 9.239 5.187 029
2 1.809 1.015 373
33 1781

39

38

a. R Squared = .291 (Adjusted R Squared = .183)

Significance Levels:
(P > 0.05): Not significant — the difference is likely due to chance
(P < 0.05): Significant — the difference is real with 95% confidence
(P < 0.01): Highly significant — the difference is real with 99% confidence
(P < 0.001): Very highly significant — the difference is real with 99.9% confidence
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Figure 10: Representation of the 10,000-toman banknote under the
reference illuminants D65 (right), and A (left).
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