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Abstract: Color difference has been widely used to 

evaluate the aging of material colors, but there is no 
standard guideline for the evaluation of aged colors, and 
the correlation between the perception and 
measurement of color difference for aged colors has not 
been discussed. Our previous study [1] also indicated 
that the perception of aged colors is affected by the 
original color of the material. Therefore, investing the 
characteristics of aged color perception compared to 
measured color differences contributes to the 
assessment of color of material aging. In this study, one 
hundred and four simulated aged colors and a near-
white reference color were utilized as color pairs, and 
the visual assessment of aged color differences was 
conducted by comparing the color pairs with a color-
staining grayscale [2, 3], as shown in Figure 1. The 
CIEDE2000 formula [4, 5] was used to calculate the 
color difference of the samples. The results of the study 
showed that the measured color difference (∆E) and the 
visual color difference (∆V) did not show an apparent 
linear relationship (Figure 2 (a)). The visual aged color 
difference (∆VA) was modeled by a linear formula, and 
its multiple relations coefficients are shown in Table 1. 
The visual aged color difference was well modeled with 
the measured lightness difference (∆L) and chroma 
difference (∆C) between the color pairs (R2 = 0.889), as 
shown in Figure 2 (b). This result suggests that aged 
color cannot be directly described by ∆E, but it can be 
predicted using color parameters. 
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Figure 1 Experiment setup 
 

 

 
Figure 2 Distribution of the measured color difference and visual 
aged color difference relative to the visual color difference  

Table 1 Multiple relations coefficients of formula 

  Unstandardized  
Standar

dized 
t Sig. 

  B 
Std. 

Error 
Beta 

(Constant) -0.974 0.332   -2.934 0.004 

∆L -0.673 0.030 -0.810 -22.622 0.000 

∆C 0.556 0.030 0.667 18.628 0.000 

ACKNOWLEDGEMENT: The authors would like to 
acknowledge Prof. Michal Vik, Prof. Martina Vikováand, 
and Hana Musilova from the Technical University of 
Liberec for their support of the equipment provided and 
experiment setup. 

REFERENCES 

[1] CHEN S., KITAGUCHI S.: - Perception of yellowing, 
aging, and dirtiness in near-white textile-. J. Jpn. 
Res. Assoc. Text. End-Uses., unpublished. 

[2] Mukthy AA, Vik M, Viková M. A Comparison of Two 
Different Light Booths for Measuring Color Difference 
of Metameric Pairs. Textiles., 1(3):558-570, 2021;. 
Guan S. and Luo M.R., Investigation of parametric 
effects using small colour differences. Color Res. 
Appl., 24: 331-34, 1999.  

[3] Melgosa M., García P., Gómez-Robledo L., et al.: 
Notes on the application of the standardized residual 
sum of squares index for the assessment of intra- 
and inter-observer variability in color-difference 
experiments. J. Opt. Soc. Am. A  28, 949-953, 2011. 

[4] ISO/CIE 11664-6:2022. Colorimetry - Part 6: 
CIEDE2000 colour-difference formula. 

[5] Sharma G., Wu W., and Dalal E.N.: The CIEDE2000 
color-difference formula: Implementation notes, 
supplementary test data, and mathematical 
observations. Color Res. Appl., 30: 21-30, 2005. 

 

mailto:d9821502@edu.kit.ac.jp
mailto:kitaguchi@kit.ac.jp

