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Univariate statistical methods

Investigating calibrated BCRA ceramic standards reference' color stability is
essential to determine the reflectance spectrophotometer's calibration period. In this
research, the color and spectral changes of a set of fourteen BCRA ceramic standards
made by Avian Technologies Company were investigated over three years under
repeatable conditions. Each ceramic's color changes were evaluated by calculating
AE*a and AE*o0 and then analyzed using univariate statistic metrics such as MCDM
and RMS (2S). Similarly, the spectral reflectance factor's variation was evaluated
using univariate metrics of the standard deviation of reflectance (AR;,2s) and RMSR.
This study's statistical results showed that the color and spectral reflectance factor of
BCRA ceramic standards had no significant changes for three years and established
good color stability. The maximum values were obtained for the statistic metric of
MCDM (4E*ab) and RMSR within about 0.08 units and 0.02 %., respectively. This
result can play a significant role in reducing the recalibration costs of these reference
ceramics.
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8- Inter-model

9- National Metrological Institute
10- Stray Lights

11- Band Width

12- Polarization

13- Reference White

14- Reference Black

15- Wavelength
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1- Repeatability

2- Trueness

3- Inter-instrument
4- Color Coordinates
5- Reproducibility
6- Bias Error

7- Reproducibility
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4- Hoteling s T-Squared Test

5- Multivariate Analysis of Variance

6- Mean Color Difference from the Mean
7- Root Mean Square
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Table 1: The used spectrophotometer specifications.
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Table 2: The measuring periods of the BCRA standard series over three years.
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Table 3: Short term repeatability for the used spectrophotometer.
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Table 4: The results of the mean color difference values AE*,, for the BCRA ceramic standards over three years.
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Table 5: The results of color differences AE*s, and AEq, for BCRA chromatic ceramic standards in each period of time.
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Table 6: The results of color differences AE*,, and AEq, for BCRA achromatic ceramic standards in each period of time.
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Figure 1: Scattering of AL*, Aa*, Ab* data from the reference values in the 3-D CIELAB system over the six periods of time for 8 BCRA chromatic
ceramic standards (a) and 6 BCRA achromatic ceramic standards (b).
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Table 7: The maximum values of color differences AE*,, and AEq," and the statistical parameters’ results MCDM, RMS, AE*,(2s) for BCRA
chromatic ceramic standards.
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Table 8: The maximum values of color differences AE*,,and AEq, and the statistical parameters’ results of MCDM, RMS, AE*,,(2s) for BCRA
achromatic ceramic standards.
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Table 9: The statistical parameters’ results of the standard deviation (AR; ,s) at three wavelengths, 440, 560, 660 nm, and RMSg in the wavelength
range 400-700 nm for each BCRA ceramic standard.
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