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The components and coarseness of the pigments in metallic coatings have specific characteristics and pose many challenges in their use.  Many people experience frustration when using metallic inks – the color may not appear as they expect. The phenomenon is due to the optical properties of metallic coatings, which make their appearance vary when viewed from different angles. Therefore, numerical color tolerance control has been long desired by industrialists and may solve the problem once and for all, particularly in the automotive industry.

In this study, fifty pairs of metallic panels corresponding to red, green, blue, silver and black, were prepared. Each sample was measured using a GretagMacbeth CE741 multi-angle spectrophotometer, which is capable of measuring each sample under four aspecular angles: 20o, 45o, 75o and 110o. These samples covered a reasonable color and lightness gamut and represented typical color ranges of automotive coatings. There were about 10 metallic sample pairs for each color center, carefully selected to cover specific directions with different magnitudes so as to obtain accurate visual assessments.

Psychophysical experiments were conducted by ten normal color vision observers and each of them repeated all the assessments twice. Grey scale method was applied to scale the perceived differences. Each pair was assessed under a D65 simulator in a VeriVide viewing cabinet. Each observer was asked to first find an angle showing the largest perceived difference and then to compare that difference with the differences from a reference grey scale. The method is the same as that used by Luo and Rigg [1]. The grey scale samples were made by matte paints and were placed on the floor of viewing cabinet with a fixed illuminating and viewing geometry (0/45). 

Six most advanced color difference equations (CIELAB, CMC, CIE94, BFD, LCD and CIEDE2000) were evaluated using the new experimental data set. Among them, the CIEDE2000 is the new CIE color difference equation to be proposed in year 2000. In order to test each color difference formula, five methods were used to optimize weighting factors for lightness and the different aspecular angles. 

There are five methods developed for each color difference formula to be tested using the experimental data. The Method 1 (M1) includes the original color difference formula as shown in Eqn. (1). 

E = [(L/KL)2+C2+H2+R] ½

(1)
and R = RT f(C H)

where L, C and H are the general terms for each formula and are modified from the L*, C* and H* of CIELAB. RT, an interactive term for C and H, is used for BFD, LCD and CIEDE2000 and is set to zero for the CMC, CIE94 and CIELAB. KL is lightness weighting factor, which can either be optimized to give the best fit to the experimental data, or is set to one as proposed by the original formula. 

The M1 model as shown in Eqn. (1) was tested for the experimental data of each of the four aspecular angles. 

The M2 model was also developed based upon the maximum E value from those four aspecular angles. Similarly, the M3 model was derived simply based upon the average from those four aspecular angles. This assumes that observers can see equally large color difference under each aspecular angle condition. 

The other two methods (M4 and M5) were based upon the weighting factors between all four angles as given in Eqn. (2) and (3) respectively. 

EW  = w20 E20+ w45 E45+ w75 E75+ w110 E110             (2)

where  w20+ w45+ w75+ w110 =1, and the four E values were calculated using the original formula, i.e. KL =1.


EW+KL (KL) =w20 E20(KL-20) + w45 E45(KL-45) + w75 E75(KL-75) + w110 E110 (KL-110)              (3)

While Base on the Eqn. (2), Eqn. (3) also optimised lightness weighting factor (KL) for each angle.

After optimisation, The agreement between measured color difference values using different color difference formulae and visual assessment data was measured in terms of PF/3, which is called "performance factor" derived by Luo and Rigg [2]  including three different statistical measures. For example, a PF/3 of 30 represents a 30% disagreement between two sets of data investigated. The results show that the M4 and M5 methods in conjunction with the BFD or CIEDE2000 formula gave the most accurate prediction. The most appropriate weightings of color attributes and four aspecular angles for metallic samples were found and a reliable means for color quality control for automotive coatings has been established.
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