Derivation of a hue-angle dependent, hue-difference weighting function for CIEDE2000
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Several years ago, CIE technical committee TC1-47 was established, its goal to improve the performance of CIE94 [1] in light of newly published visual data [2]. Four potential enhancements were identified: a new lightness-difference weighting function, a modification of the a* coordinate axis, a chromatic rotation function, and a hue-angle dependent, hue-difference weighting function. This paper describes the derivation of the last enhancement.

Four datasets were used. The Qiao dataset [3] consisted of 44 hue tolerances, each of equal visual difference. The second dataset, based on the Luo-Rigg dataset [4], was provided by Luo [5] and consisted of 78 visual tolerances predominantly varying in hue. The third dataset was also based on the Luo-Rigg dataset and consisted of 132 hue tolerances, each of equal visual difference, derived by Maier for TC 1-29 [6]. The RIT-DuPont-Witt dataset was the last set and consisted of 19 hue tolerances, each of equal visual difference. The Witt [7,8] and RIT-DuPont [9] datasets were combined by normalizing to have the same average ∆H*ab. These datasets will be referred to as Qiao, Luo-hue, Luo-Rigg, and RIT-DuPont-Witt, respectively, From a sampling perspective, the Luo-hue and Qiao datasets were most appropriate for fitting a hue-dependent function because of their uniform sampling in hab. The majority of the Luo-hue data were centered at L* equal to 50 while the Qiao data sampled at L* of 40 (two hue circles) and 60 (single hue circle). Thus, these data were not confounded by potential errors in any selected SL function.

Each dataset consisted of visual-difference data, ∆V, average color-center colorimetric coordinates for the 1964 standard observer and illuminant D65, and ∆H*ab difference data. Colorimetric and difference data were first corrected using the proposed modification of the a* coordinate axis. The Luo-hue data also had small differences in ∆L* and ∆C*ab. 

The following equation was fit using nonlinear optimization:
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The chroma- and hue-difference data are notated as ∆C’ab and ∆H’ab to indicate the incorporation of the modification to the a* axis. The T function of equation (1) was based on the BFD equation [10] except a fourth-order cosine series was used rather than the BFD fifth-order cosine series. Coefficient k compensates for differences in the magnitude of each dataset’s underlying anchor-pair stimulus. Coefficients 0 – 8 describe the hue-angle dependent function model parameters. The hue-angle function is commonly referred to by the variable T.


The T functions are plotted in Figure 1. The Qiao and either the Luo-hue or Luo-Rigg T functions are quite similar. This is very significant because this is clear independent validation. The RIT-DuPont-Witt function is somewhat different. Each dataset has advantages and disadvantages in terms of sampling and visual precision. In general, experiments based on Probit analysis (i.e., RIT-DuPont and Qiao) tend to have twice the precision as those based on gray-scale methods (i.e., Luo Rigg) Conversely, the Luo datasets are more comprehensive in their sampling. For this optimization, uniform sampling around the hue circle was considered the most important criterion. Thus, the Qiao and Luo-hue were given twice the weight as Luo-Rigg and RIT-DuPont-Witt. The weighted-average  T function is also plotted in Figure 1. Although each dataset had an optimized 0  that could also be weight-averaged, a number of analyses by members of TC1-47 led to the opinion that the CIE94 value of 0.015 should be retained. The optimizations were repeated with 0 replaced by 0.015. However, this optimized T function had poorer performance and was not further considered.
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Figure 1.
Optimized T functions and their weighted average.


The resulting hue-angle hue-difference weighted equation is shown below:
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