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Abstract—The lightness, chroma and hue tolerances with respect to the standard colour position in

the CIELAB space have been studied in detail using the various existing data sets and the set from

this study. The lightness tolerance showed a clear dependency upon the metric lightness for medium

to light colours, but in the case of dark colours there was a discrepancy between the data sets. Both

the chroma and hue tolerances showed dependency upon both the chroma and hue-angle and not the

single dependency upon the metric chroma, as assumed in the CIE94 formula.

New weighting functions were derived from the above experimental evidence, and finally a new formula,

LCD{(Leeds Colour Difference) was proposed. The LCD formula is nearly as simple and flexible as CIE94

but smoothes the individual weighting functions, especially for lightness tolerances for light colours and

chromaticity discrimination near the blue region.
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Fig. 2 Lightness weighting functions
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Fig. 3 Hue-dependence of chroma differences.
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Fig. 4 Hue-depcendence of hue differences.
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Fig. 5 Ellipse rotation(A8) as a function of
hue-angle (h).
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Table 1. Five data sets used in testing new weighting functions.

Data Set Luo Berns Kim-1 Cheung Kim-2 Total
Substrate Textile Paint Paint Textile Paint -
No. Col. Cnt. =170 19 21 5 21 -

No. Pairs 533 163 244 317 203 1460
Measure'® PF/4 TSD PF'/3 PF’ /3 Pf' /3 —
¢(or KD 15 1.0 10 15 15 -
Ref. 9 7,10 (D 11 (e) -

(a) PF or PF, and TSD : Performance factors”, and tolerance standard deviation'’

, respectively. With

an ideal formula, these measures should be 0.

(b) Default value used in Table 2-a, ie, £=15 for textile and £1.0 for paint samples.

(c) Number of tolerance vectors.

(d), (e) Both from Kim's study” under the grey background and the gap conditions, respectively.

The gap(Kim-2) data is regarded as pseudo-textile data, and £ is set to L5.
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Table 2. Performance testing results of colour-difference formulae in predicting five different
data sets. [The tabulated values represent the % disagrcement between true visual diffe-
rences and calculated differences(from a particular formula), and thus the smaller

the value, the better the formula.]

(a) With default £ values (£=1.5 for textile, and ¢=1.0 for paint samples)

Formula Data St Overall
Luo Berns Kim-1 Cheung Kim-2
CIELAB 47 36 8 45 55 48
CMD 29 28 32 S 31 34 31
BFD 27 25 33 29 38 30
CIE94 26 21 36 34 38 30
CMD-1 2 20 3 30 3 -
CMD-2 24 21 36 35 39 -
CMD-3 24 20 36 33 37 -
CMD-4 2 20 33 32 36 -
CMD-5 25 18 32 29 33 27
CMD-6 22 19 35 32 37 -
CMD-7 22 18 32 29 34 26

(b) With optimised ¢ values

[):ata Set
Formula i I et I 0775 21
Luo Berns Kim-1 Cheung Kim-2
14 ¢ 1 4 4
CMC 1.0 26 1.0 28 1.0 32 14 31 1.2 33 29
BFD 08 20 0.7 21 0.8 30 1.2 28 1.0 32 25
CIE94 14 26 1.1 21 1.3 34 20 31 1.7 37 29
CDM-5 Sl 12 24 | 10 18 | 11 30 | 1.8 28 | 14 33 | 26
CDM-7 1.3 21 1.0 18 1.1 31 16 29 1.3 34 26
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