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Surface colour measurements are important in a large range of industries (e.g. printing, tectiles, paints and foodstuffs), and a reduction in associated uncertainties is needed to improve competitiveness in the trading of coloured goods. One of the major uncertainties is due to the difference between measurement scales of national laboratories. A harmonisation process was set up to reduce errors in colour measurements with a target such that 95% of the results should agree to within 0.5 CIELAB colour units (DeltaE*ab). In a previous European intercomparison approximately only 50% of the measurements agreed to this limit. Nine laboratories took part in the harmonisation; some were national laboratories and the rest commercial organisations. A wide range of instrumentation was used ranging from commercially available instruments to specially developed facilities. Three of the laboratories also looked at fluorescent colour measurement using the two-monochromator technique.

Thirteen steps in the harmonisation process were agreed between the laboratories. These stages are summarised in one of the other papers to be presented by the authors. Corrections were applied in the case of ten of these steps. For the remaining three, the effects were investigated and uncertainties ascertained, but no corrections were made.

Measurements were made on 16 non-fluorescent ceramic tiles: 8 glossy and 8 matt. The colours were red, green, bright yellow, cyan, deep blue, pale grey, mid grey and black. Measurements were made in three CIE defined geometries:- specular included, specular excluded and 0°/45°, over as much of the spectral range 380 to 780 nm as possible. All tiles were measured at NPL prior to dispatch to the other laboratories. Due to the large amount of data collected during the  intercomparison, it was necessary to reduce this in some way for the purposes of analysis.  It was therefore decided that the intercomparison should be primarily concerned with colorimetric data. Comparison of colorimetric data was made using CIE Standard Illuminant D65 and the CIE 10° Standard Observer. The temperature of measurement was in the range 23 ± 1°C.

For the fluorescent measurements, 6 samples, white, red, orange, yellow, green and grey were measured. The two-monochromator method (as opposed to a spectrophotometric method) was used as the spectral power distribution of daylight D65 is included at the calculation stage and does not need to be simulated.

The results were calculated as colour differences DeltaE*ab from NPL values. The average difference was then calculated, and these differences were then expressed as differences from the mean difference from NPL. The range in these final results gives a good indication of the level of agreement between laboratories. Differences in luminance, DeltaL*ab, and chroma, DeltaC*ab, were also compared in a similar way.

Overall, 93% of the results for non-fluorescent samples agreed within 0.5 DeltaE*ab following the correction process. The 0°/45° geometry results did not agree as well as for those using sphere geometries. Comparing DeltaL*ab and DeltaC*ab for neutral and chromatic tiles shows that DeltaL*ab dominates for neutral tiles and that there is no significant difference between the spreads of DeltaL*ab and DeltaC*ab for chromatic tiles. This is because the most significant source of error (i.e. linearity) for neutrals will not affect chroma. The same linearity errors will be present for chromatic tiles but additional wavelength errors will contribute. These will not always be in the same direction as the linearity errors.

Differences in the results of fluorescent samples were approximately a factor of 10 greater than those for non-fluorescent samples.

Although the level of agreement was slightly short of the target, the scientific understanding of the mechanisms causing error in spectrophotometric colour measurement has been furthered. A method for reducing many of these errors proved effective.

This paper is one of three presented at this conference using information from the same project. The other two describe sources of error, and a method for the determination of uncertainty in surface colour measurement respectively.
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