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Instrumental colour quality control is even today one of the most controversial issues of applied colour science. While a number of European countries have already standardized on the CMC tolerance formula, it is still being debated elsewhere. BFD does not seem to have caught on, and there are very few industrial experiments published with the CIE 94 formula.


For the past 6 years the authors have been involved in developing instrumental pass/fail methods for a number of large textile companies in Brazil. The basic approach is that of

1. Selecting a panel of visual observers whose colour vision has been tested by three different tests according to the ASTM Standard Guide for Selection, Evaluation and Training of Observers (E 1499-97).
2. Making visual pass/fail assessments with this panel for a large number of different colour standards and a large number of samples around it.

3. Calculating the number of wrong instrumental decisions (using the panel decision of visual assessment as a criterion for pass or fail) with the following formulae: CIELAB, CMC(2:1), CMC(1:1), BFD(2:1), BFD(1:1) and CIE and finding the tolerance limit itself (utilizing a proprietary software): the formula giving the least number of wrong decisions being the best.

Visual Tests

Several hundred observers have been tested in more 12 textile and other industrial units using the Farnworth-Munsell 100-Hue, the HVC Color Vision Skill and the Japanese Color Aptitude tests. Details of the results and some considerations on the tests themselves will be reported in another paper submitted to this Conference (Hirschler, Gay and Oliveira: Field Trials of Three Tests for Colour Vision and Colour Aptitude.) Only observers with better than medium classification in both the FM-100 and the HVC tests were selected for the panels.
Visual Pass/Fail Assessments

In each factory several hundred standard/sample pairs were evaluated by the visual panel, and the “right decision” taken as the judgement of the majority (at least 50%). 
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In the example above one or two samples were evaluated against their corresponding standards for 200 production colours by six trained colourists. Some of them (A and C) evaluated passed samples correctly most of the time (93.9 resp. 91.6% right decisions) but in the case of samples rejected by the majority they did not agree in 26.1 resp. 31.1% of the cases. They are too lenient observers: when in doubt, they pass. Observers B, D and E are too severe, when in doubt, they reject. (In one company one of the observers rejected 55% of the samples passed by the majority of the panel!) Finally observer F is quite consistent, having 23.6 resp. 19.3% wrong decisions. In other companies average the rate of wrong visual decisions (individuals against panel) ranged from 15% to 30%.

Industrial tolerances based on the number of wrong instrumental decisions

A simple software developed by the authors compared the instrumental and visual (panel) decisions and calculated the number of wrong instrumental decisions (i.e. those not agreeing with the panel) for different “commercial factors” between DE=0.0 and DE=3.0 at increments of 0.03 units. The DE value with the lowest rate of wrong decisions was taken as the tolerance (pass/fail) limit. In all the cases the CMC(2:1) formula gave the best result, sometimes CIE 94 and/or BFD being equally good (but in no case significantly better). Depending on the product mix and the marketing policy of the companies the tolerance values were found to be between 0.5 and 2.5 CMC(2:1) units. The ratio of wrong instrumental decisions was generally in the order of 15%, in many cases 10%, but always better then the average of the wrong individual decisions of the panel.

Although the aim was always to arrive at a single tolerance limit for the full production range within the company, in some cases different limits had to be applied for different products, or for some of the colours in the product range. In one company the tolerance limit was established as 0.8 CMC2:1 unit, but for the same range of cotton fabrics when suede finished the limit could be increased to 1.2. In one case a commission dyer (cotton yarns) had all the preparatory work done excellently, and arrived to the instrumental limit of 0.8 units. The factory, however, could not control the production well enough for this level, and doubled the tolerance limit to 1.5. Customer complaints have been pouring in aver since.

Shade sorting

Some of the textile factories, when introducing instrumental pass/fail, opted to also implement shade sorting, whereby the established tolerance limits were used to determine the size of the 555 “boxes”. The sides of the boxes were found to be generally half of the tolerance limits, but in some cases they had to be reduced to one third.

Depending on the market segment served by the company, the shade sorting limits could be very different even for the same product group. For example, Company A (supplying denim and drill for a demanding market) has been using DL=DC=DH= +/- 0.25 (CMC2:1 units), while company B (supplying very similar articles for a less demanding market) is getting away with DL=DC=DH= +/- 1.0 (CMC2:1 units).
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