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Selecting Surface-Colour Measuring
Instruments and Monitoring their

Performance

As a result of the widespread and increasing use of colour-
measuring instruments in recent years it has been considered
by the Colour Measurement Committee that some guidance
to members either using or contemplating the purchase of
such equipment is desirable. Given below, therefore, is an
outline of the principles to be followed in the evaluation of
prospective colour-measuring instruments, and a summary
of the factors which should be considered in relation to
monitoring the performance of such instruments once pur-
chased.

Instruments for measuring surface colour are broadly
divided into three main types:

{a) reflectance spectrophotometers which employ prisms
or gratings to disperse the incident or reflected light
into its spectral components.

(b) abridged spectrophotometers which employ narrow-
band filters or filter wedges to disperse the incident
or reflected light into its spectral components,

(c) tristimulus colorimeters which employ filters coupled
to light detecting devices and mechanical and/or
electrical circuitry to produce directly the tristimulus
values X, Y,Z of the CIE system or some other numeri-
cal specification such as CIELAB L*, 2, b™ colour
co-ordinates.

The absolute accuracy of the spectrophotometer and
abridged spectrophotometer is usually higher than that of
the tristimulus colorimeter, On the other hand, for colour-
difference work, the tristimulus colorimeter is often adequate,
being cheaper, usuaily quicker and simpler to operate and
control, and having good repeatability,

The choice of spectrophotometer or colorimeter is dictated
by the use for which the instrument is intended. The disap-
pointments in the performance achieved in colour measure-
ment are frequently due to failure to evaluate requirements
fully and to ensure that these can be achieved by the chosen
measuring instruments. To obtain the required absorption
coefficients for computer match prediction, and to deal with
metamerism, reflectance measurements at a minimum of 16
wavelengths are required. This requires a spectrophotometer
or abridged spectrophotometer. However, if the main
requirement is shade passing and sorting of non-metameric

patterns, then the simplicity of the tristimulus colorimeter
becomes attractive.

The main requirements of a good colour-measuring in-
strument are:

{a) High absolute accuracy.

{b} Good repeatability.

{c) Good between-instrument reproducibility.

(d} Ease of operation.

Also of importance, but not always catered for even in
modern instruments, is capability of measuring fluorescent
samples correctly. Instruments which irradiate the specimen
with polychromatic light should be checked to ensure that
heating up of the specimen during measurement does not
cause changes in its reflectance. Finally, the prospective
purchaser should ensure that, if small specimens have to be
measured, the instrument can be fitted with an aperture
which is small enough yet still retains adequate accuracy and
repeatability; some check should also be made concerning
the availability of after-sales service.

The following tests can be used as the basis for selection
and monitoring of colour measuring instruments:

ABSOLUTE ACCURACY

Absolute accuracy is best ascertained by measuring the
standard ceramic tiles produced for instrumental calibration
by the British Ceramic Research Association [1—8]. The
calibration sets consist of a series of 12 tiles, 10 cm X 10 ¢cm,
which have been specially selected and match within certain
published tolerances the colour co-ordinates of an original
master set measured at the National Physical Laboratory.
The colours are:

Light Grey Yellow
Medium Grey L.ight Green
Dark Grey Dark Green
Maroon Green Blue
Pink Medium Blue
Brown Dark Blue

The sets of tiles are obtainable in two forms: (a) uncali-
brated, but supplied with colorimetric data relating to the
NPL master measurements; (b) standard, speciaily calibrated

JSDC Volume 96 November 1980 587



at NPL, The calibrated sets are intended for use in those areas
of work where the highest degree of accuracy is required.

To determine the order of the absolute accuracy of the
instrument under test, it is recommended that an NPL cali-
brated set of ceramic tiles be measured in series at least five
times, removing the tiles between each measurement, and
the resulting colour co-ordinates averaged. The difference
between the averaged colour co-ordinates and the NPL
master values can then be determined, either in terms of
AX, AY, AZ, or preferably in the more visually meaningful
CIELAB terms AL™* Aa™ Ab*, AF.

For between-instrument comparisons, the use of an un-
calibrated set of ceramic tiles is considered adequate. The
BCRA indicate that even with the most variable tile, 95%
are expected to be within 1.2 CIELAB units of the master
tile. Such tests for comparing instruments for absolute
accuracy are especially valuable when a colour-measuring
instrument is being assessed as a possible replacement for, or
supplement to an existing instrument.

The detection of systematic deviations between the values
obtained with a particular instrument and the target values
measured on the organization's master instrument is easier
if the tristimulusor L* a*, 6™ values from the test instrument
are plotted against the master instrument values. Linear
paper should be used for L™ a* b6™ plots, but if tristimulus
values are being plotted small instrumental deviations have a
proportionally greater effect an low values and this is illus-
trated better if the plot is dorne on log-log paper. Such plots
sometimes reveal faults in the zero or 100% setting of the
instrument, or interfering effects such as stray light, specular
component treatment etc.

MEASUREMENT OF MATERIALS OF SPECIFIC IN-
TEREST TO THE USER

While the ceramic tiles provide an excellent set of standards
for comparing instruments, and for daily calibration checks,
they may not expose measurement problems which may be
encountered when materials with different surface textures,
such as textiles, are being handled. For this reason, in the
evaluation of an instrument it is necessary for samples
of the type iikely to be measured on the instrument to be
assessed in a similar way to that described above for the
ceramic tiles. Examples covering the range of surface textures
likely to be encountered in practice should be selected.

The method suggested is to take at least 10 pairs of sam-
ples, distributed evenly over the colour gamut, and measure
these pairs at least five times, removing the samples from the
instrument after each measurement. From these measure-
ments, the repeatability of measurement of single samples
and of measurement of colour differences on the materials
in which the user is interested can be determined, Repeat-
ability of measurement of single samples can be expressed
in relation to the averaged CIELAB L * a*, b values of the
sample, as mean values of AL *, Aa* Ab™ AF.

The effect of sample orientation on colour measurement
can easily be determined by measuring the colour co-ordinates
of the samples of the different types of surfaces likely to be
encountered at different orientations, increasing in steps of
45 degrees until a full circle has been completed. To simulate
the effect of slight positioning errors, the effect on measure-
ment of 5 degree variation in sample presentation should also
be determined. The orientation effects can be expressed in
terms of ALY, Aa¥, Ab*, AE with respect to the zero degree
position.

In the case of measuring instruments with integrating
spheres, measurement with and without the specular {gloss)
component included can be carried out at several sample
orientations to evaluate the effectiveness of the device for
excluding the specular component.
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FLUORESCENT SAMPLES
Where itisrequired to measure accurately the colour of fluor-
ascent samples, such as certain textile substrates and dyes,
care should be taken that the instrument under evaluation
can adequately deal with these samples. This means that the
specimen must be irradiated with a source resembling [11.D6b
as closely as possible, both in the visible and u.v. regions,
since, unlike the reflectance factors in the case of non-
fluorescent specimens, the spectral radiance factors are
dependent on the source used,

It is also important that fluorescent samples should be
illuminated directly with white light so that the fluorescence
can be correctly stimulated.

PRESENTATION OF DATA

In evaluating a colour-measuring instrument, consideration
shouid also be given to the form in which the measurement
data are presented. It is desirable that some form of com-
puting device be fitted to spectrophotometers to convert the
reflectance measurements into visually-meangingful terms if
required, e.g. into XY.Z values or into CIELAB colour co-
ordinates. Modern spectrophotometers usually have such
equipment incorporated for automatic machine calibration
and drift control purpose.

In the case of tristimulus colorimeters, consideration
should be given to the type of data required for rapid and
meaningful interpretation of colour-difference attributes,
eg. AL*, Aa*, Ab™; Alightness, AMetric Chroma, AHue;
AHue, ABrightness, AStrength, etc.

DAILY CALIBRATION AND SETTING-UP PROCEDURES
For day-to-day calibration of colour-measuring instruments it
is normally sufficient to set up the instrument to a standard
white tile and black tile, (alternatively a light trap in the
form of a black velvet-lined box is often used in place of
a black tile). In some of the more sophisticated instruments
with computer calibration systems, these measurements are
used to compensate for instrument drift. After calibration,
the black and white tiles should be measured repeatedly until
the expected consistency of readings is obtained, indicating
that the instrument is adeguately warmed up and stable.

To guard against the effects of short-term instrument
drift during colour-difference measurement of several samples
against one standard, the standard should be remeasured at
intervals throughout the run,

SHORT-TERM REPEATABILITY

The BCRA ceramic tiles can be used to assess short-term
stability of colour-measuring instruments. It is necessary to
know this in order to determine how often instrument
calibration procedures must be carried out. Repeat measure-
ments of the tiles are made at short intervals during the
period of interest. The differences between each of the
individual measurements and the average of these measure-
ments should be calculated and the average difference
expressed in CIELAB terms AL* Aa* Ab* AE. The time
between the repeat measurements can be varied, depending
on whether the test is designed to check short-term or
medium-term repeatability.

LONG-TERM REPEATABILITY
The BCRA tiles are invaluable for determining the long-term
stability of colour-measuring instruments, Regular measure-
ment of a set of ceramic tiles is essential and will enable
virtually all instrument faults to be detected. However, care-
ful inspection of the resuits is required. Slight, but significant
changes in the measurements made with an instrument may
enable a developing fault to be detected at an early stage.
One of the simplest methods of plotting data in order to



check for significant changes is to plot the XYZ or CIELAB
L*a*b* values of each tile versus time on a Cu-Sam chart
[9,10]. In this form of chart the difference between the
current measured value and the first measured value is added
to the value of the previously plotted point, and the resulting
value plotted. When good repeatability is being achieved the
result is a line showing a constant slope. Any significant
change in instrument performance is indicated by a change in
slope of the plot. The technique makes it easier to detect
significant changes in performance which might otherwise be
obscured by the normal insignificant and acceptabie random
variation which occurs in day-to-day measurement,
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