Correspondence

A Suggested Replacement of the Munsell Function for
Colour-difference Formulae

At this stage the most generally successtul
formulae for colour-difference deter-
minations are variations upon the
Adams—Nickerson—Stultz formula [1,2].
This formula, in turn, was based upon a
simplified model, due to Adams {1] of
the human visual colour process. In this
the Munsell function [3] was used to
represent the non-linear transformation
of basic cone respenses which, in the
simple model, were directly related to
CIE tristimulus values.

Since the Munsell function was
developed [3] to fit experimental data on
the reflectance of neutral grey patches
graded in regular steps of ‘lightness’, it is
reasonable to infer that the Adams type
of model would be used most approp-
riately to represent object colours viewed
under the same conditions as those for
the studies set up by the Optical Society
of America Subcommittee on the Spacing
of the Munsell Colours. These conditions
were not precisely defined in the original
report of the Subcommittee [3]. but are
probably those given in a contemporary
publication by Moon and Spencer [4].
that is, an incident luminous flux density
of approximately 600 lumen/m? and a
background reflectance of 19.77%.

The variations upon the original
Adams— Nickerson— Stultz. formula used
for representing colour diffcrences are
associated either with the use of u differ-
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ent overall scale factor or with replacing
the original Munsell function by an
approximate representation. The Munsell

function expresses the Y tristimulus
value, referred 10 MgQO, as a quintic
polynomial function of the lightness

value V, the latter ranging from 0 to 10.
When used in colour difference formulae,
the inverse of the original Munsell func-
tion is required, that is, given Y it is
required to find V. Basically, this requires
inverse interpolation cither from tabu-
lated values of Y as a function of ¥, or
the use of an iterative Newton—Raphson
approximation. By comparison the cube-
rool approximation, as used in the
CIELAB formula [5], has the virtuc of
simplicity, but yields negative values of
lightness when Y is below approximately
0.25%. Although this situation docs not
arise frequently in practice, it is unsatis-
factory.

The writer has used the fluctuation
theory of Walraven [6,7] to develop an
alternative function [8] to represent the
underlying phenomena responsible for
the Munsell Grey Scale data. This formula
gives a curve which has no points of
inflexion and. with only two adjustable
parameters, has been shown to fit the
Munscll data at least as well as the
Munsell function. It has the further
advantage that the function is readily
inverted analytically.

Whereas the Munsell function is a
specific quintic polynomial empirically
fitted to a single set of data, the proposed
function has a theoretical basis, having
been derived from a physiological model
of neural spike transmissions. Thus, by
allowing the two parameters of this func-
tion to be varied, a whole family of
related curves may be generated, of which
the one which has been fitted to the
Munsell data is but a special case. This
capability of generalization could be use-
ful in the improved modelling of different
elements of colour opponent processes,
which would naturally be expected to
have similar, but not identical, clements.
For example, in analysing the Munsecll
system, Fricle [9] described differences
between yellow and blue elements which
could be interpreted, in terms of the
proposed function, as due to differences
in the two parameters Pand Q.

Adams [1] chose the original Munsell
function to represent the non-lincarity
associated with the elements of the red--
green  and  yellow—blue  processes,
although it was derived from properties
of the black—white process since it was
the only documented non-linear function
available to him. [t is perhaps surprising,
and certainly tortunate, that the model
has been reasonably successful in spite of
its limitations. Interpreted in terms of the
function proposed here, Adams™ model [1]



requires that all the opponent elements
have identical sensitivitics.

Figure 1 of an earlier paper {8] gives
an accurate presentation of the Munsell
Grey Scale data, the empirically fitted
Munsell quintic and the function pro-
posed here. Overall agreement is good.
Unfortunately the Subcommittee report
[3] gives no information about the vital
details of setting up the original Grey
Scale, but clearly, in order to establish
the lightness range from 0 to 10, physical
approximations to the ideal end points
would have been used in making the
comparison judgements. As shown in this
figure, the Munsell Grey Scale data
exhibits deviations near the ends of the
range from both the Munsell function and
the proposed function. These deviations
are completely consistent with the use of
imperfect physical end points. Such syste-
matic deviations would be only partially
compensated by the Munsell quintic,
having been forced to pass through the
ideal end points. The existence of a point
of inflexion, referred to in the report of
the Subcommittee, and located near V' =
0.34, bears this out. A more appropriate
procedure would have been to include
data for the physical end points with the
other Grey Stale data in fitting Y in
terms of a temporary lightness value

function V'. By applying a lincar trans-

formation, ¥ = a+bV, and choosing a
and b correctly, the curve of ¥, as a
function of I, could then be made to pass
through the ideal end points.

bvidently, a quintic polynomial thus
fitted would be much closer than the
original onc to the proposed function in
the region of 0.1 to 1% reflectance, where
it deviates significantly from the Munsell
quintic. The reversal of curvature dis-
played by the latter at the bottom end of
the range is at variance with observed
visual threshold characteristics.  The

theoretically-based, two-parameter func-
tion proposed shows no reversal of curva-
ture, has the correct overall shape, and
has been adjusted to pass through the
ideal end points.

Proposed New Function for the Munsell
Scale of Lightness

In the following formulae, F is an overall
scale parameter, while @ is a parameter
related to the sensitivity of the non-linear
conversion process of the human visual
system. Subsidiary variables y and wu are
employed for convenience.

Let y = Y/, then (la)
Vo= Plog. (v £+ (2} + 1) (1h)

and conversely

Let 1z = exp (V/P), then (2a)
Y o= 0 [t 2 - 1] (2b)

For fitting the original Munsell data, with
¥ (measured relative to MgO ranging
from 0 to 102.57) the values P and Q
required are

P = 4.85and

Q = 34.26.

On the other hand, for use in a
modification of the CIELAB formula
with L (ranging from 0 to 100) replacing
Voand Y/Y, (in the range 0 10 1)
replacing ¥, the values required would be:

P = 48.5and

Q = 0.334,

Summary

The function proposed here to represent
the Munsell data is theoretically based
and has only two parameters. Variation
of these parameters gives a generalization
not available with the original empiri-
cally-derived Munsell quintic polynomial.
Fortunately the function has the further

advantage that it can be easily inverted
analytically. Both the direct and inverse
forms of the function may be expressed
in terms of logarithmic or exponential
functions which are available as standard
functions on all computers and scientific
calculators.
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