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The Chromatic Contrast Sensitivity Myth

S. Lee Guth
Indiana University
School of Optometry and Department of Psychology
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300
Abstract 005902,

A universally accepted conclusion about contrast sensitivity
functions (CSF's) for spatially modulated sinusoidal gratings
is that luminance-modulated CSF's are band-pass, whereas
equal luminance chromatically-modulated CSF's are low
pass. This conclusion does not follow logically from
available data. If the existing chromatic CSF's are compared
to low levelluminance CSF's, as they should be, then both
classes of functions are low-pass. In order to be comparable
(possibly) to high level luminance CSF's, chromatic CSF's 3F
should be centered at a point in chromaticity space that -
appears highly saturated, and modulation should be along the 1 , , . , . ,
line that goes through that point from the spectrum locus to 003 01 03 1 3 10 30
the white point. Very tentative results for two subjects with Spatial frequency (cycles/deg)
such purity modulated red gratings show small band-pass

effects.
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Contrast sensitivity

Introduction Figure 1. Luminance (circles) and chromatic (squares) blue/yellow
contrast sensitivity functions after Mullén.
The sinusoidal spatial frequency gratings that underll;)rocessing of spatial information by the chromatic and

contrast ts%nzltlvnyc;‘ulnti_nonsh(CSF ﬁ) 'ftor chron&aﬂc systen: uminance systems.
are created by modufating chromaticity around some center Notwithstanding the data shown in fig. 1 and additional

aneap vaIueCS\'/:v'hlle (rjnalmztaltnr:ngl cgnstant ll]fm'?]inceVery extensive experimental and theoretical literature that
uminance S modulate the fuminances of White 0lg o g ¢ wpport the idea of major differences in spatial
colored lights around some mean level. All CSF graph

h f ; tal f . th e rocessing between chromatic and luminance systems, very
show, Tor a range ol spatial requencies, the minimu lementary theoretical considerations demand that the best
modulations that subjects require in order to detect ths

. uess that can be made from published CSF'’s is that the
presence of a grating.

For GSF's obtained at high di umi chromatic and luminance systems are basically the same.
or ->r's obtained at high or medium mean ur,nmancﬁurthermore, new (but tentative) chromatic CSF's that are
levels, it is universally agreed that luminance CSF's sho

. i resented here suggest that the theoretically-based “best
band-pass characteristics, whereas chromatic CSF's sh Viess” might be co?rgct y
low-pass characteristics. That is, luminance CSF's peak The assertion that existing data suggest a correspondence

{neccjilturrtl) frequgnues, v(;/r;le rteatsl those dfor ((:jhromfatlc SySt?nE)%tween the luminance and the chromatic systems is based on
end to be maximum and fiat at low and medium WequUenCIeSy, o ¢, it the low-pass chromatic sinusoidal CSF’'s have

(Note that, at these levels, luminance variation is sufficienf . " i inaq only under conditions that should map to low-
to yield band-pass CSF's for both achromatic and Chromatifével luminance CSF's, which also are low-pass

lights, so both are classified as luminance CSF's.) The%.sepresentative data that show how luminance CSF’s shift to

?anf-pr?ss V; Iow—ptatis dlffetrenc?s, sur(]: ?has are '"ust:ratfthWW-pass as light levels decrease are shown in figs. 2 and 3.
'g. 1, have been at the center of much theorizing about the By way of explanation, consider, for example, chromatic
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CSF's for equal-luminance gratings that are modulated from be comparable to a high-level luminance CSF has not been
reddish-to-greenish around unique yellow. Subjects typically = determined. The colors of sinusoidal gratings for such a CSF
show superb sensitivities to these modulations, and, by  would be centered at a point in chromaticity space that

definition within opponent colors theory, the red or green appears highly saturated (i.e., that is associated with high
chromatic activity) and they would be modulated (at equal-
L. oo0td luminance) along the line that extends from the white point
beb T D through that center point. That is, thetgng would involve
> purity modulation near the spectrum locus and along an
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Fig. 2. Luminance contrast sensitivity functions from van Nes and Figure 3. Luminance contrast sensitivity functions from Patel.
Bouman after a replot by Rohaly and Buchsbdum.

neural activity associated with even the peaks of a full cyclequal-luminance line of constant dominant wavelength. (Or,
of such a just-detectable grating will be close to zero, even fimost equivalently, it would involve saturation modulation
the mean luminance is very high. That is, by definition, thexf a highly saturated light along an equal luminance line of
neural activity in the red/green channel is at zero when gonstant hue.) With such stimuli, chromatic CSF's would be
cycle of the grating is at its middle unique yellow point, anddetermined for variations in high levels of chromatic activity
the neural activity is just-noticeably different from zero whenjust as band-pass luminance CSF's are determined for
the grating is at its (slightly) reddish or (slightly) greenishyariations in high levels of luminance activity. (A set of
peak. (The yellow signal itself is relatively constant in thischromatic CSF's, whicimight appear most similar to a
range, and, relative to other hues at any given luminang@minance set such as shown in fig. 2, would be a very high
level, yellow has minimal neural activity.) A similar analysis intensity purity modulation series, with centers varying along
holds for equal-luminance chromatic CSF's for blue-yellowa constant dominant wavelength line from near the spectrum
modulation asund the white point (such as shown in fig. 1).|ocus to near the white point.)

According to theory, then, in regard to the red/green signal, |t is important to understand why the word “might” is
the most appropriate luminance CSF to compare to existingalicized in the preceding paragraph. Bmsychophysical
chromatic CSF’'s would be one obtained at low luminancgesults (not just CSF’s), it is generally not possible to
levels, where neural activity was being modulated from neagompare luminance data with chromatic data without
zero to some just-noticeably higher level. As alreadyteference to a full model of color vison. In the present
mentioned, and as shown in fig. 2, such low-level luminanceontext, the question that would have to be answered before
CSF's are also low-pass; therefore, the most reasonabi&en a rough comparison could be made between a given
tentative conclusion that can be reached from existing data ésromatic (say, red) CSF and one from an intensity series of

that luminance and chromatic CSF’s are similar. luminance (say, achromatic) CSF's would be, “Which
Heretofore, an equal-luminance chromatic CSFrttigiht

24



The Fifth Color Imaging Conference: Color Science, The Fifth Color Imaging Conference: Color Scien

luminance CSF from the intensity series should be assumed
to be associated with the same (achromatic) magnitude of
neural activity as is associated with the neural signal in the
red channel™? That question cannot be answered without
reference to a model that quantitatively specifies the

relationship between stimulus magnitude and levels of neural
signals in the channels that mediate the psychophysical

Copyright 1997, IS& T

For subject WW, data were collected at 9 spatial
frequencies ranging from 0.3 to 8.4 cpd. Across a total of 5
sessions, the number of observations made at each spatia
frequency ranged from 34 (at 0.3 cpd) to 5 (at 8.4 cpd). Over

3 sessions, subject RM was tested at 0.3, 1.2, 2.1 and 4.2 cpd,
with the number of observations foceashiysly) being
14, 15, 6 and 4. Within session standard errors were too

response. (As a matter of fact, as a starting point in theorynall €0 plot on the ata graphs. Between session means

building in this area, it would be possibledefinechromatic
and achromatic lights as being “equal” when their associated
CSF's were identical. The idea might be short-lived, but it
would certainly be a reasonable starting point.)

Because it is not possible to vahramatic signals in the
absence of an underlying achromatic signal (as it is possible
to vary an achromatic signal--white--in the absence of a
chromatic signal) there can be no conceptually neat
comparison of CSF's for the luminance channel alone (which
is the same as the scaled achromatic channel) with a
chromatic channel, alone. However, modulating the
luminance of a more or less desaturated unique red (say) light
by adding and subtracting whiteness is conceptually mirror-
symmetrical to equal luminance purity modulation along the
unique red line in chromaticity space. Neurally, the former
involves only achromatic modulation on a constant redness
background, and thatter involves only redness modulation
on a constant achromatic background.

The following text describes an exploratory study of
CSF's for a highly saturated, purity modulated red light.

Method

were more variable as shown below.

Figure 4 shows mean CSF's for both subjects. Although

LOG PERCENT PURITY MODULATION
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Fig. 4. Mean contrast sensitivity functions for two subjectyuakE

luminance purity modulation was around a highly saturated red
Sinusoidal gratings were viewed monocularly (natural pupilfdominant wavelength @07 nm). Plotted values are for the total
by 2 color-normal subjects at a distance of 27 in. The displajireshold modulation distance, rather than one-half that value,
appeared in a full-field black surround and used @vhich is traditionally shown.

bits/primary (“Full Color”) on a Dell 17LS color monitor
with a 1024 x 768 image that was 10.75 in. wide and 8 in.
high. The center point of the modulated gratings was at CIE
values x = 0.58, y = 0.33, and equal-luminance modulation
(with Y = 39 cd/mi ) was along the line in CIE space that
connected the monitor red primary (x = 0.61, y = 0.34) to the
white point (x = 0.29, y = 0.30). The dominant wavelength
of that line is 607 nm. All light measurements were made
with a SpectraScan #714 radiometer.

Although a dithering gbrithm was used to enhance color
resolution, some very recent observations have suggested
that there might have been image resolution problems.
Accordingly, the data here must be considered tentative.

Subjects instructed the experimenter to increase or
decrease purity contrast until they were satisfied that
threshold was reached. Frequent zero contrast and high
contrast fields were shown to the subjects to aid them in

maintaining their criteria for threshold, and to insure that theyg. 5.
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Results from 3 sessions (one of which involved only 2

knew the spatial frequency being presented. Viewingpatial frequencies) that together compose the mean function for
durations were subject-determined, but the highly practice@M shown in fig. 4. Within-session data are normalized to the
subjects usually made judgments within one or two secondgalue of maximum sensitivity for that session.
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the band-pass effect of a drop in sensitivity at low spatial gratings have CSF's that are not band-pass, the conclusion
frequencies seems evident, it is small and statistically = that chromatic and luminance CSF's are basically different
significant only for subject RM, whose data from each of her  will remain an unsubstantiated myth.
three sessions is shown in fig.5. (For reasons that might
relate to themage resolution problem that was mentioned References
earlier, the effect is much smaller than was shown
consistently by the author when less systematic pilot data 1. K. T. MullenJournal of Physiology359, 381-400, (1985).
were collected.) 2. F.L Van Ness and M. A. Boumaournal of the Optical
Society of America7, 401-406, (1967).
Conclusions 3. A. M Rohaly and G. Buchsbaudournal of the Optical
Society of America B,,572-576, (1988).
Given the uncertainties associated with the data presented 4 AéSSg._g;Atfel(]fggg?l of the Optical Society of Amerj&,
here,.it is clear that the q'utlas.tion regarding spatial _CSF'S 5. S. L. GutﬁProceedingsof the SPIE — The International
remains open. However., tiinit is .demonstrated that hlgh Society for Optical Engineerir2f14 12-26, (1995).
intensity and high saturation, purity modulated chromatic
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