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Contrast sensitivity to angular frequency stimuli

Contrast sensitivity to angular
frequency stimuli is higher than
that for sinewave gratings in the
respective middle range
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Abstract

This study compares contrast thresholds for sinewave gratings, or
spatial frequencies (1/CSF) with contrast thresholds for angular fre-
quencies (1/aCSF) and for radial frequencies, or J0 targets (1/rCSF).
Observers had to differentiate between one of these frequency stimuli
and a stimulus at mean luminance within a forced-choice procedure.
All measurements were made with the same equipment, methods and
subjects. Our results show higher sensitivity to, or lower thresholds
for, angular frequencies when compared to either sinewave gratings or
J0 targets. Contrast values in arbitrary units, in the lower threshold
range for angular frequencies, were about half those required to
differentiate sinewave gratings from mean luminance in its most
sensitive range.
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Since their initial use in vision studies in
1948 (1,2), sinewave gratings have aroused
intense interest on the part of researchers due
to their high potential to characterize re-
sponses of the visual system as a whole or to
characterize individual cell unit responses.
Many comparisons of contrast thresholds to
sinewave gratings for the human visual sys-
tem have been made in the literature with the
use of psychophysics procedures. As ex-
amples, we can cite comparisons among con-
trast thresholds for squarewave gratings, lines,
edges and borders (3-7). Comparisons have
also been made with human contrast thresh-
olds for J0 targets (8,9). In the present text, J0

targets are synonymous with radial frequen-
cies. We know of no comparisons made with

thresholds for angular frequencies (10,11),
the orthogonal component of radial frequen-
cies when a polar coordinate system is
adopted (12).

In the present study we measured con-
trast thresholds for sinewave gratings (spa-
tial frequencies), for J0 targets (radial fre-
quencies) and for angular frequencies (as
previously defined in Refs. 10-12) using the
same equipment, method and procedures as
well as subjects. We define angular frequency
as circular stimuli whose contrast are modu-
lated by sinewave functions varying with
angles within 360 degrees. Due to this 360-
degree limitation, we made n, i.e., the num-
ber of cycles, an integer.

The inverse of the curve of contrast thresh-

Brazilian Journal of Medical and Biological Research (1997) 30: 633-636
ISSN 0100-879X Short Communication



634

Braz J Med Biol Res 30(5) 1997

M.L.B. Simas et al.

olds for sinewave gratings, or spatial fre-
quencies, for the human visual system is also
known as contrast sensitivity function (CSF),
and sometimes identified as modulation trans-
fer function (MTF) (13). Thus, we define the
responses to sinewave gratings as CSF, and
the same curves for both radial or angular
frequencies as rCSF and aCSF, respectively.

The curves were measured for eight ob-
servers, AMB, BMD, FAT, JTF, LFO, NAS,
YEQ and WGC, with normal or optically
corrected visual acuity. Not all observers
had measurements made for all three curves.

The patterns were generated in 256 gray
levels on a high-contrast resolution monitor
(Sony BVM-1910) with interlaced RGB in-
put and interfaced to a DT-2853 frame grab-
ber controlled by an IBM compatible micro-
computer. Contrast could be set digitally by
the computer. All experiments were run at a
mean luminance of 8.2 cd/m2. Maximum
and minimum luminances were 10.3 and 6.2
cd/m2, respectively. Contrast was assumed
to vary linearly with digital setting. A neutral
gray board was used for fixation between
trials.

Estimates of the CSF and rCSF were
obtained at spatial frequencies of 0.2, 0.3,
0.5, 0.8, 1, 2, 3, 4, 5, 6, 9 and 12 cycles per
degree (cpd). Those for the aCSF were ob-
tained with point estimates at angular fre-
quencies of 1, 2, 3, 4, 6, 9, 13, 16, 24, 32, 47,
64, and 96 cycles per 360 degrees. All stimuli
subtended 7.25 degrees of visual angle
viewed from a distance of 1.50 m. The pro-
cedure involved independent measurements
of the three curves with at least the same 2
observers for all curves.

A total of 9 curves containing 12 points
were measured for the CSF (BMD:2, WGC:2,
JTF:1, NAS:2, FAT:2) during 108 experi-
mental sessions lasting about 15-25 min each.
Similarly, 13 curves of 12 points were meas-
ured for the rCSF (BMD:1, WGC:2, JTF:2,
NAS:2, FAT:2, AMB:2, LFO:2), yielding a
total of about 156 sessions, and 9 other
curves of 13 points were measured for the

aCSF (LFO:2, AMB:2, NAS:2, FAT:2,
YEQ:1), for a total of 117 additional ses-
sions.

When two measurements were made by
the same observers for the same condition
they were never made on the same day. The
order was randomly assigned for each ob-
server. The method used has been described
in Refs. 10-12. In each forced-choice trial
sequence, one of two observation intervals
(each lasting 2 s in contrast to 10 s in Ref. 12)
randomly contained the test stimulus while
the other contained the mean-luminance-only
stimulus. The blank intervals between stimuli,
ISI, and between trials, ITI, lasted 1 and 3 s,
respectively. Following the presentation of
the second stimulus interval, observers were
required to identify the interval containing
the test frequency stimulus. The computer
would pause until an answer was entered
and a beep would indicate a correct choice.
The fixation point was at the center of the
stimulus and, to avoid possible brightness
aftereffects during ITI, observers fixed their
gaze on a mark on the gray board while
waiting for another beep indicating when to
look at the screen. Observers were also told
to restrain eye movements during each 2-s
stimulus presentation as much as possible,
all measurements being made binocularly.
Contrast modulation of the test stimulus could
be varied in steps of 2/256, i.e., 0.8%, and
had an initial setting of 8-11%. The criterion
was three consecutive correct trials to de-
crease contrast by one step, and a single
incorrect trial to increase it by one step. This
criterion yielded a frequency of seeing level
equal to 0.51/3, or 79% (14). In case either
the upper or lower limits of contrast were
reached (i.e., either 0.008 or 0.992), the
computer would repeat that contrast level
again and again until the response of the
subject reversed direction. Two to 4 condi-
tions were run per day with each observer,
always with a 10-15-min interval between
conditions.

In each experimental session, a total of
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10 maximum-minimum pairs were obtained
per observer. Thus, each point on a curve
estimate is the average of 20 contrast thresh-
olds per subject. If 13 such curves are deter-
mined, each point is the average of 260
contrast threshold determinations.

Figure 1 shows examples of test stimuli
used for the measurements. We can see an-
gular frequencies for 24 cycles (top left), 16
cycles (top right), 13 cycles (center left), and
2 cycles (center right) as well as a sinewave
grating for 4 cpd (bottom left, when viewed
at a 1.5-m distance) and a blank at mean
luminance (bottom right), the latter being
present in all experimental conditions.

Figure 2 shows the results for the three
measured curves, i.e., the CSF, rCSF and
aCSF. Grandmeans of contrast thresholds
across subjects are shown for spatial, radial
and angular frequencies, respectively.

We make a note that, by definition, angu-
lar frequencies are adimensional and only
integers, and that, therefore, though the ab-
scissa is equivalent for both spatial and ra-
dial frequencies, it is not equivalent to angu-
lar frequencies. On the other hand, contrast
thresholds are plotted on the ordinate in the
same scale of arbitrary units since all meas-
urements were made using the same equip-
ment and computer-controlled procedure.
Error bars are corrected by the Student t-test
distribution to be at the 99%-confidence in-
terval.

Minimum contrast threshold levels oc-
curred at 2.0-3.0 cpd, i.e., 0.0329 and 0.0338,
or 3.29% and 3.38%, for the 1/CSF. In com-
parison, minimum contrast threshold levels
for the 1/rCSF occurred about 0.8-1.0 cpd,
i.e., 0.2082 and 0.2046, or 20.8% and 20.4%.
The latter contrast levels were about 6-fold
higher than those for the 1/CSF. In contrast,
minimum contrast thresholds for the 1/aCSF
were found to vary around a much larger
plateau, i.e., 13, 16, 24 and 32 cycles. The
values for these thresholds were about
0.0210, 0.0215, 0.0228 and 0.0201, or 2.1%,
2.2%, 2.3% and 2.0%, i.e., about 1.6-fold

lower than the levels found for the 1/CSF in
its most sensitive range.

Although we could see that these results
were consistent with an independent prob-
ability summation effect among channels
tuned to different spatial orientations, this
may not be an explanation for higher aCSF
sensitivity since cells tuned to one orienta-
tion tend to be inhibited by non-preferred
orientations (15,16). We interpret our results
as being consistent with the idea of conceiv-
ing the visual system as decomposing the

Figure 1 - Examples of test
stimuli used for measurements.
Angular frequencies for 24
cycles are seen at top left, for
16 cycles at top right, for 13
cycles at center left, and for 2
cycles at center right. An ex-
ample of sinewave grating at 4
cpd is at bottom left (the spatial
frequency is correct only as
viewed at 1.5-m distance in the
actual experiment). A blank at
mean luminance is seen at bot-
tom right and was present in all
experimental conditions. Ob-
serve that no J0 targets or radial
frequencies are shown.
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Figure 2 - Estimated CSF (N =
9), rCSF (N = 13) and aCSF (N =
9). Grandmean of contrast
threshold reciprocals across
subjects are shown for spatial,
radial and angular frequencies,
respectively. Note that, by defi-
nition, angular frequencies are
adimensional and only integers,
and that, therefore, though the
abscissa is equivalent for both
spatial and radial frequencies, it
is not equivalent to angular fre-
quencies. Contrast threshold re-
ciprocals are plotted on the ordi-
nate in the same scale of arbi-
trary units since all measure-
ments were made using the
same equipment and computer-
controlled procedure. Error bars
are corrected to indicate the
99%-confidence interval by the
Student t-test distribution.
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incoming spatial visual information in terms
of polar coordinates. In this idea, the pro-
cessing of a lower level contrast range in-
volves mainly a default sampling for angular
frequency decomposition by the visual sys-
tem, encompassing peripheral and foveal
vision. In contrast, the processing of higher
contrast ranges would involve mainly foveal
vision which seems to be better equipped for
detecting high-band radial frequencies at cen-
tral vision. As we see it, sinewave gratings
could be processed as a by-product of the
visual system sampling whereas angular fre-
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quencies would be detected mainly at higher
levels of visual neuronal processing, i.e., at
levels where the visual system could be inte-
grating spatial frequency information either
per hemisphere or per portion of visual quad-
rants. On this basis, we could also argue that
sensitivity to spatial frequencies represented
by sinewave gratings may be a particular
case of visual sampling. Recent results ob-
tained in physiological studies show evi-
dence consistent with some aspects of these
hypotheses (17,18).


