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LETTER TO THE EDITORS

VISIBILITY OF LOW-FREQUENCY SINE-WAVE TARGETS:
DEPENDENCE ON NUMBER OF CYCLES AND
SURROUND PARAMETERS

(Received 23 March 1977; in revised form 3 November 1977)

Several papers have described experiments which
have shown that human visual sensitivity to sinusoid-
al gratings is dependent on the mumber of cycles
of sinusoid for low-spatial-frequency  fargets
{McCann, Savoy and Hall, 1973; Hoekstra, van der
Goot. van den Brink and Bilsen, t974; McCann,
Savoy, Hall and Scarpetti, 1974; Savoy and McCann,
1975). A recent article by Estevez and Cavonius (1976)
presented the argument that dependence on the
number of cycles occurred only in the presence of
a dark surround. They reported a dependence o0
number of cycles with sinusoids that have 2 black
surround, but they also reported 2 lack ol dependence
on number of cycles with targets that have average-
tuminance areas adjacent to the sinusoidal area. They
pointed out that the majority of previous experiments
had been performed with a dark surround.’ The
exception was one of the experiments by Savoy and
McCann (1975) in which the luminance of the area
surrounding the sinusoidal grating was equal to the
avesage luminance of the grating. In this case, Estevez
and Cavonius (1976} argued Lhat a hairline edge of
a micror, which produced a fainl vigble line around
the sinusoidal portion of the display, was having an
effect very similar (o that of a black surround. This
Letter presents experimental results which replicate
the Savoy and McCann (1975) data using targets
without any visible line. This shows hat the conclu-
sions reached in the (975 paper reporting a depen-
denee on pumber of cycles are correct. Furthermore,
the experiments show that the éxperimental data ol
Fsievez and Cavonjus are due lo substantial differ-
ences in non-sinnsoidal parameters of their displays
compared (o those used by Savoy and McCann,

We began by repeating the Savoy and McCaon
experimenls without the hairline edge crealed by the
mirror. William Wray, of our laboratory, in collabor-
alion with John Hall designed a display system (hat
provides stimuli without visible lines around the sinu-
soidal portion. The unusval property of this electronic
display system is thal it allows us to vary the
luminance and the size of the average-luminance sur-
tound on all four sides of the sinusoidal portion of
the display. Estevez and Cavonius displayed areas of
average Juminance on the left and the right. but not
on the top and the botlom of the sinusoidal portion

' The effects of using a black surround on the Fourier
spectrum is discussed by McCann et al. (1974) and Savoy
{1975).
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of the display. With Wray and Hall’'s apparatus we
repeated and extended the experiments 'with the
average-luminance swrrovnd described by Savoy and
McCann. The results are shown in Fig. [. We used
five different viewing distances (three of which were
the same as in the 1975 paper). We used a copstant-
size stimulus on the face of the display, so lhe five
viewing distanees resulted in five different angular
sizes. The entire dispfay was 8 cm square and was
viewed at 0,18, 0.38, 1.07, 3.51 and 10.39 m. The sinu-
sofd was 5.2 cm sguare and subtended 16° 7.6° 2.7
0.83° and 0.28°. When contrast sensitivity is plotied
vs spatial frequency, all the cases coincide at high
spatial frequencies (Fig. 1a). When the same contrast
sensinvity data are plotied vs number of cycles, the
five curves coincide at tow number of cycles (Fig. 1b).
In other words, we replicated the Savoy and McCann
results withost the visible line around the sinusoidal
portion of the display, and we extended those resuits
to larger and smaller targets.

Estevez and Cavonius's experiments used targets
that werc significantly different from those uvsed by
Savoy and McCann in at least threc parameters. The
first was the shape, namety the height and width, of
the sinusoidal portion of the display. Estevez and
Cavonivs kept the height of the display constant (12°)
and varied the width from { of a degree (0 20°. Savoy
and McCann kept the shape constanl and varied the
size (7.6° x 7.6°, 2.7° x 2.7°, 0.83° x 0.83°). The ex-
periments described in Lhis Letter extend those results
to targets subteading 16° and 0.28°. Thus, Savoy and
McCann’s observers always viewed a square (arget
with a square sinusoidal portion. Estevez and
Cavonius's observers looked at sinvsoidal targets that
had various rectangufar shapes; the thinnest rectangle
had a height to width ratio of 72:1. The second par-
ameter that was different in the two sets of experi-
ments was the proportion of average-luminance sur-
round. When Estevez and Cavonius vsed an average-
luminance surround, the sinusoidal portion and sur-
rovnd together atways sublended {2° x 20°. When
the sinusoidat portion subtended 10° in width, it was
flanked by 5° of average-luminance surround on both
sides. The ratio of sinasotd width to flank width was
2:{. When the sinusoidal portion was 9" wide. the
flank was 9° 55 wide on ecach side, and the ratio
was §:66. Since Savoy and McCann kept the display
constant and varicd observer diglance, all the propor-
tions of the display remained constant, althovgh flank
width (in degrees) varied. The third parameter in
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Fig. 1(2). Contrast sensitivity vs spatial frequency {cyeles
per degree). The data indicaied by O were obtained when
the square, sinusoid portion of Lhe target subtended 16°;
0 76° A 2.7°; @ 0.83°; and A 0.28°. The sinusoid was
in sinc phase. The luminance of the surround was cqual
10 the mean lominance of the sinusoid. 93 cd/m® Two
subjects were vsed. One, JA.H. bad been a subject ir the
previous experiments (Savoy and McCann. 1975). The
other, C.R.S.. was a naive subjear. Subjects made (0 sel-
tings of conirast for each larget (or each of the following
criteriad (1) wra the contrast vp from zero undl the targel
is just visible; {2) 1urn the coatrasi down from a supra-
threshold value uniit (he target just disappears: snd (3)
udjust the contrast vp and down undl the (arget is jusc
discriminable from a zero~contrast target which is seen by
pushing a switch, The three criteria resulted in very similar
data. The data shown in the above graph are the grand
means for 2 subjects, 3 criteria, 10 observations per targel
resulting in 60 conirast settings per point. (b) Contrast sep-
silivity vs number of cycles. Thess dala are the same as
shown in Fig ((a), except that the abscissa is the number
of cycles in the rarget instead of the spanal frequency. The
daia for the middle three display sizes replicate the results
ccported by Savoy and McCann (1975). The data for the
1wo new display sizes extend to both larger and smatler
angular sizes the conclusion that conlrast sensitivity
depends on the number of cycles.

which the 1argets differed was Juminance of the areas
adjacent to the sinusoid. Estevez and Cavonius placcd
dark areas above and below the sinusoidal portion
ol \he display. while Savoy and McCann used an
average-luminance surround on alf four sides.

In order 1o sort out which of the above parameters
might accounl for (he difference between Estevez and
Cavonijus's resulls and our own, we repealed their
experimenls using their stimuli on our display device.

> We uvsed two independent calibration procedures of
Z axis vollage vs fuminance contrast. The first technique
used a scanning lelephotometer, and the second used 2
stalionary stit. These calibrations were in excelfent agree-
ment.

We were vnable to replicate their data quantitatively;
neverlheless. we found qualitative similarities. Both
sets of data for [-cycle targets, plotted 3s contrast
sensitivity vs spanal frequence, are shown in Fig. 2
We have studied |-, 2-, 4-, 8- and t6-cycle (argets
and find similar results in each case. We will report
results for only t-cycle targets to simplify the discus-
sion. The upper curve is a piot of the data taken
from Estevez and Cavonius, and the middle curve is
our attempted replication of their experiments. The
boltom curve is the data aken from the replication
of Savoy and McCann (shown in Fig. I). The 1wo
lower curves represent data obtained on the same dis-
play system using the sarme photome(ric calibration
procedures? and using at least one subject in com-
mon. Differcncas between these two curves todicate
different contrast sensitivities for targets haviag ie
same spatial frequency and the same number of
cycles. In other words. the size or the shape or the
proportions of the target and/or the surround are
responsible [or substantial differences in contrast
sensigvity.

Which of (he various values of size, shape and sur-
round used by Estevez and Cavonius are responsible
for the fact that their targets generate a variely of
contrast sensitivities when (he number of cycles is
constant? Why do the values of size, shape and sur-
round vsed in the Savoy and McCann targets gener-
ate a single contrasl sensitivity when the number of
cycles is constant? We will consider the two circled
dat2"points shown in Fig. 2. Although both sinusoids
have | cycle and bolh have the same spatial {requency
of 0.8 c/deg, they exhibit large differences in contrast
sensitivity. In the Estevez and Cavonius target the
sinusoid portion is 12° x [.25°; the entire targel sub-
tends 12° x 20° {see upper leftin Fig, 3). [n the Savoy
and MeCann type targel. when the sinusoidal porlion
subtends 1.25° x 1.25° the entire larget subtends
2.0° x 2.0° (see lower left in Fig. 3).
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Fig 2 Three different plots of contrast scnstlivity vs
nominal spatial fcequency. All data ace from targets having
only 1 cycle of sinusoidal tuminance in sine phase. Data
idenlified with O arc taken feom Estecvez and Cavonius
(1976). Data identificd with @ are our atiempls to replicaie
their experiments These data are the averape of 2
observers’ results, See the tex1 for the description of target
dimension parameters. Data identified with A are our rep-
lication of Savoy and McCann's (1975) dala. We conclude
from che lack of superposition of the 1wo lower cusves
that parameters other (hen aominal spatial (requency and
the number of cycles affect contrast sensitivity.
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Fig. 3. Diagram of four targets that have | cycle of sipu-
soidat luminance, each with the same nommal spalial
(rcquency. The targets are drawn (o scale, and the value
helow each target indicates the average contrasi sensitivity
of the two observers.

[n order 1o transform the Estevez and Cavonius
target to the Savoy and McCann target we must
make three changes: (1) reduce the width of the
average-luminance surround from 9.4° on each side
o 0.38%: (2} reduce the height of the sine wave from
127 to 1.25°; and (3) on the top and bottom replace
the dark surround with an average-luminance area.
0.38¢ in height. Experiments showed that the width
of the average-luminance flank had the largest effect
on contrast sensitivity (McCann and Hall, 1977). This
resudl is seen in an experiment in which the sinusoidal
portion hgs a constant size and shape, namely 12°
high and 1.25° wide. The stnusoidal portion has con-
stant nominal spatial frequency and number of cycles,
namely 0.8 ¢/deg and | cycle. We varied the width
of both average-luminance flanks from 0° to 10°. Both
flanks were equal in width. In Fig. 4 we plot contcast
sensitivity vs width of the average-luminance flank.
We find that incrcasing the width of the flank greatly
increases the visibility of the sinusoidal portion of the
targel. Observers report a contrast sensitivity of 5
for the 1.5° by 12° sinusoid with a black surround.
With 2 gradual increase in average-luminance flank
width, starting with 0.{5" and ending with 9.4°, there
is an gssociated increase in contrast sinsilivity 1o a
value of 62. Changing the flank width from 9.4° (used
by Estevez and Cavonius) to 0.32° (equivalent to thai
used by Savoy and McCann) causes 2 change in con-
trast sensitivity feom 62 (o 25. The upper two targets
in Fig. 3 illustrate this fact The lower targets show
thar decreasing the height of the srusoid—bottom
aght -has fittle or no eficct,® while the addition of
average-luminance areas on top 3nd bottom—bottom
le(t: -has only & small effect

In view of the experiments described in this Letter,
what can we say about the conclusions reporlec in
the Esievez and Cavonius paper? First, they claimed
that our results with an average-luminance back-
ground were distorted because of a thin line around
our display. We have shown in Fig. | that our earlier
data have been replicated when the bne was removed.

* The efieci of the height of the sinusoidal porlion of
the display was reported by Magnuski (197)).
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Fig 4. Graph of average contrast sensitivity [or two
observers vs width of average-luminance Ranks. In this ex-
periment the size, shape. nominai spatial frequency and
numbers of cycles of the sinusoid are held constant, whike
only the width of the average-luminance flanks is varied.
These data show thal changing the width of the flank from
0° 10 9.4° prodeccs a change in contrasl seasitivity from
15 to 62 Thus, with these targels the contrast sensitivity
of the sinusoidal gratings depends on the dimensions of
non-sinusoidal portions of the display.

Second, they conducted experiments which were in-
tended to mimic ours, but which in fact used gratings
of different shapes. surrounds of different widths, and
average-laminance on two sides of the gratings (n-
stead of all four sides. For a particular spatial [re-
quency, when they increased the number of cycfes
they also decreased the width of the average
luminance flank. The former causes an increase in
contrast sensitivity while the latter causes a decrease
in contrast sensitivity. We have discovered that jt was
the difference tn the widths of the average-luminance
sides which accounts for the differences between our
original data and our repetition of Estevez and
Cavonius’s experiment,

In conclusion, our experiments supporling a depen-
dence on the number of cycles have been repeated
and completely replicated. With 2 black surround the
dependence on number of cycles has been reported
by numerous authors, including Estevez and
Cavonius. With an average-luminance surround the
problem is more intricate. The effects of the size of
surround are well known for increment threshold
(Crawford, 1940; Westhcimer, 1967), bul they zre not
widely discussed for low-spatial-frequency sinusoid -
thresholds. As shown in this Letter and as discussed
in greater detail by McCann and Hall (1977). the
amount of average-fuminance flank can cause the
threshold of the sipusoid 1o vary from 15 to 62 (Fig
4} while both nominal spatial frequency and number
of cycles are held constant. With low frequescy sine-
wave targets one must specily the non-sinusoid aves-
age-luminanee areas in additioo to spatial frequency,
luminance and number of cycles in order to be able
to predict observer contrast sensitivity.

Joun 1. MceCann
ROBERT L. Savoy
JoHw A. HaLL Jr

Poluroid Corporation,
Vision Research Laboratory
Cambridye

MA 02139

US.A
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