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SUMMARY

1. The detectability of sinusoidal gratings comprised of either one or
many cycles was measured in veiling luminances the spatial frequencies
of which were either narrow- or broad-band.

2. In narrow-band noise, the single-cycle grating was detected with
approximately 0-6 log units less contrast than the many-cycle grating.
On the other hand when both broad-band and narrow-band noise were
present, there was no measurable difference in the detectability of the
two types of grating.

3. The results are interpreted as supporting the hypothesis of Campbell
& Robson (1968) that spatially varying luminance patterns are processed
by mechanisms selectively sensitive to limited ranges of spatial frequencies.

INTRODUCTION

Campbell & Robson (1968), Blakemore & Campbell (1969) and Sachs,
Nachmias & Robson (1971) have suggested that the behaviour of the eye
in detecting or discriminating among spatial patterns can be described
as that of a series of broadly tuned filters sensitive to approximately an
octave band of spatial frequencies. The similarity between Helmholtz’s
theory of frequency representation in the auditory system and the Camp-
bell & Robson model of visual spatial frequency analysis leads readily to
the consideration of visual analogues of the many auditory experiments
bearing on the frequency selectivity of the ear (Campbell, Nachmias &
Jukes, 1970; Graham & Nachmias, 1971; Kulikowski, 1969). The experi-
ment reported here is analogous to some auditory experiments of Wight-
man & Leshowitz (1970) and Leshowitz & Wightman (1971), and the results,
readily predicted from Campbell & Robson’s hypothesis, support the
suggestion that in representing visual spatial frequencies the behaviour
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of the eye can be considered as similar to the behaviour of Helmholtz’s
model of the ear.

Consider the effect of a veiling luminance, the spatial frequency com-
ponents of which are confined to a narrow band of frequencies centred
about some frequency f, c/degree. If spatially varying luminance patterns
are processed by mechanisms selectively sensitive to limited ranges of
spatial frequencies, it would be expected that the veiling luminance should
significantly affect the detectability only of signal gratings the principal
spatial frequencies of which fall within the octave centred on f, in a way
similar to that demonstrated for sinusoidal veiling luminances by Kuli-
kowski (1969). One such signal grating would consist of many cycles of a
sinusoidal grating of frequency f, ¢/degree. On the other hand, the detec-
tion of a signal consisting of one cycle of a sinusoidal grating might not
be affected by narrow-band noise since the signal may be considered to
be composed of a very broad band of frequencies (Kelly, 1970).

The distinction between one and many cycle signals may be made clear
by considering the energy density spectrum (Lee, 1963). The ‘energy’, E,
of a grating (assuming a mean luminance component of value 1) is given by

E=c f ¥ sin? (27f,s)ds, (1)
-3s

where ¢ is the contrast (Campbell & Green, 1965) and S the extent of

the grating in degrees. The energy of the grating is distributed over all

spatial frequencies in a way dependent on the contrast, frequency, phase,

and spatial extent of the grating. The energy density spectrum for a sine

grating of finite extent is given by

_ f3c3(2—2 cos 27fS)
E(f) = =2 . (2)

Where f, is the frequency of the signal (c¢/degree) and f the spatial frequency
axis. Fig. 1 shows the function of eqn. (2), in the neighbourhood of 59 c/
degree, for a 5:9 c/degree grating comprised of one or 160 cycles. The
ordinate is logarithmic, the abscissa linear. (It should be noted that the
160 c/degree grating has zero energy density at intervals of 0-018 c/degree.
The zeros are not shown in Fig. 1.) It can be seen for an extensive grating
(8 > 1/f,), that the energy of the grating is concentrated near the spatial
frequency of the signal. On the other hand, for a grating of the same
energy comprised of only one cycle there will be energy in frequency
regions far removed from f,, the nominal frequency of the grating. Thus,
the energy in a grating comprised of many cycles is confined to a much
narrower frequency band than a grating comprised of only a few cycles.
If the visual system analyses spatial patterns separately into different






























