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Abstract-Spatial frequency adaptation was analyzed in terms of three representative models of the 
Fourier transform theory of visual processing, Each model predicted that subjects who exhibited normal 
sine-wave grating adaptation should show substantial adaptation over a wide range of spatial frequen- 
cies following exposure to a narrow bar of high luminance (one-dimensional spatial impulse). In the 
experiments. two highly practiced subjects who showed normal sine-wave adaptation, showed little 
adaptation to a I40 cd’m’ bar subtending 0.6’. superimposed on a background of 4.63 cd:m’ subtending 
1.75’. Two control experiments with a third subject indicated that neither a photoreceptor nonlinearity 
nor a power function transformation of the luminance distribution could account for the discrepancy. 
The lack of adaptation to the spatial impulse suggests that present Fourier transform models which 
postulate phase-independent frequency channels in the visual system are inadequate for the description 
of the visual response to suprathreshold aperiodic stimuli. A receptive field model of spatial frequency 
processing and phase encoding is suggested to account for the results. 

Key Words-spatial frequency adaptation; Fourier transform: sine-wave grating; spatial impulses: 
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IYI’RODUCTION is the relative threshold elevation RV). defined as: 

Campbell and Robson (1968) proposed that the 
human visual system processes spatially varying 
luminance distributions by means of a set of indepen- 
dent spatial frequency channels. Each of the channels 
possesses its own spatial frequency sensitivity charac- 
teristic, often termed its modulation transfer function 
or MTF. The overall spatial frequency response of 
the visual system is assumed to be the envelope of 
these. Their proposal was based on the evidence that 
at pattern threshold, the relative visibility of period- 
ically varying luminance distributions is determined 
by the relative magnitudes of their spectral com- 
ponents. Subsequently, their proposal has stimulated 
a vast amount of important research and has received 
support from a variety of psychophysical and physio- 
logical experiments. Notable among these are the 
observations of critical band masking in vision 
(Stromeyer and Julesz, 1972), the apparent size shift 
after-effect (Blakemore and Sutton, 1969), and the 
spatial frequency adaptation phenomenon (Pantle 
and Sekuler, 1968; Blakemore and CampbelL 1969). 

The spatial frequency adaptation phenomenon, first 
demonstrated by Pantle and Sekuler (1968), and then 
extensiveIy studied by Blakemore and Campbell 
(I969). is the increase in pattern threshold for the 
detection of a sine-wave luminance distribution fol- 
lowing exposure to a similar sine-wave luminance dis- 
tribution of high contrast. It is observed that the 
threshold elevation is constrained to a limited band 
of Gequencies surrounding the adapting frequency. A 
behavioural measure of the adaptation phenomenon, 
first introduced by Blakemore and Campbell (1969), 

qf) ~ T‘df) - Tb(f) _ Ta(f) 
L(f) 

, 
r,(f) ’ (1) 

where T,(J) is the nominal contrast at threshold of 
a sine-wave target of frequencyfafter adaptation, and 
Tcf) is the nominal contrast at threshold of a sine- 
wave target of the same frequency before adaptation. 
For a one-dimensional sine-wave luminance distri- 
bution of amplitude n, frequency fO, and mean 
luminance L,, described by 

L(x) = L, + asin(2r&x) 

the nominal contrast is defined to be: 

Under adaptation to high contrast sine-wave gratings, 
Blakemore and Campbell (1969) have observed rela- 
tive threshold elevations of 4 or more, i.e. increases 
in the nominal contrast at threshold by factors of 
5 or more. 

The existence of spatial frequency adaptation and 
its limited band-pass characteristic is often interpreted 
as explicit evidence for a set of independent spatial 
frequency channels in the visual system. On the basis 
of their work, Blakemore and Campbell (1969) ex- 
tended the proposal of Campbell and Robson (1968) 
to postulate a Fourier decomposition model for visual 
processing. They proposed that suprathreshold lumi- 
nance distributions are decomposed by the visual sys- 
tem into their Fourier components and that these are 
passed along independent neural channels. The set 
of channels may be compared to a set of independent. 
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parallel, band-pass titers, each followed by its own 
detector. After prolonged stimulation, these channels 
adapt and thereby behaviourally manifest themselves 
and their frequency bandwidth through decreased 
sensitivity. 

At present the Fourier decomposition model is 
supported by many suggestive, but strictly qualitative. 
observations of spatial frequency selective phenomena 
(Campbell, 1974). If the Fourier transform theory is 
to be useful in describing the means by which visual 
information is processed, it should have predictive 
power when applied to the analysis of visual response 
to arbitrary stimulus patterns, in particular, aperiodic 
patterns. The analyses and experiments reported here 
will show that the Fourier transform theory, when 
given predictive power by a representative set of 
empirically based phase-independent models, makes 
rather dramatic predictions which are not confirmed. 
concerning the processing of a bright, narrow, 
luminance bar, or spatial impulse. The three models 
are formulated in terms of assumptions necessary to 
any Fourier decomposition model, together with em- 
pirical specifications of channel MTF and stimulus/ 
response functions which circumscribe the variety of 
findings in the literature. As such, these models are 
broadly representative, and tests of their validity will 
be crucial to an evaluation of the simple Fourier 
transform theory of visual processing. An alternative 
linear model, that includes a particular mechanism 
of phase encoding, will be suggested to account for 
the empirical results to be reported. 

FOL-RIER TRASSFORM ,MODELS OF SPATIAL. 

FREQUENCY ADAPTATION 

In this section, three quantitative models are devel- 
oped, each compatible with a Fourier decomposition 
theory, which make predictions of the adapting effect 
of any arbitrary luminance distribution. These three 
models have been chosen as representative extensions 
of the qualitative models presently extant in the litera- 
ture. They are all based upon the modulation transfer 
function approach, first used in linear optics (Linfoot, 
1964) and as such, they are phase-independent. The 
question of phase-encoding will be taken up in the 
Discussion. Empirical tests of the three Fourier trans- 
form models will now be discussed. 

Before formulating the three models, it is necessary 
to define spatial, spectral, and nominal contrast. 

The spatial contrast hmction, c(x), representing a 
luminance distribution, is given by: 

where x is the spatial coordinate (in this paper, in 
degrees of visual angle), I+) is the luminance distri- 
bution (in this paper, cd/m2), and LO is the mean 
luminance of the distribution. 

’ Blakemore and Campbell (1969) proposed an MTF 
represented by the function 

,/ _ e-H’):, 

The spectral contrast function. C(J‘I. s the Fourier 
transform of the spatial contrast function C(X): 

where L(J) is the Fourier transform oi f_r): 

L(j) = lZ L(r) 5- :x1.X’ Lji. 
--I 

The nominal contrast of a sinusoidal luminance 
distribution is the ratio of the amplitude. a, of the 
sinusoidal modulation to the mean luminance. L, : 

where f. is the nominal frequency of the sinusoidal 
modulation. This is the definition of contrast most 
widely used in the spatial frequency literature. 

Any quantitative Fourier model of spatial fre- 
quency adaptation must specify the following: (1) the 
channel MTF-i.e. the spatial frequency sensitivity 
function of the adapting channel; (2) the stimulus/res- 
ponse characteristics of the channels: for instance, 
given the MTF of the channel. is its response propor- 
tional to the integrated power spectrum. to the mag- 
nitude spectrum, or some other property of the fil- 
tered stimulus? (3) How is the response of the channel 
related to its adaptation as measured by the relative 
threshold elevation function R(f)? 

These three questions are taken up m the following 
three subsections. 

If the visual system performs a strict Fourier analysis, 
the band-width of its channels will be infinitely narrow. 
Their response will be in proportion to the magnitude (or 
energy density) of the stimulus spectrum at the channel 
frequency. However. if spatial frequency adaptation is pre- 
sumed to be a consequence of neural activity in spatial 
frequency channels, then the frequency selectivity of the 
adaptation effect suggests that the channels themselves 
have a rather broad, band-pass characteristic. It is empiri- 
cally observed that pattern threshold is elevated at fre- 
quencies well beyond the spectral breadth of the adapting 
sinusoidal stimuli. 

The band-width of spatial frequency selectivity found in 
adaptation studies (Blakemore and Campbell, 1969) has 
been largely confirmed in studies of critical band masking 
(Stromeyer and Julesz, 1972), studies with frequency-modu- 
lated gratings (Stromeyer and Klein, 197% and studies of 
line detection and probability summation (King-Smith and 
Kulikowski, 1975). However, studies of the detectability 
of complex periodic stimuli consisting of two sinusoidal 
components (Sachs, Nachmias and Robson. 1971; Quick 
and Reichert, 1975) have suggested much narrower fre- 
quency selectivity. The various possibilities can be brac- 
keted by the following two cases. to be incorporated into 
the models below. 

(a) The channels are infinitely narrow-the channel 
designatedf, responds in proportron to some mnction of 
the stimulus Fourier transform at frequency f,. 

(b) The channel’s MTF is represented by the following 
function: 

MTF,&j‘) = exp[ - r-I)]. (5) 

This is a function of width about 1.5 octaves between (l/e1 
points, peaking at frequency fO. It is a slightly narrower 
function than the MTF proposed by Blakemore and 
Campbell* (1969) and represents a conxn-ative approxi- 
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marion to it. The exact shape of the proposed YTF will 
be unimportant to the results below.’ 

.Qimu/us. rerponsr churmrrisric 

It will be assumed that any given spatial frequency chan- 
nel responds in proportion to the integral over frequency 
of some functional of the filtered stimulus spectrum. In 
mathematical notation. if r,, is the response of a channel 
maximally sensitive to kequency fO. it is assumed 
that: 

rfo x ! -x FCCU’)~~TF,,(f)] df (6) 
0 

where’ C(f) is the spectral contrast function of the 
stimulus. r’ is some function, as yet unspecified, and 
MTF.- f fl is the MTF of the channel maximallv sensitive 
at fre~u&cv fW A stimulus’response of this form occurs 
in an electric circuit in which a response device, such as 
a voltmeter. is preceded by a linear filter. r,; corresponds 
to the reading of the voltmeter. the functional F determines 
whether the meter’s response is proportional to the RMS 
level or some other property of the input waveform, c(f) 
is the spectral representation of the input waveform and 
MTF,;(f) corresponds to the band-pass filter characteristic 
with peak sensitivity at frequency f,,. The form of the func- 
tion F has been considered in connection with the depen- 
dence of the system MTF upon the number of cycles of 
a sine-wave grating (Hoekstra, van der Coot, van den 
Brink and B&en. 197-t: Savoy and McCann, 1975). For 
present purposes, the following two simple forms of the 
function F will be proposed as representative. 

(a) First: 

Here, the spatial frequency channel responses will be sensi- 
tive to the filtered spectral contrast function of the stimulus 
luminance distribution.’ 

(b) Second: 

F[ C(flMTF,;(_/)l = [ CCf)MTFlo cf)] ‘. (8) 

Here. the spatial frequency channel response is sensitive 
to the “power spectrum” or spectral “energy density” of 
the filtered stimulus distribution. 

These two proposed forms will be incorporated into the 
models presented below. 

Relarion brr~veen channel response and relatice threslwld 
elevation 

The behavioural variable that will be used as a measure 
of spatial frequency adaptation is the relative threshold 
elevation R(f), defined in equation (1). 

It is an empirical result (Blakemore and Campbell. 1969, 
Fie. 4: Tolhurst. 1972. Figs. l-5). that relative threshold 
elevation rises very slowly with the nominal contrast cfO 
of an adapting sinusoidal grating. In fact, it is clear from 
their data that the relation between the maximum value 
of R(f) and cjO is well approximated by a power functon 

2 Below, a very weak dependence of threshold elevation 
upon channel response will be assumed. Therefore, slight 
deviations in predicted response due to slight variations 
in the form of the proposed MTF will be unimportant 
to the predicted threshold elevation. 

3 It is assumed that the spatial frequency channels do 
not distinguish between positive and negative frequencies, 
and thus all the spectral energy is assumed to be concen- 
trated in the positive frequencies. This accounts for 0 as 
the lower limit of integration in equation (6). 

‘If C(J) is complex, corresponding to an asymmetric 
stimulus distribution, the response is regarded as being 
proportional to the amplitude of the filtered spectral con- 
trast function. 

of the form R(f) = k(c,,)“. up to some saturating level, 
whereupon the adaptation increases no further. An esti- 
mated lower bound for the power function exponent as 
derived from the data of Blakemore and Campbell (1969) 
and Tolhurst (1972). is a value of 0.20. This value will 
be used below. It represents a conservative estimate, and 
any larger exponent would lead to a more striking rejec- 
tion of the models to be proposed. Thus, the relation 
between the relative threshold elevation. R(j,), of a channel 
with peak frequency sensitivity at& and the nominal con- 
trast c,; of an adapting gratmg of nominal frequency f‘e 
is assumed to be: 

R(f,) = k(~,,,)~.‘~ 

where k is a constant of proportionality. 

(9) 

Three Fourier transfbrm adaptarion models 

In the previous three subsections. two representative 
channel MTFs. two representative stimulus/response func- 
tions, and a relation between the relative threshold eleva- 
tion and the nominal contrast of a sine-wave grating stimu- 
lus, have been proposed. By crossing the two candidate 
MTFs with the two stimulus:‘response functions, four 

’ hypothetical channel response functionals are obtained. 
Each of these can be related to the relative threshold eleva- 

I tion function by means of equation (9). Two of these 
hypothetical response functionals yield identical predic- 
tions and therefore can be included in a single model. 

Model 1. In Model 1, it will be assumed that the ic- 
sponse of a spatial frequency channel of peak sensitivity 
at frequency /o is proportional to the integral over fre- 
quency of the spectral contrast function of the stimulus, 
weighted by the channel’s broad-band MTF: 

where r):’ is the hypothetical response of a spatial fre- 
quency channel at fO, under Model I. Under sine-wave 
grating stimulation. C(f, is proportional to cj”. the 
nominal contrast of the grating. In equation (9). it has 
been assumed that the relative threshold elevation is 
related to the nominal contrast by a power function with 
an exponent of 0.20. Thus, the relative threshold elevation 
of a channel will be related to its response by a power 
function of the same exponent. From equations (9) and 
(IO): 

x exp -411‘- fol dl‘ O.:O 
c fl f- l-l (11) 
L J’J” _I _I 

where Rj,” is the relative threshold elevation of a spatial 
frequency channel peaking at f0 due to channel response 

r/o 9 (‘I and k, is a constant of proportionality to be deter- 
mined empirically. 

Equation (11) represents the predicted relation between 
the relative threshold elevation of a channel with peak sen- 
sitivity at fe. and the spectral contrast function of the 
luminance distribution. When regarded as a function of 
fO. the functionals of equation (11) will yield an envelope 
function which will be identified as the predicted relative 
threshold elevation function under Model 1. 

Model 2. For Model 2. it will be assumed that the re- 
sponse of a spatial frequency channel, r):‘, is proportional 
to the integral over frequency of the power spectrum of 
the stimulus weighted by a broad-band MTF: 

Here the channel response will be proportional to the 
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square of the nominal contrast of the sine-wave gratmg 
stimulus. Thus, with the aid of equations (9) and (12): 

where R),” is the predicted relative threshold elevation of 
the spatial frequency channel peaking atjo, following adap- 
tation to a stimulus with spectral contrast function Cy). 
Considered as a function of fo. equation (13) represents 
the predicted relative threshold elevation for Model 2. 

Model 3. Model 3 assumes the existence of very narrow 
spatial frequency channels which respond in proportion 
to the amplitude of the spectral contrast function at the 
channel’s nominal frequency. 

(1-l) 

Since the amplitude of C(f,) is proportional to the nominal 
contrast for a sine-wave grating stimulus. equations (9) and 
(14) yield: 

Rlr’d = k,(r~;)“.*O = k,[C(fo)]o.20. (15) 

Here, R):’ is the predicted relative threshold elevation fol- 
lowing adaptation to a luminance distribution of spectral 
contrast C(Je) at frequency&. 

A fourth model would assume that a spatial frequency 
channel has narrow-band sensitivity around some fre- 
quency&, and responds in proportion to the value of the 
contrast power spectrum at frequency fo: 

rg x [CcfJJ’. 

With the aid of equations (9) and (16)s, it can be shown 
that the corresponding relative threshold elevation is iden- 
tical with that predicted by Model 3. as given in equation 
(15). 

Model 3 thus states that a spatial frequency channel 
at frequency f. will respond in proportion to the spectral 
contrast function or to the “energy density” at that fre- 
quency. 

These three models represent the simplest quantita- 
tive formulations of a Fourier transform theory of 
suprathreshold visual processing. They contain only 
the necessary elements for such a theory-specifica- 
tion of the channel MTF, a channel stimulus/response 
characteristic, and a relation between the channel re- 
sponse and an observable variable. The candidate 
MTFs and stimulus/response functionals represented 
in the three models were chosen to be broadly repre- 
sentative of proposals found in the spatial frequency 
literature. The assumed power function relation 
between channel response and relative threshold ele- 
vation is conservative in that it leads to a lower 
bound on the predicted relative threshold elevation 
following adaptation to a stimulus distribution. 

MJZHOD 

Stimulus generation 

Two kinds of luminance distributions were used as 
stimuli during the experiments-sine-wave modulation of 
a mean luminance level, and a bright, narrow bar superim- 

’ For a sine-wave grating, the response rj:’ will be pro- 
portional to the square of the nominal contrast. Then, from 
equations (9) and (16) 

R): = k, (r;;)“.‘o = k, [C(_/o)‘]o~‘” 

= k4C(fo)” ‘” = k4rj;’ = R;;‘. 

NEUTRAL 
TUNGSTEN 

SWWE 
DENSITY WRATTEN ; 
FILTER FILTER 

2~--!-_____l__l__\i 

ARTIFICIAL 
-q-J- PUPIL 

Fig. 1. Schematic diagram of the optics. Details in the text. 

posed on the same mean luminance level. In each case. 
the entire display subtended a square 1.75’ on a side, at a 
djstance of 286 cm from the observer. (Figure 1 illustrates 
the optical arrangements.) The display had a mean 
luminance of 4.63 cd/m*, with a black surround. Subjects 
viewed the display monocularly through a 3 mm artificial 
pupil. In order to prevent the formation of after images 
and to vary the absolute phase of spectral components, 
they were instructed to move their points of fixation back 
and forth slowly across the display during periods of adap- 
tation. 

A field of uniform luminance was produced on the face 
of a Tektronix 502 oscilloscope. with a P2 bluish green 
phosphor, in the manner described by Campbell and 
Green 11965). The uniformitv of the disnfav was checked \ I . - 

using a Pritchard Spectra Spot Photometer. 
Sine-wace modulation. Stable. sine-wave modulation of 

the uniform luminance field was produced by applying 
sinusoidal voltages to the r-axis input of the oscilloscope, 
and triggering the display with the same signal. The 
transfer function of the oscilloscope (nominal contrast of 
the sinusoidal modulation as a function of z-axis frequency 
and voltage amplitude) was determined with a scanning 
slit and the Pritchard Spectra Spot photometer. During 
the experiments, all modulations were kept within the 
linear portion of this transfer function, corresponding to 
nominal contrasts of less than 0.30. 

Spatial impulse. .Formally. an impulse is a Dirac delta 
function. In practice, as an input to a system. it is an in- 
tense signal, sufficiently narrow (or brief), so that its fine 
structure cannot be resolved by the system. Its Fourier 
transform is roughly constant within a range of frequencies 
determined by the resolving power of the system. 

The use of an impulse as an input to a system is impor- 
tant for at least two reasons. First, determining the impulse 
response of a system which possesses suprathreshold 
linearity is an important tool of linear systems analysis, 
since this response is the modulation transfer function of 
the system. Secondly, in the same sense that a sine-wave 
is the simplest of stimuli in the spectral domain, an impulse 
is the simplest of stimuli in the nonspectral domain--in 
the present case, the spatial domain. 

For the visual system a one-dimensional spatial impulse 
is a very narrows bar stimulus of high luminance. The 
Fourier transform of such a stimulus will be relatively flat 
within some spatial frequency range, as determined by the 
line spread function of the visual optics. 

In the present experiment, the spatial impulse was pro- 
duced by passing intense incandescent light through a nar- 
row slit of adjustable width. The light was subsequently 
passed through an appropriate neutral density filter, and 
through a Kodak Wratten 65 colour filter which approxi- 
mately matched the hue of the oscilloscope phosphor. With 
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the aid of a thin piece of flat g,lass. acting as a half-silvered 
mirror, the optical image of the impulse was suberimposed 
on that of the oscilloscope screen (see Fig. I). The impulse 
was placed at the same optical distance as the oscilloscope. 
and its long dimension. the vertical, subtended 1.75’ of 
visual angle. 

Except as specified for one of the control experiments, 
the luminance of the impulse as measured at the location 
of the observer’s eye, was 140 cd,‘m’. The luminance level 
was measured to be constant. within 12”/, over the length 
of the slit. The width of the slit was set to subtend 0.6’ 
of visual arc. 

There are two main sources of slit image broadening 
in the optics prior to the retina. First, back surface retlec- 
tions from the half-silvered mirror almost double the image 
width. Second, the optics of the visual system even for 
emmetropic subjects, will impose a nonneghgible broaden- 
ing of such a narrow image. Double passage ophthalmo- 
scooic methods Westheimer and Camnbell. 1962: Kraus- 
kopf, 1962) haves shown that for a focused eye and 3 mm 
artificial pupil. an upper bound for the line spread function 
is a half width of 1’ at half intensity. Investigations with 
laser interference fringes (Campbell and Green, 1965) and 
improved ophthalmoscopic methods (Campbell and 
Gubish, 1966) have shown that the line spread function 
is considerably narrower than this. 

In view of these considerations, a retinal line spread 
function of 2’ has been assumed. This means that the 
energy in the ideal image of the illuminated slit is assumed 
to be distributed uniformly over a corresponding retinal 
image of 2’ width. In Fig. 2, curves labelled 0.6, 10, 2.0 
and 3.0’. represent Fourier transforms of retinal images 
broadened to the width indicated. Broadening the slit im- 
age leads to a decrease in the frequency range for which 
the transform of the image is roughly constant. 

The assumption of a 2’ line spread function is regarded 
as an over estimate since each of the experimental subjects 
was able to detect peaks and valleys in sinusoidal modula- 
tion of more than 30 c/deg. At these frequencies, each cycle 
subtends less than 2’ of arc. 

The slit appeared as a single, bright. narrow filament 
superimposed on the background field of the osciIloscope. 

.5 

Table I. Paradigm of the main experiment 

Session 
No. Condition 

l-3 Training 
4 Adaptation to 5 c/deg sine-wave grating of con- 

trast 0.29 
5 Adaptation to 9 c/deg sine-wave grating of con- 

trast 0.26* 
6 Adaptation to 16.5 c/deg sine-wave grating of 

contrast 0.20 
7 Adaptation to vertical impulse of objective 

width 0.6 and luminance 140 cd/m’ 
8 Adaptation to horizontal impulse of objective 

width 0.6’ and luminance 140 cd/m’ 
9 Observation of nominal contrast threshold in 

the absence of pattern adaptation 

* In this condition. subject JG was adapted to 10 c/deg. 
rather than 9 c/deg. 

Experimental procedure 

The experimental paradigm consisted of nine separate, 
2-3 hr sessions, as listed in Table 1. The subjects’ task 
was to adjust the nominal contrast of sinusoidal grating 
stimuli to the threshold of visibility (method of adjust- 
ment), by turning the knob of a potentiometer that con- 
trolled the sinusoidal voltage amplitude applied to the 
z-axis input of the oscilloscope. 

The frequencies of the vertically oriented test gratings 
ranged from 2.2 to 20.0 c/deg. In each session, the nominal 
contrast threshold function was obtained over the entire 
range of frequencies. 

The first three sessions were for training. Subjects 
learned to make contrast threshold settings from below, 
in less than 20 set, and often less than 10 sec. 

Sessions 4-8 contained the various adaptation condi- 
tions. Each of these sessions proceeded according to the 
following schedule: 

(1) 15 min of brightness adaptation to the mean 
luminance level of 4.63 cd/m’; _ 

(2) a series of contrast threshold settings, two at each 
of the 14 test frequencies ranging from 2.2 to 20.0 cjdeg: 
These initial unadapted threshold settings were subse- 
quently used in the data analysis to establish the level of 
the subjects’ contrast threshold function; 

(3) a period of 15 min exposure to the adapting pattern 
for the session-e.g. in session 4, 15 min adaptation to 
a 5.0 c/deg sinusoidal grating of contrast 0.29; and 

(4) a series of contrast threshold settings, 4 at each of 
the test frequencies. Between each of these settings a 
period of 5060 set readaptation to the adapting pattern 

In (2) and (4) above, the test frequencies were presented 
order, with the constraint that adjacent frequen- 
be presented sequentially. 

In the ninth session, subjects made eight unadapted con- 

0 5 IO 15 20 25 trast threshold settings at each of the 14 test frequencies. 

SPATIAL FREQUENCY, F (cycles/degree 1 
These results were used to establish the subject’s contrast 
threshold function. 

Fig. 2. Spectral contrast functions for experimental stimu- 
Ii: those labelled 0.6’. 1.0’. 2.0’ and 3.e are the spectra 
of the spatial impulse (of objective width 0.6, and 
luminance 140 cd/m*) as broadened to the indicated widths 
by the optics. Spectra labelled (1.25’) and (7.5’) are for im- 
pulse stimuli of these widths but with luminance only twice 
the background luminance of 4.63 cd/m’. Spectra labelled 
5, 10 and 16.5 c/deg are those of the adapting sine-wave 
grating stimuli. In the latter, fine structure beyond the cen- 

Two control experiments required only sessions l-4, 7. 
9 and two separate condition&--adaptanon to an impulse 
and adaptation to a 5.0 c/deg grating, each of half the 
standard amplitudes. 

The nominal contrast of the adapting gratings in ses- 
sions 4-6 was chosen to be equal to the spectral contrast 
at corresponding frequencies for the vertical impulse of 
session 7, when optically broadened to a width of 2’. 

Spectral contrast functions of the three adapting gratings 
are shown in Fig. 2, labelled as 5.0, 10.0 and 16.5 #deg. tral bulge is not shown. 
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Subjecrs 

Three subjects were used. two in the main experiment, 
and one in the control experiments. All three were students 
of college age, two females and one male. and each naive 
to the experimental hypotheses. All three subjects were 
emmetropic. with normal colour vision, according to their 
most recent ophthalmological examination. Each was 
given more than 6 hr of training and thus was highly prac- 
ticed in the experimental task. 

RESL-LTS 

Method of analysis 

The adaptation conditions were designed to 
measure the effects of various adapting stimuli upon 
the contrast threshold function of the observers. The 
relative threshold elevation R(f), defined in equation 
(1). was the measure employed. This measure requires 
the use of both pre- and post-adaption data at each 
frequency. Because of time constraints. only a small 
sampling of pre-adaptation settings could be made. 
Accordingly, the following procedure was used for 
determining the unadapted contrast threshold func- 
tion for any given session. 

Session 9 was devoted to a determination of the 
unadapted contrast threshold function. The experi- 
mental points in Figs. 3(a) and (b) represent these 
functions for subjects TB and JG. In each case, these 
points were given a least-squares fit by a cubic poly- 
nomial function, the smooth curves shown in Figs. 
3(a) and (b). This cubic function was then used as 
the unadapted contrast threshold function in the 
analysis of data from the adaptation conditions, ses- 
sions 4-8. Because the unadapted threshold function 
appeared to drift up and down slightly from session 
to session, the vertical position of the cubic poly- 
nomial approximation was shifted in accordance with 
a least squares fit to the unadapted threshold data 
collected at the beginning of each session. This 
method for establishing the unadapted threshold 
function worked well for all frequencies but the low- 

L I , 

0 5 IO I5 20 

SPATIAL FREQUENCY, F (cycles/degree 1 

Fig. 3. (a) Subject TB: Nominal contrast threshold T(n 
as a function of spatial frequency 1; under conditions of 
no pattern adaptation. The points are geometric means 
of eight settings. The error bars correspond to k 1 S.E. 
of the log threshold values. The smooth curve is a least 
squares cubic polynomial fit to the points. (b) Same as 

in (a) for subject JG. 

-I!- 
SPATIAL FREQUENCY, F (Cy~!es’Ce9W3) 

Fig. A. Subject TB: (a) Relative threshold elevation R&-f) 
as a function of spatial frequency 1; for adaptation to a 
sine-wave grating of nominal frequency 3.0 c/deg and 
nominal contrast 0.29. Relative threshold elevation is 
defined in equation (1). The points are geometric means 
of four settings. The error bars correspond to &l S.E. 
of the difference in log contrast threshold before and after 
pattern adaptation. (b) R.&J as a function off br adap 
tation to a sine-wave grating of nominal frequency 9.0 
c/deg and nominal contrast 0.26. (c) R1&f) as a function 
off for adaptation to a sine-wave grating of nominal fre- 

quency 16.5 c/deg and nominal contrast 0.20. 

est. 1.2 and 3.0 c/deg. For these, the cubic polynomial 
approximation was found to be inadequate. For these 
frequencies, the hvo unadapted threshold settings, 
obtained for each frequency in each of the adaptation 
conditions, were used directly to establish the level 
of the unadapted threshold contrast. 

In Figs. 4-7, values of the relative threshold eleva- 
tion R(f) are always geometric means of four values 
of the ratio T,(f)/T,lf), minus 1. The measure of varia- 
bility corresponds to &- 1 S.E. of the diflerence (log 
XV-l - log GO). 

The higher estimates of variability at 2.2 and 3.0 
cideg are reflections of the aforementioned method 
for treating the data for these two frequencies. 

Adaptation to sine-wave gratings 

Figures qa), (b) and (c) show the relative threshold 
elevation functions for subject TB’s adaptation to 
sine-wave gratings of frequencies 5.0, 9.0 and 16.5 
c/&g respectively. 

In these plots, an ordinate value of 0 represents 
no effect of the adaptation. A negative value rep- 
resents an increased sensitivity following adaptation. 
No particular signifkance is attached to the few nega- 
tive values which do occur. It is assumed that they 
result from slight, intersession decreases in unadapted 

threshold, or from the variance of threshold settings. 
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Fig. 5. Subject JG: same as for Fig. 4. except that Fig. 
5(b) is for adaptation to a sine-wave grating of nominal 

frequency 10.0 c/deg and nominal contrast 0.25. 

Figures 5(a), (b) and (c) show the corresponding 
data for subject JG. 

Adaptation to the spatid impulse 

In Figs. 6 and 7, the data points, spanned by their 
error bars, represent the relative threshold elevation 
following adaptation to the spatial impulse. Notice 
that this adaptation is very slight when compared to 
the adaptation obtained with the sine-wave gratings. 
Where they occur, significant deviations from an 
ordinate value of 0 are small. For the two subjects, 
the maximum value of relative threshold elevation fol- 
lowing adaptation to the impulse was 0.80, whereas 
peaks of the relative threshold elevation functions fol- 
lowing grating adaptation ranged from 0.70 to 4.03. 

Analogous data, not shown6, were obtained for the 
spatial impulse in horizontal orientation. The effects 
of this adaptation were even less than for the vertical 
impulse. 

TESTS OF THE THREE FOURIER TRASSFORM 

ADAPTATION MODELS 

Equations (11). (13) and (15) represent explicit 
models which predict the relative threshold elevation 
following adaptation to arbitrary luminance distribu- 
tions. These equations contain the constants of pro- 
portionality 11-r. k2 and k,, which are determined 
empirically, using the data from the sine-wave grating 
adaptation conditions. 

6 Since adaptation to a horizontal impulse would not 
be predicted to affect the contrast threshold for vertical 
sine-wave gratings. these results are not of theoretical rele- 
vance to the present discussion. 

LR. 16. I?-D 
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Fig. 6. Subject TB: the data points. connected by straight 
line segments, represent the experimentally determined 
relative threshold elevation R(f) as a functton of spatial 
frequency f, following adaptation to a spatial impulse of 
objective width 0.6’. luminance 140 cd/m’. superimposed 
on a background luminance of 4.63 cd/m’. The points are 
geometric means of four settings. The error bars corre- 
spond to k 1 S.E. of the difference in log contrast thresh- 
old before and after pattern adaptation. The points, con- 
nected by dashed lines, at 5.0, 9.0 and 16.5 c deg are the 
predicted values of the three Fourier transform models for 
the relative threshold elevation following adaptation to the 
spatial impulse. The dashed lines represent interpolations 
between these points. The values predicted by Model 1 
are derived from equation (11) which represent a system 
of broad-band channels with response proportional to the 
filtered contrast spectrum of a stimulus, The values pre- 
dicted by Model 2 are derived from equation (13) which 
represents a system of broad-band channels with response 
proportional to the filtered contrast “power” spectrum of 
a stimulus. The values predicted by Model 3 are derived 
from equation (15) which represents a system of narrow- 
band channels with response proportional to either the 

contrast spectrum or “power” spectrum of a stimulus. 

To do so, the spectral contrast function Clf) must 
be specified for the adapting sinusoidal luminance dis- 
tribution. For an adapting sine-wave grating of ampli- 
tude a, nominal hequencyf,, spatial width w, super- 
imposed upon a mean luminance Le. C(fi is given 

(17) 
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Fig. 7. Subject JG: same as for Fig. 6. 
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Table 2. Relative threshold elevation constants 

Spatial Relative threshold 
frequency elevation constants 

f 

5.0 
10.0 
16.5 

5.0 
9.0 

16.5 

k, k2 k> 
Subject JG 

2.57 2.55 2.3 7 
2.79 2.71 233 
0.19 0.77 0.73 

Subject TB 
4.42 4.39 1.08 
1.28 4.25 3.96 
4.27 4.25 3.95 

Given C(fx and the corresponding peaks of the rela- 
tive threshold elevation functions, obtained from Figs. 
4 and 5, the constants k,, k2 and k,, can be solved 
for ‘. Table 2 lists the constants at each of the three 
adapting frequencies for subjects m and JG. Because 
they vary, not only behveen subjects, but between fre- 
quencies for the same subject, the adaptation charac- 
teristics of individual spatial frequency channels vary. 
These variations will mean that the three Fourier 
transform models are calibrated only for the specific 
spatial frequencies for which sine-wave grating adap- 
tation was measured. 

Finally, the three Fourier transform models can be 
tested by comparing their predictions with the empiri- 
cal results already presented 

The hypothetical relative threshold elevation func- 
tions following adaptation to a spatial impulse will 
be specified with the use of equations (ll), (13) and 
(15), and with the use of the constants in Table 2. 
The spectral contrast function for the adapting 2’ im- 
pulse is given by: 

C(f) = (0.30) si;;;;z;f). (18) 

This hmction is shown as the curve labelled 2.U in 
Fig. 2. 

The relative threshold elevation functions predicted 
by the three models, as a consequence of adaptation 
to a spatial impulse, are shown in Figs. 6 and 7 for 
subjects TB and JG respectively. In both cases, the 
relative threshold elevations at each of the three cali- 
brated frequencies is plotted for each of the three 
models. The dashed lines represent interpolations 
between the predicted values. 

Compare the three hypothetical relative threshold 
elevation functions with the empirical results for 
adaptation to the spatial impulse, as shown in Figs. 
6 and I. At every point, the hypothetical functions 
lie well above the error bars of the empirical data. 
It is clear, then that granting the assumptions of the 
experimental method, these. three models are falsified 

’ For Models 1 and 2. this computation ~ili require 
carrying through the integrations on the right of equations 
(11) and (13). To facilitate these two integrations. the fol- 
lowing two simplifying approximations were made: (1) the 
effective portion of the spectral contrast function for the 
adapting sine-wave gratings lies between its central two 
zeros, f0 f 0.57”. (2) Within the region f0 f 0.57’, the 
channel MTF is assumed to be constant and equal to I 0. 

by the empirical results. They may, accordingly, be 
reJected as completely adequate. 

Recall that these three models are of a minimum 
character. i.e. they contain only the elements necess- 
ary to a quantitative formulation. Furthermore, the 
specifications of the three models have been chosen 
to bracket most of the channel response functionals 
proposed in the spatial frequency literature. Finally. 
all assumptions made in the theoretical computations 
and in the methods of analysis are regarded as conser- 
vative, i.e. tending to favour the adequacy of the 
Fourier transform models. As applied to the analysis 
of narrow, luminous bars, then, this broad subset of 
Fourier transform models appears to be inadequate. 
Compared with the predictions of the models, there 
is virtually no adaptation to the spatial impulse. 

CONTROL EIPERNENTS 

Two factors that might complicate the foregoing results 
were considered in two control experiments with a third 
subject. Ultimately. neither factor affected the foregoing 
conclusions. 

Receptor twnlineuricl 

There is electrophysiological evidence (Sormann and 
Werblin. 1974: Bovnton and Whitten. 1970) that vertebrate 
photore&ptor$ respond linearly only over a limiied 
luminance range with respect to some mean adapting 
luminance. For instance, the primate cone response (Boyn- 
ton and Whitten, 1970) is linear for test Juminances only 
I-2 log units above or below the adapting background 
luminance. 

In the present experiment, the adapting spatial impulse, 
of width 0.6, had an objective luminance of 140 cd/m’, 
a factor of 30 greater than the background luminance of 
4.63 cd,‘m*, upon which it was superimposed. The possibi- 
lity thus exists that human photoreceptors respond non- 
linearly to intensities ranging a factor of 30 above 4.63 
cd/m2. Of course. if the retinal image of the impulse has 
been broadened to a width of 2’ by the system optics, 
as assumed, then the effective luminance w-ill have been 
reduced to 140 x 0.6/2 = 42 cd/m’. A luminance of 42 
cd/m’ represents less than one log unit diifcrence. from 
the background luminance of 4.63 cd/m’, and woufd be 
expected to lie within the linear range of human photo- 
receptors. 

However, as a partial check for the possibility of photo- 
receptor nonlinear response, a third subjecs JIG was 
adapted with a spatial impulse of objective luminance 70 
cd/m*. In other respects, this control experiment was iden- 
tical to the main experiment. except that calibration data 
were taken only at 5.0 c/deg and with an adapting contrast 
of 0.14. Accordingly, predictions of the three models are 
computed only for a frequency of 5.0 c/deg. 

In Table 3. the first two rows give the predictions of 
the three Fourier transform models for the relative thresh- 
old elevations following adaptation to spatial impulses of 
140 and 70 cd/m2, For each, the final two columns give 
the geometric mean of four data points, with the corre- 
sponding measure of variability (previously discussed). The 
hypothetical values are again too high in all Cases. 

The conclusion to be drawn from this control exper- 
iment is that photoreceptor nonlinearity does not account 
for the lack of adaptation to the spatial impulse. 

Power function transformation of‘ rhe stimuius distribution 

Stevens (1957) and others have shown thar the perceived 
brightness of a test target is related to the luminance of 
the test target by a power function relation. In the dark 
adapted eye. the exponent of the brighmess function 
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Table 3. Data from the control experiments with subject JK 

Condition 

Observed 
Predictions of Relative threshold 

Model 1 Model 2 Model 3 elevation at 5.0 c,‘deg: Error bar 

Impulse of 
110 cd m’ 1.05 0.90 0.74 0.15 0.04-1.25 

Impulse of 
70 cd,‘m’ 

Power function 
transformed 
impulse of 
l-10 cd: m2 

0.91 0.79 0.65 0.05 -0.060.1S 

0.76 0.63 0.60 0.15 0.0W.28 

remains constant at 0.33, except for very brief or very small 
targets (Mansfield. 1973). However, light adaptation pro- 
duces a steepening of the brightness function both follow- 
ing an adapting stimulus (Stevens and Stevens, 1963). or 
when the target is superimposed on the adapting back- 
ground (Onley. 1961). Stevens and Stevens (1963) obtained 
the following power function relation between brightness 
B and luminance L for light-adaptation to a luminance on 
the order of 4 cd m’: 

5 = 3.6 (L - 0.027)“.355 (19) 

where B is the brightness in brils, L is the luminance in 
cd/m’. 0.027 is a threshold value, and the exponent 0.355 
holds only for light-adaptation to a luminance of the order 
4 cd rn’, Their results were derived from brightness esti- 
mates of 2 XC test flashes subtending 5.7’ superimposed 
upon adapting background fields subtending 58’. They 
found that the power function exponent increased from 
0.33 to 0.44 as the adapting luminance varied from 0 to 
3400 cd/m’. The value of 0.355 is in accordance with the 
luminance of the background fields of 4.63 cd,m’ used 
in the current experimentss 

The possibility arises that the computations of the three 
models are not done upon the spectral contrast function 
Cy). but upon a corresponding function derived from the 
stimulus distribution followed by a power function trans- 
formation. It may be that the Fourier adaptation models 
apply m the brightness domain rather than in the 
luminance domain. 

’ Stevens and Stevens (1963) used large adapting fields 
and a natural pupil. These conditions yield higher values 
of retinal illuminance for a given mean luminance than 
the conditions of the present study. Accordingly. an esti- 
mate of 0.355 for the brightness exponent may be slightly 
high for use in the present work. However, any appropriate 
downward correction will have negligible effect upon the 
theoretical predictions of Table 3. 

’ When a target source is placed in proximity to a 
brighter “glare” source. the perceived brightness of the tar- 
get is decreased, but the exponent of its brightness power 
function is increased (Stevens, 1966). These effects are not 
relet-ant to the power function transformation of the spa- 
tial impulse because it is much brighter than the uniform 
background, but the point-by-point transformations of the 
sine-wave distributions may be affected because they vary 
both above and below the mean luminance. The latter pos- 
sibility is consonant with the finding that perceived con- 
trast varies as a power function of nominal contrast with 
comparatively hi_+ exponents (Franzen and Berkiey. 1975). 
Despite this possrble complication, equation (19) is used 
for the present computations because they are meant to 
demonstrate that even an extreme response compression, 
such as that represented by the relation between brightness 
and luminance. will not affect the general conclusions of 
this paper. 

A second control experiment was performed with subject 
JK. Here, all computations with the stimulus distribution 
were done following the power function transformation of 
equation (19)9. The standard impulse of 140 cd/m’ was 
used as the adapting stimulus. However, calibration data 
was obtained from adaptation to a 5.0 c/deg sine-wave 
grating of nominal contrast 0.14. 

In Table 3, the third row gives the relative threshold 
elevation predictions at 5.0 c deg, for the three Fourier 
transform adaptation models in the brightness domain. 
The final two columns give the empirical results. 

It is apparent that even when computations are done 
in the brightness domain, the hypothetical predictions of 
the three Fourier transform adaptation models greatly 
exceed the empirical values for the relative threshold eleva- 
tion. 

The conclusion to be drawn from the second control 
experiment is that the lack of adaptation to the spatial 
impulse cannot be accounted for, in the context of the 
Fourier transform models, by a power function transfor- 
mation of the stimulus. 

DISCCSSION 

Campbell, Carpenter and Levinson (1969) exam- 
ined the threshold for visibility of aperiodic patterns 
derived from sine-wave gratings-single half-cycle or 
“bar”, single full-cycle sinusoid, and edge between a 
sine-wave grating and a uniform field. Their work 
with aperiodic stimuli corresponds in kind to the 
work of Campbell and Robson (1968) with periodic 
stimuli. As with the latter, Campbell er al. (1969) 
found success in predicting the contrast threshold of 
the aperiodic stimuii from their spectral content. 
These results do not conflict with those of the present 
paper, since they represent evidence only for small 
signal linearity. The present experiments, like those 
of Blakemore and Campbell (1969), are concerned 
with the response of the visual system to suprathresh- 
old stimuli. 

A complicating possibility, suggested by Campbell 
er a[. (1969) is that the pattern threshold criterion 
might change with the form of the stimulus being 
detected. For example, a single bar might h detected 
by a peak-to-through detector, while a sine-wave pat- 
tern of a number of cycles might be detected by 
means of some spectral parameter. The present exper- 
iments are free of this complication since ail the data 
are derived from threshold settings for sinusoidal 
gratings. To the extent that the threshold mechanism 
remains constant for a given stimulus type, constancy 
of mechanism can be assumed throughout these ex- 
periments. 



In two of thcti experiments. Sulliw~ G~~qesan 
and @tie? j1973 atrtmpt& to ;LSXSS rhc &ects an. 
the relative ~~~~~d elevation function of adaptation 
to bars of width 7.5’ and 1.3’. They have report,& 
stighhr adaptation to t&se stimuli. not urrlike that 
shunt here in Figs. 6 amI 7. and not exceeding r&- 
ti:T thresh&! elei&nn-, ol 0.3. linbnunstel~-. the 
luminance ol their ddap~n~ bars w.z *I iuw [hat. the 
corresponding spectral ;unatc~~ ~oulii not 3~ 
rt~pec%xl to produsx substmtiai a&apt&m. They 
used bars whose peak intensity was less rhan twice 
the background &tteeilsity. In Fig. 2. sptctral functions 
for bars ol 1.X ;md 7.5’ wiclth.. and peak titensitv 
t&x the rn.ea~~ is,tensity of 4.63 cd/in”. are shown. 
These Furtctiuns arc- I&&d [!.25’) ;riid (7.5’). Both of 
these functians lie well below the spectra1 hmctiun 
for the adapting impulse used in tfie prcsenr exper- 
imznts. 

W~isisstein and Bisahs (1972) used a forward mask.. 
ing paradigm. They t~amined the effect of masking 
with square-wave gratings or single dark bars upon 
~~~~~~ &tsrirnates of rk contrast of ~b~qu~tl~ 
presented tike stimuli. The bars were dark halkycles 
of quare-waves, and had widths of 2’, 3’ and 10’. 
The spec~r;ll contrast functions of these bars are simi- 
lar to those of Sullivan et nt. (1977). a& thus wouid 
not be expected to have strong aclaprinp or masking 
etIecrs, according to the Fourier trm5forrn models of 
this paper. Thus. the ob%rvaticm of Wtissteti and 
Bisaha &at a dark bar masks a grating_ uniformly 
ow the grating field, is hard to interpret III the con- 
text of the Fourier models. 

The prece&ng analysis anA cixperirnents argue that 
q~l~~~i~ti~e Fourier transform rnocirls for the pr+ 
ccssing of suprathresbold visual patterns make predic- 
tions of the corresponding visual response which are 
not con&&. These models p~~!kt strong spa&l 
Erequency adapmion folIotig expwre to a spatial 
impulse ccmtaineld within 8 fovea1 field of 1.75’ by 
1.75’. Despite the spixtral richness of tie impulz 
however, only slight adapraticrn was observed, These 
results suggest that, $31 iisuaf fieids ~$2’ dia or more, 
rnod~~t~o~ transfer iunction approach cannot IX 
applied in a simple way, to the visual processing of 
aperiodic stimuli. 

It may be possible to interpret the la& uf spatial 
Pequency adaptation to the spatiai impulse a5 UI 
extreme case of what Tothurst (1972) and Dealy arid 
Tolhurst [1974) term “inhibition between spatial Fre- 
quency channels”. Tofhurst 11972) round that the reta- 
tive threshold eleWion produced by adaptation to 
a square-wave was Iess than the summed effects of 
its constintent Erst mb third harmonics, presented 
independent&, He. hypothesized that, at suprathresh- 
old levels of response, bqatial frequency channels exert 
mutual inhibition upon each atber, For lhe sase of 
the impulse, Fourier mod& would predict that ti 
ISIW &-equency channels should rewnd vi~or~us$ 
hence, perhaps, generatiq a great deal oP mutual ITI- 
h&i&n. This inhibition of response might accwml 
53: the §u~~u~t lack of ~~~t~nn. ~~~~~ this 
explanation of the pwzxt results must be considered 

-.- 
‘“The a~@ixlde fen&on OC ti Fotmer transform is 

inveriant im&r spaiial translatia3. hzit the phazz tin&n 
1s no1. 
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ties. they have suggested that pattern detection may 
be modellsd by an ensemblz of centre-surround 
receptive fizlds. varqtig in rrsponse profile and pos- 
ition in visual coordinates. .A linear receptive field 
mod21 assumes point-by-point convolution of tht 
stimulus luminance distribution with a rrceptive field 
response profile. The receptive fields will. in general. 
differ in shape from point to point and, in thr simplest 
case, be independent. If each is regarded as a separate 
channel. it is no longer appropriate to assume a spa- 
ce-invariant line spread function and the modulation 
transfer function is no longer defined. 

For a receptive field channel located at position 
x0 with response profile W,, (x - .x0), th2 response 
to an arbitrary luminance distribution L(X) is given 
by: 

For a d.c. independent unit, th2 response to a sinusoidal 
luminance distribution of the form given above is: 

R,, = ai~~,~o(f‘)cos [Z$Y, + 6 + +,(f)] (1’) 

where &f,_(f) and d,,,m are thz magnitude and phase 
functions. respectively, of the Fourier transform of the 
response profile. Consider th2 differences between 
equations (20) and (12). In the former, .X is a con- 
tinuous variable and the system response is later 
defined to be related only to th2 factor aMTFm. In 
the latter. x,, identifies the spatial location of a chan- 
nel, and its response is represented by the entire ri_ght 
side of equation (32). The response of the receptive 
field channel thus depends not only on the frequency 
f of the stimulus distribution, but also on its phase 
6. This dependence represents the fact that some 
receptive fields are optimally aligned with the stimu- 
lus, while others are out of phase with it. 

The MTF approach may be translated into the lan- 
guage of linear receptive fields by assuming that all 
receptive fields of a given response profile type feed 
into a sing12 “channel” whose frequency selectivity is 
determined by the frequency response of the indivi- 
dual inputs. In this case, the position x0 in equation 
(32) can be regarded as a continuous variablz and 
the response of the “channel” is dependent upon th2 
factor ~Lf,~,,(f‘). Although Hubs1 and Wiessl (1965) 
have postulated the hierarchical convergence of simi- 
lar units in the visual tortes to yield higher ordrr 
receptive fields. there is little evidence for the kind 
of global. space-invariant rsceptive fields rzquired bj 
the lMTF approach. 

In this connection, the physiological models of 
piecewise Fourier decomposition in the visual cortex 
(Pollen and Taylor. 1974; Pollen and Ronner, 1975; 
Glezer, Ivanoff and Tscherbach. 1973) have been 
examined by Robson (1975). and found to b2 of only 
limited. qualitative utility. 

The receptive fizld model is most easily treated in 
the space-domain. Here, collaborative effort between 
cells such as probability integration (King-Smith and 
Kulikowski. 1975). or response integration (Stromeyer 
and Klein. 1975) may be explicitly postulated and 
tested. The MTF appraoch is most appropriate to 
a frequency-domain analysis in the case of linear, 
space-invarlant systems. Th2 results of the experi- 
ments reportsd in this papsr. together with electro- 

physiological data suggest that this is not th2 cdS2 
cvith the human visual system. 

A quantitative formulation of the receptive field 
model requires the specification of a number of par- 
ameters for the description of the receptive fields. 
These include characterization of thr response pro- 
files in terms of thr number and width of excitatory 
and inhibitory zones, the position and orientation of 
receptive fields, and the distribution of receptive field 
types. Such a formulation must also specify how the 
ensemble of receptive fields participate in the deter- 
mination of psychophysical thresholds. Work in pro- 
gress by the author indicates that many spatial fre- 
quency phenomena can be accounted for by such a 
quantitativ2 formulation. 

Qualitatively, th2 receptive field model easily 
accounts for the lack of adaptation to the spatial im- 
pulse. According to it. a relatively small number of 
pattern drt2cting receptive fizlds are stimulated, and 
adapted. by the narrow luminous bar. The unadapted 
majority are left to detect the test sine-wave gratings. 
If eye movements are considered, non2 of the recep- 
tive fields are stimulated for more than a small por- 
tion of th2 total exposure time, but perhaps enough 
to produce the slight adaptation actually observed. 
In contrast, under full field adaptation to periodic 
stimuli. all of the hypothetical fovea1 receptive fields 
would b2 exposed for the entire adapting duration. 
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