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Abstract 

In recent years much attention has been 
given to the advantages of multiple 
resolution pre-processing methods in 
computer vision. There is strong 
evidence that the parallel extraction of 
luminance changes over different spatial 
scales also occurs in human v isual 
perception. The first experiment 
confirms the strong evidence that 
responses to low resolution signals can 
be elicited as much as 100 msec faster 
than to high spatial frequency stimuli 
of the same contrast. A further 
experiment measured the reaction time to 
discriminate the relative phase of the 
higher frequency component of a 
luminance grating comprising a 
fundamental and its second harmonic. It 
was found that the decision can be made 
more rapidly when the fundamental is low 
than high frequency. On the assumption 
that the gross structure of spatial 
forms 1S conveyed by low spatial 
frequencies. this supports the idea that 
the substrate for the subjective 
1mpression that rough descriptions of 
v isual forms precede detailed 
perception. is the progressive increase 
1n response time with frequencv. of the 
v isual mechanisms implementing spatial 
filtering. 
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Introduction 

~Ji thin 
changes 
scales. 
general 

most natural scenes. intensi ty 
occur over a " range of spatial 
so it has been suggested that a 

purpose vision system may 
require some form of ea~IY 
representation that captures and makes 
this explicit. Over the past decade a 
number of multi-resolution schemes have 
been described in the image processing 
literature. [1.2.3.4.5.6]. 

Over the same period and independently, 
considerable empirical evidence has been 
amassed from both psychological and 
neurophysiological research, supporting 
the idea that a form of multiple 
resolution representation is employed in 
the early processing stages of 
biological visual systems. It is 
asserted that at each point in the 
retina there exist several 
sensitive mechanisms each 
luminance changes over a 

contrast 
detecting 
different 

spatial scale. As spatial scale is 
equivalent to spatial frequency (for 
signals containing a single frequency 
component) the neural mechanisms can be 
described as filters in the spatial 
frequency domain. The simplest model of 
the filter impulse response is the 
difference of two circularly symmetric 
Gaussian functions. The output of a set 
of filters tuned to the same frequency, 
covering the entire retina is termed a 
channel, and is equivalent to the 
parallel convolution of the image with a 
single operator. Each channel is assumed 
to act independently of any other, hence 
this processing scheme is known as the 
multiple independent channels model [7J. 

The independent channels model has been 
remarkably successful in predicting 
contrast thresholds 1n a variety of 
laboratory experiments, and in 
generating a great deal of further 
research attempting to specify the 
spatial filter characteristics. However 
little attention has been given to their 
organization, function or utility. A 
description of the properties of 
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individual mechanisms is insufficient to 
explain the fundamental problems of 
shape description and ob jec t 
recognition. 

Earlv papers proposed that the 
hypothesised neural filters implement 
spectral analysis. If phase information 
is discarded it would then be possible 
to perform pattern recognition with 
translational invariance, and if 
reference templates are stored and 
matched in terms of the ratio of 
frequencies. with size invariance [8,9J. 
However there are several objections to 
this notion. Spatial phase is of 
cardinal importance to the visual 
system. It is still possible to 
recognise objects if amplitude 
information is discarded by equalizing 
all components, provided phase 
information is preserved [10J. The one 
octave bandwidth of the filters is too 
great to permit high resolution spectral 
analysis, and furthermore, while Fourier 
Transform based methods may permit the 
recognition of Simple shapes presented 
in isolation. it would be much more 
difficult to acheive more complex tasks 
such as scene segmentation in the 
frequency domain. 

Marr and Hildreth [11] propose a space 
domain function for spatial frequency 
filters, in which at each image 
location. mechanisms tuned to different 
frequencies provide independent evidence 
of luminance changes over different 
scales. This information is then 
integrated in local oriented edge 
detector units. Critical problems with 
this scheme are the alignment of the 
output from different operators, its 
performance on blurred edges and its 
performance in the presence of noise. 

In this paper the bank of spatial 
filters will be considered as a multi
resolution pre-processing front end, 
which provides a rich description of 
luminance changes over a range of 
spatial scales, upon which higher level 
interpretive processes may operate. 

An advantage of pyramidal processing 
schemes in computer vision is the 
possibility of information flow in 
several directions within the data 
structure (12]. Projection operations 
permit information acquired at low 
resolution to guide processing at higher 
levels. For example in matching 
applications it seems an efficient 
strategy to rapidly discard the ma x imum 
number of incorrect alternatives by 
first matching at a coarse level of 
resolution, saving the more 
computationally i ntensive high 
resolution processs for a reduced set of 
alternatives. Similarly in shape 
analysis it is more efficient to first 
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locate the appro x imate boundaries of the 
form with a coarse analysiS before 
focussing local operations on optimal 
regions. Data flow in the oPPosite 
direction involves the integration of 
high resolution information and its 
reduction to lower levels, ego block 
Quantization. Lateral processing is 
restricted to a single level. It is not 
known whether there are such 
interactions between the levels of the 
multiple resolution stucture of the 
human visual system but it is well 
established that the temporal properties 
of low spatial frequencies channels 
differ from those tuned to higher 
spatial frequencies in that the former 
mechanisms e~hibit a greater sensitivity 
to temporal transients [14J. Low spatial 
frequency mechanisms behave as 
derivative operators to temporal changes 
in contrast while high spatial frequency 
mechanisms operate as temporal 
integrators. Hence the possibility is 
raised that the output of each spatial 
frequency channel is produced 
asynchronously. 

Intuitiv.ely it appears that on first 
glance of a scene, we obtain an imme
diate rough impression Ot the approxi
mate forms, locations "and extents of 
the principle objects. Perception 
rapidly becomes more detailed over time 
[14J. This form of global precedence can 
be interpreted in terms " of the 
independent channels model as the 
progressive acquisition of representa
tions of increasing spatial frequency. 
Immediately after stimulus presentation 
only the blurred output of low spatial 
frequency filters is available, and over 
a fraction of a second the image repre
sentation is sharpened by the addition 
of higher frequency components. It is 
not known whether this phenomenon has 
any utility in terms of neural implemen
tations of projective multi-resolution 
algorithms, or whether it is merely a 
processing bottleneck, a dysfunctional 
epiphenomenon. 

The idea of asynchronous parallel 
channels has several interesting conse
Quences, two of which will be addressed 
empirically in this paper. The first is 
that the visual detection of stimuli 
containing lower spatial frequencies 
should be faster than of stimuli 
containing only higher frequencies. 
Secondly, visual discrimination should 
be faster if the stimuli differ in their 
low spatial frequency content than if 
t hey only differ i n their high frequenc y 
content. 

Experiment 

The first experiment measures simple 
reaction time (sRT) to the presentation 
of sine wave gratings. replicating a 
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result obtained b y Breitmeyer (15). The 
stimulus is the abrupt appearence of a 
luminance grating displayed o n a CRT 
screen. The obser ver ' s tas~ is t o 
indicate his detection of the change 
from a blan~ to Cl luminance modulated 
screen by pressing 
Quic~l y as possible. 

a microswitch as 

A ver y simple model of the subject ' s 
performance in the reaction time tas ~ 

comprises two components. a sensor y . and 
a motor stage. On the abrupt 
presentation of a visual stimulus it is 
assumed that only those spatial filters 
tuned to the stimulus produce a sensory 
response. and that their response 
magnitude follows some growth function. 
increasing over a short duration 
following stimulus onset . The decision 
to press the microswitch is ta~en when 
the perturbation of the sensory output 
function e xceeds a criterion v alue. The 
duration of motor response is assumed t o 
be constant (approx. 100 msec) . 
independent of sensory factors including 
the spatial frequency of the stimulus. 

The total sRT is the sum of the 
durations of these two stages. An y 
variation in the empirically obtained 
latencies with stimulus spatial 
frequency can therefore be entirel y 
attributed to differences in the time 
taken for the outputs of the spatial 
filters to exceed some criterion level. 
The stimulus is a one dimensional 
luminace function sinusoidally modulated 
about a mean level. This is spread ver

high 
the 

tically on the screen by a 
frequency oscillator to give 
appearence of a vertical grating. 

Results for one subject at two contrast 
levels are shown in Figure 1. It should 
be possible to obtain estimates of 
sensory latency from the sRT va lues by 
subtracting from them the constant mo tor 
time. It can be seen that there is 
indeed an increase in the time course of 
response with increasing stimulus 
frequency . A response to the detection 
of a low contrast 9 cpd grating is not 
made until UP to 100 msec after that to 
a O.S cpd stimulus of the same contrast. 
It can also be seen that reaction time 
decreases with lncreasing stimulus 
contrast and the e Mtent of the spatial 
frequenc'l 
dlminishes. 

based 
On 

time 
the basis 

difference 
of the 

assumpt i ons made 
tal-'en to impl y 
tuned to higher 
latencies than 
tr' '?Quenc les. 

Evperiment 2 

above. this 
that spatial 

fr equencies ha v e 
those tuned to 

can be 
filters 

l o nger 
lower 

Ha vl ng c on~irmed the evidence for 
temporal as v nchronies between spatial 
frequenc y channels in a detection task. 
it was declded to investigate whether 
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Figu.re 1. Reaction Time to sinu.soidal gratings 
for one subject at 2 contrast levelS 

19 

the effect transfers to discrimination. 
Most natural visual stimul i do not 
comprise a single frequency component 
but complex spectra. Furthermore it is 
the phase rather than the amplitude 
spectrum that determines shape 
recognition (10), Therefore a choice 
Reaction Time (cRT ) task was chosen 
requiring the discrimination of the 
relative phase of a two component 
compound grating. If channel asynchrony 
imposes de~erministic delays on the 
transmission of information then 
decisions based on higher frequency 
inf o rmation should be delayed relative 
t o those based on low spatial frequency 
information. 

The stimuli used in the experiment were 
the first two sinusoidal components of a 
square wave. added in either square wave 
or triangle wave phase. The luminance at 
each point. L (x) is gi v en by Equation 2: 

L (x) Lm + c sin(2Pif + Phi!) 
+ c /3 sin(2Pi3f + Phi2) 

(Equat
ion 2) 

where Lm is mean luminance. and c.f and 
Phi are contrast frequency and phase 
respecti vely. Their luminance profiles 
are shown in Figure 2. Observers had to 
identify each stimulus as rapidly as 
possible. The model for the performance 
of the cRT task is similar to that for 
sRT except that a discrimination process 
must inter vene between sensory detection 
and the initiation of the motor 
response. A motor response can only be 
initiated after the detection of the 
third harmonic and the discrimination of 
its phase relative to the fundamental. 
Assuming the speed of phase 
discrimination is constant with spatial 
frequency. it should not be possible to 
make the discrimination until the higher 
frequency information has reached the 
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Figu~e 2 Examples of the luminance 

profiles of the stimuli used 
in Experiment 2. 

decision 
should be 
time with 
solely on 
inc~ease 

time to 

mechanism. Therefore the~e 

an increase in choice ~eaction 
frequency that should depend 
sensory delay and should 

at the same ~ate as ~eaction 

detect the high f~equency 

component p~esented alone. 

Each stimulus was the sum of two 
sinusoids separated in f~equency by a 
facto~ of three. In each block of trials 
the same fundamental f~equency was 
always presented, but the ~elative phase 
of the harmonic ~andomly varied between 
eithe~ 0 or Pi on each t~ial with equal 
probability. The subject was given two 
~esponse keys, one assigned to each 
alte~native, and inst~ucted to indicate 
the pe~ceived phase relationship as 
~apidly as possible by p~essing the 
app~opriate switch. The subjects we~e 

also p~esented with the third ha~monic 
stimuli in isolation in a sRT task. 

Figu~e 3 shows the ~esults fo~ 4 
subjects. The inc~ease in sRT with the 
frequency of the thi~d harmonic stimuli 
follows the patte~n of Expe~iment 1. The 
~esults fo~ the cRT task a~e plotted in 
te~ms of the frequency of the thi~d 

ha~monic. Phase disc~imination fo~ the 
low 
to 
than 
If 

frequency compound stimuli appea~s 

take approximately 80 msec longe~ 

detection of its slower component. 
this ~eflected the additional 

complexity of the phase disc~imination 

decision then reaction time to the high 
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Figure 3. Results of Experiment 2 illustrating Resction Time 
as a function of Spatial Frequency for 4 subjects. 

Closed circles represent mean Simple Resction 
Times to Single com_t gratings. 

Open circles represent mean choice Reaction 
Times for correct r~ in the speeded phase discrimination 
task. The symbols are plotted against the frequency of. 
the third harmonic component of the compound stimulus. 

f~equency compound would be expected to 
show a similar additional delay. However 
the su~p~ising ~esult is that the the 
~elative phase of the thi~d ha~monic can 
be disc~iminated as rapidly as the 
detection of the same stimulus p~esented 
in isolation. 

It appea~s that the slope of the cPT 
function is more nearly pa~allel to that 
of the sRT function if plotted in te~ms 

of the f~equency of the fundamental. 
~athe~ than the thi~d ha~monic. The 
shallower slope follows the Shall ower 
inc~ease in sRT with frequenc y at l owe~ 

spatial frequencies and highe~ 

cont~asts. One possible explanation fo~ 

the anomalous ~esult of Expe~iment 2 , 
the~efo~e is that the pe~fo~mance of the 
task is based not upon disc~iminati on of 
~elative phase but upon discriminati o n 
of the peak to peak amplitudes o f the 
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Figure 4 Examples of the luminance 

profiles of the stimuli used 
in Exper iment 3. 

waveforms . Although the contrasts of the 
two freq u enc y components are the same in 
bot h phase relationships, the ratio of 
the difference of image ma xi ma and 
minima between the square wave and 
triangle wave i s 1.41. So subjects could 
have been responding to the stimulus on 
the basis of global contrast rather than 
relati v e phase. Therefore it was decided 
to repeat the experiment with a 
condition in which pea k to peak con t rast 
is con tro lled. 

E ~ periment 3 

In thIS e ~p eriment the stimulus i s a 
compound o f a fundamental and a sec ond 
"'",rmonic c,f equal contrast. The the 
lumlnance at each point is given b v 
EqUatlc·n 3 : 

L. I ~; = L'l' + C sin (2 Pif x + Phi!) (Eq uat-
• c s ln l2Pi 2f~ + Phi1 ) ion 3) 

The 1'_IInil ' 3nce pr ofI le of stimu li in the 
t W0 phase r e lat lonships and two 
fundamenta l fr eqUencIes are shown in 
Figure 4. It can be seen that global 
C0"trast c ann o t be Llsed as a cu e as the 
stImull ar e rel ated b y a reflection. sRT 
t o ~he s ec ond ha~m~nlC stimuli D~esented 
In lso l ati0n was also measured . 
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Figure 5. Results of Experiment 3 illustrating Reaction Time 
as a function of Spatial Frequency for 2 subjects. 

Closed circles represent mean simple Reaction 
Times to single component gratings. 

Open circles represent mean choice Reaction 
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Times for correct ,espon'" in the speeded phase discrimination 
task. The symbols are plotted against the frequency of. 
the second harmonic component of the compound stimulus. 

Th~ results for two subj~cts are shown 
in Fig 5. The increase in cRT is 
parallel to the increas~ in sRT with 
spatial frequency. Thus when global 
contrast is removed as a cue there does 
indeed appear to be an increase in the 
time taken to perform a discrimination 
task when the decision has to be based 
upon the high rather than low spatial 
frequency content of the stimulus. 

Discussion 

Experiment 1 provided strong evidence 
for the idea of asynchronous detection 
of spatial frequency components when 
pr~sented in isolation. Low frequency 
stimuli can be detected up to 100 msec 
faster than high frequency stimuli of 
the same contrast. That contrast also 
increases detection time further 
supports the idea of global precedence, 
as the amplitude spectra of most natural 
stimuli are low pass. Thus th~ idea of 
asynchronous channel operation can be 
v i~wed as providing a computationally 
explicit explanation of the intuitive 
observation of global precedence. 

Assuming it is possible to predict the 
detectibility of any stimulus at a 
constant mean luminance given a 
knowledege of the frequency spectrum of 
the stimulus and the observer ' s 
modulation transfer function, it should 
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slmilarly be possible to predict v isual 
consplcuit y and the gr o wth o f detail 
percepti o n o v er the first few mo ments o f 
lnspecti o n of an y s t atic v lsual 
stimul u s. f rom a k n o wledge of its 
Fo ur i er spectr u m and the o bserv e r ' s 
reaction time perf o rmance. The results 
o f E xperiment 3 are also enc ou raging. 
illustrating that frequenc y r elated 
detecti o n latenc y di f ferences tr ans f er 
t o a discriminati o n task. 

Ho we ver the anal o g y between c o mputer 
v ision and human multi - reso lution 
s y stems is far fr o m perfect. One ma jor 
pr o blem is raised b y the results o f 
Ex periment 2 . While t her e i s good 
e v iden c e f o r t nd i~ idual spatial 
frequenc y c o mponents being detected 
independentl y at thres ho ld c o ntrast. t he 
e v idence is n o t c o mpell i ng fo r 
s u pra t hreshold stimuli. Assum i ng t hat 
the c han nels ha v e a bandw i dt h o f 
appr ox imatel y 1 octa v e it should n o t be 
possible to integrate energ y fr o m two 
frequenc y components separated by a 
factor of 3. That this appears to ha v e 
occurred in Experiment 2. enabling 
gl o ba l contrast t o be used as a cue in 
the discrimination task. implies that 
channel bandwidth in some way increases 
with stimulus contrast . If this is so it 
seriousl y weakens the idea of 
independent channels. 
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