
AD AQ77 916 MASSACHUSETTS INST OF TECH CAMOR IDSE ARTIFICIAL INTE—-Elt F,6 6/16
EVIDCNCE FOR A FIFTH.

rCLASSWI~~~~~
,!! M

.
~~~~~~~~~~

T H , T 0
~~~~~~~~~~~~

001 0,3

I

I

p



IO  L ;~I. L —

____  
L~ L~ I::
~ 

I—

I I~~ 111118

1.25 14 III l c ’~
_____ UI



£ I —~~~ 
-

~ 
-

~

-...-.. -

UNCLASSIFIED ~ L’~’ (1~~SECURITY C L A S S I F I C A T I O N  OF THIS PAGE (iPli a,, 0.i. £nhif)~~~

REPORT DOCUMENTATION PAGE BEFORE COMPLETiNG FORM
1 REPORT NUMBER ~~i. GOVT ACCESSION NO 3.~~~Z~~IPIENT S CATA L OG NUMBER

A l . Memo 541
4. T iT L E (*td btiti.) ~fie.o~~’r aPEmoD cqvEREo

~~ ~
‘Evidence for a fifth, smaller channel in early \ memorandum ~~~ t 7

~~~ 
human vision — — J

4 — a—
/ S. PERFORMING ORG. REPORT NUMBER

— __________7. AU THOR (S) 
d 

s.’~cONT.~~cI oft

~~~~~~~ 
(

~ ; D.~Narr, E.JRildreth. T.JPoggio ‘ Øl4—75—C,~O
’643~ —

~ )f~~~
Cs77-1ø7569 -~

9. PERFOR MING ORGANIZATI ON N A M E  AND ADDRESS 10. PROGRAM £I..EMENT. PROJ ECT, TA SK

Artificia l Inte ll i gence Laboratory / AREA & WORK UNIT NUMBER S

545 Technology Square / ~
Cambridge , Massachusetts 02139 

— 

~~~~~ 

~T_- L .LJ
II. CONTROLLING OFFICE N A M E  A N D  ADDRESS , 12

Advanced Research Projects Agency ‘ f f ~~~~~~~79 / 7 $ .4

1400 Wilson Blvd ~3 NUMBEROF PAGES

Arlington , Virg inia 22209 8
4 NONITORIt4 G AGENCY NAME A ADDRESS(ii diU.roni froa, Conttollin9 Ollic.) IS. SECURITY CLASS. (at (Al. taporf ~

Office of Nava l Research UNCLASSIFIED
Information Systems ____________________________
An ington , Virg inia 22217 4S•. ~~~~~~~~~~~ IcA1toN/oowNGRA olNG

- 
15. DISTRIBUTION STATEMENT (at this F(.por t) t~ i: C

Distr ibu tion of this document is unlimited . fl

~~ ~~~~~~~~~~~~~~~ 
j  
/ 

J
~~~~EC 12 1919

I?. DISTRIBUTION STATEMENT (at A. .b.t ,act .nt.t.d in Block 20, Ii ditt.,an i from R.port)

A L~.
/

1>- I, 
_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

~~~~
. ) IS. SUPPLEMENTARY NOTES

None

19. KEY WORDS (Cenihw• on ray.,., aid. H n.c ...my ond id~~etity by block nu~ib.r)
LJ....~ \ zero—crossings

spatial frequency channels
visual acuity

~~~~~~~~~

2O~.~ A S5T RA CT (ConIifiu. on ,av.,ia aid. IS ,,.c...sty ond ida,~Iit7 by block ~ umb.r)

Recent studies in psychophysics and neurophysiology suggest that the human

visual system utilizes a range of different size or spatial frequency

tuned mechanisms in its processing of visual information. It has been pro—

posed that there exist four such mechanisms, operating everywhere in the

visual field , with the smallest mechanism having a central excitatory width
of 3~V’D4-...arc in the central fovea. This note argues that there exists in—

-~ direct evidence for the existence of a fifth, 
smaller channel, with a central

width in the fovea of ~~~~~~~~~

DD 1 j AN 73 1473 EDiTiON Or i NOV S51OPSOLtT E~~ ~~~~~~ UNCLASS IFIED 
-

SECURITY CLASSIFICATION OF THIS PAGE (ESIm, DWA ~~~IS, d)



-. ~~ *~~: ~~~~~~~~~~~~~~~~~~~ 
- -  -

a
MASSACH USETTS INSTITUTE OF TECHNOLOGY

ARTIFIC IAL INTELLIGENCE LABORATORY

A. I. Memo No. 541 August, 1979

EVIDENCE FOR A FIFTH , SMALLER CHANNEL

IN EARLY HUMAN VISION

D. Marr , E. Hildreth, and T. Poggio

~4BSTR.4CT Recent studies in psychophysics and neurophyslology suggest that the
human visua l system utilizes a range of different size or spatial frequency tuned
mechanisms in its processing of visua l Information. It has been proposed that
there exist four such mechanisms , operating everywhere In the visual field, with
the smalles t mechanism having a central excitatory width of 3’ of arc in the
central fovea. This note argues that there exists indirect evidence for the
existence of a fifth , smaller channel , with a central width in the fovea of 1.5’.

This report describes research done at the Artificial Intelligence Laboratory of
the Massachusetts Institute of Technology. Support for the laboratory ’s
artificial intelligence research is provided In part by the Advanced Research
Projects Agency of the Department of Defense under Office of Naval Research
contract N00014-75—C-0643 and in part by National Science Foundation Grant MCS77—
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The smallest channel 2 Marr, Hildreth 6 Pogglo

The idea that the human visua l system may use a range of different size or

spatial frequency tuned mechanis ms was originally Introduced on the basis of

psycho physical evidence by Campbell and Robson (1968). This lead to a virtual

explosion of papers dealing with spatial frequency analysis in the visual system.

Recentl y, ~ilson and Giese (1977), Wilson and Bergen (1979) integrated these and

other anatomical and physiological data into a framework consisting of (a) the

partitioning of the range of sizes associated with the channels into two

components , one due to spatial inhoinogenelty of the retina , and one due to local

scatter of receptive field sizes; (b) the correlat ion of these two components with

anatomical and physiological data about the scatter of receptive field sizes and

their dependence on eccentricity.

On the basis of detection studies , Wilson and Bergen proposed a specific

four-channel model with the following characteristics: (1) At each position in the

visual field , there exist four size-tuned filters or masks, the smaller two

(called the N and S channels) showing relatively sustained temporal responses, and

the larger two (called I and U) being relative ly transIent. (2) The half—power

banth:idths of the N and S channels is about 1—3 oc taves, but may be slightly

larger for the I and U channels. (3) The receptive field shape of these channels

is the difference of two gaussian distributions. (4) In the fovea, and using line

stimul i , the widths w of the central excitatory regions of the receptive fields

have the following values: W—channel , 3.1’; S-channel, 6.2’; T—channel, 11.7’; U—

channel , 21’ . The S-channel is the most sensitive under both sustained and

trans ient stimulation , and the U—channel is the least, having only 1/4 to 1/11 the

sens itivit y of the S—channel. (5) The receptive field size increases linearly with

eccentricity, being about double at 40 eccentricity.
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Essent ially all of the psychophysi cal data on the detection of spatial

patterns bel ow 1G cycles/degree at contrast threshold can be explained by this

model , together with the hypothesis that the detection process is based on a form

of probability summation in the channels.

This note argues that there exists indirect evidence from psychophysics

and neuroph ysiolo gy for the existence of a fifth , smaller channel , which in the

central fovea would have a central excitato ry width of roughly 1.5’.

Our curren t theory of these channels is that they are the first step in

the detect ion of intensity changes in the image (Mart 6 Pogglo 1979, Marr, Poggio, I ~
6 Ulinian 1979, Marr 6 Hildret h 1979). The critical idea is that the sustained

channels can be regarded as spatial second derivativ e operators acting on the

image at two scales. Sharp intens ity changes correspond to zero—crossin g s (fast

transitions from positive to negative values) in the output from these channels.

It has been shown (a) that the optimal differential filter has a shape very

similar to tha t found by Wilson and Bergen (Marr 4 Hildreth 1979), and (b) that

the zero—crossings together provide rich information about the image (Marr ,

Pogglo, 6 Ullui an l9~9).

Although Wilson and Bergen ’s experiments were carried out with oriented

line stimul i , they provide no evidence that the first spatial—frequency filtering

stage involves oriented receptive fields. In fact we believe that the initial

filters are not oriented , and tha t orientation sensitivity is Introduced only at

the subsequent stage where the zero-crossings are detected and represented. If

t his is true , the values of w measured by Wilson and Bergen must be multiplied by

2 to obtain tt~e diameter of the corresponding circularly symmetric centre—

surround receptive field. Hence the smallest of their channels, the N—channel , 
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will have a central diameter of 3.1 2 4.38’; which corresponds to about 9 foveal

cones.

This figure cannot possib ly represent the smallest available channel. It

is too large , for a num ber of reasons , of which the main ones are Illustrated in

figure 1. These are:

(1) Two—point acuity is In fact somewhat more than 1’ of arc, for an ideal
subject under ideal conditions at the 75% confidence level , and this corresponds

well to the diffraction limits imposed by the optics of the eye (Westheimer 1976,

Snyder 4 Miller 1977). Zero-crossings cannot separate two points as close as 1’

apart if the underlying receptive fields have a central diameter as great as 4’.

In fact, a receptive field of at least about 2’ Is required to provide the desired

acuity, as shown in figure la.

(2) In a similar vein , two bars can be resolved at the 75% confidence

level when the)’ are separated by about 1’ (Westheimer 1977). The same arguments

apply here, and are illustrated In figure lb.

(3) Human sensitivity to gratings of high spatial frequency (up to 60

c.p.d. (Campbell 4 Gubisch 1966)), and the reported receptive field sizes in the

monkey (Hubel 4 Wiesel 1974, Schiller , Finlay, and Volinan 1976, Pogglo 6 Fischer

1978) all suggest a minimum sized channel that has a central diameter smaller than

(4) Wilson made no observations above 16 c.p.d., so his experiments do not

exclude the existence of a smaller channel.

For all these reasons, we predict that an additional , fifth channel

_ _ _  _ _ _  
_
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exists , ~s 1th a central diameter In the fovea of about 2’. Using line stimul i in

t he manner  ~~i kil s~n and Bergen , the measured value of w for this new, presumably

sustained channel should be about 1’3O~. This fifth channel may be present only in

the fovea.

Interpolat ion of the sampled values represented by these ganglion cells

could locate the zero -crossings w ith a precision in the hyperacu lty range (Barlow

19’9, Cri ck , \
~arr , and Pogglo 19 9). Recent computer experiments show that even

simple lin ear interpol ation of the va l ues of center-surround receptive fields

preserve the positions of zero-cr ossings essentiall y as well as the ideal

reconstruction schemes required by the sampling theorem.
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Fi~~re la show s the zero-crossings of the pattern on the left , filtered through a

circularly symm etr ic receptive field (the difference of two gaussians of equal

area) w it h a central diameter of 2.1’. Figure lb shows the zero-crossings

associated with the two bars pattern filtered throug h the same receptive field.

The angular separation in both cases is 1’. A slightly larger receptive field or a

smaller separation lead to a zero-crossings profile practically indistinguishable

from the zero-cross ings of a one-bar pattern. The output of the filtering stage is -~~~

shown (in cross-section ) in Figure ic.
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