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Chapter ['rrr
RECOGNITION OF VISUAL PATTERNS!

D. N. SPINELLI

The problem of how we identify objects. how we can tell books from
wbles or ashtrays from cigarettes is obviously a central one. not only in
understanding perception. but the workings of the brain iwselt. The inter-
est in object identification or in the recognition of visual patterns has
recently been intensively stimulated by research in a variety of tields.
Specifically, engineers and computer people have heen working very
actively on this problem because of the great market potential of redd-
ing machines; physiologists and psychologists have also invested a great
deal of etfort in an attempt to achieve a solution to this problem because
of their interest in how real organisms work. It may be useful t point
out from the start that ac present theve is no tenable theory in any field
that would allow us to build an avtifact capable ot identitying objects,
Le.. of recognizing visual patterns, under circumstances that offer no
problems tor ¢he average human subject. This being the case a number
of psychologists, not to mention people trom other fields. have directed
their effores toward definition of those problems that would have to be
answered by such a theory.

Pactern recognition has to do with object identification over a number
of transforinations. First and simplest ave transformations involving color,
saturation of color, illumination and the dispersion of brightness. The
second group of ransformadions has to do with movements ol the object
in visual space. The third set ol transformations has to do with objects
which are not rigid, for example, a dog or a cag in this case. a geomet-
rical description of the object and of the transformations of the object
becomes improbable.

Much of the work done to date has dealt with the stability of object
identification over the second of the three classes of transformations.
For the engineers and the computer people this embodies the problem
of optical character readers: for the physiologists and the psychologists
this is the problem of how two-limensional patterns are recognized
spite of tanslations, tilting or changes in the retinal size of the nnage.
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To put it very succinctly, the problem of pattern recognition is intimately
intertwined with that of the perceptual constancies. Why is the world
steady when ouy eyes move about; why doesn't it tilt when we tilt our
heads; why don't our hands grow smaller when we move them away from
our eyes? It could very well be that in attempting to solve these quesrions
at the physiological level we would succeed in simplifying problems
which are now apparently insoluble.

Hubel and Wiesel (6, 7) have suggested the following hiypothesis to
account for pattern recognition: cells in the visual cortex of cats and
monkeys receive an input from cells of the lateral geniculate body which
in turn are connected to a linear array of ganglion cells in the retina.
These cortical units would therefore be optimally activated by a line
with the approprin[e orientation, positions and thickness in the visual
world. These cells, which they named “simple,” in turn would converge
onto other cells named “complex.” These other cells would be capable of
detecting a line only if it had the appropriate orientation, but over a
wide range of positons.

Baumgarmer and others (2), on the other hand, have stated that as
many as 50 per cent of the units that they have analyzed in the visual
cortex of the cat did not show such selectivity to lines and their orienta-
tion, but had instead concentrically organized receptive fields. In our
minds the presence or absence of concentrically organized receptive fields
in the visual cortex is a crucial piece of information. It all cells in the
visual cortex are line detectors or more complicated feature extractors
we would be dealing with a nonlinear, relatively noiseless system of tem-
plates or detectors in which the basic building block is the line.

A different view is arrived at when the concentric organization of
receptive fields is considered basic. The work of Hartline and Radliff {4)
has shown an essentially linear system 10 be operative in this case and,
therefore, susceptible to linear system analysis. Such a system, of course,
would have very different sets ol properties from those of a detector
mechanism. To all of this it should be added that lesions in brain struc-
tures that have no direct afferent anatomical connection with the retino-
geniculostriate system, namely, the inlerotemporal cortex, cause marked
defects in visual pattern recognition (see Chapter IX).

The following work can be divided into two sections. The first part
which is still being investigated has to do with two experimental attempts
at understanding the physiological basis for size constancy and the con-
stancy of the visual world in the face of head or whole body tilting. The
second one has to do with the gathering of quantitative high resolution
maps of visual cortex cells” recepuive fields; this work is referred to here
and is in the process ol being published in greater detail (13).
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EXPERIMENTAL APPROACH

The method used in mapping the receptive fields has been described
in great detail elsewhere (11). It is therefore only briefly summarized
here. Adult cats were used exclusively in this experiment. Surgery was
performed under a short acting anesthetic (thiopental sodium) which
was injected in small incremental doses into the radial vein. While the
animal was aneschetized, a small hole was opened in the skin, skull and
dura so that a microelectrode could be placed at anterior zero, lateral
0.5 to 1.5 mm. of Horsely Clark coordinates. An agar gel was used to
minimize brain pulsation. The wrachea was intubated wich a solt cannula
through the mouth. and then all incisions and pressure points were
infiltrated with a long acting local anesthetic (zyljectin) which when
used with human patients has been found to be active for a period of
over 1 week. The animal was then placed mto a stereotaxic apparatus
which leaves the visual field free and several hours were allowed to pass.
Contact lenses were used to protect the eyes and to correct for accommodi-
ton. The optic disc and area contralis of both eyes were projected on a
tangential screen placed at 57 cm. from the cat's eyes. At this distance,
1 cm. is approximately equal to 1° of are. Mapping of receptive fields wus
done by moving w1 0.5° contrasting spot in a scanning pattern over a 25 X
o5° area ol the screen. This area was located in such a way that the area
centralis for both eyes would fall on it. The spot would cover the 25 X
95° area in 50 lines. Data collected during one line of scan was broken
into 50 segments. Movement ol the spot was controlled by a general
purpose computer (PDP-8) which also counted the spikes generated by
the unic being analyzed for every half degree ol movement. Each niap.
then, consists ol 50 X 50 or 2500 data points. Scanning speed was capable
of being varied. but it was found that for most units the most effective
speed was between 5 1o 10° per second. Most units were therefore mapped
with a scamning speed ol 10° per second. At the end of a map 1t was
possible to ask the compuier to display the matrix of data and to show
all of those regions where the unit had fired at the specified level or
more. The data is presented in the form of integral contour displays.
Figure VIIL1 shows a block diagram of the experimental set-up.

Each unit detected with microelectrode was first studied by moving
bars and edges and different seimuli on the display screen in an attempt
ro define the most significant parametels capable of activating it It was
then mapped with a small spot either white or black on a contrasting
screen with both eyes open using whatever scanning direction was found
to be most effective. Each eye alone was then mapped i tarm, using
mostly four scanning directions, i.¢., from left 1o right, from right to left,
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Fig. I'III.1. Flow diagram of the experimental set-up.

from bottom up and from up to bottom. Stimulus and background hues
were then reversed and the procedure was repeated. A number of cells
were also mapped by using bars instead of the small spot as stimulus. The
great majority of cells, over 90 per cent, were found to be binocularly
activated and could be divided into at least four classes on the basis of
some of their most obvious characteristics. These characteristics were
shape of receptive field when the unit was mapped in the direction for

which it was most active, level of background activity and direction
sensitivity.

CONSTANCY

Jung (8) and others have described that about 50 per cent of the units of
the visual cortex in the cat can be activated by vestibular stimulation.
Murata, Kramer and Bach-Y-Rita (10) have also shown that 47 per cent
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of the units can be activated by somatic stimulation and about 30 per
cent by auditory stimulation. Our ow work (12) has shown that highly
specific information concerning auditory stimuli reaches visual cortex.
It is our subjective experience that, when we til our head or when our
whole body is tilted, the visual world is not tilted and, as already stated,
Jung and others (8) have suggested that the function ol the vestibular
input to visual cortex is to inform the structure of body displacements.
An experiment which immediately suggests itsell is to search for a unit
with a line-shaped receptive field and then to tilt the stereotaxic apparatus
and remap it. 1f the cortical cell recorded from is wired permunently
onto a number of ganglion cells whose receptive fields are all on line.
then the receptive field of the cortical cell should tilt, as much as the
stereotaxic. 1f some other principles are at work. for example, a linear
combination of visual and vestibular information, then one might expect
that the orientation of the receptive field will be maintained. The result
is that the receptive field of most cells with clonguted receptive fields tilt
just as much as che stereotaxic apparatus, but this did not happen for
about 15 per cent of the cells. Figure VIIL? shows one such unit in
which the receptive field was mapped: in Ia the unit receptive field was
mapped monocularly with no tle; in 2¢ wich a 80° tilt clockwise of the
whole stereotaxic and cat complex. In 3a it was mapped with no tile. In
1b the receptive field was again mapped with a 30° clockwise tile. in 20
with a 30° counterclockwise tilt and in 30 with a 45° clockwise uile. Size
of spot: 0.5°: scanning speed: 10° per second; scanning direction: vertical;
illuminatdon: 20 Ilm. per m.2; level of mtegral contour display: 1 or
greater. 1t can be seen that, although there are some displacements on
the receptive field position, the orientation of the receptive field does not
change. This was confinmed by linear regression analysis.

Figure VIIL3 shows another attempt at the problem of constancy. In
row I and 2 the receptive fields of two different cells were mapped. In the
a column the stimulus display was at the standard distance, 57 cm.: in the
b column the distance was doubled to 114 cm. At this increase in distance
the X and Y axes of the integral contour display covered only 12.5° of
visual angle. The expectation is then that the diameter of the receptive
field on the map would double, and aguin this is what happens for most
units, but for a few units this is not the case. Row 2 shows the receptive
field of one such unit mapped at the standard distance in «, und twice
the standard distance in b. It can be seen that the size of the receptive
field remains approximately constant. The tilting experiment could only
be tried on the linear elements which were found to be 20 per cent of
all units. A classification of the units analyzed follows. '
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Fig. T111.2. In Ja the unit yeceptive field was mapped monocularly with no ule, in
24 with 80° tilt clockwise of the whole stereotaxic and cat complex. In 3a it was mapped
with no dlt. In Ib the receptive field was again mapped with a 30° clockwise ulg, in
2 with a 80° counterclockwise tilt and in 3b with a 45° clockwise tilt. Size of spot:
0.5%; scanning speed: 10° per second; scanning direction: vertical; illuminadon: 20
Im. per m®; level of integral contour display: 1 or greater. Notice the almost perfect

stability of orientation of the long axis of the receptive field on the face of tils as great
at 45°.

CLASSIFICATION OF UNITS

Bars and Edges. Twenty per cent of the receptive fields of our units
had elongated shapes as described by Hubel and Wiesel (6, 7). We have
described elsewhere (13) that when mapped with a bar these units show
the kind of specificity to direction of movement and orientation of the
bar that can be predicted from the shape of the receptive field mapped
with a small spot. Figure VII1.4 shows a representative example (see also
figure VIIL2).

Disc-Shaped Receptive Ficlds. Forty-four per cent of all units had re-
ceptive fields that were classified as disc-shaped. Figure VIIL.5 shows one
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Fig. T'H13. In Ja the receptive ficld of this unit was mapped monocularly at the
standard distance of 57 cni, all other conditions being as specified in Figure VIIL2
1b the map Wwas repeated with the display sysiem at 114 cm.: notice that the apparent
dizmeter of the veceptive field doubles as expected from (he geometry of the situauon.
1n 2q and 20 the sane procedure is carried out with a different unit and this ume there
is no increase of the receptive field diameter on the map. Sce lext for furiher detuils.

a b

Fig. T14. This map is an example of a unit with elongated recepuive fickd. In @
the level of the integral contour display is 2 or greater. in b itis 4 or greaier. Natice
the oblique excitatory component flanked by two thin inhibitory aveas.

such unit. In a, the unit was m:lppcd with both eyes open. The two discs
of the nwo receptive fields for the two eyes cinl bLe clearly seen: in b the
lefi eve only. and in ¢ the right eye only was mapped. The work ol Bishop
(8) and others has shown that the number of binocularly activated cells

in the lateral geniculate is extremelv small, less than 4 per cent. Hubel
and Wiesel (5) did not find any binocularly activated cells 10 the genicu-
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Fig. FIII5. In a the receptive field of this unit was mapped with hoth eyes open;
in b the left eye and in ¢ the right eye only respectively were open. This unit shows a
considerable amount of convergenc disparity, as can be noted from the almost complete
superposition of the receptive ficlds from the two eyes in spite of the fact that the eyes
of a paralyzed cat diverge ubout 5°. Integral contour display level: 1 or greater.

late. By the criterion of binocularity and also by the criterion of shape
of spikes (8) there is little doubt but that these units were cortical cells
and not optic radiation fibers. It is also our experience that recording
from fibers is in general extremely difficule and rare, even when we de-
liberately attempted it from white matter. Figure VIIL6 shows a receptive
field of another unit; in this case the left eye was opened and the unit
mapped three times. This figure gives an idea of the stability of the
receptive fields.

Diffuse. About 21 per cent of the units mapped had receptive fields
whose center had a diameter of over 10°. The receptive fields of these
units are somewhat similar to the disc-shaped ones, but there are some
reasons for considering them a separate class. First, even though there
was some variation in the sizes of the disc-shaped receptive fields, there
seems to be a clear-cut size discontinuity between the disc-shaped and the
diffuse ones. Second, the number of diffuse receptive fields which are also
direction sensitive is greater for this class than for the disc-shaped ones.
Third, the level of background activity usually, even though not always,
is greater for this type of unit than for the disc-shaped ones.

Composite. A further 12 per cent of the units displayed receptive fields
that were comparable in size to the diffuse ones, i.e., over 10° in diameter,
but differed from the last class in that the receptive field was formed by
a number of subregions. In other words, the diffuse receptive fields are
quite smooth regions of excitability, whereas the composite ones show a
number of discontinuities within the recepive field.

DISCUSSION

Hubel and Wiesel (6, 7) have provided us with a very clear theory con-
cérning the initial processing undergone by visual stimuli. It is a theory
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i

Fig. ¥Il1.6. The receptive field of this unit was mapped monocularty three times
at about 10-minute intervals. Level of integral contour displays: 1 or greater.

that requires a high degree of what, for convenience, we might call bin-
ocular coherence. What this means is that cells which are binocularly
activated should have the same type of receptive field from both eyes and
these receptive fields should be located in homotopic retinal positions.
Also there should be no disc-shaped receptive fields. The theory as it
stands has, therefore, a number of difficuldies. First, the work of Barlow
and his associates (1) has shown that. on the horizontal dimension, bin-
ocular disparity can reach as much as 6.3°, thus relaxing the condition
of homotopicity. Second, although it is true that most of the time the
receptive fields [rom the two eyes have similar properties, they are by
no means identical and sometimes they are quite different (13). Third,
alchough there is no question that receptive fields such as the ones in
figure VII1.2 and VIIL1 are line-shaped and chat bar will activate such
units best, we should also not lorget thac the receptive field had been
mapped by using a small spot. Tn other words these units do not respond
exclusively to bars, but they also respond to spots as has already been
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pointed out by Hubel and Wiesel (6, 7). They could only be considered
to be line detectors. therefore, if they were to converge on other units
with a very high threshold so that they would only fire when a line unit
is maximally activated. To put it more simply, one should find units in
the visual cortex of the cat that do not map to the small spot, but that
only respond to lines. This is not the case, as all ol the units that we
detected could he mapped with the small spot. This does not mean that
there are no detector cells in the visual cortex of the cat. It has been
pointed out by other authors (9) that for an animal to possess efficient
_detectors has high survival value, and indeed it is very probable that cells
that are sensitive ro movement and direction of movement do just that,
i.c., alerc the animal very quickly and without too much need of com-
putational circuitry that something is moving out there. When it comes
o the detection ol patterns, this is another question. It is true that we
do recognize a parttern, i.c., a capital letter, independently of smull vans-
lations and rotations or imperfections and even small mutilauons. But
it is also wrue that the wranslations, rotations or mutilatons are also
recognized. Thus it seems to be a possibility that the visual pathway
could be endowed with two systems: a system of detectors very fast and
efficient, capable of analyzing only a few parameters of immediate inter-
est, and a system of uncommitted cells who are linear operators capable
of conveying each and every nuance of a sensory experience. How would
such a system put together the different parts of an image? A system of
detectors first breuks an image apart in its components and then con-
verges the [eature extractors onto a common master cell. Here is where
wrouble arises from this kind of scheme. Once the integrity of the patiern
has been destroyed it is ditlicult to know what to put together with what.
Thus a tiny scratch on the wall has the same importance as the painung
that is hanging on i.. On the other hand, if the disc-shaped recepuive
fields are a part of a linear system, then ir is interesting o take u look
at the Hartline and Radiff (4) equautons. In compuiing the acuvity of
one ommatidium, the acuivity of «/f other ommaudia must be Iknown.
Thus there is no need to break the image into 1ts components and then
rebuild it. From the very beginning each ommaudinm is firing the way
that iv is firing because of the total pattern. The evidence that lareral
inhibition is present in the reuna, lateral geniculate and visual cortex
of animals 1s considerable. It seems, therefore, that the same mathemarical
treatment and its implications could be properly applied to the mam-
malian visual pathway.
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