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Abstract—Schwartz {1980) proposes that the log polar or “complex log” mapping of
the striate cortex that gives rise to the cortical magnification factor also serves to
provide size invariance in vision. It is shown that, in fact, the cortical magnification
factor cannot support functional size invariance. The essential flaw in Schwartz' pro-
posal is the lack of position invariance in the striate representation.

Schwartz (1980) proposes that the representation of
visual space on the surface of the striate cortex may
be approximated by a log polar mapping (he uses the
term “complex log” mapping). He states that the
properties of this representation have direct func-
tional utility for perceptual processes and specifically
“the complex logarithmic remapping of the visual pat-
tern at the local level of the striate cortex provides a
possible mechanism for size and rotation invariances
in vision”. Moreover, he states that the size invariance
obtained in transform sequences proposed by myself
and others (Cavanagh, 1978; Brousil and Smith, 1967;
Casasent and Psaltis, 1976) is entirely due to the log
polar constituent of the sequence and so is a deriva-
tive of his proposal. In making these claims, Schwartz
has vastly overstated the potential contribution of the
cortical magnification factor to size invariance and
has seriously misrepresented the size invariant trans-
form sequence that I proposed. I will show first that
the cortical magnification factor cannot support func-
tional size invariance and second that the fundamen-
tal difference between Schwartz's proposal and my
own—that of a preliminary position invariant trans-
form-- - is absolutely essential if true size invariance is
to be achieved.

According to Schwartz, changes in the size and
orientation of a visual stimulus will, for a given fixa-
tion point, produce simple shifts in the position of an
invariant representation on the striate surface.
Schwartz claims that this constancy of striate rep-
resentation serves as a basis of a simple form specific
encoding for pattern recognition processes. 1 will
demonstrate, however. that the conditions for which
the spatial mapping of the striate cortex can provide
size and rotation invariances are too restrictive to
have any functional role in perception. In addition, 1
will compare pattern recognition data for those situ-
ations satisfying the restrictions necessary for invar-
iances to hold on the striate representation against
those situations violating the necessary conditions.
Additional perceptual capacities should be evident for
those situations meeting the required conditions. If no

differences are revealed it must be assumed that the
invariances inherent in the striate mapping do not
contribute functionally to perceptual processing.

There are three important limitations to the size
and rotation invariances of the striate mapping pro-
posed by Schwartz.

{1) The proposed log polar mapping is an approxi-
mation which is only reasonably accurate outside the
central 4° of the visual field (Schwartz, 1980, p. 649).
Size and rotation invariances should therefore only
hold for figures whose contours are entirely outside
this 4° central region. It should be noted here that the
central 4° of visual field are of utmost importance to
pattern vision. Any process that cannot account for
size invariance within this area can only be playing a
secondary role at best in the overall size invariance
mechanism.

{2) The mapping does not possess position invar-
iance. Schwartz claims that the striate pattern of ac-
tivity for a large or small stimulus or for an upright or
rotated stimulus is invariant except for shifts of its
position on the striate surface due to changes in size
and orientation—but only as long as a given fixation
point is maintained. Recognition of a shape at its
original locus of presentation should therefore call
upon a qualitatively different process than does its
recognition at a new locus.

(3) The mapping is only invariant to size and rota-
tion changes if these changes are centered at the ori-
gin. That is. a log polar striate representation is in-
variant to size and rotation changes only if they can
be represented by simple magnifications or rotations
of the entire plane about its center—the fovea in the
case of the human visual system. Any object that
doubled in size would also have to double its distance
from the fovea to maintain an invariant striate rep-
resentation. Recognition for shapes undergoing size
or rotation changes centered at the fovea should
therefore be qualitatively different from recognition
involving changes centered elsewhere.

An examination of the various studies concerning
the effects of size changes on recognition reaction
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time reveals no evidence of the qualitative differences
predicted by Schwartz’s hypothesis.

Observers are quite able to recognize a random
shape presented centrally at a different size than its
original presentation even when the shape is too small
(0.86" to 2.58", Howard and Kerst. 1978) for Schwartz’
size invariant process to be effective. The recognition
reaction time in this experiment increases as a fairly
linear function of the size ratio between the test and
target stimuli. Similar data are also seen for letter
(Larsen and Bundesen, 1978) and rectangle (Sekuler
and Nash, 1972) stimuli. It might be argued that a
second size invariant process is at work for shapes
smaller than 4° in extent. However, the patterns of
reaction times for recognitions when both the original
and the test are within 4" are qualitatively and quanti-
tatively similar to the patterns seen when both stimuli
are greater than 4° (Larsen and Bundesen. 1978).

A change in the location of the test stimulus or a
change in its size about a center other than the fovea
should render the size invariance property of the
striate mapping inoperative. Nevertheless, subjects are
able to recognize that two random shapes presented
on adjacent sides of the fovea are the same even
though they differ in size (Bundesen and Larsen,
1975) -a presentation that violates both the position
and the centering restrictions. Not only were the sub-
jects able to perform with very low error rates but the
data here strongly resemble the data for presentations
conforming to the requirements for striate size invar-
lance (same presentation location, size change cen-
tered at the fovea, Larsen and Bundesen. 1978).

In sum, these data are most simply explained by a
single-size invariant mechanism capable of recogniz-
ing objects after arbitrary size and position changes.
Such general size invariance is impossible for the
striate mapping mechanism and since there was no
evidence of two distinct size invariant mechanisms in
the data considered here, the striate mapping hypoth-
esis would appear to be ruled out all together.

The phenomenology of the constancy of object per-
ception also argues against Schwartz” proposal. Con-
sider the following trajectories of objects in the visual
field. For a shape in the periphery to maintain a con-
stant striate representation as it followed a circular
path around the fovea. it would also have to rotate as
it orbited (i.e. as if painted on a disk turning with the
fovea as its center). However, the phenomenology is
quite the opposite. A triangle orbiting in this fashion
is alternatively seen as a delta and a triangle. If the
triangle maintains a fixed orientation around the
orbit it appears to remain the same shape although its
striate representation is continuously deforming (see
Fig. 1). Similarly, a rectangle moving from the periph-
ery to the fovea while remaining the same size main-
tains a constancy of shape as much as a square start-
ing out large in the periphery and decreasing steadily
in size as it approaches the fovea. It is the second
trajectory that maintains an invariant striate rep-
resentation however; the representation for the first
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trajectory changes from being a closed object when
not covering the fovea to being an open contour when
it encloses the fovea (Fig. 2).

Finally, if an observer were moving through an en-
vironment. shapes would undergo both magnifica-
tions and shifts as they grow larger and move into the
periphery. Schwartz (1981) has maintained that this is
a naturally occurring trajectory that maintains a fixed
striate representation for each shape. However, even if
the observer constantly maintains fixation along the
axis of movement (a necessary restriction), objects
moving into the periphery will be seen increasingly in
side view. Thus in fact, only shapes having the same
side and front views (e.g. spheres) will maintain in-
variant striate representations. Of all possible trajec-
tories in depth only that directly along the axis of
gaze will provide an invariant striate representation
(and here only as long as all contours remain outside
the central 4 degrees of the visual field).

There therefore appears to be no evidence support-
ing the proposal of a functional, size and rotation
invariant representation on the surface of the striate
cortex. Moreover, the severe restrictions outlined
above would make the potential role of such a rep-
resentation of minimal importance.

The transform proposed by Schwartz fails to pro-
vide true size and rotation scaling because of the
necessity for size and rotation changes to be centered
at the origin. Schwartz is thus mistaken in claiming
that the size and rotation invariances demonstrated
by Brousil and Smith (1967). Casasent and Psaltis
(1976) and myself (Cavanagh. 1978) are due to a
“complex log preprocessing”. The very success of
these transform sequences is due exactly to not using
the log polar stage with its various restrictions as the
first level. The first stage of all the transform
sequences i1s a Fourier amplitude transform. There is
no necessity, however, that this first step be a Fourier
transform (Cavanagh. 1978, p. 168). I have pointed
out that the representation reported by Maffer and
Fiorentini (1977) of orthogonal axes of preferred spa-
tial frequency (or bar size) and orientation is similar
enough to the log polar frequency transform that I
proposed to suggest the possibility that this organiz-
ation may subserve size invariance in the visual sys-
tem. A recent study by Tootell et al. (1981) also sug-
gests a local. two-dimensional. spatial frequency by
orientation analysis, although organized parallel to
the surface of the cortex rather than perpendicular to
the surface as Maffei and Fiorentini (1977) reported.
The requirements necessary for either of these poten-
tial local organizations to support size invariance
have been described previously (cf. Cavanagh. 1978,
Fig. 3). The data of Tootell er al. (1981; see also
Thompson and Tolhurst. 1980a.b) do not have suf-
ficient resolution for a full evaluation of the require-
ments for size invariance but are not inconsistent with
it. A more recent study by Berardi er al. (1982)
appears to support the necessary logarithmic spacing
of preferred frequency as well as orthogonal axes of



Functional size invariance 1411

2k b
[ -}
F Y F
o
2
Ay
2 s
0 |90 180 270
ORIENTATION
c 2k d
>
+ T st
3
29
3 ™~ s o

ORIENTATION

Fig. [. (a) An upright triangle at four equidistant points about the visual origin (fovea): all four triangles

are perceptually equivalent. (b) The log polar representation of the four triangles in (a) the patterns have

lost their equivalence of shape. (¢) Four triangles orbiting clockwise about the origin; the four triangles

are not perceptually equivalent. (d) The log polar representations of the four triangles in (c) retain the
same shape regardless of orientation.
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Fig. 2. (a) Three identical rectangles equally spaced from the fovea to the periphery. (b} The log polar
representation of the three rectangles in (a). (c) Three rectangles whose sizes decrease in direct propor-
tion to their distance from the origin. (d) The log polar representation of the rectangles in (c)—differ-
ences among the three shapes are due to sampling errors inherent in the discrete matrix representation.
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frequency and orientation. Thus, although the nature
of the local representation in the striate cortex
remains controversial, there i1s no evidence that would
suggest that the local log polar frequency transform
hypothesis (Cavanagh, 1978) should be rejected.

Schwartz raises a number of other subjects concern-
ing the size invariant transformation that I have pro-
posed; specifically. the integration of local transforms,
the insensitivity of the inferotemporal cortex to per-
iodic stimuli, and the encoding of phase information.
These questions have been dealt with in detail else-
where (Cavanagh, 1978; 1981).

In conclusion, I have argued that there is no evi-
dence that the architecture of the retinal encoding on
the striate surface is in any way functionally involved
in size invariance. On the other hand, it is possible
that the local organization of orientation and size
dimensions in the striate cortex (Maffei and Fioren-
tini, 1977; Tootell ¢t al.. 1981) may contrbute directly
to a size invariant encoding (Cavanagh. 1978: 1981).
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