Jovrmal of

| Cheneral
1, Wel 103, Wn 1, 2ap-aid

Crgrmghl 192 by e
Areercar. Pivcholoprs Aasocsin, lee

Reflections on Surfaces: A Cross-Disciplinary Reply to Stevens
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Mo tntenest in sorlisoe perception can be found in both psychological and in
artificial intelligence commundtbes. Bodh disciplines serve o gain through ander-
donding, even adopding, the other’s methodology and werminology, This reply is
an attempt to afhirm certain waorking principles comeon to the different meth-
odbologies and b0 discuss and compare certain erms that are used,

Researchers in paychology and in artificial
imelligence agree on the theoretical impor-
tance of the perceplion of surfaces: Surface
perception is crucial 1o any understanding of
environments and to how we act within them.
The two fields also agres that the area of re-
search is complex but tractable, Moreowver,
there is a collective excitement that genuing
progreas is being made. Globally, the ap-
proaches dizsagree in two ways: methodology
and terminclogy. Both of these are, | hope,
temporary hindrances. Both disciplines have
much to gain in sharing methodological loods
and in understanding each other's concepts.
This response is directed toward that end.

On Methodoblogy: Experiments
and Simulations

Pevchologists interested in surface percep-
fion have traditionally run experiments, Ex-
periments, of course, divide many ways, bul
those of Cutting and Millard {1984) were ex-
ploratory, wsing scaling and represson tech-
nigues. Rescarchers in artificial intelligence,
on the other hand, traditionally run simuola-
tions. Simulations, like experiments, divide
many ways, but the successful implementation
of an algorithm for accomplishing a task in a
relatively wide st of circumstances speaks well
for the concreteness and workablensss of the
computational theory, It bodes well for the
ficld of robotics. Sucoessfi] implementation
of one's algorithm on a machine, of course,
docs not gonarantee thal a humon observer
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would accomplish the same task in the same
manner, [t is true that appended argumenis—
such as those sugpesting that the physiobogy
of the nervous system works along similar
principles, and that the consiraints of the ge-
ometry of the situation afford Few alternatives
{Marr, 1982)—add logical Torce to successfil
simulations, Meverthebess, no conjunction of
logical arguments and simulation can ever
serve as well a5 human data in establishing
the algorithms of human perception.
Psychologists have a strong belicl that no
mitter how rigorous the analytic methods have
been in support of a theoretical position, they
can always be overturned by data. The only
puaranies that a theory has any bagis in human
perception is the tie that theory has with hu-
man data, which are our only messures of the
phenomenal world, Bui often the only guar-
antze that the theory is concrete enough to be
meaningful s through simulation. Thus, re-
searchers in both ficlds would do well 1o bor-
row the wols of the other discipline, Given
that Stevens (1983) reported several experi-
ments and Cutting and Milkard (1984) sm-
ulated an environment to study, certain meth-
odelogical crossovers are already oGeurring.

T Principles

Regardless of one’s fiebd, be it psychology
of machine vision, two usefil ideas can be
applicd to understamnding perception. First, a
given perceptual problem could be solved by
the perceptual system in any number of ways,
especially in a domain 4% rich as vision. Sec-
ond, if the problem is an important one for
the organism, one should not be surprised if
the perceptual system does solve it in a number
of different ways depending on the queality of
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the data that it s given, We {Cutting & Millard,
|984) eaplicitly embraced the former idea
when discussing gradients alone; Sicvens
(1984) explicitly embraced both when dis-
cussing gradicnts in conjunction with other
sources of information. 1 think there is no
disagreement between us, becawse we (Cutting
& Millard, 1984) impliciily espoused both
principles, Let us consider, in peverse order,
how these principles unfold for surface per-
ception.

Mudriple smwrces of fnformation.  The over-
riding question is; How do we know the at-
tributes of & surface—such a8 its relative shape,
orientation, reflectance, and even resilicncy—
from the information presented too us in the
visual array? Obvious places 1o begin looking
are in {a) stereopsis (the differential locations
of corresponding elements in the optic arrays
of the two eyes), (b) motion (the differential
motions of clements across the oplic array
when one travels through an environmeni),
and (¢} the photometric, geometric, and sta-
tistical properties of surface elements, When
it can, the human visual system almost cer-
tainly uses all thres sources of information, It
15 likely that in the future the best machine
vision systems will as well. It is an admirable
goal o attemipl 0 merge these three sources
into the same system (or systems), a5 Stevens
{ 1984; see also Marr, 1982) wishes to do, but
it is unclear a1 present how much the eco-
nomics of design in the nervous system de-
mands this parsimony, Regardless, the work
under discussion (Cutting & Millard, 1984)
concerns only certain aspects of the last source
of information: geometric and statistical prop-
erties of texture elemenls,

Multiple aigorithms,. Stevens( 1984, p. 218)
has suggesied that the “radically different” so-
lutions posed by us (Cuatting & Millard, [984)
and by the computational approach may e
o case in point. | am not 30 sure, ahihowph 1
certainly espouse this principle of multplicity
in gencral. Suppose that the approaches differ
nof in potential algorithmic instantiation, but
in terminology. Dissolve the differences in ter-
minology and perhaps few substantive differ-
ences in approach remain,

On Terminokosyy: Gradienis,
Representations, and Maps

A texture gradient is a measure of change
in the projection (image) of & projected en-
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vironment or object along a chosen stimuius
ditnension for a chosen image axis. The maddle
panel of Cutting and Millard's (1984) Figure
3 shovws three orthogonal gradients, and hence,
three different represeniations of a flat surface;
the bottom panel of Figure 3 shows the cor-
responding three for o particular curved sur-
fuce. Each gradient is a measure of change in
the image corresponding to (relatively) con-
stant properties of the surface: texture sive,
texture flainess, and intertexture distance,
Collectively, these gradienis— perspective, com-
pression, and density-—are texture gradients.
There is nothing really “raw” about them,
contrary 1o the view of Stevens (1984); they
are encoded versions of different information
in the seene.

These gradients are external representations
of the image, and indirecily of the environ-
ment. In much of psychology and in artificial
intellipence, however, the term representation
is wsed to stand for internal structures. It is
not clear to me that these internal represen-
tations have (or even should hoae) ontological
status bevond convenient fictions for discussing
percepiual process. Regardless, let me adopt
this terminology 1o see where il leads.

Couched in this manner, the theoretical
guestion of import 8 whether these three rep-
rescniations of an image—perspective, com-
pression, and density-—have corresponding
representations in the visual system of the per-
eeiver, Dur resulis suggest that (a) there is one
psychodogical representation corresponding to
the perspective gradient; (h) there is another
corregponding 1o the cormpression gradient; ()
these two internal representations are, like their
external counterparts, independent of one an-
other; and (d) there may be only a relatovely
weak internal representation of density as ap-
plied Lo the perception of surfaces. One winy
Lo restate (e goal of our study is that we sought
i corroborate the existence of these internal
representations. Because the computational
approach has already assumed what seem 1o
be analogous constructs—orientalion maps
and depth maps for intermalized versions of
compression and perspective gradients, re-
spectively—Ilet us pursue the analogy, leaving
density aside,

Stevens (1984) suggesied that local orien-
tation {a pomt on the compression gradient)
iz represcnted internally on an orientation
map, and that local scake (2 point on the per-
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specive gradient) 1s represented internally on
a depth map. Both of these maps, obvioosly,
are internal representations. Maps by their na-
ture are two dimensional. Gradients, however,
can also be extended into maps (or manifolds)
in bao dimensions, Since the stinuli of Cutting
and Millard (1984} had no horizonial varia-
tion, these manifodds would have no charac-
teristics not seen in the middle and bottom
pancls of Figure 3, From Sievens's [ 1984) dis-
cussion it would appear that, from a com-
putational perspective, codrse orientation maps
and coarse depth maps can be derived rom
images like our stimuli. Coarseness, of course,
is a relative term. With Stevens, [ suspect that
considerably better depth maps could be
achieved through motion and thal somewhal
beticr depth maps could be achieved through
steroopsis. Relative strengths of these channels
aside, however, | belicve that sufficient maps
can be built from a static and singular im:age.
Morcover, | take the relative compellingmness
of the stimuli to our subjects s indicating just
that; Because there was mo other {globall in-
formation besides these gradients available (o
the ohserver, and because the best of the dis-
plavs did indecd look like surfaces receding in
depth, 1 conclude that, grven this terminalogy,
sufficient internal maps {intemal represenls-
tions, internal gradients) were construcied to
perform the task.

What docs the perceptual system do with
these maps (internally represented grivdienis)?
With Sievens, | am not sure that the visual
system “caleulates’ the second derivative of
the internally represented compression gra-
dient {orieniation map). 1 suspect that, in any
literal sense, it-does nod. Instesd, the visual
syilerm probably performs some approxmma-
tion to calculus that yields the same answer.
But becanse taking second derivatives may be
a praperty of processing in the early visual
gysiem, at least the form of computing zero
crossings as proposed by Marr (1982), 1 see
no reason not to propose that they are also
used later on internally represented gradients.
Muoreover, although the maps themselves may
be constructed from seroth-coder measures,
as suggested by Stevens (1984), that part of
the visual system thal uses the maps to derive
shape must perform some operation analogous
1y Raking second derivatives,

In his conclusion, Stevens (1984) noted two
problems with our {Cutting & Millard, [9%84)
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conelusion: He regarded it as undecided as to
(a) whether perspective simply provides bocal
distance information or whether the perspee-
tive gradient is usad to determine flatness, and
(b} whether compression provides local ori-
entation mformation or whether a compres-
siom pradient 15 used 1o delerming curvature,

These quandaries might be dealt with in
several ways, First, il the perspective and
compression pradients correspond 1o depih
and oricntation maps, respectively, which
seems likely given the impossibility of inpats
fromn stercopsis and motion in our experi-
ments, then part of the dilference between our
positions dissolves. We are agreed on both the
imporiance and the separation of bao repre-
sentiations that serve the visual svstem. Second,
according to our (Cutting & Millard, 1984)
view, what is done with these maps defermines
what the observer will perceive.

Car view is that if the visual system can
determine the presence of 2 nonmonotonicity
in the aorientation map, then the surface wall
appear curved. Calculus operations need not
literally be performed; only approximations
are necessary, I on the other hand, the visual
gysiem can determine, within some tolerance,
that P-lano i3 8 constant, then the surface
will appear flat. The value P is the perspective
(scabe) value on the depth map that Stevens
and we agree the visual systern can derive for
A given texture, and o is the angle between
the texiure under consideration, the eye, and
the point on the ground beneath the eve, about
wivirse computation Stevens and we may dis-
agree. Again, this algorithm is only an ap-
proximation to an invarint: Given a reason-
able texture size and eve height, one can fin
the walge of J-tane at 8997, or very near the
heriazan (600 ey heights away from one's feet)
In comparison, values at B3 (11.4 eye heighis),
B0 (5.7 eve haghis), 75° (3.7 ey hoighis)h,
T0* (2.7 eve heights), and 63° (2.1 eve heighs)
are 99. 7%, 9%, 26, 93%, and B9% of that
vallie, respectively, This, from a distance of
about 3 to many hundreds of eve heights away,
the value of P«iane remains within 5% of
hieing constant

We can agree, then, that perceptual infior-
mation iz “maost successfally extrocied By pro-
cesses that acces derived visible surface rep-
rescntations”™ (Stevens, 1984, po 219 i we
agres that (a) external representations of stim-
il {gradients) map oiato internal representa-
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tions of them, (b) internalized versions of gra-
dients are such maplike representations dis-
cussad from the computational perspective, (c)
dertved simply means the output of early visual
processing where information concerning lay-
oul has been transformed into neural form,
and (d) exfracting simply means the manip-
ulation of information already present in the
map (internal representation), not the addition
of new information.

It is possible that the terminology of Cutting
and Millard {1984) and Stevens (1984) in par-
ticular, and that of peychology and machine
vision in general, cunnot be mapped in this
manner, but the effort seems worth making.
If such mapping of terms across disciplines is
successful, then we have converging lines of
argument that both fields are on the right irack
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Even if nol successful, the attempt will reveal
areas of disagreement and arcas in need of
empirical research.
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