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The shape and psychophysics of cinematic space
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For the film goer who sits to the front and side of a movie theater, the virtual space “behind™
the sereen undergoes affine and perspective tronsformations. These transformations should, one
would think, meke the rigidity of ohjects on the screen very difficult to diseern. Deapite the fact
that it has long been known that viewers are not very sensitive bo such distortions, a phenome-
nom [ eall La Gournerie's paradog, the effect is withoot & good thearetleal aceount. Two possibili-
ties are: (1} that viewers rectify the distortions of Evclidesn space through the use of information
nbout screen slnnk, and (2} that sufficient information ia preserved under these transformations
so that perception may be unperturbed. This paper presents preliminary arguments for the
information-preservation view and introduces a new technique, that of using simulated projec-
tion surfaces, whose use in experimental gituations suggestsa that Euclidean rectification is not

OIECESRATY.

Psychophysics is now 125 vears old. As a discipline,
it has two roots, one m philosophy and the other in
methodology, even pragmatics. The philosophical root,
the one that gave psychophysics its name, was the mind-
body problem, specifically the consideration of the map-
ping between mental and physical dimensions, The prag-
matic and methodoogical root was the need for precision
and stimulus control. The recognition of this need—no
small feal in iiself—and the manner in which psy-
chophysica could deal with it won prompt and sustained
attention. Given 19th century techmology, stimulus con-
trol was usually achicved by usimg brass instruments that
measured such physical units as mass, frequency, inben-
sity, extent, and time., Typical experiments varied stimuli
along only one of these dimensions.

Today, few researchers would deny the importance of
the mind-body problem. Many, however, would suggest
that psychophysics is no longer close to the core of this
problem in psychology, much less philosophy, But this
is md the major public-relations problem for psy-
chophysics. Most rescarchers in the cognitive sciences
have simply grown weary of resulis garnered from sim-
ple studies with simple stimuli. As & cOnREqUENCE, MAaNY
rescarchers view psychophyascs as an inherently dry dis-
cipling, essentially unrelated to the perception of complex,
everyday phenomena,

This nesed nod be the case and, in fact, it should not be,
Theie reason for pavchophysics” gencrally low esteem and
visthlity is & common view that confuses the progmatics
of the |9th century with those of the late 20th. The key
idea in Fechner's {1860/ 1%959) progrum wis nol that brass
instruments must be used, but that the physical stimulus
st be controlled and measurable (Haber, 1983). Since
the advent of imcxpensive fast computers amd display
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devices, one can control stimuli in domaing previmesly
unthinkahle. In particular, snd most mportant toome, such
control can be achieved without compromising the natiral-
ness of displays. Thus, the new visual psychophysics ia
capable of mapping a new set of physical and mental
dimensions that are more relevant o human perceivers.
As an example and as the focus of this paper, it is now
possible o do a psychophysical study of cinema. First,
it is importail o discuss film in general to introduce the
isswes sl stake.

EFFECTIVENESS OF CINEMA:
WHAT'S “LOST"

Film may be art's most engrossing medium, We sit in
a dark theater, look at a big bright screen, and lose our-
selves in what is portrayed. This striking phenomenon is
copiured by the multiple-entendred title of Kael's (1963)
collectson of reviews, [ Lost [ af the Movies. One of the
things we lose is the sense of ourselves; we become ab-
sorbed im the content of the film. Why film is s0 power-
ful in capturing wviewers is nod clear. Dhirectors,
cinematographers, script writers, sound engineers, com-
posers, and actors certainly matter; they make the differ-
ence between good films and bad,  Astonishingly,
however, almost all films, good and bad, have the capacity
to draw the viewer into them. This foem of ““losing it™
is more than simply suspending disbelief, it is a suspen-
seon of nearly everything and a projection of oneself inbo
a new apace and time,

Photographic and cinematic standards are, in part, the
cauge of film's efficacy. The grain of 35-mm film is so
dense that one image is equivalent to a raster-scan dis-
play of about 2,000 lines (Fox, 1983), abow 4 times wele-
vision quality along the raster axis and 16 imes along both
raster and scan axes. Even if such a display were as large
as 40° = 40" (whout twice the size of a movie screen as
viewed from the muddle Front of a theater), it would still
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be near the nonvernier limit of foveal scuity; 70-mm and
Tsd-gram format fikms obwiously exceed such acuity, There
are also congiderable effects of screen size. Larger screens
are more effective than small ones in giving the viewer
an impression of “being there'' (Hatada, Sakata, &
Busaka, 19800, It is as if filling the optic array aluo fills
ome"s belief in what is seen, This belief may be enhanced
by ten other effects: Dimmed theater lights allow very
lirthe im the vl woorld (other than exit skgns) o be visi-
ble, amnd larger screens are much more likely 1o present
maving stimuli io the retinal periphery, & region less
devoted v scwity thas to motion and change. In addition,
sufficiently msany separate frames strobed by an epis-
cotister (spimning shutter) guarames that images of
strchoscopic mation (often misnamed as apparent mothos)
appear bike real motion. These separate images arg suffi-
ciently above fMicker threshold for * Micks™ (movies) 1o
sppear conviscingly lifelike. Unlike resofution and flcker
thresholds, however, the contrast ratios avaidable in film
are well below those of the eve in a given state of adapla-
tion. Even so, most film i capsble of ratios of about
F1 . o tenfold superisity over rtis used in televison
(Fox, 19835, The emd result of gradn, screen siee, presen-
tation rade, and comtrast ratio considerations is that what
i portrayed in cinema has many of the optical charac-
teristics of what i portrayed in the real world.

Less easy to explain, however, are the many technical
aspects of film and flmmaking that help engross the
viewer. Hochberg and Brooks (1978) described the of-
fects of pacing in cuts from one scene 1o the next. Fast
p.l!l.rbg,fﬂ-!’lm can give a breath-taking quality to
action sequences, Hochberg and Brooks also discussed
the utility of pana and various other camera shots, which
play on what a mobile eye might do in various environ-
mmenis, Why cuis and pans work as they do, however, is
almost i complete mystery. since they do not mimic the
experience amd the scanning of everyday life.

EFFECTIVENESS OF CINEMA:
WHATS NOT LOST

The most astonishing thing abaoat film, howeser, is that
it works af all as an optical projection. Every movie goer
sits in A place differcat from the projector—and with ob-
vicnas reason, This seating arrangement means that the im-
ape projected back from the screca to the viewer's eye
is distoried and geometrically different from that of the
scene & originally filmed, These distontions ane substan-
tial for most seat bocations, and they creste a bizarre vir-
tual space ' behind ™ the movie screen. One might think
that the result would guarantee a hms of something in
cinematic appreciation, panicalarly of cur ability to dis-
cern centain aspects of the three-dimensionality of the vir-
tzal space. Obyviouwsly, boweyver, these distortions marter
Istle.

Tas sketch the shape of these disiortions, let me stard
witth & discusaion of stath: psctures and their perception from
different viewpoints, More detailed accounts of progeciseas

in general have been given by Braunstein |1976), Cui-
ting {1986), Firenne (1970), Sedgwick (1983), and, ina
particularly good aceount, Carlbom and Pacionek {1978).

Fictures, Viewpoints, and
La Gournerie’s Paradox

Since the Renaisaance era, mos piciures in linear per-
spective have been composed from a panicular polsl in
space, ofien called a station point; photographs are shot
from i, T call it the point of composition. In painting, the
ideal (if not emtirely practical) procedure for construct-
ing such a pictare comes from Alberti's Della Pirtra in
1436 One holds up & st pane of glass and aces on it
what is seen with one eye af the poind of composition,
It is generally thought to be important to hold the pane
&0 that the centric ray (the line of sight to the muddle of
ihe pane} is orthogonal o the image sarface (Edgemon,
1975, White, 1957}, although Pirenne { 1970) has varicd
this experimentally in photography. IF one is looking at
a well-carpentered environmend, tracings with lingar per-
spective will result, with paraflel lines of ierior or ex-
terior architectural features converging b a potnd or poants:
om the horizon. But again, this array of geometric layout
is correct only for the point of composition.

Perhaps the most foraitous atiribute of piciure perceg-
tiom, then, is thal onme may view a picture from many lo-
cations ofher than the podat of compesition, and distor-
tions of wirtaal space will imterfers liitle with the
perception of the picture’s content. IF this were not true,
the: utility and sppreciation of pictures would be vanksh-
ingly small. Monstheless, this fact is not predicted by
linear perspective theory and is generally withouwt good
theoretical explanation. There is some debate about how
much the distortions are notioed at various obligue view-
ing angles and st various distances from the image (Farber
& Rosinski, 1978; Gibson, 1947, 1954, H-l.ll:-nuy. 1956,
Lumsden, 1980; Pirenme, 1970; Pardy, 1%60; Roainski
& Farber, 19807, but it is elear that identification and en-
joymcat of viraal objects remains high From many view-
points (Hagen & Ellioft, 1976; Hagen & Jones, 1978; Per-
kims, 1972, 1973, 1983),

At the end of the 15th century, Leonardo da Yieci
(Richier, 188319700 discussed various oddities and
problems of planar projections, bat the first systematic
treatment of picthures seen from noncomposition points was
given by La Gournerie in the mid-1%h century (Pirenne,
I'.:IT-I'.'I']. Thiax, 1 call the 'rit'wp:rh'll mpu;il':ilf ol pic-
tures La Croumerie’s paradoy (Cuotting, 1986); Kubovy
[ 1986) called il the rofustners of perspeciive. Since La
Crourneric’s work, it has been useful (o reconstruct the
layrouat o virtual space (the space in the picture, behind
the propection surlace) o inspect thess changes,

The klea behind viroal-space reconstnsction is that per-
ceptual properties, such as rigility, can be investiguted
first by description and then by psychophysical manipu-
kation, lustification for reconstruciion is simply that it
reverses the photographic process; if we make cerln as-
surmptions aboud the layoat of ohjects in virual space (e.g..
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the assumption that we are not looking into an Ames
room), them relative sizes and distances of objects in space
can be guite acourately determined.

Two sets of transformational distortions are important
in this reconstruction. Conséder first the changes in all
£-z planes in (or horizontal slices through) virtual space,
and then those in all x-y (or fromal) planes,

Huorizonial-plane distortions. Distortions in horizon-
tal planes of virtual space belong to a class called affine
rrangformanions; these prescrve collincaribes among
pinits but mot inberpoint distances. The affine transforms
of particular interest are shown in the wp panels of
Figare 1. The lefi-hand panel shows & view from the com-
position point and the reconstructed virtual layout of four
poldes. The first transform, shown in the central pamels,
i5 chee bo @ chamge in viewpoint normal {perpendicalar)
b the image plane. Moviag closer 1o the image creales
A compression of the z-axis (or depth dimension) of vir-
tual space anabogous to Jooking through o telescope; mov-
img away from the imape cresies expansion bn depth analo-
pous o looking throusgh 5 microscope. The secomd
transformation, and perhaps the more isteresting, 5
caused by & change in viewpoing paralle] to the plans, as
in the top righi-hamd panel of the figure, This creales a
ghear of any given x-v (or fromal) plame apainst all its
parnllels in depth. Thus, the z-axis is no booger orthogonal
i amy fromeal plane, but angles off to ope side. All pon-
composition wiewpoints af all angles and distances create
additive combinations of these vao types of affine dis-
bortions.

Frontal-plane distortions. Distortions in frontsl planes,
those parallel to the movie screen iself, sre more familiar,
Rectangular shapes become trapezoidal in their opical
projection, as shivewn in the bottomi-nght panel of Figure |,
Fromm a seat inibe front of a movie theater on a side assle,
the wertical edge of the near side of the screen may be
#0% 10 50'% larger than the far edge. Unlike horizontal
planes, which have undergone affine iransformations,
Irasvlik p{ml:;hu.ﬂ nrl:]:r:«l:l'l: _Iugr.qv.n-r:w m:a'r.gﬁ'jrmmm

Hybrid geometry of virtual space. Although both
types of dastortion are reasonably well-known in the: pic-
ture perceplion lMesature, the joln consequences of the
two have mot been fully appreciated. The combination of
affime distortsns in all hormontal planes and perspective
distortions in all frontal planes ¢reates 8 virhsal space with
a hybrid geometry. This hybrid geometry, and the ob-
Jects thay might Al iis spece, can be the subject of psy-
chophysical analysis. Before comsidering this analysis,
hevarever, wie miasd consider the genetal classes of theory
that might be used o sccount for La Gowrnerie's paradox.

Classes of Explanations for
La Gournerie’s Paradax

Wihy are photures useful and enpoyable when viewed
from nomcomposition points? How are affine and perspec-
tive transformsations dealt with by the peroeiver withoin
affecting perception very much? Two classes of responses
i these questions can be outlined, one of reconstructing

Figure 1, Left panehs show slices through selransfonmed pictorial
wiewer; oiher paoels dhow transformations. snd views due to changes
in olwerver poodtion awsy Mres the compisithon pol. Tip pamcls
show the affime trunsforms In borlzsnis] phases; the basttom-right
panel shiwy & perspictive brsnsform of fronts] These ben
trassforeations fopether ervate a hybrid sffine perspeciive disor-
o of wirfunl picterisl space for sn oheerver who is in the side of
& phodograph.

a Euclidean projection and the other of simply register-
ing spatial Information in the hybeid affine/perspective

pmju:nun

The first acoount, espoused by Pirenne (1970), Gresins
(1983), and Kubovy (1946, proposes that some mental
Lrafs ps eomething akin o mental rota-
tion {Shepard & Cooper, 1982)—rectifies the physical
transfirmation in virmueal space. That is, on the basis of
availabbe information abowt the sluni of the picture, typi-
cally in binocular disparities or the rapezoidal shape of
the screen, perceivers either mentally rotate the picture
or mentally relocate themselves in physical space 5o that
they can defransform wirbual space. 1 call this the
Euclidean-recrification wiew, since the axes of the affine-
and perspeciive-transformed viriual space of the picture
a5 seen from the side are made Buclidean through some
proposed psychological process, eventually matching
coordinates under which the pecture was composed,

Adthonagh this idea 15 plausible, it also has probiems.
Ume s thal under many conditions the absodute slam of
a regularly textured plane is ool very well discermed by
wvhewers (Braunsteln & Payee, 1969 Epsiein, Bomrager,
& Park, 1962; Perrone. 198{0), and considerable accuracy
im shamt estimation 1 needed 10 rectify virual space ina
pEcture of o recover the composition poing. 1T such
difficulties occur with well-textorsd surfoces, they must
be compounded with relatively transparent surfaces, such
as movie sereens, A second problem is thal some nolian
of Mdouble’ perception is entatled: the observer musi first
look at the picture and then derive the proper viewpoint
o reclify the scene, as il he or she were then o look al
the picture again. This ides seems inelegant; it provokes
seeking antber wicw.



554 CUTTING

Th:a]h:mﬂn:mntfm’mmplmmﬁﬁumn-
composition poinds is less well formulated at present, It
is, simply, that the affine and perspective ransformations
of virtual space cither are mot well registered by the hu-
man visual system or are well tolerated, T call this the
information-preservation wiew, which is based on the idea
thiat object information is preserved in the affine and per-
spective transformations of virtual space.

The idea of information preservation in oblique views
of pictures is attractive for four repsons, First, it makes
rectification of affine and perspective iransforms unneces-
gary, thereby making picture perception compautationally
easier and dowble perception » Second, it pro-
motes @ psychophysical approach o the perception of
pictured abjects that allows for the quantification of detect-
able and allowsahle distortions, | A detectable iransforma-
tion seems likely to prove different from an allowabie
one. ) Third, the information-preservation view encourages
exploration of the use of global gesmetric information as
oppasad o bocal information, The local information that
has received most sttention is the projected angles of in-
tersection of a rectangular object’'s edges (what [ call a
right corner), This idea has been most thoroughly inves-
tigated by Perkins (1972, 1973) and by Shepard {1981),
whi have showm that right comers are perceived in line
drawings when they can be purmlvuﬂuﬂmhmm i5, are
allowable as projections). And fourth, this view allows
the use and investigntion of a powerful idea from
mathematics: invarisnce under transformation.

What follows is & two-part argument for the
information-preservation view, The first part is a demon-
stration of the pessibility of information preservation, amd
the second 15 a demonsization of the nonnecessity of Eu-
clidean rectificstion.

Film, Viewpodnts, and the Cross Ratbo
The phenvmenon 1 wish to explore and explain occurs
frequently when groups of people watch film or tebevi-

Yirtual

sion; it s a dynamic extension of La Gourneric’s para-
dox, and it is a problem outlined by Hochberg and Brooks
(1978). Even though the composition point is &t the loca-
tion of the projector for & (lm shed with a standard lens
or & directly in front of the television set, a viewer can
sit mear the screen and well w the side, and yet & rotating
oiject will not appear o deform. From such & viewpoint,
however, a reconstruction of the shape of the vimeal ob-
Jject, as in Figure 2, would show that it continually un-
dergoes plastic deformations.

How is the perceiver able bo see such a rotating object
as rigid? One explanation concerns invariance and projec-
tive geowmetry, Ome projective invariant that might be use-
Tl b perception is the cross ratio of four collinear points
{or four coplanar parallel lines), as sagpesied in Figure 3.
I iz the mformation {or invariant) projected to a point;
it can be measured citver on a planar projection surfece,
as in Equation 1, or as a relation among visual angles
projected from four points, A, B, C, aml D, as in
Equation 2.

I = [AD-BC)[AC-BD] = [A'D*-BCAC-BDY)
i

I = [sinfe+ 8+ ) sin{8))/[ainiz+ 8 -sinid + )]
= sinfo’ +8" +4") - sin (@) sinfa’ + 47 sn (@ + '),
(2}

where AD, A'DY, and other analogous combinations of
paint names are segment lengths measured on the object
amd on the projection screen, respectively; aml where o
iz the angle subfended between points A and B, 3 that be-
tween B and C, and + that between C and D at Observer 1,
and anghes c’, @°, and +" are those projected from A'B”,
BT, and C'DY, respectively, to Dbserver 2, What is im-
portant showt these relations is that the valoe of [ i con-
stant regardless of the location of point of cheervation (the

wirtual
s

—1

Ummar oy Do v

s

Figure 2. Twn virtual shjects recosstrocted behind the image plane, one lor am oberrver at the composition point
anidl the other for am observer well off to the side, Recsssirsciben soune an affine iransformation in sl 1-z slices
through the viriul spuce, ke pieg distance between frontal-plame slices paraliel to (b piciere pline bal wilh con-
sideratile shisir, Across the three pancls, the virtual objects retate 457, ¥irtual (hject | is rigid in Eoclidean spaer;

Virtusl (dhject 1 andergoes plastic

deformations. In this fgure, saly b affine deformations are shows; perspec-

tive deformations wemld be saperimgoesed on all ooy sboes.
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location of Ohserver 1), as long s thal point 15 ot col-
limear with A, B, C, and [}, Thus, should the planar oh-
ject rotate around poind X or any ofher point, or should
Observer | change hisher position in the theater, or
should baoth socur, the cross ratio remains constant,
Proved by Pappus, the invariance of the cross rfi be-
cine & central theorem in projective geometry (Cutting,
1986; Gellent, Kilsmer, Hellwich, & Kismer, 1977). With
increased understanding of such formal properties of
projections &t the end of the 1%h century . Russell {18597y
and Poincaré {190571952) suggested that perception and
projective geometry aaght o be intimately relaled, Gib-
son (1950) and Johamsson, von Hofsten, and Jamsson
{19800 mentioned the cross rtio’s potential wility for per-
ception, bul the researchers offered no tests, Ullman
(19800, however, suggested that the cross ralio was un-
likety to be useful, and Simpson (1983) demonstrated that
it was netl mecessary for the perception of rigkl planarity.
But nongenerality and ronnecessity do not eliminate the
possibility that cross ratios might be useful in some cir-
cumstances. In fsct, | have demonsiraied thet the percep-
tion of rigidity in a rotating plane appears (o be guided
b!.' dm!ﬁ im the cross ratw of foar r.ur.ﬂh!l limies and
naot by other, more local, factors (Cubling, 1986).
Wheat is interesting about the cross retio is #s applica-
tion b0 La Gournerse’s paradox, IF @ rigid planar object
with fisar parallel lines projects onto a planar surface, the
eross rafio will remadn mvariant regardless of viewer po-
sition in the thearer, as suggested in Figure 3. That is,
if the planar object rodates, the cross ratio will remain
constand for bath Observer | and Observer 2, The proof
of this, in brief, is that (1] the cross ratio propects invari-
antly throughout rotation of an object, a8 bong as that ob-
ject remains rigid; (2) the mensure of the cross ratio on
the ohject, on the projection screen, and at Observer |
is constant (by Bquations 1| and 2); and (3) change in
viewer location (from the location of Observer 1 to that
of Oserver 2) within the theater is identical o rotstion
of the projection screen {(Equation ). Thus, what proves

PLAMAR
OEIECT

PROECTICN
SCREEN

ﬂu-'!':':f-_';--‘_.-}/ -

Figury ¥, Mewsmrement of the variannt ores ratio of four paradled
liges (&, B, O, nnd D, seem Prom absve) retaling sround point X.
The valdue of the oross ralie is (e sme regardless of whether |t is
e o (b virtusl sbject or oa the scrven & 8 ralio
of segeni lengibe isee Equation 1), or a8 Dsserver | o Olserver 2
s & ratho of amgles (sev Fopuation 1),
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invariant in one planar projection to its compaosition point
{the film screen, which serves as a cross section of the
optic array) is invariant to all noncomposition points in
the thealer. Moreover, ohservers appear b be able 1o use
cross-ratio information just as resdily from nosoomposi-
tion poinks &5 from composition points (Cutting, 15986,

What s more imeresting &5 that even with a slightly
curved propection surfece, such as a televizion screen, the
cross ratio of o rotating planar object that fills abow half
of the: screen is nearly invariant for allmost all viewpoints,
Ome miust wiew the screen well to the gide, from an angle
of T8 to the surface normal at the center of the screen,
T thiere to be slightly detectable changes in the cross ra-
tir (Cuiting, 1986). Thas, the cross ratie is an informa-
tion source that survives affine and perspective transfor-
mations,

Mevenbebess, as noted by Ulkman {1980} and Simpson
{1983}, cross ratios are limided in scope, In particular,
the measarement of cross ratios is confined to fiour ele-
ments in one dimension. Thus, although the mvariance
o the cross ratio exemplifies an information-preservation
sccount of La Gouwrnerie's paradox, it can kardly be con-
sidered peneral support. Because of the pongenerality of
cross fathos, a second kind of investigation imto the
cinematic wersion of La Gournerie"s parsdox is nesded,
IF the information-preservalion acoount is thus far merely
plausibbe, the Buclidean rectification sccoum must be: ren-
dered unnecessary. To do this, one mues explore 8 new
methixlology —that of wing a simulaied projection scroen.

Simulated and Heal Projection Surfasces

The heart of the Eoclidean rectification wiew is that in-
formation ahout the slant of the projection surface is both
usabbe and used. One way to male out Euclidean rectifi-
cation, then, is to remove the two main sources of infor-
matkon abspuat fis slamt: (1) binocular disparities as they
grade across the surface and (2) the trapesoidal shape of
the screen, Instead of wsing one cye and a redoction
sceen, o can do this by hiding a second, or simulaged
projection, surface behid the nctual surface of the screen.
Thee manmer i which this is done is indicated im Figure 4.

Such stimuli can be simulated as follows: The instan-
taneous (1, ¥, .20 coprdinabes of the object are first polar
projected 1o & station point through o projection sarface
orihogonal to the line of sight to the muddle of the shject.
This is the simulated projectbon surfacs, and the partica-
lar sgation poing is not shown in Figure 4, The instanlane-
ous coordinates on the simulsicd screen are (). These
coondinates are then polar projected to another siaton
point, the one shown in Figure 4, through a sscond projec-
tiom surface, this time the one that will ssrve as the scope:
face. Instantaneous coordinates for the object will now
be (1;,%). As the object in (x,,¥,.2,) space rotates, the
projections of the object are carried throwgh two seis of
coordinate  chanpes, and the participast views the
Ul

Imagine & rotsting, rectangular solid behind the two
projection surfaces, one simalated and one real. Defor-
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srnulated
el (D= L]
srface

Figure 4, Simulated and resl projeciion surfaces far e investigatlon of [a Gaour-
nerie's puradox, The lefl panel dhires mormsl viewing, the middle pansl shows vlewing
weitths u E2.5" anghe belvemm the iwe poojection surface, snd the right panel shows viewing
writh 45 between hem, This technigue removes projecten surface cuss from the Hm-

at-a-slant vicwing silmsti,

mations due i poncomposition point viewing cannod be
easily rectified from information external to the object.
O experimental question is: How great an angle between
simulated and real projection surfaces is tolerable before
the rodating =olid is noticcably and distorbingly distoried?

Meister [1966) drew iso-deformation conbours that sug-
gest intolerance partly depends on distance, bat 45 15 a
ol estimate for the angle beyond which deformations
in moving images are disturbing. Unfortunately, Meister's
contours are not based on empdrical evidence, and Gib-
son {1947) presented performance data for viewing mo-
tion pictare clips that showed no reduction in performance
acconding to viewing angle. In judging the rigidity of rotal-
ing ohjects, 1 (Cutting, 1985) employed three conditions:
normal viewing (with 0" between simulated and real
projection surfaces) and viewing with 22,5" and 45° be-
tween the iwo projection surfaces, Resulbts suggest that
viewers do nold see rotating solids projected normally as
being more rigid than those projected with an angle of
21.5% berween simulated and real projection surfaces. An
angle of 45° difference, however, can vield noticeable
third is particularly strong for high-perspective polar
progections, and kess true fior low-perspective near-paraliel
projections, This interaction bends generality o Hagen and
Elliott's {1978) notion thet parallel projection is mone view-
point independent than is polar projection: Mot only are
widely varying viewpoints tolerated along the surface nor-
mal {perpendicular) to the projection screen, but they are
also better folerated well off the surface normal as well,

It seems do me that the results of the first two condi-
tions, those of 0° and 22,5 difference between projec-
tion surfaces, are quile problematic for the Buclidean-
rectification view, Monetheless, there 15 another way 1o
save the concept of rectification. Since the angle between

the two projection surfaces is constant throughout stimu-
lus presentation, it might be possible o derive that angle
during stimulus rotation, Once that anghe is derived, reg-
tification could epsily follow, Such an idea is consistent
with structure-from-motion algorithms (llman, 1979,
1984); a few more points, of perhaps a few more views
of thise points, in space would probably suffice for de-
termining the value of the sdditional parameter necded
for simulated screen slant in structure-from-motion
analysis,

To counter this possibility, 1 have investigated the per-
ception of rotating solids in an additional condition in
which the angle between simulated and real projection sur-
faces varies cominuously as the stimulus rotates. Such a
condition is somewhat complex, but imagine a condition
similar to that shown in the middle and right panels of
Figure 4, but with the angle between projection surfaces
varying between 10° and $0° while the rectangular solid
ritates. As it tums oof, the perceived rigidity of suech o
stimulus is no different from that viewed normally,

Such a finding renders less plawsible a strecture-from-
meion analysis that incorporates viewing angle (hetween
projection surfaces) as a parameter in rigidity assessment.
Instead, 1 suggest that the information for rigidity in
cinema seen from a side view exists in the transformed
stimulus in some form. What form s unclear. Local anal-
yses on right corners, such as that proposed by Perking
(19720 nd Shepard (1981 ), may prove 1o be explanatony;
or perhaps some global wlerance for geometric distor-
tions of the space may account best for perception. It is
B G000 0 kKndw,

COMNCLLUSTON

What | conclude from this initial foray imto the pay-
chophysics of cinematic space is twofold: First, Euclid-
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