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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,

Figure 1. Left panchs show shioos through sairamformed pictorial
wirwer; other pasels dow 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 shows @ perspiciive ransform of frontsl Thess bwen
Iramslormations {ogethis creste & hybrid sffine) perspeciive disor-
o of wirfunl picterisl space for sn oheerver who is in the side of
& phadograph.

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












