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and metrical tasks (Girding et al., 1995).Insensitivityof
stereopsis to disparity fields which result from eye and
head movements (for short observation periods) would
mean that stereoscopicvision is, in principle,not able to
performmetrical tasks(for shortobservationperiods).On
the other hand, relief characteristicsare preserved under
eye and head movements.From the literature it is known
that relief tasks can be done reliably in a couple of
milliseconds (e.g. Kumar & Glaser, 1993; Uttal et al.,
1994). The result of performing metrical tasks based on
stereopsis alone is not veridical (Gogel, 1960; Foley,
1980; Gillam et al., 1984; Mitchison & McKee, 1990;
Johnston, 1991;van Ee & Erkelens, 1996a).Visual tasks
that require a metric reconstruction of the three-
dimensionalvisual world are not very common.

The insensitivityof stereopsisto disparityfieldswhich
result from eye and head movements(such as thosegiven
in Table 1) means that stereopsis is insensitiveto global
zero and first order modifications between the half-
images of a stereogram. Stevens & Brookes (1988)
reported that binocular 3D information is best acquired
where a stereogram contains curvature features. Their
resultsaboutcurvaturefeaturesare related to stereograms
per se and not to the (retinal) disparity fields caused by
these stereograms, since even a stereogram without a
differencebetween the half-imagesgives rise to a curved
disparity field (see for instance Fig. 4). In this study we
show why the zero and first order characteristicsof the
stereogram form a special class for which the visual
system is relatively insensitive.

In our view there are other relevant distinctions in
addition to the distinctionof stereopsisinto metrical and
relief tasks. One of them is the distinctioninto short and
long observationperiods (Gillam a 1988;van Ee &
Erkelens, 1996a). A second one is the distinction into
conditions with and without a visual reference (e.g.
Gogel, 1963;Shipley& Hyson, 1972;Gillamet al., 1984,
1988;Regan a 1986;Howard & Kaneko, 1994;van
Ee & Erkelens, 1995). In the case of long observation
periods there is not much of a difference between slant
estimation (metrical task) with a visual reference and
slant estimationwithout a visual reference. In both cases
there is a large underestimation of slant. However, for
short observation periods, slant estimation without a
visual reference is generally extremely poor (van Ee &
Erkelens, 1996a).A third relevant distinctionof stereop-
sis is a distinction into small and large stimuli.A couple
of reports (Rogers & Bradshaw, 1993, 1995;Howard &
Kaneko, 1994) show that vertical disparities have a
smaller influence on depth perception for small stimuli
than for large stimuli. Oculomotorcues have a consider-
able influence for small stimuli but hardly any for large
stimuli (Rogers & Bradshaw, 1995; Regan et al., 1986).

*The slant of a surface is not only determinedby horizontal scale or
shear between its own half-images, but also by the scale or shear
between the half-imagesof a visual reference. A positive slant of a
visual reference causes a negative slant of the object at hand (and
vice versa).

Temporalaspects

Taken together, we suggest that depth perception is
invariant under eye and head movement-induced dis-
parity. This formulation is probably too general because
many authors have found that subjects are able to
perceive slant caused by whole-field transformations(in
prolongedviewing). Generally, slant estimation induced
by whole-field transformations between the two half-
images of a stereogram depends on observation time. If
subjects are allowed to view the stereogram for more
than, say, 10 see, then slant estimation is far more
veridical than if they view it for, say, 1 sec (Gillam
1988; van Ee & Erkelens, 1996a). That subjects can
perceivewhole-fieldslant after prolongedviewing could
be caused by the integrationof either non-binocularcues
or extra disparity signals (for instancevertical disparity).
Inspection of the stimulus by actively making eye
movements might also contribute to the enhancement
of the slant perception over time (Enright, 1991).

Recently van Ee & Erkelens (1996b) have suggested
that Werner’s illusory depth contrast effect* (Werner,
1938) may be explained by the idea that stereopsis is
relatively insensitiveto whole-fieldhorizontal scale and
shear.This insensitivity,in turn, resultsfrom the fact that
these transformations induce disparity fields similar to
those inducedby head rotationsas we have shown in this
paper. The fact that slant estimation becomes more
veridical over time, makes their explanation consistent
with the fact that the illusoryslantof a stimuluscausedby
Werner’s depth contrast effect decreases over time (e.g.
Kumar & Glaser, 1993).

Robot vision

Three-dimensional imaging has various applications.
A possibleapplicationis the designof a binocularsystem
(robot) which can produce information about places to
which human beings cannot go or do not wish to go.
However, in practice during movementsof the robot the
instability of camera images is such that disparity
processingunder practical circumstancesfails (Eklundh,
1993). The idea that “ego-movement-induceddisparity”
is irrelevant for stereopsismay have interesting implica-
tions for the future of robotics. Shape perception by
means of two cameras could be greatly improved if the
types of disparities brought about by the robot’s own
movements(which are classifiedin this report) could be
filtered out or ignored.

We have calculated the binocular disparity field for a
wide range of possibleeye, head and stimuluspositions.
From the literature it is known that certain classes of
disparity (such as whole-field horizontal lateral shift,
differentialrotation,horizontalscale and horizontalshear
between the half-images of the stereogram) induce
relatively poor perception of depth, at least if presented
in isolation. These classes of disparity turn out to be
similar to those caused by eye and head movements.Our
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numerical calculations support the suggestion that
binocular 3D vision is based primarily on the classes of
disparity that are invariant under ego-movement.
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