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ABSTRACT We demonstrate two kinds of visual stimuli
that exhibit motion in one direction when viewed from near and
in the opposite direction from afar. These striking reversals
occur because each kind of stimulus is constructed to simulta-
neously activate two different mechanisms: a short-range
mechanism that computes motion from space-time correspon-
dences in stimulus luminance and a long-range mechanism in
which motion computations are performed, instead, on stim-
ulus contrast that has been full-wave rectified (e.g., on the
absolute value of contrast).

We demonstrate two dynamic visual stimuli that appear to
move in one direction when viewed from near and in the
opposite direction from afar. This remarkable reversal of
apparent motion occurs because the stimuli are constructed

to simultaneously activate two different mechanisms: a -

first-order mechanism that computes motion from space-
time correspondences in raw stimulus luminance and a
second-order mechanism that uses, instead, a full-wave
rectified transformation (e.g., the absolute value) of stimulus
contrast to compute motion.

The first stimulus, B, a rightward stepping, contrast-
reversing bar, is a variant of Anstis’s (1) reversed-phi
stimulus. What we add are quite different explanations of the
ordinary and the reversed motions in this stimulus and the
conditions under which each is perceived.

The second stimulus, I', a stepping, contrast-reversing
grating, is an elaboration of the first with two useful proper-
ties: (i) It provides the first- and second-order systems with
motion signals of identical spatial frequency, moving at the
same rate, but in opposite directions; and (ii) its motion
direction is totally ambiguous to any half-wave rectifying
system. The dominance of the first-order mechanism when
the retinal image is small (far-viewing) suggests that it is the
mechanism of Braddick’s (2) short-range system; the domi-
nance of the second-order mechanism with large retinal
images suggests that it is the mechanism of the long-range
system,

Since Braddick (2) proposed that there are two motion
perception mechanisms with different properties—a short-
range and long-range motion-perception system, the issue
has been intensely investigated (3-16). The following differ-
ences between the short-range and long-range systems are
proposed. The short-range system requires successive stim-
uli to be displaced in space by a small distance Ax within a
small time period At and presented to the same eye. The
long-range system tolerates large Ax, At, and interocular
presentation (2, 12).

Anstis and Mather (16) noted that in making its matches
across time and space, the long-range system is indifferent to
sign of contrast; Motion is generated between successively
displayed, spatiotemporally displaced points on a grey back-
ground, even when they are of opposite contrast polarity
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(i.e., one is white and the other black). Quite the reverse is
true of the short-range system. The sensitivity of the short-
range system to the sign of contrast is exhibited strikingly in
the phenomenon of reversed-phi apparent motion (1): When
a picture is flashed twice in quick succession, with the second
flash slightly displaced in space from the first, motion (called
¢ motion) is perceived in the direction of the displacement.
However, if the contrast of the picture is reversed between
the first and second flash, motion may be perceived in the
direction opposite to the displacement. This is reversed-phi
motion.

What has been lacking is a clear specification of the
mechanisms governing the short- and long-range systems.
Here we introduce two stimuli, the contrast reversing bar B
(Fig. 1d) and the stepping, contrast-reversing grating I' (see
Fig. 2a) that display short-range (reversed-phi) motion to the
left when viewed from far away and long-range motion to the
right when viewed from a short distance. I is constructed so
as to place important constraints on the underlying mecha-
nisms that detect the motion it displays from both far and near
viewing distances. Specifically, I' rules out the possibility
that either sort of motion is mediated by half-wave rectifi-
cation. Rather, I' strongly suggests that the short-range
system applies what we shall call standard motion analysis to
raw stimulus [uminance, while the particular long-range
system stimulated by I from short viewing distances applies
standard motion analysis to a full-wave rectified transforma-
tion of stimulus contrast.

A monochromatic visual stimulus is a function that assigns
a luminous flux to each point in space~-time. However, from
a perceptual point of view, a stimulus is better described by
its contrast than by its luminance I. Thus, a stimulus S is the
normalized deviation of /(x, y, f) from its mean luminance /y;
that is, for any point x, y, ¢ in space~time, S(x, y, 1) = [l(x, y,
t) — lp}/lp. Because a stimulus is defined in terms of the
contrast-modulation function S (rather than the raw lumi-
nance function /), stimulus values (unlike luminance values)
may be positive or negative.

To simplify the discussion, we consider only stimuli that do
not vary in the vertical dimension, i.e., stimuli that can be
described as horizontally moving patterns of vertically ori-
ented bars. Any such vertically-constant stimulus is charac-
terized in all relevant respects by its x¢ cross-section S(x, 1),
a slice made perpendicular to the vertical axis of space to
reveal stimulus contrast as a function of horizontal space (x)
and time (?).

Fig. 1a depicts eight frames of a movie of a dark vertical bar
stepping left-to-right across a bright field. Fig. 1b is the xt
cross-section of the rightward-stepping dark bar. Fig. 1c
shows an xt cross-section of a rightward-drifting, vertically
oriented sine-wave grating S(x, #) = sin(x — ). This sine-wave
component of b is shown superimposed on b. Fig. 1c
illustrates how the detection of motion in a complex stimulus
can be understood in terms of motion of the sine-wave
components.

It is immediately obvious from the xt cross-sections of the
rightward-stepping bar and sine-wave stimuli that the prob-






