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Spatial-gradient limit on perception of multiple motion
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Abstract. Motion is perceived whenever a subject is presented with an appropriate spatio-
temporal visual pattern. Like many other visual tasks, motion perception involves both local
and global processing, and thus might be subject to the well-known paradox that arises from the
fact that local features and observations form the basis for global perception, but sometimes this
global percept can not be easily derived from any single local observation, as is best exemplified
by the aperture problem. Globally, dual (transparent) motion can be readily perceived. Spatial
limits on the local ability to perceive multiple motion are sought. By using the framework of
apparent motion, it is found that dual, orthogonally oriented motion can be perceived only
when the dots that constitute the two motions are separated by some spatial limit. For short-
range apparent motion, the limit is found to be comparable o D, .. and the visual system
cannot perceive more than a single coherent motion in a local *patch’ of radius D, Tt was also
found that this spatial limit on local-motion perception is not constant, but depends lincarly on
the spatial organisation of the stimuli, and vanishes for stimuli having reverse contrast. The
lower bound on the ability lo perceive multiple motion is compared with some well-known
bounds in stereopsis, and a cortical columnar architecture that might account for it is proposed.

1 Introduction

Apparent motion is perceived when a series of stimuli separated by a spatial and
temporal distance is displayed. Motion is perceived although the stimulation is
discrete and not continuously moving. It has long been assumed (Braddick 1974,
1980; Anstis 1980) that apparent-motion phenomena are divided into two classes:
long-range apparent motion, in which the spatial and temporal intervals are relatively
long and the perceived motion is believed to be a result of high-level cognitive
processes, and the second class, short-range apparent motion, in which the spatial and
temporal intervals are limited. The perceived motion is believed to be a result of the
output of the low-level-motion detectors in the visual system.

Although some doubts have recently been raised regarding the existence of this
dichotomy (Cavanagh 1991; Petersik 1991), there are numerous experimental findings
supporting it, at least for simple cases involving random-dot stimuli (Petersik 1989).
To mention a few, it was found that short-range apparent motion is not dichoptic (but
see Carney and Shadlen 1993), is followed by motion aftereffects, and does not
respond to colour, whereas long-range apparent motion is dichoptic, is not followed
by aftereffects, and responds to colour,

There exist quite a few models for visual-motion perception. Most of the models
could be classified as either correlation models, where spatial patterns are maiched,
or various motion-energy/filters models, where the spatiotemporal pattern of the visual
field is responded to [see Nakayama (1985) and Hildreth and Koch (1987) for reviews,
and Watson and Turanu {1995) for a discussion of correspondence and motion-energy
models|. Most of the correlation-based models involve a local estimate of similarity
between visual patterns across a short spatial and temporal distance. In principle, it is
not necessarily the similarity that is the right metric, but perhaps the covariance
(Werkhoven et al 1990) and, for the motion-energy models, there is no direet comparison
of any two patterns, but rather an estimation of gradients or spatiotemporal pattern,
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However, any motion model must involve some spatial-scale parameter that defines
the spatial range over which it operates (multiple scales notwithstanding).

The spatial range of motion detectors is related to one of the most fundamental
problems for models of visual perception: local vs global phenomena. The visual
system extracts local features that are used to estimaie a global percept which, in turn,
might redefine the operation of the local-feature extractors. A small gap in a contour
can be either noise or a significant part of the image. The global percept based on the
output of local receptive fields depends heavily on this local information, but the
global percept defines whether this gap is signal or noise. The prominent example of
the local -global problem in motion perception is the aperture problem: local data are
ambiguous, but a global percept can definitely be computed.

The visual system can readily perceive multiple motions, as is demonstrated by
transparencies (eg Koenderink et al 1985). Recently, it has been demonstrated (Qian
et al 1994) that if motion is locally balanced, by stimuli moving in opponent direc-
tions, then global transparent motion is no longer perceived. However, experimental
stimuli of motion transparency are usually global, and it is not clear if local and
isolated transparency can be detected, in the sense of perceiving two coherent distinet
motions in a small window. This is, again, analogous to the aperture problem: global
multiple motion can be easily perceived, but if the image is viewed through a small
window, it might not be possible to determine uniquely the two motion vectors.

In this paper we approach this problem by analysing the lower spatial limits on
perception of multiple motion. We construct a relatively small stimulus (less than
1 deg), consisting of vertically and horizontally moving dots, and vary the distance
between the two apparent motions. The experiments we have conducted are aimed at
answering the following question: is there a lower spatial limit on the ability to
perceive simultaneously more than a single coherent motion?

2 Method

2.1 Stimuli

Our main experimental paradigm is based on presenting subjects with dual-motion
displays. These displays consist of two points of size 3 min arc that apparently
‘move’, one horizontally and one vertically. The point moving horizontally is located
in the middle of the display. The point moving vertically is located at a distance R
from the center of the horizontal motion path, either to its left or to its right. The
motion magnitude, d, of the two points is equal. The points were coloured black and
the background white. In preliminary trials we observed that when the dots were far
apart, two concurrent and coherent motions could be perceived. However, when the
two dots were too close, the percept of two well-defined motions was replaced by a
percept of an ‘unstructured’ and fuzzy motion (eg four uncorrelated dots moving
randomly]. We therefore conducted a series of experiments to investigate the ability
to perceive a multiple coherent motion as a function of the relation between the dots.
In different displays, the horizontal distance R, the motion magnitude d, and the
contrast of the points were varied. Figure 1 illustrates a common dual-motion display.

2.2 Procedure

The presentation was done by means of a Silicon Graphics computer and terminal, on
a 12.5 deg by 12.5 deg (500 pixels % 500 pixels) window. Subjects were seated 0.6 m
from the display screen. In all experiments, the subjects were shown a series of dual-
motion panels, each series with different parameters. For each display panel, subjects
were asked to press a key according to whether they did or did not see two con-
current and coherent motions (a two-alternative forced-choice design). Each display
was presented for 1 s, during which subjects made the decision. If no response was






