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Imagine a predator or prey darting intermittently behind protective cover in a forest or jungle.
As the animal moves, patterns of light and shade play upon its body through the overhanging
foliage. These moving regions mingle with the movements caused on the animal's body as
its limbs and muscles deform the textured patterns on its coat. The luminance and color
contours between these moving regions may move in a variety of directions that do not
necessarily point in the direction of the animal's physical movement. Rather, a scintillating
mosaic of moving contours may be generated that could easily prevent its detection.

Detecting an animal under these rather typical conditiQns in the wild is obviously of great
ecological importance to an observer, whether predator or prey. Doing so, however, requires
that the visual system of the observer be able to solve several difficult perceptual problems,
such as: How does the observer separate the forest cover from the moving animal itself, so
that cover and animal can be independently recognized? In particular, how does the cover
pop-out in front of the animal so that the contours of the animal are not confused with those
of the cover? How is the scintillating mosaic of moving contours reorganized into a coherent
object percept with a unitary direction-of-motion? How are the intermittent appearances of
the animal integrated into a continuous motion percept that is amodally completed behind
the cover, thereby enabling the animal to more easily be tracked? How does this amodally
completed motion percept adapt itself to the animal's variable speed of locomotion? How
does attention track the animal's moving trajectory?

The problem of cover pop-out is a special case of the more general problem of 3-D figure-
ground separation, which implicates mechanisms of depthful boundary segmentation and
surface representation within the visual form perception system. Computing a coherent
direction-of-motion may also make use of form boundaries that group the animal's textures,
as well as motion boundaries that use the form boundaries to propagate unambiguous motion
direction signals from the aI:limal's outer contours to the ambiguous scintillating mosaic
within. This latter process realizes a type of "apparent motion", since it transforms the actual
motion inputs received from the animal into a different motion percept. The interaction
between texture and motion boundaries is, in addition, a type of form-motion interaction.
Finally, the process whereby intermittent views, or flashes, of the animal are interpolated as
it moves at variable speeds is a type of long-range apparent motion. This process may use
form-motion interactions to group the target "flashes" that are intermittently seen by the
observer before these groupings are interpolated by the motion system. This process also
invokes figure-ground separation to amodally complete the apparent motion signals behind
the occluding cover.
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I 2 Neural Models of Visual Form and Motion

Neural network models of how these several perceptual processes work have been progres-
sively developed during recent years (e.g. Chey et ai., 1995a, 1995b; Francis and Grossberg,
1996a, 1996b; Francis et al., 1994; Grossberg, 1983, 1987a, 1991, 1994). Other successful
models have focused upon processes of visual filtering (Chubb and Sperling, 1989; Wilson
and Kim, 1994; Malik and Perona, 1990; Reichardt, 1961; Sutter et ai., 1989; vaQSanten and
Sperling, 1984, 1985). The present models include filtering as well as grouping processes,
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