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1 Introduction: Form-Motion Interactions in the Forest Primeval

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 conditions in the wild is obviously of great
ecological importance to an observer, whether predator ot 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 animal’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.

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 al., 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 al., 1989; van Santen and
Sperling, 1984, 1985). The present models include filtering as well as grouping processes,



and have shown how the requirements of grouping suggest additiona] Constraints that help
to derive the filters that feed the grouping processes,

The present chapter reviews several of these model processes, including how long-range

3 An Introduction to Apparent Motion

Exner (1875) provided the first empirical evidence that the visual perception of motion was
a distinct perceptual quality, rather than being merely 4 series of spatially displaced static
percepts over time. He did this by placing two sources of electrical sparks close together in

occurs at a larger interstimulus interval, or ISI, between the offset of one flagh and the onset
of the next flash.

This classical demonstration of apparent motion was followed by a series of remarkable
discoveries, particularly by gestalt psychologists, concerning the properties of motion per-

restored to the background luminance,
If a white spot on a gray background is followed by a nearby black §pot on a gray
background, then motion between the spots can occur while the percept changes from white

to green along the motion pathway (Kolers and von Griinau, 1975; Squires, 1931; van der
Waals and Roelofs, 1930, 1931; Wertheimer, 1912/1961). These results show that the motion
mechanism can combine vigual stimuli corresponding to different colors, or even opposite
directions-of-contrast. Complex tradeoffs between flash himinance, duration, distance, and
IST in the generation of motion percepts were also discovered. For example, the minimum
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ISI for perceiving motion increases with increasing spatial separation of the inducing flashes.
This property is sometimes called Korte’s Third Law (Boring, 1950; Kolers, 1972; Korte,
1915). A similar threshold decrease with distance occurs in the minimum stimulus onset
asynchrony, or SOA, which is the difference between the flash onset times. Interestingly,
whereas the minimum ISI decreases with flash duration, the minimum SOA increases with
flash duration. :

These discoveries raised perplexing issues concerning the nature of the long-range brain
interaction that generates a continuous motion percept between two stationary flashes. Why
is this long-range interaction not perceived when only a single light is flashed? In particular,
why are not outward waves of motion signals induced by a single flash? How does a motion
signal get generated from the location of the first flash after the first flash terminates, and
only after the second flash turns on? How does the motion signal adapt itself to the variable
distances and ISIs of the second flash, by speeding up or slowing down accordingly? In
particular, how can the motion signal adapt to the ISI between two flashes even though such
adaptation can only begin after the first flash is over? I like to call this the ESP Problem.

The figural organization of motion stimuli can also influence motion percepts. The Ternus
displays provide a classical example (Ternus, 1926/1950). In Frame 1 of a Ternus display,
three white elements are placed in a horizontal row on a black background (or conversely).
After an ISI, in Frame 2 all three elements are shifted to the right so that the two rightward
elements in Frame 1 are in the same locations as the two leftward elements in Frame 2.
Depending on the ISI, the observer perceives either of four percepts. At very short ISIs, all
four elements appear simultaneous. At long ISIs, observers do not perceive motion at all. At
ISIs slightly longer than those yielding simultaneity, the leftmost element in Frame 1 appears
to jump to the rightmost element in Frame 2. This percept is called element motion. At
somewhat longer ISIs, all three flashes seem to move together between Frame 1 and Frame 2.
This is called group motion.

The percept of group motion might suggest that Ternus percepts are due to a cognitive
process that groups the flashes into attended objects, and that motion perception occurs
only after object perception. Such an explanation is not, however, made easily consistent
with the percept of element motion. It has been argued, for example, that at short ISIs, the
visual persistence of the brain’s response to the two rightmost flashes of Frame 1 continues
until the two leftmost flashes of Frame 2 occur (Braddick, 1980; Braddick and Adlard, 1978;
Breitmeyer and Ritter, 1986; Pantle and Petersik, 1980). As a result, nothing changes at
these two flash locations when Frame 2 occurs, so they do not seem to move. This type of
explanation suggests that at least part of the apparent motion percept is determined at early
processing stages. It does not, however, explain how we see element motion. In particular,
why does not the element motion percept collide with the two stationary flash percepts?
What kind of perceptual space can carry element motion across, or over, the stationary
flashes? B

Reverse-contrast Ternus motion also suggests that motion properties may be determined
at early processing stages. In this paradigm, three white spots on a gray background in
Frame 1 are followed by three black spots on a gray background in Frame 2 (see Figure 1).
At the ISIs where element motion previously occurred, group motion now occurs (Pantle and
Picciano, 1976). How does a change of contrast between Frame 1 and Frame 2 obliterate
element motion? Does.it do so by altering the effects of visual persistence on Frame 27



