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When a shape moves behind a very narrow window, or “slit,” the entire shape can be recog-
nized, although at any instant only meaningless fragments are visible. In some manner, the hu-
man visual system has the ability to piece together these sequential fragments into a coherent
shape that is seen as moving across the largely occluded field. As a first step toward understand-
ing how this feat may be accomplished, we show some minimal conditions for recovering the direc-
tion and speed of motion of an unknown shape moving behind a slit. Two important conditions
are that the object be rigid and that its motion be a simple transition in the image plane.

When animals and objects move about in our visual
world, they are often partially occluded by other objects,
such as trees, streetlights, buildings, and so forth. Rarely
do we see for long periods a shape in its entirety. In the
extreme case, when an animal creeps through a forest,
it may be almost totally occluded except for fleeting ““slit-
like’’ views. In 1965, Parks mimicked this extreme case
by passing a shape behind a narrow window, or slit
(Figure 1). Surprisingly, the shape could be recognized
although at any instant only a sequence of meaningless
fragments were visible—an observation first reported by
Zollner in 1862. The strength of this perception can be
seen by viewing a person or object that moves behind a
door that is slightly ajar. How can a visual system recover
a shape that is almost totally occluded?

Several computational problems are raised by Parks’s
slit paradigm (Rock, 1981). The most obvious is that the
fragmented views must somehow be stored in memory
and integrated into a whole. However, such an integra-
tion process cannot proceed successfully by using only
the available image information. Quite simply, the space-
time locus of integration must be specified. In particular,
we must know in which direction and at what speed the
occluded object is moving in order to piece together cor-
rectly the fragments of the outline. If integration is
achieved by a smooth pursuit movement of the eye, as
proposed by the ‘‘retinal painting theory’” (Haber, 1968;
Haber & Nathanson, 1968), then to recover the correct
shape, the eye must move in the same direction as the
object, and at the object’s angular speed. An eye move-
ment at any other rate or direction will produce a distor-
tion of the true shape. Similarly, internal scan models will
suffer the same fate, unless the object’s velocity is known.
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Figure 1. Recovery of a moving shape from slit views.

In general, regardless of one’s model for the integration
process, without knowledge of an object’s speed and
direction, there is a many-to-one mapping between the
observed sequence of fragments and possible shapes. For
example, Figure 2 shows three different shapes and mo-
tions that will produce identical slit views. [Our percep-
tion, however, is as in (A), of a tented shape translating
horizontally.] This simple result suggests that two impor-
tant constraints upon the recovery process are that the
shape be rigid and that it move at constant speed and direc-
tion. Our first immediate computational problem is thus
to explore the conditions under which the direction and
speed of motion of a rigid shape can be recovered from
slit viewing.

COMPUTATIONAL ANALYSIS

Let a rigid shape move behind a vertical slit with speed
V, and at an angle ¢, as shown in Figure 3. Depending
upon the width of the slit, the observed contour will have
an orientation §; and curvature k, at time ¢,, or simply
appear as a ‘‘point’’ undergoing up-and-down motion if
the slit is very narrow. We will show first that this last
extreme case, in which only points in motion are seen,
will not permit the correct recovery of the shape and its
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