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The Role of Parsing in High-Level Motion
Processing

graphics MORPHing Programs,

The study of Transformational Apparent Motion reveals that an advanceqd
gree of figural parsing and matching is integral to the Perception of thijg
ass of motion (Tse, Cavanagh, and Nakayama, 1998), This type of apparent
motion reveals severa) novel properties of motion processing. in particular,
the study of Transformational Apparent Motion reveals that a stage of figural
parsing and matching in the high i way precedes the percep-
tion of motion, Transformation ion comprises a clags of
apparent motions that obey different Properties than thoge obeyed by stan-
dard apparent motion, Although we believe that both Transformational
Apparent Motion and standard i tational) forms of apparent
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imposed components at a location, rather than treating the pattern at that
location as a single entity, is for us the critical difference between low- and
high-level processes. We will use this property to help separate any low-
level response to a stimulus from the high-level analyses which are the sub-
ject of our chapter.

High-level motion has been studied most extensively in standard apparent
motion displays where a configuration of items in the first time frame is
replaced with a new configuration in the second, and perceived motion is
reported (figure 8.1a). High-level motion has been described as a process of

~identifying forms and then matching those forms across time intervals
(Anstis, 1980; Braddick, 1980). On the one hand, the stage of form identifi-
cation is potentially the same as that available with unlimited viewing of static
images. It could conceivably call upon all the processes of
segmentation, amodal and modal completion, three-
object recognition) which are invoked for standard scene analysis. No author
has found experimental evidence that would specify constraints on the pro-

cesses available here, although many of the elements of scene analysis have

been studied in the context of apparent motion. On the other hand, what
these studies have shown is that few of the elements of scene or form analy-
sis have much impact on matching in apparent motion (see, e.g.. Kolers and
Pomerantz, 1971; Burt and Sperling, 1981; Navon, 1976; Victor and Conte,
1990; Dawson, 1991; Watanabe and Cole, 1995). The most potent factor is
simply spatiotemporal proximity: items in frame 1 will match most readily
to their nearest neighbors in frame 2, irrespective of, say, shape or color
changes.

This result is somewhat unsettling because it is not much different from
what would be predicted by low-level mechanisms. That is, if large-
directionally selective units were available to respond to the isolated
of the two frames, they would signal motion of the nearest neighbor
and more or less ignore the form and color details of the items. There are
examples of apparent motion which deviate from the expected properties of
low-level detectors (such as matching opposite-contrast items or matching
across eyes), but these examples do not rule out contributions from low-level
units in most apparent motion displays. They only suggest that low-level

mechanisms cannot be solely responsible for all motion phenomena, There
-are also examples of object properties—shape, color, depth—playing a role
in matches (e.g, Green, 1986a, 1986b, 1989). But the effect of these fac-
tors is only revealed when the much stronger factor of proximity is carefully
controlled. ‘

Our studies with Transformational Apparent Motion displays suggest
that these ambiguities concerning the insignificant contribution of form and
feature information to high-level motion mechanisms are largely attributable
to the spatial configurations used in standard apparent motion studies, When
we use spatially overlapping elements we reveal a predominance of figural
effects over proximity effects which cannot be seen in the standard displays.
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corresponding figures between successive scenes), because the parsing pro-
cess is what defines the figures that are to be matched, Figural matching myst
with figura] parsing. The visual system
prior problem than the correspondence
parent motion. This deeper problem is the

er follow or coincide
deeper and logically
(matching) problem in cases of ap
problem of figural parsing.

Whereas standard apparent motion is generally insensitive to shape and
color constraints so long as the two stimuli presented remain within the
optimal range of spatiotemporal offsets (see, e g, Cavanagh, Arguin, and von
Griinau, 1989; or Kolers and von Griinau, 1976), Transformationa] Apparent

Motion is sensitive to such constraints, because these are used by the parser
to disambiguate figures in scenes that can o

nly be ambiguously parsed. In

Transformational Apparent Motion, we maintain, shape and feature (texture,

luminance, color) constraints are used to parse the scene and match which

extant figure, if any, has changed to subsume new image data. Motion per-

ception follows this critical stage of figural parsing and matching. In particy-
lar, Transformational Apparent Motion is sensitive to geometrical constraints
of contiguity, smooth contour continuity, and occlusion, and is influenced by

more ecological constraints as well, such as an assumption that figures tend

to persist across scenes, transforming and translating, rather than vanishin
or appearing out of nowhere. These constraints, we argue, fall out of the
nature of the parsing mechanism and its relationship with attentional mecha-
nisms involved in the tracking of figures.

We also address the question of whether th
scene in isolation. A few examples, in fact, show the contrary. The parser
acts on the spatiotemporal flow of the image to segment figures from scenes,
and takes the pattern of figures extant in ¢

he previous scene into account
in parsing the present scene. We argue that

the parser does not act on each
successive scene regardless of the parsing of t

he previous scene. Rather, we
conceive of a parser that is spatiotemporal, acting to segment figures from

scenes in spite of spatial noise, such as within-scene occlusion, and temporal
noise, such as a changing flux of partial information about a figure across
scenes. Thus, the traditional distinction between within-scene parsing and

between-scene correspondence matching is found to be too limited. Within-
scene parsing and between-scene matching ma

y be aspects of a single
spatiotemporal parsing mechanism that segments figures over a certain
optimal spatiotemporal extent.

e parser tackles each successive

BACKGROUND

Our initial point of departure in studying Transformational Apparent
the examination of illusory line motion, originally

Motion phenomena was
described by Hikosaka, Miyauchi, and Shimojo (1993a, 1993b). This phe-

nomenon arises most simply when a spot is briefly flashed, followed by a
line adjacent to the location of the spot’s offset. This is a perceptual illusion
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Figure 8.2 The arrow in frame 2 ind

icates the perceived direction of motion in this and all
other figures. Here, motion always proceeds away from the contiguous cue,

THE ROLE OF CONTIGUITY

When there are two “competing” cues, as shown in figure 8.2, observers
report that motion commences away from the contiguous cue upon the re-
placement of frame 1 by frame 2. When new image data, such as the line in
frame 2, figure 8.2a or d, are presented that are the same color and luminance

as the two cues shown in frame 1, the line appears to move away from the
cue with which it is contiguous. More surprisingly, even if the Image is

defined by outlines, as in figure 8.2b, or if the contiguous line of frame 2 is
the same color as the noncontiguous cue, as in fig

region appears to move away from the contiguous cue.

Although we will later reject the distinction between parsing and match-
ing, let us assume for now that successive images are first parsed into figures,
and that figures in each image are then matched with figures from the pre-
vious image. Consider the present case of contiguity of new image data to
extant cues. When the new image data enter the visual system they are
parsed. Since the new image data (the new regions in frame 2 of figure 8.2)
are contiguous with only the lefthand cue of frame L the parsing af frame 2
includes the unchanged righthand cue and the longer lefthand line. Since this
line overlaps the lefthand cue of frame 1 in space-time, it is matched to this
cue. As with standard apparent motion, this discrete change’ between two
steps is not seen as an abrupt exchange but rather as a smooth transition be-
tween the lefthand cue of frame 1 to its new state, the lefthand elongated cue
of frame 2. In general, then, it appears that the matching operator matches
successive parsed figures that overla

p in space-time.
In figure 8.2d, the bridging line presented in frame 2 is not the same width
as either of the square cues present in frame 1. Thus, there are deep con-

cavities with both cues. What would happen if there were deep concavities
with only one cue? We find that contour relationships, especially the presence

ure 8.2¢, the new image
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Transformational Apparent Motion Is Figure-Centered

When a figure is progressively occluded, the occluded region continues to
exist behind the occluder even though it is not visible in the image. Although

strate that Transformational Apparent Motion operates on figural changes of
shape, not image-centered changes in shape,

When a line appears that |

maintaining their figural form, Moreover, the
out from either of the rectangles of frame 1
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tant” visible half of the occluded bar i perceived to appear subsequent to the
“near” half because of the continuous nature of Transformational Apparent
Motion. (If frame 1 is shown again after fr

‘ ame 2, the occluded bar seems to
shrink back into the smaller cue.) However, in figure 8.5b, where we elimi-
nated the T-junctions necessary for amodal completion, an entirely different
percept is usually reported. Here the cue appears to transform into only the
overlapping cue of frame 2. The distant

portion of the bar is usually de-
scribed by subjects as simply turning on

all at once, simultanecus with the
occurrence of the Transformational Apparent Motion of the overlapping cue,

We argue that this occurs because now the overlapping (lefthand) portion of

the bar is segmented as a separate figure from the more distant (righthand)

portion of the bar. The small square of frame 1 is matched to only the over-

lapping portion, allowing a shape change to occur between it and the over-

lapping portion. The nonoverlapping portion, because it is parsed as being
a new figure, cannot undergo a shape change from anything else. In con-
clusion, then, the perception of Transformational Apparent Motion trans-
mitted behind an occluder in figure 8.5a, but the failure of Transformational
Apparent Motion to. transmit behind the occluder in figure 8.5b, indicates
that amodal surface completion occurs before the perception of Transforma-
tional Apparent Motion.

Similarly, in the case of figure 8.5¢, when presented with frame 1 followed
by frame 2, observers attending to the frame 1

tion of its motion, because this illusory surface appears to change shape to
cover all four inducers, This perception of an illusory surface undergoing a
shape change indicates that modal surface completion occurs before, or as an
integral part of, the perception of motion.

OTHER CONSTRAINTS ON TRANSFORMATIONAL APPARENT
MOTION

We have seen that the problem of determining figural identity within and
between scenes is intimately tied to the problem of parsing. We find that the
geometry-based parsing principles discussed so far are not sufficient to fully
account for the types of shape changes involved in certain displays where
geometry supplies no basis for atiributing new image data to one cue rather
than another. Other constraints appear to operate on the parsed image prior

to the perception of motion that help determine the trajectories underlying
the best match, '

Ullman (1979), following Attneave (1974), argued that correspondence
matching between two multielement displays satisfies a minimal mapping,
which, loosely speaking, can be thought of as a local nearest-neighbor corre-
spondence mapping that satisfies certain additional constraints. One of these

—




constraints is that there is a preference for one-to-opi m:p;tnon;g:; ;:i:;d:;i
to this preference, each elemenl’i in -the ;ri:rr;zyl ‘S:}(::: : }n:: n:; ‘o map otlo ore
?nd N OII.:: elzrsn;n:}:: ::;:?A‘:’:Ei COII,lSh';.lint is the minimal cover prop-
g l"i,\"‘)'dian‘to which the number of motion trajectories is kept tc? a minj-
o a'ccmrd:rg to eliminate superfluous matches, while still supplyxr}ilg each
ﬂ;“m “’: oith a partner in the next frame. Although Ullman argued t z_nt cor-
. emendw m:;ching occurs between low-level tokens, such as lumm_ance
;:)Il’)znazgcgoes not operate on high-level figures or object.reﬂrfen:;ﬁ::
we ﬁ;ld that figures obey constra\ints{-si‘;nil{-arctoc;l ::::S oft:gtl:rn: ] u:rn o ami
ol dof 'I::i?rtt;::s :L?e;f.::rr\::r g;aﬁgu: trajectories, while satisfyirrg the
;};:I:et;a;-b::ed constraints discussed above, will ur(;d}e):rlie:t hthe pc:;ip:;o; e:
i aints were probably internalized | e mo

Lii:::é tslll:; r(;(;l:z:rthe probabiﬂties of motion ev-'en’ts in the :vo-rlcrli. ;;:fe:i;s
that motion perception, like much else in .vi_s1on, is -a:; ex p;s E:,lzs ana Zon:
based on processing that has inherent in it m.ferenh. hat;su ng:bi ki
strain the multitude of interpretations compatible with the ambigu

PARSING AND MATCHING COMPRISE A SINGLE OPERATION
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Stimulus Perceived
N |
Frame 1 I I I I I I
N |
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H N H_N
Frame 2 i N —0
Nyl ngl
Figure 8.6 If frame 2 is presented in isolation, observers do not report seeing an occluding

white bar. Rather, subjects generally report seeing a set of eight squares. However, if frame 2 is

shown right after frame 1, observers report seeing a black-tipped occluding white bar under-
going Transformational Apparent Motion to the right.

work here is the ambiguity of parsing in frame 2. None of their frames was
ambiguous for parsing. In our case, parsing is ambiguous, and the config--
uration of figures in frame 1 biases subjects to parse the scene in frame 2 to
include an ocduding illusory bar, as opposed to parsing the scene into several
separate squares, as in the frame-2-only control case, This implies that the
parsing mechanism must take into account the configuration of parsed figures
in the previous scene in determining the parsing of the present scene. But if
parsing is not a within-scene mechanism, but rather a between-scene mecha.
nism, the distinction between parsing and matching becomes merely a heu-
tistic distinction. Since the parsing mechanism seems to take into account the
structure of the previous scene in segmenting the present scene, it becomes
difficult to talk of independent or serially arranged parsing and matching
mechanisms. In all likelihood, the parsing and matching operations are non-
separable aspects of a single spatiotemporal parsing operation that involves
segmenting figures out from spatiotemporally noisy image data.

PARSING PRINCIPLES OVERRIDE MOTION ENERGY ACCOUNTS

Note that parsing in space-time cannot be accounted for in terms of low-
level motion energy filters, because such filters are sensitive only to motion
energy. Thus, a criticism we must meet is that Transformational Apparent
Motion is simply a product of motion energy. As we have already main-
tained, many of our displays involve motion energy in several often oppos-
ing directions. Since the signal due to motion energy is often ambiguous, we
have argued that while motion energy is an important low-level constraint
on motion perception, there must be other higher-level constraints operating

prior to motion perception, such as the simp

le parsing-related principles
described here.
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