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At the edge of movement
STUART ANSTIS AND V S.RAMACHANDRAN

The edges of objects in the real world are revealed by abrupt changes

in retinal images of several hinds: brightness, texture, motion, colour.

depth. and so on. The two-dimensional artist cannot depict edges in
motion or stereopsis, but plenty of cues are stil available to his or

her palette. Here we describe what happens when one throws awalr

brightness, colour, and everything else, until only motion is left'
Some things get worse - edges cannot be localized accurately, but

new and interesting perceptual effects emerge. Now that the com-

puter is becoming an artist's tool, there may be new areas to be

opened up using kinetically revealed objects, or objects visible on15.

by colour, or only by depth and so on.

For objects to be visible they must differ from their surround in
some way. There is usually a brightness difference, as in the white

square in Fig, 10.1(a). But recently there has been much interest in
equiluminous objects (Livingstone and Hubel 1987) which differ

from their surround along some non-luminous visual dimension,

such as stereo depth (Fig. 10.1(d)), or texture (Fig. 10,1(b) and (c)).

where the square and the surround have different textures but share

the same space-averaged brightness. In particular, motion can make

an object stand out from its surround. Figure 10.1(e) shows a

motion-deflned square on a surround of stationary random dots, like

a sheet of sandpaper with a small foreground square of sandpaper

moving in front of it. As a result the square is seen as moving. Thus

motion itself can reveal the objects, even when there is no difference

in brightness, Of course the edges of the square move with the

texture, because the whole thing is moving' But one could equall5'

well have a large sheet of stationary sandpaper with a small square

hole cut in it, through which is seen part of a large background
sheet of moving sandpaper (Fig. 10.1(l)). This gives a stationary
window of moving texture.

We have studied these stationary motion-defined windows that
contain drifting dots (Ramachandran and Anstis 7987, 1990; Anstis

1989). All stimuli were displayed on a computer-controlled TV
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Fig. 10.2. Three stationary
windows were filled with random

dols lhat drifted to the right ir
the central window and to the
left in the top and bottom
windows. The surround was

filled with randomly twinkling
dots. Result: the central window
appeared subjectively displaced

to the right (illusory
displacement). Also, if the

subject fixated the cross then

the windows could disappear

within 4-8 s.

STUART ANSTIS AND V S RAMACHANDRAN

peripherally during steady flxation, it rapidly vanishes from sight,
becoming invisible within about 5 s and reappearing only when the
eyes are moved (Anstis 1989; Ramachandran and Anstis 1990).
This rather alarming artiflcial blindspot or 'galloping glaucoma' is
probably caused by the twinkling background rather than by motion
within the window, since uniform grey patches embedded in visual
noise also fade rapidly when viewed peripherally (Spillman and
I(urtenbach 1990; Ramachandran and Gregory 1991). We have
noticed that small coloured spots also fade quickly in peripheral
vision, even when they have an average brightness different from
that of the dynamic noise. Whereas 'Troxler' fading, as described by
Pirenne (1967), generally works best for blurred or very stable edges,
the twinkling noise in our displays constantly refreshed the edge, yet
the perceptual vanishing was very rapid.

In this chapter we extend these studies to stationary windows that
contain not drifting dots, but drifting stripes. We shall describe three
perceptual phenomena:

(1) illusory offsets;

(2) motion segregation - seeing that objects are different by their
different movements:

(3) the aperture problem - the fact that the shape of the frame
surrounding movement affects the perceived direction of the
movement.

f.l6r
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STUART ANSTIS AND V S RAMACHANDRAN

Fig. 1O.4. Same as Fig. 10.2.,

but with gratings instead of
random dots. (a) Three

stationary windows, aligned

verticaily, contained drifting
stripes. Top and bottom stripes

drifted to the left, middle stripes

drifted to the right. There were

no brightness edges, because the

surround brightness varied with
the window edges (not shown).

Result: middle window appeared

to be displaced to the right.
(b) Left eye saw same as (a),

right eye saw its mimor image.

Result: in the binocularly-fused

image the central window
appeared nearer than the others.

(c) Perspective sketch of the

apparent depth seen in (b).

(d) Size illusion in annular
windows that contained

expanding or contracting

circular stripes.

Stimulus Looks like
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(c) Perspective
sketch of (b) (d) Size illusion

sensors systematically misreport the position of such an edge, assign-

ing to it an offset in the sensor's preferred direction. This offset
would help to anticipate the future location of the edge and would
compensate for the actual displacement of the object that would
occur during the inevitable neural delays of visual processing. Thus,
the perceived position is not the position of the stimulus when it
actually triggers the sensor, but its anticipated position by the time
the signal must interact, at some more central neural site, with other
sensory or motor processes. This offset played a role in our experi-
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Fig. 1O.5. Motion segregation.

(a) Grey dots moved to the right,
black dots to the left. Actually all

dots were black; some are made

grey here lor exposilion only.

Result: the T-shaped region of
leftward dots detached itself from

the surround (b) in immediate,
pre-attentive motion segregation.

(c; Stationary windows were

fliled with stripes that drifted to

the left in a T-shaped subset of
windows arrd to the right in the

remainder. Result depended on

the surround, which is not
shown. If surround brightness

varied simultaneously with that
of the stripes at the window
edges, giving no brightness

edges, there was strong
pre-attentive motion segregation,

as in (d). Ifbrightness edges were

intact. there was little or no

motion segregation.
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remaining stripes drifted to the right. Incidentally, it was noticed that
if the bars in all the windows had the same spatial relationship, say
white bars appearing in all the windows at the same moment, all the
windows appeared to pulsate together in brightness. This was felt
undesirable, since it might affect the motion segregation for better or
for worse, so it was removed by randomizing the spatial positions of
the bars across windows (not shown). To accommodate this, the
brightness of the windows was flickered by method 2 in order to get

rid of brightness edges. When this was done an observer immediately
saw the eight windows, revealed by their kinetic edges, 'pop out' in
pre-attentive perceptual segregation and move to the left as a unit,
spelling out a letter T (Fig. 10.5(d)). However, if the brightness edges

were not removed the motion segregation collapsed. An observer
could still flnd the leftward-moving blobs given time, but had to
search for them with attentive scrutiny.

Why do the windows segregate when their edges are revealed only
by motion, but not when we add brightness edges? Fig. 10,6 shows
our conjecture that the stimulus of Fig. 10.5(c) is analysed in paral-
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STUART ANSTIS AND V S RAMACHANDRAN

Fig. 1O.7. Aperture problem
with oblique gratings.
(a) Oblique stripes (pale grey)

dril'ted down to the right (thick
grey arrow). The stripes were
rrisible only through a vertical
and a horizontal slit, through
which thcy appeared to drift
vertically and horizontally
respectively (thin arrows). The

oblique stripes shown in pale
grey were actuallv hidden.
(b) Aspect ratios of slits in (a) are
radically changed, so that now
both slits are oblique, but ends

are cut vertically or horizontally.
Result: the slits, and the gratings
seen through them, appear to
drift vertically or horizontally
respectively (arrows) 

- but only
if brightness edges are removed.
(c) Brightness edges along sides

are important. Flicker (F) near
long sides keeps the vertical
motion shown in (b), but
(d) flicker near short ends (with
grey (G) along sides) is

ineffective. See text.
(e) Conventional Miiller-Lyer
illusion. The line with the
'outgoing' flns appears much
longer than the line with the
'ingoing' flns. (f) Dynamic
Mr.iller Lyer illusion. Ends appear
to drift outwards on left-hand
slit, inwards on right-hand slit.
Result: left-hand slit loohs longer.

(a)

(e)

(b) 蝙
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stripes is ambiguous (Adelson and Movshon 1982), because onry the
motion component at right angles to the stripes produces any visible
change. In Fig. 10.7 oblique stripes drifting down to the right (thick
grey arrows) were actually visible only through a vertical slit and a
horizontal slit, through which they appeared to be drifting vertically
or horizontally respectively (thin arrows in Fig. 10.7(a)). These per-
ceived motions are consistent with the intersections that move along
the edges of the slits (see Nakayama and Silverman 19gB).

If you view drifting vertical stripes through a long thin vertical
window, then not surprisingly you see the stripes moving horizon-
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