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We compared a human observer’s ability to locate the focus of expansion (FOE) of a radial optic flow
field when this flow ficld was either combined with, or overlapped by, planar motion. With combined
stimuli, in which the FOE was displaced in the direction opposite to the planar motion, subjects
accurately located the displaced FOE. With overlapping (transparent) stimuli and the FOE remaining
in the center of the display, we found an illusory transformation of the radial pattern: the focus of
expansion appeared to be shifted in the direction of the planar motion. The speed of both the planar
and radial patterns of motion influenced the illusion. Presence or absence of visual fixation bad little
effect. We suggest that this illusion might provide a clue as to the way the brain processes planar and
radial motion which might in turn be relevant to the interaction of the planar and radial motion

components of optic flow fields.

Optic flow Illusion Perception Vision Motion

INTRODUCTION

Optic flow is the visual motion that resulis from the
movement of an observer through the environment
(Gibson, 1950). This visual motion streams past the
observer on all sides, creating a radial pattern which
emanates from a focus of expansion (FOE) in the
direction of self-movement. When the observer is look-
ing in the direction of self-movement, the retinal image
of the FOE is on the fovea. If the moving observer makes
a smooth pursuit eye movement, the visual motion from
the smooth pursuit is combined with the optic flow field
displacing the singularity or position of zero flow on the
retina. Thus, during self-movement, the retinal image of
the FOE can be altered by a true change in the direction
of self-movement or by a concurrent smooth pursuit eye
movement.

Optic flow ficlds can be simulated in computer gener-
ated visual displays, and their characteristics manipu-
lated to systematically alter the patterns of motion.
Combining outward radial motion and horizontal
planar motion produces a flow field having the position
of zero flow displaced to the side opposite that of the
direction of planar motion [Fig. 1(A)]. Alternatively, we
can create a stimulus that contains the same amount of
planar and radial motion as the combined stimulus,
but with the FOE remaining the center of the display.
We do this by overlapping outward radial motion and
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horizontal planar motion thus superimposing two trans-
parent patterns [Fig. 1(B)]. We find that the planar and
radial patterns in such overlapping stimuli are both
readily seen, but that there is an illusory transformation
of the radial pattern such that the centered FOE appears
to shift in the direction of the planar motion. We suggest
that this iflusory shift of the FOE might provide a
clue as to how the brain combines plapar and radial
motion and possibly how it compensates for the planar
motion in the optic flow field during smooth pursuit eye
movements. '

METHODS

Visual stimuli

Our visual stimuli covered the central 100° of our
subjects’ central field of view. The radial motion we used
was always the flow associated with the approach toward
a frontoparaliel plane and we will refer to this symmetric
radial motion simply as radial motion. On the same
frontal plane we produced a uniform lamellar motion to
the right or left and we will refer to this as planar motion.
The symmetrical radial field had a focus of expansion
(FOE) in its center and when combined with the planar
motion the resulting asymmetric radial motion had point
of zero flow (a singularity) displaced to the right or left.
For simplicity we will refer to the point of zero flow in
both the symmetric and the asymmetric radial flow
patterns as an FOE.

The visual stimuli were rear-projected on to a trans-
lucent tangent screen so that the stimulus covered
100 x 100°. The stimuli were precomputed on a 80286
based computer which generated the sequence at 20
frames/sec for projection by a Sony 900 projection
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FIGURE 1. Schematic drawings of the large field (100 x 100°) visual
motion stimuli used in these experiments. These stimuli contained two
separate groups of dots, one devoted to radial motion the other to
planar motion. (A) Stimuli in which the point of zero flow of the
outwards radial pattern of motion (arrows) was displaced to the left
or right side. This displacement was the result of combining rightward
or leftward planar motion with the centered radial motion pattern
during stimuius generation. The planar motion patiern remains
stationary (dots). (B) Stimuli in which the focus of expansion (FOE)
of the outward radial pattern of motion (long arrows) remained in the
center of the screen while the planar motion (short arrows) moved
uniformly to the left or right. The total amount of planar and radial
motion is the same in all four stimuli. For simplicity, we will refer to
the point of zero flow as the focus of expansion (F OE) of the stimulus
whether this flow is symmetrical (B) or not (A).

television. The stimuli contained 300 white dots each of
which subtended 0.75° and were 1.8 cd/m? against a
background of 0.2 cd/m®. The initial dot position was
random, the dots were in motion when they appeared
and remained on for 0.5-1.5 sec. For radial motion, dot
speed increased with increasing distance from the FOE,
in keeping with the characteristics of naturally occurring
optic flow fields. In most experiments, the mean radial
speed of the individual dots was 40°/sec, with dots in the
center moving more slowly and dots in the periphery
moving more rapidly. The computer algorithms for
generating the dot motion have been described pre-
viously and create patterns simulating motion in a single
plane (Duffy & Wurtz, 1991a).

We used two basic patterns of visual stimuli. The first
set of stimuli combined outward radial and horizontal
planar motion by vector addition which resulted in a
static displacement of the FOE by 15 or 30° to the right
or left of center along the horizontal meridian. Such
stimuli [Fig. 1(A)] were used to test our subject’s accu-
racy in locating the FOE in this display. In these stimuli,
150 of the dots moved as part of the combined radial
pattern while the other 150 dots were stationary. We will
refer to these stimuli as combined stimuli having a
displaced FOE. We used a second set of patterns
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(Fig. 1(B)} to examine the impact of overlapping separate
planar and radial motion on the subject’s perception of
the FOE. In these transparent overlapping stimuli, 150
of the dots moved as part of the radial pattern while the
other 150 dots moved to the left or right with uniform
planar motion. We will refer to these stimuli as over-
lapping planar and radial stimuli with a centered FOE.

Subjects and experimental procedures

Fourteen normal adults were enrolied and reimbursed
through the Normal Volunteer Office at the National
Institutes of Health. Although two of the subjects were
scientists, the authors and any laboratory members
familiar with the illusion were not used as subjects. The
subjects were naive as to the purpose of the experiment
except for the explanation that it was a study of how well
people can see patterns of moving dots. Subjects were
first familiarized with the laboratory, and then a detailed
description of the experimental protocol was read to
them from a prepared text.

In all of the experiments, the subject’s only task was
to locate the FOE in the stimulus by pointing a spot of
light at it. At the start of each experiment, a few practice
trials were given to accustom the subjects to the con-
ditions of that experiment. No knowledge of the results
was given to the subjects at any time during these
experiments, but the nature of the illusion was explained
after all experiments had been completed.

The subjects sat in a chair with their eyes 50 cm from
the tangent screen. Their chin rested comfortably on a
padded chin rest while their head was restrained by a
plastic head band. Each subject participated in 814
experiments conducted during a single 3-4 hr session.
Each experiment lasted between 5 and 20 min and
consisted of a series of 6 sec trials using different stimuli.

Each trial consisted of two periods separated by
auditory cues. In the first period, visual stimuli were
continuously displayed on the screen for 3sec after
which the stimulus went off and a single audible beep
sounded. In the second period, the subjects had 3 sec to
aim the spot of light at the location on the screen where
they had seen the FOE in the preceding visual stimulus.
At the end of this second period, a double beep indicated
that the response period was over and that another
visual stimulus period was about to start. The response
to each stimulus was quantified by averaging over the
last second of the 3 sec response period,

The subjects used a pointer to indicate the FOE. This
pointer was mounted at hand level directly in front of the
subjects and was easily pointed anywhere on the screen.
The horizontal position of the pointer was measured
using a potentiometer whose output was digitized at
250 Hz and stored for off-line analysis. During the visual
stimulation period the subjects rested the pen so that the
beam was below the lower edge of the screen. During the
response period the subjects were instructed to maintain
the spot at the position of the FOE.

In order to adjust the gain and offset of the pointer for
positions along the horizental meridian, an initial series
of 25 trials were run at the start of a recording session
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