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Optic flow: A brain region devoted to optic flow analysis?

Robert H. Wurtz

The visual motion - or optic flow = that results from an
observer’s own movement can indicate the direction of
heading through the environment. Recent experiments
have strengthened the argument that neurons in a
specialized region of the cerebral cortex are critical for
the analysis of this important class of visual stimuli.
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Oprtic flow is the wvisual motion thar results from an
observer’s own movement through the environment, The
distinguishing feature of optic flow is that it covers the
entire visual field, whereas object motion covers only a part
of the field. Nearly 50 vears ago, the American experimental
psychologist James J. Gibson [1] emphasized that the
changes in the optic flow pattern over time are critical for
indicating the dircction in which the observer is moving or
‘*heading’, while also providing cues about the structure of
the environment — near objects will move faster than more
distant objects — and for the control of posture — side-to-
side pamerns induce body sway. Pardeularly relevant, in
light of recent work, was Gibson’s description of how the
radial expansion of the visual scene could be taken to indi-
cate the direction of heading (Figure 1). Gibson and others
[2,3] suggested that, even when this radial flow is combined
with other motion, such as that produced by eye move-
ments, optic flow can be used to determine the direction of
heading. These behavioral studies of optic flow raised the
rantalizing question of what neuronal mechanisms might
support such large-field visual analysis.

Figurea 1

At the dme Gibson was putting forward his then
unconventional views, the way visual information is
processed along the visual pathways from the retina to the
striate cortex, or visual area V1, was being explored [4].
The processing of visual motion that was observed in those
carly studies would be appropriate for the analysis of
movement over only a tiny portion of the visual field,
because of the small size of the cell's receptive fields; optic
flow patcterns, however, cover the entire visual field. The
breakthrough in this mismatch came with two develop-
ments. The first was the identification of a series of cere-
bral cortical areas devoted to visual processing that lie in
front of the striate cortex (Figure 2). The second was the
recognition that several of these areas are devoted to visual
motion processing, In one of these extra-striate arcas, the
middle remporal area (MT or V5), there was still a mis-
match between the receptive field sizes and optic flow
requirements; even though the receptive fields of MT cells
arc roughly ten times the size of those in striate cortex,
they still cover only a relatively small fraction of the visual
field. Bur when an adjacent motion area, the medial supe-
rior temporal area (MST), was investigated, its neurons
were found to be dircctionally selective with receptive
fields that cover large parts of the visual field [5,6],

But do MST neurons respond to the types of motion
included in optic flow? Following the initial repores thate
some MST neurons respond to looming {expanding) and
to rotating stimuli [7], they were shown to respond to large
ficld optic flow stimuli such as those illustrated in
Figure 1a [8-12]. Addirional characreristics of the neurons
made them particularly good candidates for involvement
in the analysis of optic flow, and particularly in heading
determination. These include their sensitivity to shifts in

Simulations of optic flow patierns that result
from forward movement of the observer, The
canter panel (b} shows the symmetric pattern
praduced when the eyes and head are
directed straight ahead and the observer is
maving (heading) straight ahead. The
direction of each line indicates the diraction a
particular point in the anvirenment would take
if it were followad over timea (away from the
central focus of axpansion); the length of the
ling indicates the speed of the motion (longer

limes indicate faster motion in the peripheny).
(a) When the observer continues to look
straight ahead but is heading to the left, the
focus of expansion is on the left, (¢} When the
observer looks straight ahead but heads to

the right, the focus of expansion is on the
right. These examples represent only the
simplest optic flow patterns; forward motion is
frequently accompanied by a rofation of the

eyes and head so that the optic flow pattern
falling on the retina is a combination of the
raclial mation and the rotary motion from the
eyes and head, (Modified from [16].)




the focus of expansion of radial mortion [13], and to the dif-
ferences between the movement speed in the center and
periphery of the full field mocion [14],

These neuronal  characteristics  are, however, only
correlational; they show that MST neurons could CATY out
the computations required for optic flow, not whether they
actually do. This is a generic problem in relating single
neuron activity to behavior, and it has been solved by either
removing the signal generated by the neurons, usually by
removing the neurons themselves, and seeing if the particu-
lar behavior survives, or by introducing the signal o see if
the behavior is modified in a predictable manner, or prefer-
ably both. Ac this point, there is only one published study
indicating that monkeys even respond to optic flow — sim-
ulated optic flow patterns that activate MST neurons were
found to alter monkeys' postural stance [15].

Britten and van Wezel [16] recently addressed this
prablem by training monkeys to indicate the side of a
display that has the focus of optic flow expansion, as in
Figure 1a and ¢, and by showing that these discriminations
arc changed when the activity of MST neurons is altered
by elecrrical microstimulation. The monkeys were
required to indicate on successive displays where the
focus of expansion of the optic flow partern was located
along the hornzontal meridian of the display, a task that
has been used repeatedly in humans. The experimenters
then localized MST regions in which neurons along the
path of the recording electrode responded to radial
expanding patterns — and frequently to other patterns as
well — whose foci of expansion were located either to the
left or to the right (Figure la,c) of the straight ahead
position. By passing a small electrical current through the
microelectrode at frequencies about equivalent o the
highest sustained discharge rate of these MST neurons,
they could artificially introduce a signal that should mimic
that produced by the neurons.

If MST neurons contribute to the determination of
heading, then the neurons activated by electrical stimula-
tion should interact with those neurons that are respond-
ing to the simultaneously presented visual stimulus, and
the monkey's indication of the heading location should be
altered. This is what Britrten and van Wezel [16] indeed
found at many stimulation sites. The shift was in the
direction expected from the combined effect of the
activated ncuron’s preference and the visual stimulus —
for example, when the artificially activated neurons were
anes with a preference for left heading, the shift in the
monkey’s discriminations was to the left of where they
would be from the visual stimulus alone, These experi-
ments provide the first evidence going beyond a simple
correlation that the MST neurons contribute to the com-
purations underlying optic flow, and specifically the deter-
mination of heading.
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Location and comparative size of MST in the extrastriale cortex of an
Old Werld monkey, Areas of the visuzl cortex are shaded on the
unfelded two-dimensional map of the monkey cerebral cortex. Motion
precassing in the visual pathway, indicated by direction-salective
respanses, begins in the striate cartex (V1, blue) which prajects to the
middle temparal area (MT, green) which in tum projects to the medial
superiar temporal area (MST, red). The region of MST highlighted in red
i5 the dorsal pant, whera neurans are frequently responsive to optic flow
stimuli. Mote the relatively small area of extrastriate cortex that is
specifically related to the analysis of optic flow. (Maodified from [20].)

Bur there are some limitations. In only about two-thirds of
the tested conditions that showed a significant effect of
electrical stimulation did the monkey shift its estimarte of
heading in the direction expected from the preferences of
the neurons at the site of stimulation. While the lack of
any significant effect of stimulation at some sites is not
surprising given the artificial activation of an arbitrary
group of neurons, the significant shift in the opposite
direction is more worrisome. One contributing factor must
be the apparent lack of a precise mapping of neurons with
the same focus of expansion in MST, as compared with
the precision of direction of motion mapping in MT,
which would result in stimulating a more heterogeneous
population of neurons in MST than in MT.

As Britten and van Wezel [16] also point out, the MST
neurons activated usually do not have receprive fields that
cover the entire optic flow stimulus, and thus they can
only be processing part of the available stimulus informa-
tion. Furthermore, the effects of stimulation are not
limited just to the neurons near the end of the stimulating
clectrode, but rather must extend throughout the network
of neurons connected to the activated MST neurons, and
it is this network of neurons that determines behaviar.
The varied effects of the stimulation clearly do not negate
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the basic finding that a complex behavior can be altered
by a limited physiological intervention,

A more general issuc is whether the behavioral rest mea-
surcs the monkey's heading determination, or whether it
measures the monkey’s ability to discriminate berween
different patterns of motion, independentdy of the
perception of heading, In the task, the monkey simply
indicates the side of the screen thar had the focus of
expansion, as in the comparable human psychophysics
experiments, and it is an inference that this is a judge-
ment of heading direction. Short of actually having the
subject move in the environment, however, this is the
best approximation we have at present. Despite these
limitations, the experiments by Britren and van Wezel
[16] do add considerable support for the view that MST
contributes to the computations required to determine
the direction of heading from optic flow, We thus now
know of a specific region of the cerebral cortex thart is
likely to play an important rale in processing optic flow
information, and our understanding of this area is suffi-
cient to support neuronal-based models of the underlying
mechanisms [17-19].
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