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Neovision 2 - Final Report

The achievements of the Stanford node in the Neovision 2 project are as follows.

V1 population activity: One of the goals of the project was to obtain some understanding of
the behavior of populations of neurons in the Macaque primary visual cortex. An important initial
question concerning the behavior of neuron arrays is to describe or attempt to characterize the
behavior of the arrays in the absence of stimulus. Long term, one expects that such understanding
is key to understanding how the neurons function collaboratively to encode stimuli. Earlier work by
the Grinvald group in Israel had announced that they had found correlation between the behavior
in the absence of stimuli and in the presence of stimuli, which they interpreted as suggesting that
the unstimulated, or spontaneous activity, is really cycling through a family of states which occur in
the course of stimulation. We were unable to reproduce the correlation in the paper, and decided to
use our computational topology framework to obtain both a verification of the results stated in the
Grinvald group and possibly more refined information about the states. We did this by constructing
a point cloud using data provided to us by Dario Ringach using electrode arrays implanted in the
Macaque V1. The arrays contained 96 electrodes, and the data from these electrodes is transformed
using standard signal processing methods into spike trains for a family of neurons. We selected from
them a much smaller set of high activity neurons. From the spike trains attached to these neurons,
we built point clouds using various metrics on the space of spike trains. Finally, we applied the
PLEX software for computing persistent homology on point clouds, using many different choices
of landmark points in the corresponding witness complexes. We performed these computations in
three separate regimes. The first is the (a) spontaneous situation, where the animal is viewing a
gray background, the second (b) is where the animal is viewing a movie as input, and the third
(c) is a synthetic situation based on a Poisson model for firing of neurons. The results were quite
striking. First, both regimes (a) and (b) exhibit non-trivial topological behavior, i.e. non-trivial
first and second Betti numbers, with substantial frequency, and (c) does not. This was verified by
performing extensive simulation with model (c), which produces substantial topological behavior
with very low frequency. Secondly, though, a distinction between (a) and (b) also appeared, in
that the topologies represented were substantially different. Specifically, in regime (a), circles and
spheres appeared with comparable frequencies, and in regime (b), circles were much more highly
represented than spheres. This says that although our methods show certain similarities between
the spontaneous and stimulated regimes, as was predicted by the Grinvald paper, they also are able
to distinguish between the two. We believe that this demonstrates the power of the topological
technique, and also suggest some hypotheses concerning what is being represented by the topology.
The results of this work were published in Journal of Vision, and were also presented as a poster
at COSYNE2008, an important neuroscience conference.

G. Singh, F. Memoli, T. Ishkhanov, G. Carlsson, G. Sapiro and D. Ringach, Topological Structure
of Population Activity in Primary Visual Cortex, Journal of Vision, Volume 8, Number 8, Article
11, pp. 1-18, 2008.
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Hippocampus and place fields: We took on another project related to vision, specifically the
behavior of the hippocampus. This is joint work with Yuri Dabaghian of University of Calfornia,
San Francisco. It has been submitted to COSYNE2009. The work can be summarized as follows.

The crucial role of the hippocampus in creating a spatial representation of the environment and
in forming spatial memories is well known. Rodent hippocampal neurons are generally referred to
as ”place cells,” a name derived from the fact that each active neuron tends to fire in a restricted
region of the animal’s environment. This property has led to the general statement that the
rodent hippocampus codes for ”space” but it is not clear exactly what is meant by this claim.
In particular, space can be thought of in terms of two types of representations: topological (e.g.
connectivity of locations) and geometric (e.g. distances and angles). Current theories suggest that
the hippocampus explicitly represents geometric elements of space derived from a path integration
process that takes into account distances and angles of self motion information.

This hypothesis has difficultly explaining the results of several experimental studies that indicate
that the hippocampal spatial map is invariant with respect to a significant range of geometri-
cal transformations of the environment. This invariance suggests an alternative framework where
hippocampal neural activity is best understood as representing the topology of the animal’s envi-
ronment. We therefore suggest that the actual role of the hippocampus is to encode topological
memory maps, where the patterns of ongoing neural activity represent the connectivity of locations
in the environment or the connectivity of elements of a memory trace.

From a computational perspective, this hypothesis suggests a specific approach to interpreting the
temporal activity patterns of place cells where the temporal ordering of spiking from hippocampal
neural ensembles is the key determinant of the spatial information communicated to downstream
structures.

If so, then the variation seen in hippocampal firing rates should be limited to a range that preserves
the global topological information encoded in the ensemble spike trains. More generally, if the
overall approach to spatial information analysis is correct, the experimentally observed parameters
of firing activity must guarantee the topological stability the hippocampal map.

We therefore investigate the robustness of the hippocampal topological map with respect to indepen-
dent variations of various place cell activity parameters, such as the firing rate and the distribution
of sizes of place fields. We used the Persistent Homology method [4], applied to simulated data.
Using the simulated data is important in our approach because it allows us to probe the complete
stability range for each parameter independently and hence to establish theoretically the range of
spiking parameters that lead to topological stability. After establishing the theoretical range of
topological stability of the hippocampal map, we then compare the results with the values of the
parameters that were observed experimentally. We believe that this type of comparison can provide
fundamental insights into the parameter ranges seen in experimental studies.

Yuri Dabaghian, Facundo Memoli, Gurjeet Singh, Loren Frank, and Gunnar Carlsson, Topological
stability of the hippocampal spatial map, submitted to COSYNE2009

Testing of Irvine Sensors output: We used the topological methods to provide corroboration
that software and hardware produced by Irvine Sensors was correct. The tests in some cases
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revealed some issues, which were readily resolved.

We were disappointed at the delays in producing 2-photon data. We understand, though, that
delays are intrinsic in this kind of work. The current status is that although the technology is
producing data, it is still very difficult to calibrate it in such a way that even simple stimuli can
be detected. We have done some preliminary analysis, but will have little confidence in it until the
calibration questions can be resolved.
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