RICC Usage Report for Fiscal Year 2011

B4 (X4 b))

AR - REKGEEIROZEEMHREREIR S I 2L —Ta v

YTF—<1:

FEOZBET LV EZERIHHARROARM P T oa—a BT MIEDBYIab—Ya v

FIRAFEKL  ORF 8%, FL v o+
BT C OB =4 ¢

HSMAIRER KIERFERERAERIE T2 7T A
REREMERE L I 2 Lb—T g UIIEHES LV —7 IR RBTFERR T — A
IR BB RN KRB RE WP AT R

1. Our overall goal is a system-scale spiking
neuron-level model of the early mammalian
visual system. This system comprises the retina,
the superior colliculus and the brainstem eye
motoneuron systems. In primates it is primarily
engaged in generating saccades and fast

attention processing. We want to eventually

embody the model in the physical world.
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With a system-scale model that encompasses the
entire visual-perception loop, from the retinal input
to motoneuron output, we can close the perception
action loop. That will enable us to compare model
output with that of behaving animal models. It also
lets us take whole-system dynamics into account
when modeling individual areas; as individual areas
never operate in isolation, it is important to consider
related Such added

the behavior of areas.

considerations help us restrict the model design to
make it stronger.

Modeling at multiple scales — here, both at system
level and neuron level — we can use data from
neurophysiology as well as anatomy and behavioral
data to restrict our model.

We  cooperate  with the  Laboratory  for

Neuroinformatics at RIKEN where they are
developing a spiking neuron-level model of the retina.
Our current work focus on the superior colliculus,
the next step in the processing chain; and we have
done work on the brainstem horizontal and vertical
gaze motoneuron systems at OIST in Okinawa.
We are also working with  Advanced
Telecommunications Research (ATR) in Kyoto. We
aim to embody our model using their CB-1 humanoid
robot. The robot in Kyoto is connected with our
model running at RICC, and we attempt to generate
real-world saccades in response to visual stimuli
presented to the robot.
2. Usage
3. We have previously developed a model of the
intermediate superior colliculus. We use a
conductance-based leaky-integrate and fire
neuron model (by Brette and Gerstner) and have
augmented it with a NMDA-receptor synaptic
input to generate membrane
potential-dependent bursting in accordance with
physiological data. The neuron model uses
measured superior colliculus neuron parameters

mostly from the rat (Saito and Isa; Isa).
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Our model uses on the order of 100k neurons in
five major layers connected according to
currently known neurophysiology, and
augmented by a simple integrator model of the

central Mesencephalic Reticular Formation.
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The model can generate correct bursting output
to the brainstem motor systems to get the
correct eye movement profile for different
saccade distances — the “main sequence” — and it
generates the lower peak speed and longer
saccade duration for oblique saccades, needed to

generate straight saccades.
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Top: Monkey superior colliculus neuron output

as function of saccade angle. Parameterized data
from Goossens and van Opstal (2008)
Bottom: Output from our model for the same

saccade angles. Averages of ten simulations.

Our model is also able to account for the
characteristic and significant spread of buildup
neuron activity shortly before and during a
saccade. There are a number of conflicting
theories of the functional significance of this
spread (and it may be that the function differ by
animal model). We hypothesize that the
spreading activation acts as an activity monitor
and triggers a reset of the saccadic system once
it has finished. In this formulation the direction
of the spread is not seen as significant, but only

the amount of activity.
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Above: system behavior during two consecutive
saccades. First target is a 9 degrees horizontal
saccade, and the second target is 8 degrees, at 45
degree angle. The burst neuron layer is the
primary output of the superior -colliculus,
generated by the reciprocal inhibition from the
cMRF. Buildup neuron layer spreading
activation eventually triggers the deep
inhibitory neurons that inhibit other areas and
resets the system.

Our current focus is on embodying the model
using a full-size humanoid robot called CB-i that
has been developed at Advanced
Telecommunications  Research  (ATR)  at
Keihanna in Kyoto. As the saccade-generation

system 1is largely open-loop in nature, it can cope

with relatively high latencies while retaining its
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essential behavioral characteristics. Thus, the
model is running at RICC at RIKEN, and is
connected to the CB-1 system in Kyoto over the
internet.

The system consists of three main parts: The
robot, the controller and relay at ATR; the model,
the input and output relay nodes interconnected
with the MUSIC real-time neural simulator
communication tool; and the Relay application
running on the RICC frontend.

The Relay starts everything and communicates
with the model relay nodes on one end and with
the ATR robot control system on the other using
normal net sockets wrapped in a VPN
connection and SSH tunnels. The control system
picks out and send a saccade target to the Relay
system that in turn forwards it to the input relay
that generates the appropriate model input. The
output spikes are distance-mapped by the
output relay and sent on to the robot control via
the Relay application, where they are translated
into eye movements.

The model of the intermediate superior
colliculus is largely complete. We are able to
create the correct system-level behavior using a
model built at the spiking neuron level, using
neurophysiological data to guide connection
patterns and model neuron parameters. Using a
reduced-scale collicular model we can currently
generate physically embodied uni-directional
saccades in about 1/3 of real time using 128
computing nodes. With improvements in scaling
and further model development we hope to be
able to do full bi-directional saccades in close to
real-time.

We have achieved the interconnection between

robot and model. It is still very much at the

proof-of-concept stage, however. While the
model itself scales well to very large number of
nodes, the combined interconnected system

hits a wall at around 128 nodes. The reasons

are broadly known, however, and we are
workong with the NEST and the MUSIC
development teams to find and solve the issues
that prevents us from scaling up the system
further. We are confident that we will be able
to achieve real-time performance once these
issues are sorted out. This system turns out to
be quite a challenging testbench for the
software systems we are using and resolving
these issues for our model will go a long way to
improve NEST and MUSIC in general as well.
We are actively investigating the proper
pattern of intercollicular interconnections for
the model. With simple means we can easily
allow for both left- and rightward saccades, but
we need very careful consideration of the
interconnection for pure vertical saccades —
that engage both colliculi simultaneously — to
be generated correctly.

With a fully working real-time saccade
generation system we are set to do live testing
of the system. This should improve both our
understanding of the proposed models'
strenghts and limitations as well as provide us
with an easily accessible demonstration of our
otherwise rather abstract modeling work for a
wider audience.

We will need to implement the intercollicular
connections, solve the scaling issues we are
currently facing and run a series of tests on the
integrated real-time system in order to
estimate its effectiveness. While development
uses only a smaller set of nodes at any one time,
we may find occasion to apply for one-time use
of a larger (~800) set of nodes for real-time
testing at a later point in the development

cycle.
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