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Several studies have shown that humans and non-Human primates can
make sensory guided (oculo)motor decisions ("Look left or Look right") within
120 ms (see Van Rullen et al., 2005, TINS, 28, 1-4). The goals "Decisions in
Motion" are to design a common model for artificial cognitive systems that
provide the basis for decision making within this short time span. Our STREP
is an interdisciplinary approach that comprises the fields of cognitive
neuroscience, computation modelling and robotics.

Our goals are to provide the enabling technology for the following
innovations:

MRI-Live: A VR-stimulation and behavioural recording unit for MRI scanners

Robotic Platform: a mobile robot to test the computational model in a
virtual or real-world environment.

VisGuide: a head-worn augmented cognition device for the visually impaired.

Per Roland´s workgroup will reveal the mechanisms by which the visual cortex decides whether motion has occurred
and describe the mechanisms, by which object motion is computed. This information will provide a basis for a
computational model of object motion. This workpackage focuses on the global integration of motion signals that
underlie our ability to distinguish self motion (global) from the motion evoked by IMO (independently moving objects).
The experiment will be done on anesthetized adult ferret´s. We will measure membrane potential changes with voltage
sensitive dyes by a 2000 channel photo diode array with a sampling rate of 0.6 ms (see figure on the right for an
example). The figure presents four sequential snapshots of a grid of 464 detectors that reflect  dynamic depolarization
maps in the upper layers of the ferret's visual cortex after 100-ms stimulation.
a) 45 ms post stimulus, b) 75 ms poststimulus, c) 239 ms poststimulus and d) 380 ms poststimulus.

Simon Thorpe´s recently developed saccade decision task is well adapted to
measure the processing time needed to extract particular types of information
from complex visual scenes. Subjects will be required to saccade to the side
that moves coherently (simple motion detection, direction detection,
categorisation - rotation/expansion). Thus they will identify those visual
computations that can be performed using essentially feed-forward
processing strategies and those that require iterative processing involving
feedback. The left picture shows the saccadic decision task. The picture on
the right depicts the assumed processing times along different neural
pathways.

Glyn Humphreys and his workgroup use neuropsychological data to understand the functional
relations between the component processes, and the underlying neural systems that control visual
search when an agent moves through an environment. Through this, they will build a link between
the analysis of functional modules within a neural system, and whole system behaviour (measured
through the behavioural impairment of the patient). Neuropsychological studies provide a test of
validity for any proposed algorithm, by showing how performance breaks down when component
processes are impaired (see Figure on the left). Thus neuropsychological research provides an
important counter-part to imaging studies.
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Relative motion provides an important cue to group together spatial regions that belong to one object
and to segregate them from surfaces that belong to other objects and the background. Pieter
Roelfsema’s workgroup will investigate how this important first step in vision is solved in the primate
brain. They will record single- and multi- unit activity in the primary visual cortex and the
inferotemporal cortex of monkeys in tasks that require the segregation of a target surface from
distractor surfaces and the background. The figure on the left shows the neural responses to a goal-
finding task under the conditions with (a) the receptive field of the neuron on the Background, (b) the
receptive field of the neuron on the Distractor object and (c) the receptive field of the neuron on the
Target object. An enhanced activation is found when the receptive field of the neuron falls on a
figure. A further enhancement is observed when this figure is a target figure. This enhancement is
already significant at a poststimulus time of 165 ms, suggesting the involvement of fast feedforward
and feedback processes.
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Mark Greenlee´s team will investigate the neural basis of self-motion perception in
humans, using state of the art fMRI technology (see right Figure: 3T Siemens
Allegra Scanner) and methods (Dynamic Causal Modelling). As of date, little is
known about the mechanisms they use to extract the visual information related to
self motion. We build on models of oculomotor control (see left Figure) and extend
these to the perception of self motion and action planning. Since these neural
models should be applied to data acquired in Humans, we use the method of
functional MRI to detect changes in the dynamics of brain networks while subjects
perform visual tasks (e.g., heading judgements, navigation, etc).

Heiko Neumann's team will model with an artificial neural network processes
involved in motion segmentation. This work will be conducted with a focus on
the development of a usable architecture for the mobile robotics platform (see
below). The figures on the right illustrate two important tasks that will be solved
by the neural network model, the one on the left involving the estimation of
heading in a moving agent and the other on the right encompassing the
segmentation of global and local motion components. The latter is important to
the understanding of visual motion evoked by self motion vs. that evoked by
IMOs (independently moving objects).

The main goal of Gustavo Deco's team is to enhance our understanding of how decision making and
expected utility are implemented in the nervous system. Attention and learning will also be
investigated. Another main goal is to develop methods to make predictions about the dynamics of
artificial neural networks and how these compare to patterns of brain activation evident in fMRI results.
A small scale neural network (top left) leads to predictions about the spiking behaviour of biological
neurons. This small network can be used as a starting point for the interpolation of the behaviour of a
massive cell assembly (bottom left). The behaviour in this large system can be predicted (bottom right)
and compared to the measurement results of biological networks.

Peter West and his team will provide the enabling technology to the consortium for the
investigation of the neural mechanisms of optical flow fields with fMRI. CRS will develop a
unique eye-tracking and visual stimulation system that can be used in fMRI environments
(MRI-Live), making stereoscopic stimulation with a wide visual field possible. Furthermore
CRS will develop a platform for an assistant system (VisGuide) for visually impaired. VisGuide
will be controlled by the consortium´s models. A prototype design for VisGuide is shown on the
left, the diagram on the right illustrates its functionality (user is looking for a teapot). VisGuide
will act as a knowledge-rich intelligent agent to augment user cognition.

Antonio Frisoli's team will contribute to the project by developing a robotic platform
with independent sensory and motor abilities, to test the neural network models of
visual search and obstacle avoidance in simulated and real moving scenarios. The
performance of the robotic platform will be compared to human performance in
similar settings.
The pictures on the left illustrate the concept of the robotic prototype that will simulate
head, binocular eye movements and navigation in the environment.
The diagram on the far left shows how the overall control architecture of the robotic
platform will be inspired to a biological model of the human visual system, relying on
an hybrid  control architecture scheme shown on the diagram on the immediate left.

SpikeNet Technology provides fast processing algorithms, based on human visual
performance. These alogorithms provide a platform for the first stages of artificial visual
processing. SpikeNet will also contribute to the models controlling VisGuide. The two
figures on the right illustrate the target detection (depicted by red dot and circle) and
identification capabilities of SpikeNet in varying conditions of image distortion.
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