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Abstract: The project developed a new fundamental component for bio-inspired computing, based
on a new way of modelling spiking neurons, and applying them to a new type of long-range temporal
prediction task. The new model neuron has been applied to event-based data from a new type of
motion sensitive camera - the neuromorphic Dynamic Vision Sensor (DVS128). The model neuron
incorporates temporal delays on both dendrites (inputs to neurons) and axons (outputs from neurons).
Delays on axons have not previously been modelled in sensory-motor processing tasks, and their
addition significantly simplifies asynchronous network development with spiking neurons, in
particular reducing the computational complexity of algorithms for sparse data over dense sensory
arrays. Effectively, the new model neuron treats each spike as a connection between temporal patterns
extended in time in both its past and future.

See the list of publications for full details.

Introduction: The objective of this project was to develop new forms of computation, free from
clock-based synchrony, grid-based spatial structures, able to operate across multiple scales (scale-free)
and able to infer symbolic information from sensory-motor streams that have no pre-determined
symbols.

Experiment: Complete details of the methods are in the published papers listed below.

The DVS128 lens is frameless (pixel changes are sent asynchronously, which mimics the action of a
biological retina, sending spikes only when the image changes, and only for pixels which register a
change. The new sensor enables us to test spiking neural models with spike-like sensory data. This
new data format requires changing the computational paradigm from conventional (clock-based and
uniform-scale) computation to a much more robust and adaptive form (clock-free and scale-free).

Results and Discussion:

The network was tested on a high dimensional prediction task (16,384 pixels from DVS video data).
Simulations compared the new prediction neurons to a conventional iterative paradigm on motion
sequences: the new approach has much lower error within its prediction range.
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project:

a) Peer-reviewed journals: none to date
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Gibson, T, Henderson, JA and Wiles, J. "Predicting temporal sequences using an event-based



spiking neural network incorporating learnable delays.” IEEE International Joint Conference
on Neural Networks (IJCNN), 2014.

¢) Non-peer-reviewed journals and conference proceedings:

Gibson, T, Henderson, JA and Wiles, J. "Finding Structure in Spikes" presented at NeuroEng, the
7th Australian Workshop on Computational Neuroscience, Adelaide (2014 Jan).
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