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Thesis Summary

In this dissertation, we study the asynchronous neural network architecture for a bio-inspired change
detection based asynchronous image sensor called event-based camera to realize fast and
computationally efficient image processing.

The paradigm of existing frame-based synchronous neural network--dense synchronous video stream
acquisition at a fixed followed by dense synchronous processing by neural networks--is difficult to scale
to higher frame rates or finer temporal resolutions because the computational complexity grows linearly
with the processing rate or temporal resolution.

The growth of the computational complexity comes from the redundant, synchronous
measurement/transmission of dense intensity frames for unchanged pixels and the following redundant
neural networks, such as convolutional neural networks (CNNs), which compute the sum of products,
even for the unchanged pixels.

Furthermore, in 3D CNN, which is a typical architecture for processing spatiotemporal data, the same
frames are computed multiple times (temporal sliding window operation) for modeling temporal
dependencies.

Event-based cameras are bio-inspired vision sensors that mimic mammalian retinas to asynchronously
report per-pixel intensity changes rather than outputting an actual intensity image at regular intervals.
This new image sensor offers significant potential advantages, namely, fast and efficient signal
processing by utilizing the sparse and non-redundant natures of event data.

Unfortunately, however, most of the existing artificial neural network architecture, such as CNNs,
requires dense synchronous input data, and therefore, cannot make use of the sparseness of the data.
An efficient neural network architecture that can make use of the sparse nature of the event data is
required to unlock the outstanding characteristics of the asynchronous camera.

To this end, we investigate the possibilities of asynchronous neural network architecture for the
asynchronous data from the event-based camera, especially suitable for processing on CPU or GPU.
First, we propose a novel recursive 3D convolutional algorithm for extracting the low-level
spatiotemporal feature (such as moving edge), which can be computed recursively by considering the
constant movement of edges.

Using the restricted class of 3D-kernel (constant velocity), we have derived a novel formulation, where
computationally-intensive 3D convolution is decomposed into computationally-efficient 2D convolution

followed by simple summation, thus achieves significant speedup over the existing frame-based
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counterpart.

Next, we propose an end-to-end trainable recursive and asynchronous neural network architecture that
runs quite efficiently by utilizing novel recursive formulation and look-up-table.

As a result, at inference time, networks using the architecture operate in an event-wise manner that is
realized with very few sum-of-products operations, which enables processing of few mega or more

events per second on standard CPU.




