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ABSTRACT

Dynamic vision sensors (DVS) emulate the neuron spike firing and adaptive retinal
sampling mechanisms, which have taken advantages of low redundancy, high temporal
resolution, wide dynamic range and low power consumption in contrast to conventional frame-
based vision sensors. DV'S has shown great potential in applications such as video surveillance,
autonomous driving, and mobile robot navigation. However, considering the requirements for
transmission and storage, there is a big challenge to develop effective coding methods for the
output spike data of DVS.

Inspired by the study of biological neural coding and conventional video compression,
this thesis focuses on developing the quality assessment and coding methods of DVS spikes.
The innovations of this thesis can be concluded as follows:

1. A novel quality assessment algorithm of spike array of DVS is proposed which can
effectively measure the distortion induced by compression. By analyzing the stochastic
process of the spike train, and mapping the spike train into a feature domain, it is in a position
to calculate the distance of different spike trains, which can be further extended to measure
the distortion of the whole spike array. Experimental result verifies the effectiveness of the
proposed quality assessment algorithm.

2. As anew kind of data, the characteristics of DVS spikes have been deeply investigated,
containing the temporal and spatial redundancies. In temporal, by modeling the spike firing
process, it proves that the dynamic sampling mechanism of DVS has removed much of
temporal redundancies. In spatial, there are still lots of correlations among the spike trains in
adjacent positions. Moreover, the statistics of the polarities in consecutive spikes reveal their
temporal correlations which can be compressed.

3. A spike coding framework is built for DVS. A spike array is divided into multiple cubes
based on the octree structure in spatiotemporal. Variable-sized cubes adaptively fit the changes
of the scene, which provides great flexibility in spike coding. For different spike statistics, two

prediction modes, the time-prior and address-prior modes are introduced. And a context-



adaptive polynary arithmetic coding can further reduce the redundancy of prediction residuals.
To evaluate the coding performance, a new dataset, the PKU-DVS dataset is constructed which
contains multiple spike sequences in various luminance conditions. The experiments on PKU-
DVS dataset show that the proposed coding framework achieves impressive compression
ratios at rather low distortions.

In summary, the thesis has proposed a quality assessment algorithm, then investigated the
characteristics of DVS spike data, and finally designed a spike coding framework to evaluate

the effectiveness of the quality assessment on the spike array.
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