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Abstract

Abstract

Conventional camera imaging paradigms face an inherent dilemma between high
frame rate and high dynamic range when capturing transient processes. By emulating
the Integrate-and-Fire principle and asynchronous sampling mechanism of the mam-
malian retinal fovea, spike cameras effectively reconcile short-exposure noise with long-
exposure motion blur, thereby achieving ultra-high frame rates and ultra-wide dynamic
range. However, massive binary spike signals impose substantial burdens on storage and
transmission. On the one hand, stringent compression-ratio requirements, weak spatio-
temporal correlations, and the difficulty of defining distortion measurements make spike
signals difficult to compress efficiently within conventional coding frameworks. On the
other hand, practical spike processing methods remain constrained by limited edge-side
computational resources, poor bitstream versatility across multiple tasks, and insuffi-
cient perceptual accuracy in complex scenarios, severely hindering the scalable deploy-
ment of spike information processing systems. To address these challenges, this thesis
proposes three efficient compression methods for spike camera imaging signals, aim-
ing to establish a more favorable Pareto trade-off among compression efficiency, de-
coded information distortion, and decoded perceptual quality. The main contributions

are summarized as follows.

Firstly, this thesis proposes a Cross-modal Spike Compression method guided by
scene reconstruction to overcome the inefficient compression caused by the binary dis-
crete nature and weak spatio-temporal correlations of spike signals. By introducing a
more compression-friendly scene modality as an intermediate representation, the method
develops Reconstruction-based Contextual Spike Compression (RCSC). It further ex-
ploits spatio-temporal contextual information to model motion saliency for adaptive bit
allocation, and approximates spike information loss with scene signal loss to enable
end-to-end optimization. Experimental results demonstrate that RCSC surpasses con-
ventional and neural codecs in both decoded scene and decoded spike quality, estab-

lishing a new benchmark for efficient and high-fidelity spike signal compression.
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Secondly, this thesis proposes a Spike Predictive Compression method based on
multi-scale spatio-temporal correlations to alleviate the information bottleneck in scene-
modality compression and facilitate the exploitation of decoded priors. This method ex-
tends spike prediction from the signal domain to the semantic feature domain, and con-
structs a Multi-scale Spatio-Temporal Aggregative Prediction Unit (MSTAPU) based on
multi-scale sub-features extracted by hybrid temporal filtering and multi-scale spatio-
temporal priors. Using the prediction results as priors, it further proposes Multi-scale
Aggregative Prediction-based Spike Compression (MAPSC). Experimental results show
that this method achieves significant gains in both spike prediction and spike compres-
sion, validating the effectiveness of multi-scale spatio-temporal correlation modeling in

improving compression efficiency and decoded quality.

Thirdly, this thesis proposes a Spike Perceptual Compression method towards ma-
chine vision to address deployment challenges, including high edge-side computational
complexity, insufficient perceptual accuracy in complex scenarios, and limited bitstream
reusability across multiple tasks. By integrating spike compression and visual percep-
tion into a unified optimization framework, this method proposes Spike Compression
for Versatile Visual Perception (SCVVP) based on a general feature-based compression-
for-perception strategy. It employs a ventral-dorsal dual-branch architecture to extract
spatial semantic information and motion dynamics, respectively, and adopts an explicit—
implicit joint alignment strategy to perform temporal alignment and fusion perception
on decoded features. Experimental results demonstrate that SCV VP supports multiple
visual perception tasks while maintaining high compression efficiency, and substan-
tially reduces edge-side computational complexity and inference latency, providing ef-
fective support for the practical deployment of spike vision systems under edge—cloud

collaborative architectures.

In summary, this thesis systematically investigates the core challenges of efficient
spike compression. Focusing on efficient compression method and practical system
deployment, it proposes Cross-modal Spike Compression, Spike Predictive Compres-
sion, and Spike Perceptual Compression, which substantially enhance spike compres-

sion efficiency and decoded perceptual quality while enabling efficient deployment and
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inference in complex and multi-task scenarios.

Keywords: Spike Camera, Efficient Spike Compression, Spike Information Processing,

Deep Learning



