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Abstract  High-fidelity imaging of high-speed dynamic scenes is a critical imperative in various
advanced visual applications, ranging from industrial inspection to autonomous driving systems.
However, traditional frame-based cameras are fundamentally constrained by their global exposure
mechanisms and fixed frame rates, inevitably facing a dilemma in high-speed scenarios: short ex-
posure times introduce significant noise due to insufficient photon accumulation, while long expo-
sures result in severe motion blur, and the discrete nature of frame capture leads to “blind spots”
between frames, causing the loss of crucial transient information. To break through these bottle-
necks, neuromorphic vision sensors have emerged as a revolutionary solution, particularly the
spike camera, which mimics the working mechanism of the retinal fovea. Unlike event cameras
that only record intensity changes, the spike camera records optical fields continuously through
an asynchronous, pixel-independent “integrate-and-fire” mechanism. where each pixel accumu-
lates photons into voltage and fires a binary spike upon reaching a threshold. This paradigm al-
lows for the output of continuous spike streams with ultra-high temporal resolution, offering a

novel approach to capturing rapid optical changes without the limitations of a fixed clock. This
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paper presents a systematic and comprehensive review of imaging methods for ultra-high-speed
spike cameras, aiming to bridge the gap between raw binary spike streams and high-quality visual
reconstruction. The review begins by elucidating the fundamental working principles of the spike
camera and the unique characteristics of its output data, highlighting its ability to preserve both
high-speed motion flux and static texture information effectively. Subsequently, the paper sys-
tematically categorizes and details imaging algorithms based on single spike cameras. For basic
grayscale image reconstruction, three primary technical routes are analyzed in depth: methods
based on spatial-temporal filtering which utilize motion alignment to aggregate context and miti-
gate stochastic noise; bio-inspired methods that simulate neural mechanisms like Spike-Timing-
Dependent Plasticity (STDP) and Short-Term Plasticity (STP) to adaptively process temporal
correlations; and end-to-end deep learning approaches designed to learn complex non-linear map-
pings for noise suppression and detail recovery, including recent self-supervised frameworks.
Building upon basic reconstruction, this review further explores advanced imaging tasks that ex-
tend the capabilities of spike cameras. These include super-resolution reconstruction which con-
verts high temporal resolution into spatial detail, color image reconstruction which addresses the
intricate challenges of demosaicing asynchronous binary streams from Bayer-pattern sensors, and
High Dynamic Range (HDR) imaging which leverages rolling-mixed-bit mechanisms to resolve
the trade-off between highlight saturation and low-light noise. Notably, the review also covers
cutting-edge developments in three-dimensional imaging, discussing how continuous spike
streams are integrated with Neural Radiance Fields (NeRF) or 3D Gaussian Splatting to achieve
high-quality 3D scene representation from fast-moving viewpoints. Additionally, the paper exam-
ines applications in special scientific scenarios, such as recording ultra-fast phase transitions and
microfluidic droplet analysis. Furthermore, recognizing the spatial resolution limitations of cur-
rent spike camera hardware, this paper critically discusses multi-sensor fusion algorithms that
combine spike cameras with traditional frame-based cameras or event cameras. These fusion
strategies are specifically highlighted for their applications in high-frame-rate video interpolation,
dynamic range expansion, and motion deblurring, demonstrating how hybrid systems can achieve
“high temporal resolution, high spatial resolution, and high dynamic range” simultaneously by
leveraging cross-modal complementarity. Finally, the paper summarizes the current state of re-
search, identifies existing challenges such as the lack of large-scale real-world datasets, and pro-
poses future research directions, including semantic-driven imaging, spike-based light field ima-
ging, and hardware-algorithm co-design, to pave the way for the practical deployment of spike vi-
sion technology.

Keywords  spike camera; imaging method; spatial-temporal information fusion; multiple-sensor
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eras, which rely on global exposure and fixed frame rates,
spike cameras output asynchronous binary spike streams in a
pixel-independent manner, enabling continuous sensing with
ultra-high temporal resolution. This sensing paradigm pro-
vides a promising solution for capturing high-speed transient
scenes, where traditional cameras often suffer from severe
motion blur, noise, or missing transient details due to their
hardware limitations.

Reconstructing high-quality visual images from spike
streams is therefore a fundamental problem for spike-based
imaging. It is crucial not only for improving the interpret-
ability of spike data, but also for supporting downstream vis-
ual applications such as industrial inspection, autonomous
driving, and scientific imaging. However, this problem re-
mains highly challenging because spike streams are binary,
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spatial-temporal dependencies.

To overcome these challenges, a variety of imaging
methods have been developed in recent years. Existing stud-
ies have progressed from early statistical and filtering-based
methods to bio-inspired modeling, deep learning, self-super-
vised reconstruction, and multi-sensor fusion. Meanwhile,
the scope of spike camera imaging has expanded from basic
grayscale reconstruction to super-resolution, color imaging,
high-dynamic-range imaging, and three-dimensional recon-
struction. In addition, fusion with conventional frame-based
cameras or event cameras has further broadened the technical
routes for high-quality imaging.

This paper provides a systematic review of these ima-
ging methods for ultra-high-speed spike cameras. Specifical-
ly, it organizes the literature from the perspectives of spike-
camera principles, core reconstruction challenges, major al-
gorithmic routes, task-oriented imaging extensions, and
multi-sensor fusion frameworks. By doing so, this work of-
fers a structured summary of the current technical landscape,
clarifies the main open problems, and provides a useful refer-

ence for future research in spike-based imaging.





