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Spike camera

Principle

• Integrate-and-fire sensing 

• A spike is emitted when: ∫ 𝐼 𝑡 𝑑𝑡 ≥ 𝜃

• Spike frame: 0/1 matrix (40,000 fps)
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Spike camera autofocus
Goal: Find the best-focused position during a focus sweep from spike-camera measurements.

Challenge

• Spike streams are sparse, binary, and noisy. 

• The special data format makes image-based focus measures difficult to apply directly. 

• Reconstructing images before autofocus sacrifices the high-speed advantage and still falls into 

conventional image-based autofocus.

Key question: What focus cue is directly observable from binary spike streams?

Intensity-Robust Autofocus for Spike Camera, CVPR 2024.



Key Observation: Focus-Induced Spectral Migration

Observation

• Focus: high frequencies

Defocus: low frequencies

• Focus changes induce spectral-

energy migration

• Energy moves to higher frequencies

when approaching focus

• Energy moves back to lower 

frequencies after passing focus 

• The resulting spectral centroid curve 

peaks near focus

A stable focus cue is therefore available in the frequency domain.
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CEN: Measuring Spectral Migration
How do we convert the frequency-domain observation into a focus score?
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Core computation

1. Accumulate spike frames and remove DC bias

𝐴b = Σₜ 𝑆ₜ, %Ab = 𝐴b − 𝜇b
2. Fourier transform, FFT shift and spectrum power

𝑃b 𝑢, 𝑣 = 𝐹𝐹𝑇𝑠ℎ𝑖𝑓𝑡 𝐹 %Ab (𝑢, 𝑣
!

3. Compute bounded spectral centroid

𝑪𝑬𝑵ᵣ 𝒃 = 5
𝝆 𝒖,𝒗 &𝒓

𝝆 𝒖, 𝒗 𝑷b 𝒖, 𝒗 /( 5
𝝆 𝒖,𝒗 &𝒓

𝑷b 𝒖, 𝒗 + 𝜺)
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Frequency-Bound Selection
Structure-consistent response selection
Different spectral bounds 𝑟 generate different CEN curves.

𝑦! 𝑏 =
𝐶𝐸𝑁! 𝑏 − min𝐶𝐸𝑁! 𝑏

"
max𝐶𝐸𝑁! 𝑏

"
−min𝐶𝐸𝑁! 𝑏

"
+ 𝜖

𝑟⋆ = argmax 𝑆 𝑦!
!∈%

𝑆 𝑦! = 𝛼prom𝑆prom + 𝛼curv𝑆curv − 𝛼width𝑆width − 𝛼plat𝑆plat − 𝛼edge𝑆edge
Selection criteria: prominent, localized, sharp, non-plateau, interior peak.



Importance of Bounded parameter r
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Parameter ablation and sensitivity for focus curve selection
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Robust Focus Localization
Instead of directly using a single argmax, we localize focus within the near-maximum region:

Ω = 𝑏 ∣ 𝑦!⋆ 𝑏 ≥ 1 − 𝜏 𝑦!⋆ 𝑝" , 𝑝" = argmax
#
𝑦!⋆ 𝑏

1𝑏 = round
∑#∈% 𝑏 𝑤#
∑#∈%𝑤# + 𝜖

,𝑤# = 𝑦!⋆ 𝑏
&

Goal: stabilize focus prediction under noisy or flat response peaks.
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Synchronous dataset experiment
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Real dataset experiment
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Real dataset experiment
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Robustness under Motion and Illumination Variations
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1. CEN works when focus variation produces a stable spectral migration 

pattern. It may fail when the cue is corrupted or missing.

• Severe noise: response tail may be dominated by noise 

• Insufficient spikes: near-zero illumination makes the focus cue unobservable 

2. Edge deployment and computational cost

• CEN requires repeated block-wise 2D FFTs，complexity: 𝑂 𝑁 log𝑁

• Latency and energy cost under strict edge constraints still need verification

Limitations and failure cases

Noise-
dominated 
response

Illumination 
collapse
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Thank you !


