
Optical Flow for Spike Camera with Hierarchical Spatial-

Temporal Spike Fusion

1.1 Spike Camera. Spike cameras are composed of an array of pixels

working asynchronously. Each pixel of a spike camera is composed of three

main components: photon-receptor, integrator, and comparator. The integrator

accumulates the photoelectrons from the photon-receptor and transfers them to

the voltage. The comparator compares the accumulation with the threshold

continuously. Once the voltage of the integrator exceeds a certain threshold, the

camera fires a spike and resets the accumulation.
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1. Introduction

Key components of a pixel in spike camera

1.2 Challenges of Spike-Based Optical Flow.

◼ A HiST-SFlow is proposed for spike-based optical flow. In HiST-SFlow, the

spikes are represented by the HiST module and extracted to features for

correlation. The optical flow is estimated by a recurrent optimizer.

◼ An inter-moment hierarchical fusion (InterF) module and an intra-moment

filtering (IntraF) module are proposed to suppress the randomness in the

spikes. A scene loss is proposed to constrain high-fidelity representation to

contain the brightness information of the scene.

2. Contributions

3. Approaches

3.2 Hierarchical Spatial-Temporal (HiST) Fusion.

3.1 Overall Architecture of HiST-Sflow.

(a) Inter-Moment Hierarchical Fusion (InterF).

4. Experimental Results

4.1 Quantitative Results on PHM Dataset (AEPE / PO%).

4.2 Visualization Results on PHM Dataset.

4.3 Visualization Results on Real-Captured Data.

4.4 Ablation Studies.
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Noises in the imaging of spike cameras.

(a) Poisson Effect of 

Photons’ Arrival

(b) Quantitative Effect 

from Spike Reading
(c) Thermal Noises in 

the Circuits
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Fluctuations and Randomness in Spikes

Ambiguities in correlation Inaccurate feature matching

(b) Intra-Moment Filtering (IntraF).

◼ Reduce the influence of spikes’ fluctuations for each moment through the feature at

the current moment.

◼ The InterF and IntraF are implemented alternatively in each level of the pyramid.

(c) Global Temporal Aggregation (GTA).

◼ Fuse features at different moments while retaining the time information in features.

◼ Fuse features of all the moments at each level of the pyramid to represent the central

moment of input spike sub-stream.

(d) Scene Loss.

◼ Ensure the spike representation contain the scene’s brightness information

◼ The are 3-layer convolution layers, which are used only during training and

not in inference.

3.3 Loss Function.

Ablations on Proposed Modules Ablations on Different Representations

4.5 Using HiST for Other Baselines.


