
In optical flow estimation [3], we propose a
principled method that:
• ranks 1st among all methods in MVSEC

indoor scenes,
• ranks 1st among the unsupervised and

model-based methods in the outdoor
sequence,

• achieves competitive results in DSEC,
• overcomes the ground truth limitations,
• transfers to the unsupervised settings.
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MVSEC

(A) Warping events to multiple 
reference times mitigates event 
collapse.

(B) A time-aware flow 
handles occlusions better, 
using PDEs.

(D) A multi-scale approach 
improves optimization 
convergence.

Input events

We tackle event collapse in various
motion estimation problems based on
Contrast Maximization (CMax).

(D)  Optimization

!

Contrast score

(B) Motion parameters (e.g. flow)

(C) Measure 
event alignment

(A) Warp along 
point trajectories

Remarkable results when the 
secrets are  transferred to 
unsupervised learning

AEE↓ %Out↓ FWL↑
Zhu et al. 2019 0.32 0.00 -
Paredes et al. 2021 0.92 5.40 -
Hagenaars et al. 2021 0.47 0.25 0.94
Ours 0.36 0.09 0.96

Original E-RAFT Ours

DSEC Unsupervised Learning

Original GT Ours Paredes

AEE [px]↓ %Out↓ FWL↑
E-RAFT 0.79 2.68 1.29

Ours 3.47 30.86 1.37

Original GT Ours Paredes

Frame (unused)

Input (Events) Output (IWE)

Output (Flow)

AEE [px]↓ %Out↓
Supervised 0.66 1.00
Self-supervised 0.79 1.60
Unsupervised 1.02 4.00
Ours 0.60 0.59

• 1st in indoor sequences among all
• Sharper IWEs than ground truth (GT)

• Competitive results w/o using GT
• Sharp edges for dynamic objects

Contrast Maximization

Optical Flow Ego-Motion
(C) Adding a regularizer term by measuring event collapse.
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|det(J)| < 1

A regularizer based on 
the warp deformation

Warp model

A (Original) B (Collapse) C (Desired) J = #$′
#$

&! = $! , (! , )! →" &′! = $′! , (#$%, )!Warp:

Jacobian:

Mitigate event collapse successfully [1, 2] without sacrificing the runtime [1]
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In low-DOF ego-motion estimation [1, 2],
we propose regularizers that:
• achieve state-of-the-art accuracy by

mitigating event collapse,
• analyze up to 8 DOFs,
• do not sacrifice the runtime of the

original CMax.

Images of Warped 
Events (IWE)

Ego-Motion

Summary
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Optical Flow


