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Background:
Neural Scene Flow Prior

“Spatially smooth” 
scene flow via the 

smoothness bias of 
the coordinate MLP

Can we enforce 
in without:

• Sacrificing the continuous flow field?
• Constraining the SE(3) parameters of each 

rigid body?
• Accurately estimating the rigid bodies?

Results
Quantitative

Motivation:
Rigidity in Neural Scene Flow

Neural flow fieldGround-truth

“Spatial smoothness” 
prior is unaware of
object boundaries

Chamfer distance 
optimization may 
violate multi-body 

rigidity due to 
nearest neighbor 
correspondence 

assignment

Enforcing smoothness at object 
boundaries may lead to physically 

implausible flow predictions

• Ground-truth flow contains a sharp transition 
from 𝑓ଵ (𝑝𝑢𝑟𝑝𝑙𝑒) to 𝑓ଶ (𝑦𝑒𝑙𝑙𝑜𝑤).

• The neural prior tends to (incorrectly) make the 
transition smooth - 𝑓 

௘
ଵ (𝑟𝑒𝑑) to 𝑓 

௘
ଶ(𝑜𝑟𝑎𝑛𝑔𝑒).

Approach:
Rigid flow via isometry

Key insight:
The flow of rigid bodies should maintain an isometry

Encouraging isometry in the flow predictions for rigid bodies will ensure SE(3) rigidity 
without having to estimate/constrain the SE(3) parameters

s(C,F) = 1  ⇒ exact isometry

0 < s(C,F) < 1  ⇒ approximate isometry

Formulation:
For each rigid body, score s(C,F) represents the 
degree of preservation of isometry for its point 
cluster C and its associated flow prediction F.

Final objective:
Maximize the score s(C,F) for all clusters in the scene while reducing Chamfer distance.

Results
Qualitative

Implementation

Our code is publicly available:

Preserves multi-body rigidity, even across long sequences.

Robust to over-clustering  ⇒

Accurate rigid body estimation is 
not needed

Performance improvement on any dataset, on any number of points

Supports both pairwise scene flow and direct 4D trajectory estimation


