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• Full scan methods are slow
• Need to wait for full scan accumulation (~100 ms)

• Processing entire point cloud at once leads to 
compute spikes

• Artificial sensor latency leads to capped throughput 
and less reactiveness

• Streaming methods are fast
• Process partial sectors of point clouds on-the-fly 

(~100/N ms)

• Compute requirements are spread out along entire 
scanning process of the LiDAR sensor

• Higher max throughput for more reactiveness

The issue with full-scan methods

2



The issue with streaming methods
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We identify two main gaps preventing 
streaming methods from approaching the 
performance of full-scan methods.

1. Information gap: full-scene 
dependencies/context is lost
• Latent hidden states are not enough to maintain full 

context

2. Architecture gap: design choices have not 
evolved to support the polar space
• No translation invariance assumption



Motivation

How can we bridge the full-scan and streaming paradigms to design perception 
algorithms that are accurate, compute-efficient, and reactive?

We design a proof-of-concept 
approach that addresses both 
gaps:

- Architecture gap: Fast partial-sector 
processing with a streaming 3D backbone 
[Polar Hierarchical Mamba (PHiM)]

- Information gap: Lightweight sector buffer 
to store global context [Polar-Fast-
Cartesian-Full (PFCF)]

- Full-context processing with full-scan 2D 
backbone
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Polar Hierarchical Mamba (PHiM) Streaming Backbone
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Input-time serialization (θ axis) saves 
memory:
- No stored memory patterns
- No need for recomputed patterns for 

different streaming granularities

Bidirectional SSM fully captures local 
sector dependencies

Forward SSM captures global 
spatiotemporal relations while 
respecting causality



Polar-Fast-Cartesian-Full (PFCF)
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- A general pipeline for training streaming methods on full-scan datasets.

- Feature sector buffer stores latent intermediate features, stitches together the 

features for downstream full-context perception



Evaluation and Results
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Throughput-Accuracy Pareto Frontier
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Prediction Refinement Over Time
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