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3D Data vs. 2D Data

Voxel Octree Point Cloud Mesh SDFImage

Regular Data Irregular Data
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Point Cloud

❖ Simplest, only points, no connectivity;

❖ (𝑥, 𝑦, 𝑧) coordinates, with some features (normal, curvature, etc.)

❖ Easy to get directly from existing devices;

❖ Might be the only thing you can get directly from existing devices…
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Problem Setting: Learning on Point Cloud

❖ A set of 3D points 𝑴 = 𝑷𝒊 𝒊 = 𝟏,… , 𝒏} ⊆ ℝ𝒏;

❖ A distance metric 𝑑;

❖ 𝒳 = (𝑀, 𝑑) is a discrete metric space;

❖ Learn function 𝑓 that take 𝒳 as input and produce information regarding 𝒳.

for PointNet++

for PointNet and PointNet++
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Properties of Desired Network

v Tackle unordered point set;

v Permutation Invariance;

v Transformation equivariance;
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points
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PointNet

v Fundamental idea: approximate a general function defined on a point set by

applying a symmetric function on transformed elements in the set:

𝑓 𝑥#, … , 𝑥$ = 𝛾 MAX
%&#,…,$

ℎ 𝑥%

v Symmetric function: 𝑓 𝑥#, 𝑥), … , 𝑥$ ≡ 𝑓 𝑥*! , 𝑥*" , … , 𝑥*# , 𝑥% ∈ ℝ+
MLP
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PointNet
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Limitation of PointNet

v Only global feature, no local context for each point.

CNN PointNet
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PointNet++

v Fundamental idea: hierarchical point set feature learning.
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Hierarchical Point Set Feature Learning

v Sample anchor points (sampling layer);

v Find neighboring points of each anchor points (grouping layer);

v Use PointNet as basic building block for local pattern learning (PointNet layer).

𝑁 points in 𝑥, 𝑦, ℱ!
Farthest point sampling (FPS)

𝑁"×𝐾 in (𝑥, 𝑦, ℱ!)
Ball query / kNN

𝑁" points in (𝑥, 𝑦, ℱ!")
PointNet

setabstraction
layer
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Density Adaptive PointNet Layer

v More challenge: non-uniform density in point cloud.

v Multi-scale grouping (MSG)

v Apply grouping layers with different scales

v Random input dropout

v Multi-resolution grouping (MRG)

v At layer 𝐿!, summarizing features from lower

level and process all raw points in the local region
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Hierarchical Feature Propagation

v Challenge: for segmentation task, we want features of all the original points.

v 𝑓 , 𝑥 =
∑ .$ / 0$

(&)

∑.$ /
, where 𝑤% 𝑥 = #

+ /,/$ (
, 𝑗 = 1, … , 𝐶
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Experimental Setup

v Datasets

v MNIST: 2D images;

v ModelNet40: 3D CAD models;

v SHREC15: Shape in non-Euclidean metric space (non-rigid);

v ScanNet: Indoor scenes;

v Metrics

v Error rate / Accuracy
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Experimental Results

v On MNIST and ModelNet40
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Experimental Results

v On robustness to sampling density variation
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Experimental Results

v On robustness to sampling density variation
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Experimental Results

v On large scale point cloud analysis
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Experimental Results

v On non-Euclidean metric space

v distance metric 𝑑;

v Intrinsic features: geodesic distance, WKS, HKS, Gaussian curvature …
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Experimental Results

v kNN v.s. Ball Query

v Farthest Point Sampling

v Time and Space Complexity
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Conclusion and Open Issues

❖ An effective hierarchical learning network on point cloud.
❖ Sampling & Grouping Layer;

❖ Non-uniform point sampling;

❖ Feature propagation.

❖ State-of-the-art performance.

❖ How to sample better local regions? (VoxelNet)

❖ How to propagate point features? (EdgeConv, RS-CNN, etc.)

❖ …
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Summary

v 3D data and point cloud
v PointNet

v Limitation: only global feature, no local context.

v PointNet ++
v A hierarchical design using grouping and sampling;

v Learning on non-uniform sampling density;

v Feature propagation.

v State-of-the-art results on point cloud processing.


