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Point Cloud

Point Cloud

Å3D data representation in Cartesian coordinates

Åhigher resolution than voxels

Åeasier to manipulate and obtain than mesh

LǘΩǎ ƎŜƴŜǊŀǘƛǾŜ ƳƻŘŜƭ ƛǎ ǳǎŜŦǳƭ ŦƻǊ

Åshape completion

Åshape synthesis

Åsuper-resolution

üImprove point cloud generation performance
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Related work: Flow-based Generative Model

Flow-based Generative Model (Flow)

Åis one of the deep generative models

Årepresents complex distributions by iteratively transforming 
random variables

Ådirectly maximizes log-likelihood

Åcan do inference and generation using a single model
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L.Weng.έCƭƻǿ-basedDeepGenerativeaƻŘŜƭǎέhttps://lilianweng.github.io/lil -log/2018/10/13/flow-based-deep-generative-models.html
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ACMMULTIMEDIA2021

Related work: PointFlow

PointFlow[Yang+, ICCV2019]

Åuses Flows for point cloud generation

Åhas two Flows

üOne for the distribution of shape

üThe other for the distribution of points given the shape

Åcan generate arbitrary number of points
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Proposed Method: ChartPointFlow

PointFlow

Åfails in generating a point clouds of a different topology

Proposed

Ågenerates a point cloud as a manifold, covered by multiple 
charts
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[Schonscheck+,ChartAuto-Encoders,arXiv2019]
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Proposed Method: ChartPointFlow

PointFlow

Åfails in generating a point clouds of a different topology

Proposed

Ågenerates a point cloud as a manifold, covered by multiple 
charts

Flow

Normaldist.

Flow

Normaldist.

Chartinferrer

ể
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Note: unsupervised
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ÌÏÇὴ ὼ ώὼÌÏÇὴ ὼȿώ Ὄή ώὼὴώ Ὄή ώȿὼ

Proposed Method: ChartPointFlow

Training Objective

ÅLog-likelihood for PointFlow:    ÌÏÇὴ ὼ

ÅMarginal log-likelihood for ChartPointFlow:

ümany charts -> high computational and memory costs

First trick

ÅUse Gumbel-Softmax[Jang+, ICLR2017] to infer a labelώ
in a differentiable manner
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ÌÏÇὴ ὼ ώὼÌÏÇὴ ὼȿώ Ὄή ώὼὴώ Ὄή ώȿὼ

Proposed Method: ChartPointFlow

Training Objective

ÅLog-likelihood for PointFlow:    ÌÏÇὴ ὼ

ÅMarginal log-likelihood for ChartPointFlow:

üMaximizing Ὄή ώȿὼ makes each point assigned to 
all labels uniformly

üThe charts overlap with each other

Second trick

ÅUse theregularization term
to avoid the charts overlapping
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Colorrepresentsthe chart

Noreg. With reg.
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2D Experiment: Generation results

Dataset

ÅSynthetic data

Colorrepresentsthe chart
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2D Experiment: Generation results

Colorrepresentsthe chart
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Discontinuity
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2D Experiment: Generation results

Colorrepresentsthe chart
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Blur
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2D Experiment: Generation results

Colorrepresentsthe chart
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Artifact
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3D Experiment: Dataset, Evaluation metrics

Generation and Reconstruction task

ÅDataset: ShapeNet[Chang+, arXiv2015]

ÅEvaluation metrics

ü1-nearest neighbor accuracy (1-NNA)

üŜŀǊǘƘ ƳƻǾŜǊΩǎ ŘƛǎǘŀƴŎŜ ό9a5ύ

Unsupervised Segmentation

ÅDataset: PartDataset[Yi+, SIGGRAPH Asia2016]

ÅEvaluation metrics

üpurity (PUR)

üNormalized mutual information (NMI)
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3D Experiment: Results (Generation)

14

Thesamplesgeneratedby ChartPointFlow
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3D Experiment: Results (Generation)
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Thesamplesgeneratedby ChartPointFlow

The same chart is used for the same part
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3D Experiment: Results (Generation)

16

Thesamplesgeneratedby ChartPointFlow

The same chart is used for the same part
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3D Experiment: Results (Generation)
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Thesamplesgeneratedby ChartPointFlow

The same chart is used for the same part
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3D Experiment: Comparisons (Generation)
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Thesamplesnearestto the referencegeneratedby eachmodel
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3D Experiment: Comparisons (Generation)
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Thesamplesnearestto the referencegeneratedby eachmodel

ChartPointFlowgenerates 
similar armrests without blur
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ChartPointFlowoutperformsother state-of-the-art point cloudgenerators

+ chart

3D Experiment: Comparisons (Generation)
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3D Experiment: Comparisons (Reconstruction)
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Theexamplesreconstructedby eachmodel
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3D Experiment: Comparisons (Reconstruction)
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3D Experiment: Comparisons (Reconstruction)
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Squashed
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3D Experiment: Comparisons (Reconstruction)
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BlurryToo thin

Blurry



ACMMULTIMEDIA2021

3D Experiment: Comparisons (Reconstruction)
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No mirrorBlur Blur
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3D Experiment: Comparisons (Reconstruction)
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TheEMDbetweena referencepoint cloudanda reconstructedone

Significantlyimproved,

especiallyfor chaircategory
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3D Experiment: Comparisons (Segmentation)
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Theresultsof unsupervisedsegmentation
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3D Experiment: Comparisons (Segmentation)
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Theresultsof unsupervisedsegmentation

Contaminated
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3D Experiment: Comparisons (Segmentation)
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Theresultsof unsupervisedsegmentation

Contaminated



ACMMULTIMEDIA2021

3D Experiment: Comparisons (Segmentation)
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Theresultsof unsupervisedsegmentation

No wheel segment
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3D Experiment: Comparisons (Segmentation)
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Segmentationperformances(NMI/purity)

ChartPointFlowoutperformedAtlasNetsfor both criteria in all categories
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Conclusion

ÅChartPointFlow
ü a flow-based generative model

ü with multiple latent labels

ü Each label is assigned to points in an unsupervisedmanner

ü Owing to Gumbel-Softmaxand regularization

V reduce the computational cost

V each chart is assigned a specific connected region

ÅExperiments:
ü ChartPointFlowpreserves the topological structure

ü ChartPointFlowoutperforms other point cloud generators
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Appendix
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ȟ

Metrics

36

ὢȟὢ: point cloud

‰: bijective map
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Additional Results (Generation)
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Additional Results (Generation)
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Additional Results (Generation)
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Additional Results (Generation)
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Additional Results (Reconstruction)
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Additional Results (Reconstruction)
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Additional Results (Reconstruction)
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Additional Results (Reconstruction)
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Linear Interpolation
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Transformation From A Simple Dist.
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Unsupervised part segmentation
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Segmentation performances (NMI / purity)
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Objective Function

Objective Function

︡ Objective Function
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Objective Function

Objective Function

Chart ︣
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Gumbel-Softmax

Ὣ לּ ︣

ṇ † ︡label y 

NN Ὢ ךּ
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Background | ,Chart

 : ṇ לּ

יִ Ḋ ḯִי Ḋ ִי

יִ Ḋ ṇ

• Ḋִי ᴼִי

כֿ Chart(( יִ ȟ• ) ︣) לּךּ

Ὓ ל ȟ• ȿ‌ᶰɚּיִצ ךּ

üAtlas
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| 3D Point Clouds

52

Training Sampling

ṇ ṇ
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| 3D Point Clouds ( )
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Training

feature encoder E

ḱ Ὓ

ḱPoint Cloud

︣

prior flow G

ḱ Ὓ ύ

ḱ

ṇ ṇ
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| 3D Point Clouds ( )
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Training

feature encoder E

ḱ Ὓ

ḱPoint Cloud

︣

prior flow G

ḱ Ὓ ύ

ḱ

ṇ ṇ
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| 3D Point Clouds ( )
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Training

chart predictor C

ḱ ︡ḯ ︣ ṇ

︣ ώ

ḱ Ὓ וֹ

chart generator K

ḱ ώ ή ώȿὢ

ṇ ṇ
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| 3D Point Clouds ( )
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Training

chart predictor C

ḱ ︡ḯ ︣ ṇ

︣ ώ

ḱ Ὓ וֹ

chart generator K

ḱ ώ ή ώȿὢ

ṇ ṇ


