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§ Shape Correspondence
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§ Partial Matching



Shape Analysis
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§ Mesh Segmentation and Labeling



Shape Synthesis
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§ Point-based Reconstruction



Shape Synthesis
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§ Image-based Reconstruction



Shape Synthesis
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§ Interpolation



Challenges
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§ No structure in representation
§ No natural ordering 

§ Diverse scale

§ No canonical coordinates
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Representations
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§ Image-based (analysis only)
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Representations
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§ Volume Pros:
§ Regular grid

§ Volume Cons:
§ Need to normalize orientation, scale

§ Uniform resolution

§ Information is very sparse

§ Coarse generated model



Representations
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§ PointNet-like architectures Pros
§ Only considers sparse input (surface points)

§ PointsNet-like architectures Cons
§ Generated model is sparse



Representations
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§ Deformations (synthesis-only)

[Tan et al., CVPR 2018]
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Representations

14

Vertex coords Vertex coords

E D

[Tan et al., CVPR 2018]

D

§ Deformations (synthesis-only)
§ Sensitive to sampling

§ Input data has to be parameterized consistently with the template

Input

Output



Talk Outline
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Vertex coordsVertex coords

D

D

§ Template Fitting and Correspondence Estimation via a Deforming Neural Networks

§ Template-less Modeling via Deforming Neural Networks
§ Template-less Signal Transfer via Deforming Neural Networks
§ Multi-view Reconstruction via Deforming Neural Networks

Thibault Groueix



Our Architecture
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§ Encoder: PointNet
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§ Encoder: PointNet
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Our Architecture
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§ Encoder: PointNet
§ Decoder: directly model the deformation

18
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Our Architecture
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§ Encoder: PointNet
§ Decoder: directly model the deformation
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Our Architecture
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§ Encoder: PointNet
§ Decoder: directly model the deformation

20
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Pros:
- Input data can be parameterized in any way
- Independent of template’s mesh topology
- Decoder models a smooth deformation

…



Training
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Training
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§ Chamfer Distance
§ Regularization
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[Alternative] Supervised Training
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Surface Reconstruction via Template Fitting

25

§ SCAPE dataset of human scans
§ Strongly-supervised



Relationship to Traditional Template Fitting

§ Parameterize template deformations
§ Guess initial parameters
§ Gradient descent to get better parameters

E.g., Gradient descent using Stitched Puppet model by Zuffi and Black CVPR 2015

Various hand-crafted template parameterizations



Relationship to Traditional Template Fitting
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§ Parameterize template deformations => learned bottleneck Z

§ Guess initial parameters
§ Gradient descent to get better parameters
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Relationship to Traditional Template Fitting
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§ Parameterize template deformations => learned bottleneck Z

§ Guess initial parameters => forward pass through the neural network

§ Gradient descent to get better parameters
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Relationship to Traditional Template Fitting
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§ Parameterize template deformations => learned bottleneck Z

§ Guess initial parameters => forward pass through the neural network

§ Gradient descent to get better parameters => backpropagate through the neural network
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Relationship to Traditional Template Fitting
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§ Parameterize template deformations => learned bottleneck Z

§ Guess initial parameters => forward pass through the neural network

§ Gradient descent to get better parameters => backpropagate through the neural network
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Surface Reconstruction via Template Fitting

31Input Shape Initial Deformation Final Deformation



Evaluation

32

§ Train Surreal[1] + augmented bending poses ~ 230,000 synthetic poses
§ Test on FAUST[2]

[1] Learning from synthetic humans, Varol et al. CVPR (2017)
[2] FAUST: Dataset and evaluation for 3D mesh registration, Bogo et al. CVPR (2014)
[3] Robust nonrigid registration by convex optimization, Chen, Koltun, ICCV (2015)
[4] Deep functional maps: Structured prediction for dense shape correspondence, Litany et al. ICCV (2017)
[5] The stitched puppet: A graphical model of 3d human shape and pose, Zuffi et al. CVPR (2015)
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§ Train Surreal[1] + augmented bending poses ~ 230,000 synthetic poses
§ Test on FAUST[2]

[1] Learning from synthetic humans, Varol et al. CVPR (2017)
[2] FAUST: Dataset and evaluation for 3D mesh registration, Bogo et al. CVPR (2014)
[3] Robust nonrigid registration by convex optimization, Chen, Koltun, ICCV (2015)
[4] Deep functional maps: Structured prediction for dense shape correspondence, Litany et al. ICCV (2017)
[5] The stitched puppet: A graphical model of 3d human shape and pose, Zuffi et al. CVPR (2015)
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§ Train Surreal[1] + augmented bending poses ~ 230,000 synthetic poses
§ Test on FAUST[2]

[1] Learning from synthetic humans, Varol et al. CVPR (2017)
[2] FAUST: Dataset and evaluation for 3D mesh registration, Bogo et al. CVPR (2014)
[3] Robust nonrigid registration by convex optimization, Chen, Koltun, ICCV (2015)
[4] Deep functional maps: Structured prediction for dense shape correspondence, Litany et al. ICCV (2017)
[5] The stitched puppet: A graphical model of 3d human shape and pose, Zuffi et al. CVPR (2015)

<latexit sha1_base64="s7dAln3aDsKy0TYjXBF/jpU+eBc="></latexit>

SHREC’19: Shape Correspondence with Isometric and Non-Isometric Deformations



Talk Outline
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Vertex coordsVertex coords

D

D

§ Template Fitting and Correspondence Estimation via a Deforming Neural Networks
§ Template-less Modeling via Deforming Neural Networks

§ Template-less Signal Transfer via Deforming Neural Networks
§ Multi-view Reconstruction via Deforming Neural Networks

Thibault Groueix



AtlasNet
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AtlasNet
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AtlasNet
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AtlasNet
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Point-based Reconstructions
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§ Train Point-to-Atlas autoencoder with Chamfer loss

Ground Truth
Baseline

[Poisson Surface Reconstruction from Sampled Points]



Point-based Reconstructions
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§ Train Point-to-Atlas autoencoder with Chamfer loss

Ground Truth
AtlastNet

with 5 patches

AtlastNet
with 25 patches





Quantitative Evaluation
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predict 2,5K pts+PSR AtlasNet 1 patch AtlasNet 5 patches AtlasNet 125 patches Oracle 2,5K pts+PSR

Metro distance

Lower is better



Shape Interpolation
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Shape Correspondences
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Reference Object Colors Transferred 

to the Inferred Atlas
Colors Transferred 

to Other Objects



Taking advantage of UV parameterizations
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§ Bijective map, but with high distortion



Taking advantage of UV parameterizations
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§ Bijective map, but with high distortion

Optimized Atlas



Taking advantage of UV parameterizations
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§ Train a different encoder

Image-based Shape Reconstruction
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Try It Yourself!

52https://github.com/ThibaultGROUEIX/AtlasNet

52

§ Some examples I tried recently

https://github.com/ThibaultGROUEIX/AtlasNet


Implicit Functions vs Deformation-based Models

§ Possible to infer deformation directly
[3rd section of this talk]

§ Meshes are easier to plug into existing
Graphics and Vision pipelines
[4th section of this talk]

§ Implicit surfaces look much smoother:
loss function or representation?
[future challenges]
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Vertex coordsVertex coords
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§ Template Fitting and Correspondence Estimation via a Deforming Neural Networks
§ Template-less Modeling via Deforming Neural Networks
§ Template-less Signal Transfer via Deforming Neural Networks

§ Multi-view Reconstruction via Deforming Neural Networks

Thibault Groueix
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Signal Transfer without a Single Template
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Signal Transfer without a Single Template
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Signal Transfer without a Single Template



Signal Transfer from a Labeled Source
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Input Shape Labeled Source



Signal Transfer from a Labeled Source
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Input Shape Labeled Source Deformed Source



Signal Transfer from a Labeled Source
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Input Shape Labeled Source Deformed Source



Template-less Deformation Network



Template-less Deformation Network



Cycle-consistent Deformation Network

§ Self-reconstruction loss 
§ Asymmetric Chamfer loss 
§ Cycle-consistency loss



Segmentation Transfer

§ Segmentation accuracy with only 10 labeled examples

Input Labeled Source Deformed Source Labeled Target



Segmentation Transfer

§ Segmentation accuracy with only 10 labeled examples
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Vertex coordsVertex coords

D

D

§ Template Fitting and Correspondence Estimation via a Deforming Neural Networks
§ Template-less Modeling via Deforming Neural Networks
§ Template-less Signal Transfer via Deforming Neural Networks
§ Multi-view Reconstruction via Deforming Neural Networks

Chen-Hsuan Lin



Video-based Shape Reconstruction
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Video-based Shape Reconstruction
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Loss Functions
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§ Photometric Loss



Loss Functions
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§ Photometric Loss



Loss Functions
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§ AtasNet code loss
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Lreg = |z � z0|2
<latexit sha1_base64="o22/X/2KsLm2l3sR0zcOdHturzI=">AAACCHicbVA9SwNBEJ3zM8avqKWFhyIKYriz0UYQbSwsIpgYyCVhbzOJi3sf7M6J8ZLSxl9hb2OhiK0/wc5/4yax0MQHA4/3ZpiZ58dSaHKcL2tsfGJyajozk52dm19YzC0tl3SUKI5FHslIlX2mUYoQiyRIYjlWyAJf4qV/fdLzL29QaRGFF9SOsRqwViiagjMyUj235gWMrjiT6Vm35hHeUqqw1T3s3O3ebXVqe/XchpN3+rBHiftDNo7WvZ1HACjUc59eI+JJgCFxybSuuE5M1ZQpElxiN+slGmPGr1kLK4aGLEBdTfuPdO1NozTsZqRMhWT31d8TKQu0bge+6eydrYe9nvifV0moeVBNRRgnhCEfLGom0qbI7qViN4RCTrJtCONKmFttfsUU42Syy5oQ3OGXR0lpL+86effcpHEMA2RgFdZhG1zYhyM4hQIUgcM9PMELvFoP1rP1Zr0PWsesn5kV+APr4xtbMJui</latexit><latexit sha1_base64="EVlqZYlFIJ6fa6/cxbLHVwmlorA=">AAACCHicbVA9SwNBEN3zM8avU0sLj4goiOEujTZC0MbCIoJJhFwS9jaTuGTvg905MbmktLH2X9hYKGLrT7DLv3HzUWj0wcDjvRlm5nmR4Apte2DMzM7NLyymltLLK6tr6+bGZkmFsWRQZKEI5Y1HFQgeQBE5CriJJFDfE1D22udDv3wHUvEwuMZOBFWftgLe5IyilurmjutTvGVUJJf9motwj4mEVv+01z3q7vdqubq5a2ftEay/xJmQ3XzGPXwa5DuFuvnlNkIW+xAgE1SpimNHWE2oRM4E9NNurCCirE1bUNE0oD6oajJ6pG/taaVhNUOpK0BrpP6cSKivVMf3dOfwbDXtDcX/vEqMzZNqwoMoRgjYeFEzFhaG1jAVq8ElMBQdTSiTXN9qsVsqKUOdXVqH4Ey//JeUclnHzjpXOo0zMkaKbJMMOSAOOSZ5ckEKpEgYeSDP5JW8GY/Gi/FufIxbZ4zJzBb5BePzG2SanSg=</latexit><latexit sha1_base64="EVlqZYlFIJ6fa6/cxbLHVwmlorA=">AAACCHicbVA9SwNBEN3zM8avU0sLj4goiOEujTZC0MbCIoJJhFwS9jaTuGTvg905MbmktLH2X9hYKGLrT7DLv3HzUWj0wcDjvRlm5nmR4Apte2DMzM7NLyymltLLK6tr6+bGZkmFsWRQZKEI5Y1HFQgeQBE5CriJJFDfE1D22udDv3wHUvEwuMZOBFWftgLe5IyilurmjutTvGVUJJf9motwj4mEVv+01z3q7vdqubq5a2ftEay/xJmQ3XzGPXwa5DuFuvnlNkIW+xAgE1SpimNHWE2oRM4E9NNurCCirE1bUNE0oD6oajJ6pG/taaVhNUOpK0BrpP6cSKivVMf3dOfwbDXtDcX/vEqMzZNqwoMoRgjYeFEzFhaG1jAVq8ElMBQdTSiTXN9qsVsqKUOdXVqH4Ey//JeUclnHzjpXOo0zMkaKbJMMOSAOOSZ5ckEKpEgYeSDP5JW8GY/Gi/FufIxbZ4zJzBb5BePzG2SanSg=</latexit><latexit sha1_base64="1DK6qyHSgu8r52OW8deIXYg67ZU=">AAACCHicbVC5TsNAEF1zhnAFKCmwiBA0RHYaaJAiaCgogkQOKZfWm0myyvrQ7hiROC5p+BUaChCi5RPo+Bs2iQtIeNJIT+/NaGaeEwiu0LK+jYXFpeWV1dRaen1jc2s7s7NbVn4oGZSYL3xZdagCwT0oIUcB1UACdR0BFad/NfYr9yAV9707HATQcGnX4x3OKGqplTmouxR7jIroJm7WER4wktCNL0bD0+HxqJlvZbJWzprAnCd2QrIkQbGV+aq3fRa64CETVKmabQXYiKhEzgTE6XqoIKCsT7tQ09SjLqhGNHkkNo+00jY7vtTloTlRf09E1FVq4Dq6c3y2mvXG4n9eLcTOeSPiXhAieGy6qBMKE31znIrZ5hIYioEmlEmubzVZj0rKUGeX1iHYsy/Pk3I+Z1s5+9bKFi6TOFJknxySE2KTM1Ig16RISoSRR/JMXsmb8WS8GO/Gx7R1wUhm9sgfGJ8/SLGaGQ==</latexit>



Video-based Shape Reconstruction Results

RGB sequence AtlasNet (init.) Ours RGB sequence AtlasNet (init.) OursTraditional pipeline Traditional pipeline

A Large Dataset of Object Scans, Choi et al. 2015
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§ Representations
§ Training with strong and weak supervision
§ Hierarchical and multi-resolution approaches
§ Materials
§ Human-object interactions
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Ex(Sx)
<latexit sha1_base64="h/a3+LFken0cMu3PNLLjLYIoS10=">AAAB73icbVDLSsNAFL2pr1pfUZduhhahIpTEjS6LIrisaB/QhjCZTtqhk0mcmUhL6E+4caFIt/6OO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5up33ymUrFYPOpRQr0I9wQLGcHaSK1bf1h+8Idnvl1yKs4MaJW4C1KqFjvnEwCo+fZXpxuTNKJCE46VartOor0MS80Ip+NCJ1U0wWSAe7RtqMARVV42u3eMTo3SRWEsTQmNZurviQxHSo2iwHRGWPfVsjcV//PaqQ6vvIyJJNVUkPmiMOVIx2j6POoySYnmI0MwkczcikgfS0y0iahgQnCXX14ljYuK61Tce5PGNcyRhxMoQhlcuIQq3EEN6kCAwwu8wbv1ZL1aH9Zk3pqzFjPH8AfW5w86aZDm</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="9Pj3WxdTjaSHNoZinY5kqqLCMOM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8l60WNRBI8V7Qe0y5JNs21oNrsmWWlZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IBFcG4y/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ76rSemNI/lgxknzItIX/KQU2Ks1L7xR5V7f3Tml8q4imdAy8TNSRly1P3SV7cX0zRi0lBBtO64ODFeRpThVLBJsZtqlhA6JH3WsVSSiGkvm907QadW6aEwVrakQTP190RGIq3HUWA7I2IGetGbiv95ndSEl17GZZIaJul8UZgKZGI0fR71uGLUiLElhCpub0V0QBShxkZUtCG4iy8vk+Z51cVV9w6Xa1d5HAU4hhOogAsXUINbqEMDKAh4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ayfqj10=</latexit>

- encoders
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Dy(unicode)
<latexit sha1_base64="Sk2fltYIC5crwp5Dqwp84+otObw=">AAAB/HicbVC7TsNAEFyHVwgvQ0oai4AETWTTQBkBBWWQCCAlUXS+bOCU89m6WyMsK/wKDQUI0abmG+j4EHouj4LXSCuNZna1uxMmUhjy/Q+nMDM7N79QXCwtLa+srrnrGxcmTjXHBo9lrK9CZlAKhQ0SJPEq0ciiUOJl2D8e+Ze3qI2I1TllCbYjdq1ET3BGVuq45ZNOttsivKM8VYLHXRzsddyKX/XH8P6SYEoqte3P4RsA1Dvue6sb8zRCRVwyY5qBn1A7Z5oElzgotVKDCeN9do1NSxWL0LTz8fEDb8cqXa8Xa1uKvLH6fSJnkTFZFNrOiNGN+e2NxP+8Zkq9w3YuVJISKj5Z1EulR7E3SsLrCo2cZGYJ41rYWz1+wzTjZPMq2RCC3y//JRf71cCvBmc2jSOYoAibsAW7EMAB1OAU6tAADhk8wBM8O/fOo/PivE5aC850pgw/4Ay/AI7il6E=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="gnKx3RKdCXnBtfv6JXX7Z8RdkSk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkriRY9FPXisYD+gDWWznbZLN5uwOxFDqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LBNbrut1VYW9/Y3Cpul3Z29/YP7MOjlo4SxaDJIhGpTkA1CC6hiRwFdGIFNAwEtIPJ9cxvP4DSPJL3mMbgh3Qk+ZAzikbq2+WbflrtITxilkjOogFMz/p2xa25czirxMtJheRo9O2v3iBiSQgSmaBadz03Rj+jCjkTMC31Eg0xZRM6gq6hkoag/Wx+/NQ5NcrAGUbKlERnrv6eyGiodRoGpjOkONbL3kz8z+smOLz0My7jBEGyxaJhIhyMnFkSzoArYChSQyhT3NzqsDFVlKHJq2RC8JZfXiWt85rn1rw7t1K/yuMokmNyQqrEIxekTm5JgzQJIyl5Jq/kzXqyXqx362PRWrDymTL5A+vzB8RylNI=</latexit>

- decoders

Ex(Sx)
<latexit sha1_base64="h/a3+LFken0cMu3PNLLjLYIoS10=">AAAB73icbVDLSsNAFL2pr1pfUZduhhahIpTEjS6LIrisaB/QhjCZTtqhk0mcmUhL6E+4caFIt/6OO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5up33ymUrFYPOpRQr0I9wQLGcHaSK1bf1h+8Idnvl1yKs4MaJW4C1KqFjvnEwCo+fZXpxuTNKJCE46VartOor0MS80Ip+NCJ1U0wWSAe7RtqMARVV42u3eMTo3SRWEsTQmNZurviQxHSo2iwHRGWPfVsjcV//PaqQ6vvIyJJNVUkPmiMOVIx2j6POoySYnmI0MwkczcikgfS0y0iahgQnCXX14ljYuK61Tce5PGNcyRhxMoQhlcuIQq3EEN6kCAwwu8wbv1ZL1aH9Zk3pqzFjPH8AfW5w86aZDm</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="9Pj3WxdTjaSHNoZinY5kqqLCMOM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8l60WNRBI8V7Qe0y5JNs21oNrsmWWlZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IBFcG4y/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ76rSemNI/lgxknzItIX/KQU2Ks1L7xR5V7f3Tml8q4imdAy8TNSRly1P3SV7cX0zRi0lBBtO64ODFeRpThVLBJsZtqlhA6JH3WsVSSiGkvm907QadW6aEwVrakQTP190RGIq3HUWA7I2IGetGbiv95ndSEl17GZZIaJul8UZgKZGI0fR71uGLUiLElhCpub0V0QBShxkZUtCG4iy8vk+Z51cVV9w6Xa1d5HAU4hhOogAsXUINbqEMDKAh4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ayfqj10=</latexit>

- encoders
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Lreconstruction =
X

x2R

X

y2R
wx!yDisty(Dy(Ex(Sx)), Sy),

<latexit sha1_base64="Lsn1L9K5WKHR754p/PPr6XlmC7g="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="8YZbvPAgWVaM/hRW4GazBfFg4co="></latexit>

Dy(unicode)
<latexit sha1_base64="Sk2fltYIC5crwp5Dqwp84+otObw=">AAAB/HicbVC7TsNAEFyHVwgvQ0oai4AETWTTQBkBBWWQCCAlUXS+bOCU89m6WyMsK/wKDQUI0abmG+j4EHouj4LXSCuNZna1uxMmUhjy/Q+nMDM7N79QXCwtLa+srrnrGxcmTjXHBo9lrK9CZlAKhQ0SJPEq0ciiUOJl2D8e+Ze3qI2I1TllCbYjdq1ET3BGVuq45ZNOttsivKM8VYLHXRzsddyKX/XH8P6SYEoqte3P4RsA1Dvue6sb8zRCRVwyY5qBn1A7Z5oElzgotVKDCeN9do1NSxWL0LTz8fEDb8cqXa8Xa1uKvLH6fSJnkTFZFNrOiNGN+e2NxP+8Zkq9w3YuVJISKj5Z1EulR7E3SsLrCo2cZGYJ41rYWz1+wzTjZPMq2RCC3y//JRf71cCvBmc2jSOYoAibsAW7EMAB1OAU6tAADhk8wBM8O/fOo/PivE5aC850pgw/4Ay/AI7il6E=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="gnKx3RKdCXnBtfv6JXX7Z8RdkSk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkriRY9FPXisYD+gDWWznbZLN5uwOxFDqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LBNbrut1VYW9/Y3Cpul3Z29/YP7MOjlo4SxaDJIhGpTkA1CC6hiRwFdGIFNAwEtIPJ9cxvP4DSPJL3mMbgh3Qk+ZAzikbq2+WbflrtITxilkjOogFMz/p2xa25czirxMtJheRo9O2v3iBiSQgSmaBadz03Rj+jCjkTMC31Eg0xZRM6gq6hkoag/Wx+/NQ5NcrAGUbKlERnrv6eyGiodRoGpjOkONbL3kz8z+smOLz0My7jBEGyxaJhIhyMnFkSzoArYChSQyhT3NzqsDFVlKHJq2RC8JZfXiWt85rn1rw7t1K/yuMokmNyQqrEIxekTm5JgzQJIyl5Jq/kzXqyXqx362PRWrDymTL5A+vzB8RylNI=</latexit>

- decoders

Ex(Sx)
<latexit sha1_base64="h/a3+LFken0cMu3PNLLjLYIoS10=">AAAB73icbVDLSsNAFL2pr1pfUZduhhahIpTEjS6LIrisaB/QhjCZTtqhk0mcmUhL6E+4caFIt/6OO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5up33ymUrFYPOpRQr0I9wQLGcHaSK1bf1h+8Idnvl1yKs4MaJW4C1KqFjvnEwCo+fZXpxuTNKJCE46VartOor0MS80Ip+NCJ1U0wWSAe7RtqMARVV42u3eMTo3SRWEsTQmNZurviQxHSo2iwHRGWPfVsjcV//PaqQ6vvIyJJNVUkPmiMOVIx2j6POoySYnmI0MwkczcikgfS0y0iahgQnCXX14ljYuK61Tce5PGNcyRhxMoQhlcuIQq3EEN6kCAwwu8wbv1ZL1aH9Zk3pqzFjPH8AfW5w86aZDm</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="9Pj3WxdTjaSHNoZinY5kqqLCMOM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8l60WNRBI8V7Qe0y5JNs21oNrsmWWlZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IBFcG4y/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ76rSemNI/lgxknzItIX/KQU2Ks1L7xR5V7f3Tml8q4imdAy8TNSRly1P3SV7cX0zRi0lBBtO64ODFeRpThVLBJsZtqlhA6JH3WsVSSiGkvm907QadW6aEwVrakQTP190RGIq3HUWA7I2IGetGbiv95ndSEl17GZZIaJul8UZgKZGI0fR71uGLUiLElhCpub0V0QBShxkZUtCG4iy8vk+Z51cVV9w6Xa1d5HAU4hhOogAsXUINbqEMDKAh4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ayfqj10=</latexit>

- encoders
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Lreconstruction =
X

x2R

X

y2R
wx!yDisty(Dy(Ex(Sx)), Sy),

<latexit sha1_base64="Lsn1L9K5WKHR754p/PPr6XlmC7g="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="8YZbvPAgWVaM/hRW4GazBfFg4co="></latexit>

Dy(unicode)
<latexit sha1_base64="Sk2fltYIC5crwp5Dqwp84+otObw=">AAAB/HicbVC7TsNAEFyHVwgvQ0oai4AETWTTQBkBBWWQCCAlUXS+bOCU89m6WyMsK/wKDQUI0abmG+j4EHouj4LXSCuNZna1uxMmUhjy/Q+nMDM7N79QXCwtLa+srrnrGxcmTjXHBo9lrK9CZlAKhQ0SJPEq0ciiUOJl2D8e+Ze3qI2I1TllCbYjdq1ET3BGVuq45ZNOttsivKM8VYLHXRzsddyKX/XH8P6SYEoqte3P4RsA1Dvue6sb8zRCRVwyY5qBn1A7Z5oElzgotVKDCeN9do1NSxWL0LTz8fEDb8cqXa8Xa1uKvLH6fSJnkTFZFNrOiNGN+e2NxP+8Zkq9w3YuVJISKj5Z1EulR7E3SsLrCo2cZGYJ41rYWz1+wzTjZPMq2RCC3y//JRf71cCvBmc2jSOYoAibsAW7EMAB1OAU6tAADhk8wBM8O/fOo/PivE5aC850pgw/4Ay/AI7il6E=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="gnKx3RKdCXnBtfv6JXX7Z8RdkSk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkriRY9FPXisYD+gDWWznbZLN5uwOxFDqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LBNbrut1VYW9/Y3Cpul3Z29/YP7MOjlo4SxaDJIhGpTkA1CC6hiRwFdGIFNAwEtIPJ9cxvP4DSPJL3mMbgh3Qk+ZAzikbq2+WbflrtITxilkjOogFMz/p2xa25czirxMtJheRo9O2v3iBiSQgSmaBadz03Rj+jCjkTMC31Eg0xZRM6gq6hkoag/Wx+/NQ5NcrAGUbKlERnrv6eyGiodRoGpjOkONbL3kz8z+smOLz0My7jBEGyxaJhIhyMnFkSzoArYChSQyhT3NzqsDFVlKHJq2RC8JZfXiWt85rn1rw7t1K/yuMokmNyQqrEIxekTm5JgzQJIyl5Jq/kzXqyXqx362PRWrDymTL5A+vzB8RylNI=</latexit>

- decoders

Ex(Sx)
<latexit sha1_base64="h/a3+LFken0cMu3PNLLjLYIoS10=">AAAB73icbVDLSsNAFL2pr1pfUZduhhahIpTEjS6LIrisaB/QhjCZTtqhk0mcmUhL6E+4caFIt/6OO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5up33ymUrFYPOpRQr0I9wQLGcHaSK1bf1h+8Idnvl1yKs4MaJW4C1KqFjvnEwCo+fZXpxuTNKJCE46VartOor0MS80Ip+NCJ1U0wWSAe7RtqMARVV42u3eMTo3SRWEsTQmNZurviQxHSo2iwHRGWPfVsjcV//PaqQ6vvIyJJNVUkPmiMOVIx2j6POoySYnmI0MwkczcikgfS0y0iahgQnCXX14ljYuK61Tce5PGNcyRhxMoQhlcuIQq3EEN6kCAwwu8wbv1ZL1aH9Zk3pqzFjPH8AfW5w86aZDm</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="9Pj3WxdTjaSHNoZinY5kqqLCMOM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8l60WNRBI8V7Qe0y5JNs21oNrsmWWlZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IBFcG4y/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ76rSemNI/lgxknzItIX/KQU2Ks1L7xR5V7f3Tml8q4imdAy8TNSRly1P3SV7cX0zRi0lBBtO64ODFeRpThVLBJsZtqlhA6JH3WsVSSiGkvm907QadW6aEwVrakQTP190RGIq3HUWA7I2IGetGbiv95ndSEl17GZZIaJul8UZgKZGI0fR71uGLUiLElhCpub0V0QBShxkZUtCG4iy8vk+Z51cVV9w6Xa1d5HAU4hhOogAsXUINbqEMDKAh4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ayfqj10=</latexit>

- encoders

: Per voxel cross-entropy

: Chamfer distance

: L2

DistVoxel
<latexit sha1_base64="7iZBmnrMOTod5cqm1MsDbVKltD8=">AAACAXicbZA7SwNBEMfn4ivGV1QQweYwCFbhzkbLoBaWCZgHJCHubSbJkr0Hu3OScMTGr2JjoYit38LOxs/i5lFo4h8Wfvxnhtn5e5EUmhzny0otLa+srqXXMxubW9s72d29ig5jxbHMQxmqmsc0ShFgmQRJrEUKme9JrHr9q3G9eo9KizC4pWGETZ91A9ERnJGxWtnDBuGAkmuzadSaciUcoBy1sjkn70xkL4I7g1zhoPR9BwDFVvaz0Q557GNAXDKt664TUTNhigSXOMo0Yo0R433WxbrBgPmom8nkgpF9Ypy23QmVeQHZE/f3RMJ8rYe+Zzp9Rj09Xxub/9XqMXUumokIopgw4NNFnVjaFNrjOOy2UMhJDg0wroT5q817TDFOJrSMCcGdP3kRKmd518m7JZPGJUyVhiM4hlNw4RwKcANFKAOHB3iCF3i1Hq1n6816n7amrNnMPvyR9fEDc2eZrw==</latexit><latexit sha1_base64="jjhMlnlF1MXBOpHXqVAo3rBX54Q=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukCxhdnKSDJm9MHNWEpbY+Co2FhGxtfUJ7Gx8FifZFJr4w8DHf87hzPm9SHCFtv1lZFZW19Y3spu5re2d3T1z/6CmwlgyqLJQhLLhUQWCB1BFjgIakQTqewLq3uB6Wq/fg1Q8DO5wFIHr017Au5xR1FbbPG4hDDG50ZvG7ZRr4RDEuG3m7YI9k7UMzhzyxaPKN5+UPspt87PVCVnsQ4BMUKWajh2hm1CJnAkY51qxgoiyAe1BU2NAfVBuMrtgbJ1pp2N1Q6lfgNbM/T2RUF+pke/pTp9iXy3WpuZ/tWaM3Ss34UEUIwQsXdSNhYWhNY3D6nAJDMVIA2WS679arE8lZahDy+kQnMWTl6F2UXDsglPRaZRIqiw5IafknDjkkhTJLSmTKmHkgTyRCXkxHo1n49V4S1szxnzmkPyR8f4DxKibaw==</latexit><latexit sha1_base64="jjhMlnlF1MXBOpHXqVAo3rBX54Q=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukCxhdnKSDJm9MHNWEpbY+Co2FhGxtfUJ7Gx8FifZFJr4w8DHf87hzPm9SHCFtv1lZFZW19Y3spu5re2d3T1z/6CmwlgyqLJQhLLhUQWCB1BFjgIakQTqewLq3uB6Wq/fg1Q8DO5wFIHr017Au5xR1FbbPG4hDDG50ZvG7ZRr4RDEuG3m7YI9k7UMzhzyxaPKN5+UPspt87PVCVnsQ4BMUKWajh2hm1CJnAkY51qxgoiyAe1BU2NAfVBuMrtgbJ1pp2N1Q6lfgNbM/T2RUF+pke/pTp9iXy3WpuZ/tWaM3Ss34UEUIwQsXdSNhYWhNY3D6nAJDMVIA2WS679arE8lZahDy+kQnMWTl6F2UXDsglPRaZRIqiw5IafknDjkkhTJLSmTKmHkgTyRCXkxHo1n49V4S1szxnzmkPyR8f4DxKibaw==</latexit><latexit sha1_base64="qWufR2qmh0Z88iPsop19y6hhnYk=">AAACAXicbZDLSsNAFIYn9VbrLepGcBMsgquSuNFlURcuK9gLtCFMpift0MmFmRNpCXHjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/nwiu0La/jdLK6tr6RnmzsrW9s7tn7h+0VJxKBk0Wi1h2fKpA8AiayFFAJ5FAQ19A2x9dT+vtB5CKx9E9ThJwQzqIeMAZRW155lEPYYzZjd6Ue3NuxWMQuWdW7Zo9k7UMTgFVUqjhmV+9fszSECJkgirVdewE3YxK5ExAXumlChLKRnQAXY0RDUG52eyC3DrVTt8KYqlfhNbM/T2R0VCpSejrzpDiUC3WpuZ/tW6KwaWb8ShJESI2XxSkwsLYmsZh9bkEhmKigTLJ9V8tNqSSMtShVXQIzuLJy9A6rzl2zbmzq/WrIo4yOSYn5Iw45ILUyS1pkCZh5JE8k1fyZjwZL8a78TFvLRnFzCH5I+PzB+TAl8o=</latexit>

DistPoints
<latexit sha1_base64="4I+KlKbs3ltmv2raIqT2WlW/EdQ=">AAACAnicbZA9SwNBEIbn/Izx61QQxOYwCFbhzkbLoBaWCZgPSI64t9kkS/b2jt05MRzBxr9iY6GIrb/Czsbf4iaXQhNfWHh4Z4bZeYNYcI2u+2UtLC4tr6zm1vLrG5tb2/bObk1HiaKsSiMRqUZANBNcsipyFKwRK0bCQLB6MLgc1+t3TGkeyRscxswPSU/yLqcEjdW2D1rI7jG9MptG7YzLEZeoR2274BbdiZx58KZQKO1Xvm8BoNy2P1udiCYhk0gF0brpuTH6KVHIqWCjfCvRLCZ0QHqsaVCSkGk/nZwwco6N03G6kTJPojNxf0+kJNR6GAamMyTY17O1sflfrZlg99xPuYwTZJJmi7qJcDByxnk4Ha4YRTE0QKji5q8O7RNFKJrU8iYEb/bkeaidFj236FVMGheQKQeHcAQn4MEZlOAaylAFCg/wBC/waj1az9ab9Z61LljTmT34I+vjB0rXmig=</latexit><latexit sha1_base64="Gcq1Z4Zl5OeWZlmW3nhVHwnZEco=">AAACAnicbZDLSsNAFIYnXmu9RQVB3ASL4KokbnRZqguXLdgLtCFMppN26GQSZk7EEoIbX8WNoCJuXfoE7tz4LE6bLrT1h4GP/5zDmfP7MWcKbPvLWFhcWl5ZLawV1zc2t7bNnd2mihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX94Ma63bqhULBLXMIqpG+K+YAEjGLTlmQddoLeQXupNmZdzLWICVOaZJbtsT2TNgzOFUmW//s2eqh81z/zs9iKShFQA4VipjmPH4KZYAiOcZsVuomiMyRD3aUejwCFVbjo5IbOOtdOzgkjqJ8CauL8nUhwqNQp93RliGKjZ2tj8r9ZJIDh3UybiBKgg+aIg4RZE1jgPq8ckJcBHGjCRTP/VIgMsMQGdWlGH4MyePA/N07Jjl526TqOKchXQITpCJ8hBZ6iCrlANNRBBd+gBPaMX4954NF6Nt7x1wZjO7KE/Mt5/AJwYm+Q=</latexit><latexit sha1_base64="Gcq1Z4Zl5OeWZlmW3nhVHwnZEco=">AAACAnicbZDLSsNAFIYnXmu9RQVB3ASL4KokbnRZqguXLdgLtCFMppN26GQSZk7EEoIbX8WNoCJuXfoE7tz4LE6bLrT1h4GP/5zDmfP7MWcKbPvLWFhcWl5ZLawV1zc2t7bNnd2mihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX94Ma63bqhULBLXMIqpG+K+YAEjGLTlmQddoLeQXupNmZdzLWICVOaZJbtsT2TNgzOFUmW//s2eqh81z/zs9iKShFQA4VipjmPH4KZYAiOcZsVuomiMyRD3aUejwCFVbjo5IbOOtdOzgkjqJ8CauL8nUhwqNQp93RliGKjZ2tj8r9ZJIDh3UybiBKgg+aIg4RZE1jgPq8ckJcBHGjCRTP/VIgMsMQGdWlGH4MyePA/N07Jjl526TqOKchXQITpCJ8hBZ6iCrlANNRBBd+gBPaMX4954NF6Nt7x1wZjO7KE/Mt5/AJwYm+Q=</latexit><latexit sha1_base64="pNV+E9NxqjJ0cvWOC4zcNinxHdk=">AAACAnicbZDNSgMxFIUz9a/Wv1FX4iZYBFdlxo0ui7pwWcG2QjsMmTTThmaSIbkjlqG48VXcuFDErU/hzrcxbWehrQcCH+fey809USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6Gl5N6+55pw5W8hVHKgoT0JY85JWCt0D3oAnuA/MpuGoczbiguwYxDt+rVvKnwIvgFVFGhRuh+dXuKZgmTQAUxpuN7KQQ50cCpYONKNzMsJXRI+qxjUZKEmSCfnjDGx9bp4Vhp+yTgqft7IieJMaMksp0JgYGZr03M/2qdDOLzIOcyzYBJOlsUZwKDwpM8cI9rRkGMLBCquf0rpgOiCQWbWsWG4M+fvAit05rv1fwbr1q/KOIoo0N0hE6Qj85QHV2jBmoiih7RM3pFb86T8+K8Ox+z1pJTzOyjP3I+fwC8MJhD</latexit>

DistViews
<latexit sha1_base64="DgXwSjOQVYproe1+p6YdEsFH1Kg=">AAACAXicbZA7SwNBEMfn4ivGV1QQweYwCFbhzkbLoBaWCZgHJCHubSbJkr0Hu3NqOGLjV7GxUMTWb2Fn42dx8yg08Q8LP/4zw+z8vUgKTY7zZaUWFpeWV9KrmbX1jc2t7PZORYex4ljmoQxVzWMapQiwTIIk1iKFzPckVr3+xahevUWlRRhc0yDCps+6gegIzshYrex+g/CekkuzadiacEXgnR62sjkn74xlz4M7hVxhr/R9AwDFVvaz0Q557GNAXDKt664TUTNhigSXOMw0Yo0R433WxbrBgPmom8n4gqF9ZJy23QmVeQHZY/f3RMJ8rQe+Zzp9Rj09WxuZ/9XqMXXOmokIopgw4JNFnVjaFNqjOOy2UMhJDgwwroT5q817TDFOJrSMCcGdPXkeKid518m7JZPGOUyUhgM4hGNw4RQKcAVFKAOHB3iCF3i1Hq1n6816n7SmrOnMLvyR9fEDc0GZrw==</latexit><latexit sha1_base64="SmFaUo8xSIGBp5DkB5ZSlbtwvqk=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukIQwOzlJhsxemDmrhmVtfBUbi4jY2voEdjY+i5NsCk38YeDjP+dw5vxuKLhC2/4yMkvLK6tr2fXcxubW9o65u1dTQSQZVFkgAtlwqQLBfagiRwGNUAL1XAF1d3g5qddvQSoe+Dc4CqHt0b7Pe5xR1FbHPGwh3GN8pTclnZRrHO5U0jHzdsGeyloEZwb54kHlm49LH+WO+dnqBizywEcmqFJNxw6xHVOJnAlIcq1IQUjZkPahqdGnHqh2PL0gsU6007V6gdTPR2vq/p6IqafUyHN1p0dxoOZrE/O/WjPC3kU75n4YIfgsXdSLhIWBNYnD6nIJDMVIA2WS679abEAlZahDy+kQnPmTF6F2VnDsglPRaZRIqiw5IsfklDjknBTJNSmTKmHkgTyRMXkxHo1n49V4S1szxmxmn/yR8f4DxIKbaw==</latexit><latexit sha1_base64="SmFaUo8xSIGBp5DkB5ZSlbtwvqk=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukIQwOzlJhsxemDmrhmVtfBUbi4jY2voEdjY+i5NsCk38YeDjP+dw5vxuKLhC2/4yMkvLK6tr2fXcxubW9o65u1dTQSQZVFkgAtlwqQLBfagiRwGNUAL1XAF1d3g5qddvQSoe+Dc4CqHt0b7Pe5xR1FbHPGwh3GN8pTclnZRrHO5U0jHzdsGeyloEZwb54kHlm49LH+WO+dnqBizywEcmqFJNxw6xHVOJnAlIcq1IQUjZkPahqdGnHqh2PL0gsU6007V6gdTPR2vq/p6IqafUyHN1p0dxoOZrE/O/WjPC3kU75n4YIfgsXdSLhIWBNYnD6nIJDMVIA2WS679abEAlZahDy+kQnPmTF6F2VnDsglPRaZRIqiw5IsfklDjknBTJNSmTKmHkgTyRMXkxHo1n49V4S1szxmxmn/yR8f4DxIKbaw==</latexit><latexit sha1_base64="JUUXiBFz1GVHAtgvYul8BSj1zgM=">AAACAXicbZDLSsNAFIYn9VbrLepGcBMsgquSuNFlURcuK9gLtCFMpift0MmFmRO1hLjxVdy4UMStb+HOt3HaZqGtPwx8/OcczpzfTwRXaNvfRmlpeWV1rbxe2djc2t4xd/daKk4lgyaLRSw7PlUgeARN5Cigk0igoS+g7Y8uJ/X2HUjF4+gWxwm4IR1EPOCMorY886CH8IDZld6UezNucbhXuWdW7Zo9lbUITgFVUqjhmV+9fszSECJkgirVdewE3YxK5ExAXumlChLKRnQAXY0RDUG52fSC3DrWTt8KYqlfhNbU/T2R0VCpcejrzpDiUM3XJuZ/tW6Kwbmb8ShJESI2WxSkwsLYmsRh9bkEhmKsgTLJ9V8tNqSSMtShVXQIzvzJi9A6rTl2zbmxq/WLIo4yOSRH5IQ45IzUyTVpkCZh5JE8k1fyZjwZL8a78TFrLRnFzD75I+PzB+Sal8o=</latexit>
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Lreconstruction =
X

x2R

X

y2R
wx!yDisty(Dy(Ex(Sx)), Sy),

<latexit sha1_base64="Lsn1L9K5WKHR754p/PPr6XlmC7g="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="pTjf5wgfUXJ6DWzB0VlXRFYTaLM="></latexit><latexit sha1_base64="8YZbvPAgWVaM/hRW4GazBfFg4co="></latexit>

Dy(unicode)
<latexit sha1_base64="Sk2fltYIC5crwp5Dqwp84+otObw=">AAAB/HicbVC7TsNAEFyHVwgvQ0oai4AETWTTQBkBBWWQCCAlUXS+bOCU89m6WyMsK/wKDQUI0abmG+j4EHouj4LXSCuNZna1uxMmUhjy/Q+nMDM7N79QXCwtLa+srrnrGxcmTjXHBo9lrK9CZlAKhQ0SJPEq0ciiUOJl2D8e+Ze3qI2I1TllCbYjdq1ET3BGVuq45ZNOttsivKM8VYLHXRzsddyKX/XH8P6SYEoqte3P4RsA1Dvue6sb8zRCRVwyY5qBn1A7Z5oElzgotVKDCeN9do1NSxWL0LTz8fEDb8cqXa8Xa1uKvLH6fSJnkTFZFNrOiNGN+e2NxP+8Zkq9w3YuVJISKj5Z1EulR7E3SsLrCo2cZGYJ41rYWz1+wzTjZPMq2RCC3y//JRf71cCvBmc2jSOYoAibsAW7EMAB1OAU6tAADhk8wBM8O/fOo/PivE5aC850pgw/4Ay/AI7il6E=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="Ej4MfVJ4fMNmtnNRYNwk17MJ2m8=">AAAB/HicbVDLTgJBEJz1ieAD5ehlI5rghex60SNRDx4xkUcChMwODUyYnd3M9BI3G/wVLx40xis/4B9480P07PA4KFhJJ5Wq7nR3eaHgGh3n01pZXVvf2ExtpTPbO7t72f2Dqg4ixaDCAhGoukc1CC6hghwF1EMF1PcE1LzB1cSvDUFpHsg7jENo+bQneZczikZqZ3PX7bjQRLjHJJKcBR0YnbazeafoTGEvE3dO8qXjr/H7MPNdbmc/mp2ART5IZIJq3XCdEFsJVciZgFG6GWkIKRvQHjQMldQH3Uqmx4/sE6N07G6gTEm0p+rviYT6Wse+Zzp9in296E3E/7xGhN2LVsJlGCFINlvUjYSNgT1Jwu5wBQxFbAhliptbbdanijI0eaVNCO7iy8ukelZ0naJ7a9K4JDOkyCE5IgXiknNSIjekTCqEkZg8kmfyYj1YT9ar9TZrXbHmMznyB9b4B4eCmRs=</latexit><latexit sha1_base64="gnKx3RKdCXnBtfv6JXX7Z8RdkSk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRahXkriRY9FPXisYD+gDWWznbZLN5uwOxFDqH/FiwdFvPpDvPlv3LY5aOuDgcd7M8zMC2LBNbrut1VYW9/Y3Cpul3Z29/YP7MOjlo4SxaDJIhGpTkA1CC6hiRwFdGIFNAwEtIPJ9cxvP4DSPJL3mMbgh3Qk+ZAzikbq2+WbflrtITxilkjOogFMz/p2xa25czirxMtJheRo9O2v3iBiSQgSmaBadz03Rj+jCjkTMC31Eg0xZRM6gq6hkoag/Wx+/NQ5NcrAGUbKlERnrv6eyGiodRoGpjOkONbL3kz8z+smOLz0My7jBEGyxaJhIhyMnFkSzoArYChSQyhT3NzqsDFVlKHJq2RC8JZfXiWt85rn1rw7t1K/yuMokmNyQqrEIxekTm5JgzQJIyl5Jq/kzXqyXqx362PRWrDymTL5A+vzB8RylNI=</latexit>

- decoders

Ex(Sx)
<latexit sha1_base64="h/a3+LFken0cMu3PNLLjLYIoS10=">AAAB73icbVDLSsNAFL2pr1pfUZduhhahIpTEjS6LIrisaB/QhjCZTtqhk0mcmUhL6E+4caFIt/6OO//G6WOhrQcuHM65l3vvCRLOlHacbyu3tr6xuZXfLuzs7u0f2IdHDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Gg5up33ymUrFYPOpRQr0I9wQLGcHaSK1bf1h+8Idnvl1yKs4MaJW4C1KqFjvnEwCo+fZXpxuTNKJCE46VartOor0MS80Ip+NCJ1U0wWSAe7RtqMARVV42u3eMTo3SRWEsTQmNZurviQxHSo2iwHRGWPfVsjcV//PaqQ6vvIyJJNVUkPmiMOVIx2j6POoySYnmI0MwkczcikgfS0y0iahgQnCXX14ljYuK61Tce5PGNcyRhxMoQhlcuIQq3EEN6kCAwwu8wbv1ZL1aH9Zk3pqzFjPH8AfW5w86aZDm</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="djQRQEFQsqxU6HJLnlfNPVK8dfk=">AAAB73icbVDLSsNAFL3xWeur6tLN0CJUhJK40WVRBJcV7QPaECbTSTt0MokzE2kI/QkRXCji1t9x179x+lho64ELh3Pu5d57/JgzpW17bK2srq1vbOa28ts7u3v7hYPDhooSSWidRDySLR8rypmgdc00p61YUhz6nDb9wfXEbz5RqVgkHnQaUzfEPcECRrA2UuvGG5bvveGpVyjZFXsKtEycOSlVi52zl3E1rXmF7043IklIhSYcK9V27Fi7GZaaEU5H+U6iaIzJAPdo21CBQ6rcbHrvCJ0YpYuCSJoSGk3V3xMZDpVKQ990hlj31aI3Ef/z2okOLt2MiTjRVJDZoiDhSEdo8jzqMkmJ5qkhmEhmbkWkjyUm2kSUNyE4iy8vk8Z5xbErzp1J4wpmyMExFKEMDlxAFW6hBnUgwOEZ3uDderRerQ/rc9a6Ys1njuAPrK8fQ9OSbA==</latexit><latexit sha1_base64="9Pj3WxdTjaSHNoZinY5kqqLCMOM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8l60WNRBI8V7Qe0y5JNs21oNrsmWWlZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IBFcG4y/nZXVtfWNzcJWcXtnd2+/dHDY1HGqKGvQWMSqHRDNBJesYbgRrJ0oRqJAsFYwvJ76rSemNI/lgxknzItIX/KQU2Ks1L7xR5V7f3Tml8q4imdAy8TNSRly1P3SV7cX0zRi0lBBtO64ODFeRpThVLBJsZtqlhA6JH3WsVSSiGkvm907QadW6aEwVrakQTP190RGIq3HUWA7I2IGetGbiv95ndSEl17GZZIaJul8UZgKZGI0fR71uGLUiLElhCpub0V0QBShxkZUtCG4iy8vk+Z51cVV9w6Xa1d5HAU4hhOogAsXUINbqEMDKAh4hld4cx6dF+fd+Zi3rjj5zBH8gfP5Ayfqj10=</latexit>

- encoders

: Per voxel cross-entropy

: Chamfer distance

: L2

DistVoxel
<latexit sha1_base64="7iZBmnrMOTod5cqm1MsDbVKltD8=">AAACAXicbZA7SwNBEMfn4ivGV1QQweYwCFbhzkbLoBaWCZgHJCHubSbJkr0Hu3OScMTGr2JjoYit38LOxs/i5lFo4h8Wfvxnhtn5e5EUmhzny0otLa+srqXXMxubW9s72d29ig5jxbHMQxmqmsc0ShFgmQRJrEUKme9JrHr9q3G9eo9KizC4pWGETZ91A9ERnJGxWtnDBuGAkmuzadSaciUcoBy1sjkn70xkL4I7g1zhoPR9BwDFVvaz0Q557GNAXDKt664TUTNhigSXOMo0Yo0R433WxbrBgPmom8nkgpF9Ypy23QmVeQHZE/f3RMJ8rYe+Zzp9Rj09Xxub/9XqMXUumokIopgw4NNFnVjaFNrjOOy2UMhJDg0wroT5q817TDFOJrSMCcGdP3kRKmd518m7JZPGJUyVhiM4hlNw4RwKcANFKAOHB3iCF3i1Hq1n6816n7amrNnMPvyR9fEDc2eZrw==</latexit><latexit sha1_base64="jjhMlnlF1MXBOpHXqVAo3rBX54Q=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukCxhdnKSDJm9MHNWEpbY+Co2FhGxtfUJ7Gx8FifZFJr4w8DHf87hzPm9SHCFtv1lZFZW19Y3spu5re2d3T1z/6CmwlgyqLJQhLLhUQWCB1BFjgIakQTqewLq3uB6Wq/fg1Q8DO5wFIHr017Au5xR1FbbPG4hDDG50ZvG7ZRr4RDEuG3m7YI9k7UMzhzyxaPKN5+UPspt87PVCVnsQ4BMUKWajh2hm1CJnAkY51qxgoiyAe1BU2NAfVBuMrtgbJ1pp2N1Q6lfgNbM/T2RUF+pke/pTp9iXy3WpuZ/tWaM3Ss34UEUIwQsXdSNhYWhNY3D6nAJDMVIA2WS679arE8lZahDy+kQnMWTl6F2UXDsglPRaZRIqiw5IafknDjkkhTJLSmTKmHkgTyRCXkxHo1n49V4S1szxnzmkPyR8f4DxKibaw==</latexit><latexit sha1_base64="jjhMlnlF1MXBOpHXqVAo3rBX54Q=">AAACAXicbZC7SgNBFIZn4y3G26oggs1iEKzCro2WIVpYJmAukCxhdnKSDJm9MHNWEpbY+Co2FhGxtfUJ7Gx8FifZFJr4w8DHf87hzPm9SHCFtv1lZFZW19Y3spu5re2d3T1z/6CmwlgyqLJQhLLhUQWCB1BFjgIakQTqewLq3uB6Wq/fg1Q8DO5wFIHr017Au5xR1FbbPG4hDDG50ZvG7ZRr4RDEuG3m7YI9k7UMzhzyxaPKN5+UPspt87PVCVnsQ4BMUKWajh2hm1CJnAkY51qxgoiyAe1BU2NAfVBuMrtgbJ1pp2N1Q6lfgNbM/T2RUF+pke/pTp9iXy3WpuZ/tWaM3Ss34UEUIwQsXdSNhYWhNY3D6nAJDMVIA2WS679arE8lZahDy+kQnMWTl6F2UXDsglPRaZRIqiw5IafknDjkkhTJLSmTKmHkgTyRCXkxHo1n49V4S1szxnzmkPyR8f4DxKibaw==</latexit><latexit sha1_base64="qWufR2qmh0Z88iPsop19y6hhnYk=">AAACAXicbZDLSsNAFIYn9VbrLepGcBMsgquSuNFlURcuK9gLtCFMpift0MmFmRNpCXHjq7hxoYhb38Kdb+O0zUJbfxj4+M85nDm/nwiu0La/jdLK6tr6RnmzsrW9s7tn7h+0VJxKBk0Wi1h2fKpA8AiayFFAJ5FAQ19A2x9dT+vtB5CKx9E9ThJwQzqIeMAZRW155lEPYYzZjd6Ue3NuxWMQuWdW7Zo9k7UMTgFVUqjhmV+9fszSECJkgirVdewE3YxK5ExAXumlChLKRnQAXY0RDUG52eyC3DrVTt8KYqlfhNbM/T2R0VCpSejrzpDiUC3WpuZ/tW6KwaWb8ShJESI2XxSkwsLYmsZh9bkEhmKigTLJ9V8tNqSSMtShVXQIzuLJy9A6rzl2zbmzq/WrIo4yOSYn5Iw45ILUyS1pkCZh5JE8k1fyZjwZL8a78TFvLRnFzCH5I+PzB+TAl8o=</latexit>

DistPoints
<latexit sha1_base64="4I+KlKbs3ltmv2raIqT2WlW/EdQ=">AAACAnicbZA9SwNBEIbn/Izx61QQxOYwCFbhzkbLoBaWCZgPSI64t9kkS/b2jt05MRzBxr9iY6GIrb/Czsbf4iaXQhNfWHh4Z4bZeYNYcI2u+2UtLC4tr6zm1vLrG5tb2/bObk1HiaKsSiMRqUZANBNcsipyFKwRK0bCQLB6MLgc1+t3TGkeyRscxswPSU/yLqcEjdW2D1rI7jG9MptG7YzLEZeoR2274BbdiZx58KZQKO1Xvm8BoNy2P1udiCYhk0gF0brpuTH6KVHIqWCjfCvRLCZ0QHqsaVCSkGk/nZwwco6N03G6kTJPojNxf0+kJNR6GAamMyTY17O1sflfrZlg99xPuYwTZJJmi7qJcDByxnk4Ha4YRTE0QKji5q8O7RNFKJrU8iYEb/bkeaidFj236FVMGheQKQeHcAQn4MEZlOAaylAFCg/wBC/waj1az9ab9Z61LljTmT34I+vjB0rXmig=</latexit><latexit sha1_base64="Gcq1Z4Zl5OeWZlmW3nhVHwnZEco=">AAACAnicbZDLSsNAFIYnXmu9RQVB3ASL4KokbnRZqguXLdgLtCFMppN26GQSZk7EEoIbX8WNoCJuXfoE7tz4LE6bLrT1h4GP/5zDmfP7MWcKbPvLWFhcWl5ZLawV1zc2t7bNnd2mihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX94Ma63bqhULBLXMIqpG+K+YAEjGLTlmQddoLeQXupNmZdzLWICVOaZJbtsT2TNgzOFUmW//s2eqh81z/zs9iKShFQA4VipjmPH4KZYAiOcZsVuomiMyRD3aUejwCFVbjo5IbOOtdOzgkjqJ8CauL8nUhwqNQp93RliGKjZ2tj8r9ZJIDh3UybiBKgg+aIg4RZE1jgPq8ckJcBHGjCRTP/VIgMsMQGdWlGH4MyePA/N07Jjl526TqOKchXQITpCJ8hBZ6iCrlANNRBBd+gBPaMX4954NF6Nt7x1wZjO7KE/Mt5/AJwYm+Q=</latexit><latexit sha1_base64="Gcq1Z4Zl5OeWZlmW3nhVHwnZEco=">AAACAnicbZDLSsNAFIYnXmu9RQVB3ASL4KokbnRZqguXLdgLtCFMppN26GQSZk7EEoIbX8WNoCJuXfoE7tz4LE6bLrT1h4GP/5zDmfP7MWcKbPvLWFhcWl5ZLawV1zc2t7bNnd2mihJJaINEPJJtHyvKmaANYMBpO5YUhz6nLX94Ma63bqhULBLXMIqpG+K+YAEjGLTlmQddoLeQXupNmZdzLWICVOaZJbtsT2TNgzOFUmW//s2eqh81z/zs9iKShFQA4VipjmPH4KZYAiOcZsVuomiMyRD3aUejwCFVbjo5IbOOtdOzgkjqJ8CauL8nUhwqNQp93RliGKjZ2tj8r9ZJIDh3UybiBKgg+aIg4RZE1jgPq8ckJcBHGjCRTP/VIgMsMQGdWlGH4MyePA/N07Jjl526TqOKchXQITpCJ8hBZ6iCrlANNRBBd+gBPaMX4954NF6Nt7x1wZjO7KE/Mt5/AJwYm+Q=</latexit><latexit sha1_base64="pNV+E9NxqjJ0cvWOC4zcNinxHdk=">AAACAnicbZDNSgMxFIUz9a/Wv1FX4iZYBFdlxo0ui7pwWcG2QjsMmTTThmaSIbkjlqG48VXcuFDErU/hzrcxbWehrQcCH+fey809USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6Gl5N6+55pw5W8hVHKgoT0JY85JWCt0D3oAnuA/MpuGoczbiguwYxDt+rVvKnwIvgFVFGhRuh+dXuKZgmTQAUxpuN7KQQ50cCpYONKNzMsJXRI+qxjUZKEmSCfnjDGx9bp4Vhp+yTgqft7IieJMaMksp0JgYGZr03M/2qdDOLzIOcyzYBJOlsUZwKDwpM8cI9rRkGMLBCquf0rpgOiCQWbWsWG4M+fvAit05rv1fwbr1q/KOIoo0N0hE6Qj85QHV2jBmoiih7RM3pFb86T8+K8Ox+z1pJTzOyjP3I+fwC8MJhD</latexit>

DistViews
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Normalized in mini batches
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]

Lembedding =
X

x2R

X

y2(R\x)

| Ex � Ey |1
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]
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§ Any encoder should be decoded with any decoder

[Muralikrishnan et al., CVPR 2019]



Translation Results

[Muralikrishnan et al., CVPR 2019]

Source Target

MV

VOX

PC

MV VOX PC



Retrieval and Classification Results

[Muralikrishnan et al., CVPR 2019]

§ Only one representation is needed at test time
§ Useful if training data is not in uniform format

Representation Solo Autoencoder Unicode Autoencoder

Points 0.73 0.73

Voxels 0.81 0.71

Multi-view 0.72 0.72
F1 Retrieval Score

Representation Solo Autoencoder Unicode Autoencoder

Points 84.07 84.23

Voxels 80.76 82.48

Multi-view 83.58 83.38
Classification Accuracy



Shape Segmentation

[Muralikrishnan et al., CVPR 2019]

§ Decode Segments

Unicode

1st segment 2nd segment Lth segment3rd segment



Shape Segmentation

[Muralikrishnan et al., CVPR 2019]

§ Decode Segments

Representation Solo Autoencoder Unicode Autoencoder

Points 85.73 86.73

Voxels 85.05 87.26

Multi-view - 86.79
Segmentation Accuracy



Shape Correspondences

[Muralikrishnan et al., CVPR 2019]

§ Learning Descriptors

Unicode Query {x,y,z} × 341

Q descriptor P descriptor N descriptor

Triplet loss

Unicode Unicode+ve {x,y,z} × 341 -ve {x,y,z} × 341

Descriptor
Network

Descriptor
Network

Descriptor
Network

Shared weights Shared weights



Shape Correspondences

[Muralikrishnan et al., CVPR 2019]

§ Learning Descriptors



Training with Strong and Weak Supervision
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[Muralikrishnan et al., CVPR 2018]Tags

Scene Graphs [Li et al., SIGGRAPH 2017]



Hierarchical and Multi-Resolution Approaches

91
[Li et al., SIGGRAPH 2017][Sung et al., SIGGRAPH 2017, SGP 2018]

Part Relations Part Hierarchies



Materials
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[Lin et al., 3DV 2018]

...
... Material-Aware 

Part Retrieval
Material-Aware 
Auto-Texturing

Material-Aware 
SimulationMaterial-Aware

Descriptor Space

Projective
CNN

...
... Material-Aware 

Part Retrieval
Material-Aware 
Auto-Texturing

Material-Aware 
SimulationMaterial-Aware

Descriptor Space

Projective
CNN

§ Appearance: relate images and shapes
§ Physical objects: novel applications



Human-Object Interactions
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§ Geometry & Interactions

[Kim et al., SIGGRAPH 2013]



Human-Object Interactions
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Thank you!

§ AtlasNet,
3D-CODED,
Signal Transfer

§ Photometric 
Optimization 

§ Unicode
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