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Goals
• Survey

• Overview of approaches
• Taxonomy

• Evaluation
• Replicate
• Framework for running the training experiments
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The AlexNet architecture
https://www.oreilly.com/library/view/tensorflow-for-deep/9781491980446/ch01.html

Survey
• Task: shape -> class
• Network structure:

• Feature extractor
• Classifier
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Volumetric grid-based approaches

• VoxNet [Maturana and Scherer 2015]
• 3D ShapeNets [Wu et al. 2014]

• ModelNet dataset
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Volumetric grid-based approaches

• „Voxception-ResNet“ in Generative and discriminative voxel 
modeling with convolutional neural networks [Brock et al. 2016]
(“vrn”)
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Volumetric grid-based approaches

• “ORION” in Orientation-boosted voxel nets for 3D object 
recognition [Sedaghat et al. 2016]
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Volumetric grid-based approaches

• LightNet: A lightweight 3D convolutional neural network for 
real-time 3D object recognition [Zhi et al. 2017]

• Beam search for learning a deep convolutional neural network 
of 3D shapes  [Xu and Todorovic 2016]
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Volumetric grid-based approaches

• OctNet [Riegler et al. 2017]
• O-CNN [Wang et al. 2017] (“octree”)
• Adaptive O-CNN [Wang et al. 2018]

(“octree-adaptive”)
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Volumetric grid-based approaches

• VConv-DAE [Sharma et al. 2016]
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Volumetric grid-based approaches

• FPNN: Field probing neural networks for 3D data [Li et al. 2016]
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Volumetric grid-based approaches

• VoxNet [Maturana and Scherer 2015]
• PointGrid [Le and Duan 2018]
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Volumetric grid-based approaches

• 3D convolutions
• Skip connections, residual blocks
• Data augmentation (rotation), architecture optimizations

• Low resolution, slow evaluation (except for octree representation)
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Multi-view image-based approaches
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• Learning methods for generic object recognition with invariance 
to pose and lighting [Lecun and Huang 2004]

• „MVCNN“ Multi-view convolutional neural networks for 3D shape 
recognition [Su et al. 2015]

• A deeper look at 3D shape classifiers [Su et al. 2018] (“mvcnn2”)
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Multi-view image-based approaches
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• Pairwise decomposition of image sequences for active multi-
view recognition [Johns et al. 2016]

• Deep learning for 3D shape classification based on volumetric 
density and surface approximation clues [Minto et al. 2018]
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Multi-view image-based approaches
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• Deep learning for 3D shape classification from multiple depth 
maps [Zanuttigh and Minto 2017]

• Learning 3D shapes as multi-layered height-maps using 2D 
convolutional networks [Sarkar et al. 2018]
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Multi-view image-based approaches
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• GVCNN: Group-view convolutional neural networks for 3D 
shape recognition [Feng et al. 2018]

• SeqViews2SeqLabels: Learning 3D global features via 
aggregating sequential views by RNN with attention [Zhizhong
et al. 2018] (“seq2seq”)
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Multi-view image-based approaches
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• RotationNet: Joint object categorization and pose estimation 
using multiviews from unsupervised viewpoints [Kanezaki et al. 
2018] (“rotnet”)
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Multi-view image-based approaches
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Multi-view image-based approaches
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Multi-view image-based approaches
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Multi-view image-based approaches

• Using 2D CNNs
• Possible re-use of

• architecture ideas from 2D CNNs (residual blocks)
• pre-trained weights for feature extractors (transfer learning)

• View aggregation: max./avg. pooling, RNN
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Point cloud-based approaches

• PointNet: Deep learning on point sets for 3D 
classification and segmentation [Qi et al. 2017]
(“pointnet”)

• Deep Sets [Zaheer et al. 2017]
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Point cloud-based approaches

• PointNet++ [Qi et al. 2017] (“pointnet2”)

• Escape from cells: Deep Kd-Networks for the 
recognition of 3D point cloud models 
[Klokov and Lempitsky 2017] (“kdnet”)

30



 ges) Point cloud Surface shape Hybrid

 Symmetric Operation on Points Manifold-based 
Convolution Ensembling

 Hierarchical Feature Extraction Graph-based 
Convolution

Descriptor 
Merging

 Convolution on Neighborhood Graph Native Mesh-
based Approaches

  ping Defining 
Convolution 
on Points

“Grid” Around the Query Point

 ment Continuous Convolution

Sequential 
Point Cloud 
Processing

Using Attention Mechanism

  a Encoding Locality into the Order 
of Points

etry 
s Unsupervised Learning of Shapes

ama
cal

Point cloud-based approaches
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Point cloud-based approaches

• Mining point cloud local structures by kernel 
correlation and graph pooling [Shen et al. 2018]

• KPConv [Thomas et al. 2019]
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Point cloud-based approaches

• Multiresolution tree networks for 3D point cloud 
processing [Gadelha et al. 2018]
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Point cloud-based approaches

• Processing points:
• aggregate using a symmetric function
• re-invent convolution and pooling
• group/cluster points → hierarchichy
• (nearest neighbor graph)
• reorder points and use 1D convolution or attention
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• MeshNet: mesh neural network for 3D shape representation [Feng 
et al. 2019]

• MeshCNN: a network with an edge [Hanocka et al. 2019]



Hybrid approaches

38

• FusionNet [Hegde and Zadeh 2016]
• PVNet: A joint convolutional network of point cloud and multi-view for 

3D shape recognition [You et al. 2018]

 hape Hybrid
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Survey conclusion

39

• Different representations, each with many possible approaches
• Taxonomy

• Paper:
• One paragraph describing the architecture and results for each surveyed approach
• Evaluation of selected approaches
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Evaluation

• Data conversion: ModelNet/ShapeNet to network-native (voxel grid, multi-view 
images, point cloud)

• Runtime: Train and evaluate
• Requirements:

• x86_64 CPU, NVIDIA GPU
• Linux + Docker + NVIDIA Container Toolkit

• SW dependencies provided in Docker containers
• Visualization:

• Per-network accuracy and loss on train/test set
• Accuracy comparison plot
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Results

41



Results overview

• Best achieved accuracy (average over all testsets)
1. multi-view images:

• mvcnn2 91.83% ± 0.98 pp
• rotnet 91.38% ± 0.71 pp (faster, smaller)

2. point cloud:
• pointnet2 89.67% ± 0.76 pp

3. voxel grid:
• octree 89.37% ± 0.75 pp
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Speed, memory consumption
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Speed, memory consumption
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Conclusions

• Multi-view approaches: best accuracy at the cost of size and speed
• Octree-based volumes: less demanding, good accuracy

• Good price-to-performance ratio:
• Volumetric: O-CNN or Adaptive O-CNN 
• Multi-view images: RotationNet
• Point clouds: Kd-network for classifying
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Survey and Evaluation of Neural 3D Shape 
Classification Approaches
Martin Mirbauer, Miroslav Krabec, Jaroslav Křivánek, Elena Šikudová
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Webpage of the paper:
https://cgg.mff.cuni.cz/publications/survey-
and-evaluation-of-neural-3d-shape-
classification-approaches/

https://cgg.mff.cuni.cz/publications/survey-and-evaluation-of-neural-3d-shape-classification-approaches/
https://cgg.mff.cuni.cz/publications/survey-and-evaluation-of-neural-3d-shape-classification-approaches/
https://cgg.mff.cuni.cz/publications/survey-and-evaluation-of-neural-3d-shape-classification-approaches/
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