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K. Lai et al., Sparse Distance Learning
for Object Recognition Combining RGB
and Depth Information. ICRA, 2011.
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C. Qi et al., PointNet: Deep Learning on

Point Sets for 3D Classification and
Segmentation. CVPR, 2017.
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Z. Wu et al., 3D ShapeNets: A Deep
Representation for Volumetric Shape
Modeling. CVPR, 2015.
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H. Su et al., Multi-view Convolutional
Neural Networks for 3D Shape
Recognition. ICCV, 2015.
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RGBDA—X

K. Lai et al., Sparse Distance Learning
for Object Recognition Combining RGB
and Depth Information. ICRA, 2011.
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MMSS: Multi-modal Sharable and Specific Feature Learning for
RGB-D Object Recognition
Anran Wang, Jianfei Cai, Jiwen Lu, and Tat-Jen Cham. /EEE ICCV, 2015.
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: (2/4)

Learning Rich Features from RGB-D Images for Object Detection

and Segmentation
Saurabh Gupta, Ross Girshick, Pablo Arbelaez, and Jitendra Malik. ECCV, 2014.
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Depth CNNs for RGB-D scene recognition: learning from scratch

better than transferring from RGB-CNNs
Xinhang Song, Luis Herranz, Shugiang Jiang. AAA/, 2017.
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Figure 5: Two-step learning of depth CNNs combining
weakly supervised pretraining and fine tuning.
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Table 1: Ablation study for different models (accuracy %).
Arch. Alex-CNN D-CNN
Weights | Places-CNN Scratch Scratch
Layer - FT | Train WSP WSP
pooll 172 203 | 223 235 25.3
pool2 | 253 275 | 268 304 339
cemvd |27.6 293 | 298 351 34.6
convd | 29.5 32.1 - - 38.3
pool5 | 30.5 359 - - -
fc6 30.8 36.5 | 30.7 36.1 -
fc7 309 372 | 320 368 40.5
fc8 - 378 | 328 375 41.2
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Implicit 3D Orientation Learning for 6D Object Detection from

RGB Images

M. Sundermeyer, Z. Marton, M. Durner, M. Brucker, and R. Triebel. ECCV, 2018.
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Implicit 3D Orientation Learning for 6D Object Detection from

RGB Images

M. Sundermeyer, Z. Marton, M. Durner, M. Brucker, and R. Triebel. ECCV, 2018.
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Implicit 3D Orientation Learning for 6D Object Detection from

RGB Images

M. Sundermeyer, Z. Marton, M. Durner, M. Brucker, and R. Triebel. ECCV, 2018.
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C. Qi et al., PointNet: Deep Learning on

Point Sets for 3D Classification and
Segmentation. CVPR, 2017.
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PointNet: Deep Learning on Point Sets for 3D Classification and
Segmentation
Charles R. Qi*, Hao Su*, Kaichun Mo, and Leonidas J. Guibas. /EEE CVPR, 2017.
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SO-Net: Self-Organizing Network for Point Cloud Analysis

Jiaxin Li, Ben M. Chen, and Gim Hee Lee. IEEE CVPR, 2018.
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SO-Net: Self-Organizing Network for Point Cloud Analysis
Jiaxin Li, Ben M. Chen, and Gim Hee Lee. IEEE CVPR, 2018.

Method Representation Input ModelNet10 ModelNetd0 MNIST
Class Instance | Class Instance Training Input  Error rate

PointNet, [20] points 1024 x 3 - - 86.2 89.2 3-6h 256 x 2 0.78
PointNet++, [2%]  points + normal || 5000 x 6 - - - 91.9 20h 512 x 2 0.51
DeepSets, [ ] points 5000 x 3 - - - 90.0 - - -
Kd-Net, [ 5] points 215 %3 | 935 94.0 88.5 91.8 120h 1024 x 2 0.90
ECC, [32] points 1000 x 3 | 90.0 90.8 83.2 87.4 - - 0.63
OctNet, [30] octree 1283 90.1 90.9 83.8 86.5 - - -
O-CNN, [236] octree 643 - - - 90.6 - - -
Ours (2-layer)* points + normal || 5000 x 6 | 94.9 95.0 89.4 92.5 3h - -
Ours (2-layer) points + normal || 5000 x 6 | 94.4 94.5 89.3 923 3h - -
Ours (2-layer) points 2048 x 3 | 93.9 94.1 87.3 90.9 3h 512 x 2 0.44
Ours (3-layer) points + normal || 5000 x 6 | 95.5 95.7 90.8 934 3h - -

Table 1. Object classification results for methods using scalable 3D representations like point cloud, kd-tree and octree. Our network
produces the best accuracy with significantly faster training speed. * represents pre-training.
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EFEF % (1): Shape Context

S. Belongie, J. Malik, and J. Puzicha. "Shape context: A
new descriptor for shape matching and object
recognition.” NIPS, 2001.
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Attentional ShapeContextNet for Point Cloud Recognition
Saining Xie, Sainan Liu, Zeyu Chen, and Zhuowen Tu. CVPR, 2018.
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A. E. Johnson, and M. Hebert. "Using spin images for efficient
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object recognition in cluttered 3D scenes." Pattern Analysis and
Machine Intelligence, IEEE Transactions on 21.5 (1999): 433-449.
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Tangent Convolutions for Dense Prediction in 3D
M. Tatarchenko, J. Park, V. Koltun, Q.-Yi Zhou. CVPR, 2018.
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Tangent Convolutions for Dense Prediction in 3D
M. Tatarchenko, J. Park, V. Koltun, Q.-Yi Zhou. CVPR, 2018.
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#EEF;%(3): Point Pair Features (PPF)

Model Globally, Match Locally: Efficient and Robust 3D Object
Recognition

B. Drost, M. Ulrich, N. Navab, S. llic. CVPR, 2010.
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PPFNet: Global Context Aware Local Features for Robust 3D Point

Matching H. Deng, T. Birdal, S. llic. CVPR, 2018.
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PPFNet: Global Context Aware Local Features for Robust 3D Point
Matching H. Deng, T. Birdal, S. llic. CVPR, 2018.
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» “CVPR2018®MPointCloud® CNNi&3X &
SPLATNet” - by Takuya Minagawa

https://www.slideshare.net/takmin/cvpr2018p
ointcloudcnnsplatnet

s ‘ZRFTRBERYHOI=2—FILRYET—

JDH—~A" by Naoya Chiba
https.//www.slideshare.net/naoyachibal8/ss-
120302579
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3D ShapeNets: A Deep Representation for Volumetric Shapes
Z. Wu, S. Song, A. Khosla, F. Yu, L. Zhang, X. Tang, and J. Xiao. IEEE CVPR, 2015.
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Orientation-boosted Voxel Nets for 3D Object Recognition
N. Sedaghat, M. Zolfaghari, E. Amiri, and T. Brox. BMVC, 2017.
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PointGrid: A Deep Network for 3D Shape Understanding
Truc Le and Ye Duan, CVPR, 2018.
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CubeNet: Equivariance to 3D Rotation and Translation
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H. Su et al., Multi-view Convolutional
Neural Networks for 3D Shape
Recognition. ICCV, 2015.
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Multi-view Convolutional Neural Networks for 3D Shape Recog
H. Su, S. Maji, E. Kalogerakis, and E. Learned-Miller. IEEE ICCV, 2015.
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Multi-view N — X D 3D¥AR R (2/3)
PVNet: A Joint Convolutional Network of Point Cloud and Multi-View

for 3D Shape Recognition
Haoxuan You, Yifan Feng, Rongrong Ji, Yue Gao. ACM Multimedia, 2018.
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Multi-view N — X D 3D¥AR R (2/3)
PVNet: A Joint Convolutional Network of Point Cloud and Multi-View

for 3D Shape Recognition
Haoxuan You, Yifan Feng, Rongrong Ji, Yue Gao. ACM Multimedia, 2018.
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ModelNet

http://modelnet.cs.princeton.edu/

”y

4058480 ModelNet40é&
10F&E 2D ModelNet10HN#H 5,
2018/11/20IR 1%

i : RotationNet

N

Multi-view~N—X

ii : PANORAMA-ENN

INTINR—R
i7 : VRN Ensemble

I ILARA—R NEREEIZIRLL

ModelNet40 | ModelNet40 | ModelNetl0 | ModelNet10

Algorithm Classification | Retrieval | Classification| Retrieval

(Accuracy) (mAP) (Accuracy) (mAP)

PWVNet[47] 93.2% 89.5% - -

GVCNN[46] 93.1% 85.7% -
MLH-MV[45] 93.11% 94.80%
MVCNN-New([44] 95.0%
SeqViews2SeqLabels[43] $3.40% 89.09% 94.82% 91.43%
G3DNet[42] 91.13% 93.1%
WSL [41] 84.5% 91.0%
3D-CapsNets[40] 82.73% 70.1% 93.08% 88.44%
KCNet[39] 91.0% 94 4%
FoldingNet[38] 88.4% 94 4%
binVoxNetPlus[37] 85.47% 92.32%
DeepSets[36] 90.3%
3D-DescriptorNet[35] 92 4%
SO-Net[34] 93 4% 95.7%
Minto et al [33] £5.3% 23 6%
RotationNet[32] 57.37% 98.46%
LonchaNet[31] 5437
Achlioptas et al. [30] 84.5% 95 4%
PANORAMA-ENN [29] 95.56% 86.34% 96.85% 93.28%
3D-A-Nets [28] 90.5% 80.1%
Soltam et al. [27] 82.10%
Arvind et al. [26] 86.50%
LonchaNet [25] 94.37%
3DmFV-Net [24] 91.6% 95.2%
Zanuttigh and Minto [23] 87.8% 91.5%
Wang et al [22] 93.8%

ECC [21] 83.2% 90.0%
PANORAMA-NN [20] 90.7% 83.5% 91.1% 87.4%
MVCNN-MultiRes [19] 91.4%

FPNN [18] 88.4%
PointNet[17] §9.2%
Klokov and Lempitsky[16] 91.8% 940%
LightNet[15] 88.93% 93.94%
Xu and Todorovic[14] 81.26% 88.00%
Geometry Image [13] 83.9% 51.3% 88.4% 74.9%
Set-convolution [11] 90%
PointNet [12] 77.6%
3D-GAN [10] 83.3% 91.0%
VEN Ensemble [9] 95.54% §7.14%
ORION [8] 93.8%
FusionNet [7] 90.8% 93.11%
Pairwise [6] 90.7% 92 8%
MVCNN [3] 20.1% 79.5%
GIFT [5] 83.10% 81.94% 92.35% 91.12%
VoxNet [2] 83% 92%
DeepPano [4] 77.63% 76.81% 85.45% 84.18%
3DShapeNets [1] 77% 45.2% 83.5% 68.3%
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RotationNet: Joint Object Categorization and Pose Estimation Using

Multiviews from Unsupervised Viewpoints
Asako Kanezaki, Yasuyuki Matsushita, and Yoshifumi Nishida. /EEE CVPR, 2018.
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Multi-view Convolutional Neural Networks for 3D Shape Recognition
H. Su, S. Maji, E. Kalogerakis, and E. Learned-Miller. IEEE ICCV, 2015.
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RotationNet: Joint Object Categorization and Pose Estimation
Using Multiviews from Unsupervised Viewpoints

CVPR 2018

Asako Kanezaki, Yasuyuki Matsushita, and Yoshifumi Nishida
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SHREC2017 - 3D Shape Retrieval Contest 2017

Eurographics 2017 Workshop on 3D Object Retrieval, http://liris.cnrs.fr/eg3dor2017/
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c>wo1: RGBDYIAT—AMGCADETILERE

‘ ,_\f ' T s
2 < B AQE T B
HT)DRGBT AR LBREHEBRICRILATI)DYWIANRE N TEETNEINEERD

» CADETILT—3%&FELI##%. RGBDT —4T
Fine-tuning9 5 _&TEREA M ELT=,

° 1% H% ' Method Precision Recall Fl1 mAP NDCG Tier-1 Tier-2
Kanezaki-Single  0.792 0.792 0.792  0.792  0.792 0.792  0.792
Kanezaki-Thresh  0.793 0.799 0.794 0.794 0.796 0.794  0.794
Kanezaki-1000 0.820 0.820 0.820 0.833 0.805 0.824 0.824
Tang-3DCNN 0.769 0.769 0.769 0.749 0.774 0.769  0.769
Tang-MVCNN 0.727 0.727 0.727 0.710 0.735 0.727 0.727

T Tang-Fuse 0.759 0.759 0.759 0.746 0.763 0.759  0.759
Tang-CDTNN 0.672 0.672 0.672 0.649 0.714 0.672  0.672

?EI ;ﬁ Truong-2D 0.740 0.740 0.740 0.740 0.740 0.740  0.740
Truong-3D 0.487 0.487 0.487 0487 0.487 0.487 0.487

ﬁ EI A Tran-1 0.703 0.703 0.703 0.703 0.703 0.703 0.703
s Tran-2 0.690 0.690 0.690 0.676 0.695 0.690 0.690
Tran-3 0.691 0.691 0.691 0.691 0.691 0.691 0.691

¢ Tran-4 0.689 0.689 0.689 0.675 0.692 0.689  0.689

Li 0.105 0.320 0.145 0.062 0476 0.120  0.100

Tashiro 0.141 0.472 0.198  0.149 0.552 0.188  0.144
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HT)DCADETIIZHLEBRRFZLERICRICLATIDWMANRENEITEENEIIEEED

o BRU1:EBHNRIOTUIVD, BRY2: BEHR/INSINS
+ BRV1DFTEE !

Dataset
test_normal

microALL macroALL
Method P
Kanezaki_RotationNet 0.810 0.801 0.798 0.772 0.865 0.639 0.656
Zhou_Improved_GIFT 0.786 0.773 0.767 0.722 0.827 0.654 0.657
Tatsuma_ReVGG 0.765 0.803 0.772 0.749 0.828
Furuya_DLAN 0.818 0.689 0.712 0.663 0.762 0.618
Thermos_MVFusionNet 0.743 0.677 0.692 0.622 0.732
Deng_CM-VGG5-6DB 0.717 0.654 0.667
Li ZFDR
Mk_DeepVoxNet 0.793
SHREC16-Bai_GIFT 0.706 0.695 0.689 0.640 0.765
SHREC16-Su_MVCNN 0.770 0.770 0.764 0.735 0.815 0.625 0.640
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w3 KIREIDIKIE R (2/2)
22 i e R

DTV DOCADETIVICHLEBRRERICRICLATI) OMAENENZITEEN DI EFED

« AZ42[FPoint CloudR—XAVERE (X°IXY [EERIZ5&LN...)
o f-FELViewHZ1E5d LRotationNethAED (A REDEBMEERDIER, )

microALL macroALL
Dataset Method P@N R@N F1@N _mAP NDCG P@N R@N F1@N_mAP NDCG
test_perturbed Furuya_DLAN 0.814 0.683 0.706 0.656 0.754 0.607
Tatsuma_ReVGG 0.705 0.769 0.719 0.696 0.783
Zhou_Improved_GIFT 0.660 0.650 0.643 0.701

Kanezaki_RotationNet 0.655 0.652 0.636 0.606 0.702
Deng_CM-VGG5-6DB 0.706 0.642 0.659
Li ZFDR

Mk_DeepVoxNet 0.690

SHREC16-Bai_GIFT 0.678 0.667 0.661 0.607 0.735
SHREC16-Su_MVCNN 0.632 0.613 0.612 0.653
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Ensemble of PANORAMA-based Convolutional Neural Networks for

3D Model Classification and Retrieval
K. Sfikas, I. Pratikakis and T. Theoharis. Computers and Graphics, 2018.
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Learning 3D Shapes as Multi-Layered Height-maps using 2D

Convolutional Networks
Sarkar, K., Hampiholi, B., Varanasi, K. and Stricker, D. ECCV, 2018.
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SDMARFREHD

7738 (REEH)

RGBDA—X

« MMSS [ICCV’15]

- HHA[ECCV'14]

* Depth CNNs for RGB-D scene
recognition [AAAI'17]

« Augmented Autoencoder
[ECCV'18]

Point Cloud~N—X

PointNet [CVPR’17]

SO-Net [CVPR’18]

Attentional ShapeContextNet [CVPR’18]
Tangent Convolutions [CVPR’18]
PPFNet [CVPR'18]

VoxelN—X

« 3D ShapeNets [CVPR’15]
« ORION [BMVC'17]

« PointGrid [CVPR'18]
 CubeNet [ECCV’'18]

Multi-view~—X

MVCNN [ICCV’15]
PVNet [ACM MM’18]
RotationNet [CVPR’18]

ZDHD77O—F: PANORAMA-ENN, MLH
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