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This Week: 3D Perception
• Seminar 1: RGB-D Architectures

1. PoseCNN: A Convolutional Neural Network for 6D Object Pose Estimation in Cluttered Scenes, Xiang et al., 2018

2. A Unified Framework for Multi-View Multi-Class Object Pose Estimation, Li et al., 2018

3. PVN3D: A Deep Point-Wise 3D Keypoints Voting Network for 6DoF Pose Estimation, He et al., 2020

4. Learning RGB-D Feature Embeddings for Unseen Object Instance Segmentation, Li et al., 2021


• Seminar 2: Point Cloud Processing
1. PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation, Qi et al., 2017

2. PointNet++: Deep Hierarchical Feature Learning on Point Sets in a Metric Space, Qi et al., 2017

3. PointFusion: Deep Sensor Fusion for 3D Bounding Box Estimation, Xu et al., 2018

4. DenseFusion: 6D Object Pose Estimation by Iterative Dense Fusion, Wang et al., 2019

2

https://arxiv.org/abs/1711.00199
https://arxiv.org/abs/1803.08103
https://openaccess.thecvf.com/content_CVPR_2020/papers/He_PVN3D_A_Deep_Point-Wise_3D_Keypoints_Voting_Network_for_6DoF_CVPR_2020_paper.pdf
https://proceedings.mlr.press/v155/xiang21a/xiang21a.pdf
https://arxiv.org/abs/1612.00593
https://arxiv.org/abs/1706.02413
https://openaccess.thecvf.com/content_cvpr_2018/papers/Xu_PointFusion_Deep_Sensor_CVPR_2018_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf


Today: Point Cloud Processing

• Seminar 2: Point Cloud Processing
1. PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation, Qi et al., 2017

2. PointNet++: Deep Hierarchical Feature Learning on Point Sets in a Metric Space, Qi et al., 2017

3. PointFusion: Deep Sensor Fusion for 3D Bounding Box Estimation, Xu et al., 2018

4. DenseFusion: 6D Object Pose Estimation by Iterative Dense Fusion, Wang et al., 2019
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• Seminar 1: RGB-D Architectures
1. PoseCNN: A Convolutional Neural Network for 6D Object Pose Estimation in Cluttered Scenes, Xiang et al., 2018

2. A Unifi, Li et al., 2018

3. PVN3D: A Deep Point-Wise 3D Keypoints Voting Network for 6DoF Pose Estimation, He et al., 2020

4. Learning RGB-D Feature Embeddings for Unseen Object Instance Segmentation, Li et al., 2021

https://arxiv.org/abs/1612.00593
https://arxiv.org/abs/1706.02413
https://openaccess.thecvf.com/content_cvpr_2018/papers/Xu_PointFusion_Deep_Sensor_CVPR_2018_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf
https://arxiv.org/abs/1711.00199
https://arxiv.org/abs/1803.08103
https://openaccess.thecvf.com/content_CVPR_2020/papers/He_PVN3D_A_Deep_Point-Wise_3D_Keypoints_Voting_Network_for_6DoF_CVPR_2020_paper.pdf
https://proceedings.mlr.press/v155/xiang21a/xiang21a.pdf
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Presented by: Yogi Sahu

By:

DenseFusion
6D Object Pose Estimation by Iterative Dense Fusion

Chen Wang, Danfei Xu, Luke Zhu, Roberto Martín-Martín
Cewu Lu, Li Fei-Fei, Silvio Savarese

https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Wang_DenseFusion_6D_Object_Pose_Estimation_by_Iterative_Dense_Fusion_CVPR_2019_paper.pdf


Objective

Perform fast and accurate 6D 
pose estimation for real-time 
applications such as robot 
grasping and manipulation



Model Overview



Object Segmentation



Fuse RGB and Point Cloud Data



Pose Prediction



Iterative Pose Refinement



Iterative Pose Refinement Example



Qualitative Results on the YCB-Video Dataset



Quantitative Results on the YCB-Video Dataset 



Quantitative Results on the LineMOD Dataset



Runtime



Conclusion
• Dense fusion has a clear advantage over  the global 

fusion-by-concatenation method used in PointFusion because dense 
fusion baselines outperform PointFusion by a large margin

• Iterative refinement significantly improves the performance for 
texture-less symmetric objects (ex: bowl, banana, and 
extra_large_lamp in the YCB-Video dataset)

• The dense fusion method provides robustness towards occlusions

• This method is two orders of magnitude faster than PoseCNN+ICP
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Thank you



Next Time: Rigid Body Objects

• Seminar 4: Dense Descriptors, Category-level Representations
1. Dense Object Nets: Learning Dense Visual Object Descriptors By and For Robotic Manipulation, Florence et al., 2018

2. Normalized Object Coordinate Space for Category-Level 6D Object Pose and Size Estimation, Wang et al., 2019

3. kPAM: KeyPoint Affordances for Category-Level Robotic Manipulation, Manuelli et al., 2019

4. Single-Stage Keypoint-Based Category-Level Object Pose Estimation from an RGB Image, Lin et al., 2022
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• Seminar 3: Object Pose, Geometry, SDF, Implicit Surfaces
1. SUM: Sequential scene understanding and manipulation, Sui et al., 2017

2. DeepSDF: Learning Continuous Signed Distance Functions for Shape Representation, Park et al., 2019

3. Implicit surface representations as layers in neural networks, Michalkiewicz et al., 2019

4. iSDF: Real-Time Neural Signed Distance Fields for Robot Perception, Oriz et al., 2022

https://arxiv.org/abs/1806.08756
https://geometry.stanford.edu/projects/NOCS_CVPR2019/
https://arxiv.org/abs/1903.06684
https://arxiv.org/abs/2109.06161
https://ieeexplore.ieee.org/abstract/document/8206164
https://openaccess.thecvf.com/content_CVPR_2019/papers/Park_DeepSDF_Learning_Continuous_Signed_Distance_Functions_for_Shape_Representation_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_ICCV_2019/papers/Michalkiewicz_Implicit_Surface_Representations_As_Layers_in_Neural_Networks_ICCV_2019_paper.pdf
https://arxiv.org/abs/2204.02296
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