DR RGB-D Architectures

Pre-tr:
Archit

Core List

Object Pose, Geometry, SDF, Implicit surfaces

Core List

1 PoseCNN: A Convolutional Neural Network for 6D Object Pose Estimation in Cluttered Scenes, Xiang et al., 2018 1 SUM: Sequential scene understanding and manipulation, Sui et al., 2017

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

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

DeepRob

Discussion 4
Overview of Final Project Topics |

Tactile Perception for Grasping and Manipulation

Core List
1 More Than a Feeling: Learning to Grasp and Regrasp using Vision and Touch, Calandra et al., 2018
2 Tactile Object Pose Estimation from the First Touch with Geometric Contact Rendering, Bauza et al., 2020

3 Visuotactile Affordances for Cloth Manipulation with Local Control, Sunil et al., 2022

U n iverSity Of M iCh igan and U n iversity Of M i n neSOta 4 ShapeMap 3-D: Efficient shape mapping through dense touch and vision, Suresh et al., 2022

Core List

1

2

SORNet: Spatial Object-Centric Representations for Sequential Manipulation, Yuan et al., 2021
CLIPort: What and Where Pathways for Robotic Manipulation, Shridhar et al., 2021

Masked Visual Pre-training for Motor Control, Xiao et al., 2022

R3M: A Universal Visual Representation for Robot Manipulation, Nair et al., 2022

Do As | Can, Not As | Say: Grounding Language in Robotic Affordances, Ahn et al., 2022

RT-1: Robotics Transformer for Real-World Control at Scale, Brohan et al., 2022

Neural Radiance Fields and Implicit Representations

Core List

1

NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis, Mildenhall et al., 2020
Object-Centric Neural Scene Rendering, Guo et al., 2020

Neural Descriptor Fields: SE(3)-Equivariant Object Representations for Manipulation, Simeonov et al., 2021
NeRF-Supervision: Learning Dense Object Descriptors from Neural Radiance Fields, Yen-Chen et al., 2022

NARF22: Neural Articulated Radiance Fields for Configuration-Aware Rendering, Lewis et al., 2022


https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org
https://deeprob.org

DR

RGB-D Architectures

PoseCNN

Semantic labels .

-

3D translation
- L
An input image \

3D rotation

PoseCNN

[1] Xiang et al., RSS 2018

PVN3D ._ 3D Keypomt Votlng

(a) Input RGBD image (b) Translation offsets to (c) Voting & clustering
the keypoint

TP

(d) 3D keypoints (cam.) (e) 3D keypoints (obj.) (f) Aligned model

[3] He et al., CVPR 2020

Unified Multi-Class Pose Estimation

j 3

Object Mask

' ‘ Rotation
512 Delta
de 2 —
- Translation
Bin
—>
512

Rotation
Bin

\4

Hj NN EEEEE

Y

256

Tiled Object Class Map

I:l Convolution - Dropout -Decon olution l:IFC - alo ];(joj?ljlg e $ggnrcl:fell;¥ii§1€1
[2] Li et al., ECCV 2018

RGB D Feature Embeddlngs

Translation
Delta

I O I

Instance Label Instance Label

Figure 1: Example RGB-D images and the corresponding instance labels from the Tabletop Object Dataset [7].

Instance Label for Training

® Sampled feature
/| 8 Cluster center
— Intra-cluster

<— Inter-cluster

/Fully Convolutional Network @ :

Depth Dense Feature Map Metric Learning Loss

[4] Xiang et al., CoRL 2021

[1] Yu Xiang, Tanner Schmidt, Venkatraman Narayanan, Dieter Fox. “PoseCNN: A Convolutional Neural Network for 6D Object Pose Estimation in Cluttered Scenes” RSS, 2018.
[2] Chi Li, Jin Bai, Gregory D. Hager. “A Unified Framework for Multi-View Multi-Class Object Pose Estimation” ECCV, 2018.
[3] Yisheng He, Wei Sun, Haibin Huang, Jianran Liu, Haogiang Fan, Jian Sun. “PVN3D: A Deep Point-wise 3D Keypoints Voting Network for 6DoF Pose Estimation” CVPR, 2020.

[4] Yu Xiang, Christopher Xie, Arsalan Mousavian, Dieter Fox. “Learning RGB-D Feature Embeddings for Unseen Object Instance Segmentation” CoRL, 2021.


https://arxiv.org/abs/1711.00199
https://arxiv.org/abs/1803.08103
https://arxiv.org/abs/2007.15157
https://arxiv.org/abs/1911.04231

DR

Pointcloud Processing

PointNet PointNet++

", table?
?ff‘

car?

Classification

............................................................................................................. skip link concatenation
PointNet ’ = - B 2N oF
IS
; ; S

A O M oy N
B g
D R B I Y B T T >
! interpolate unit interpolate unit
RE . . pomtnet pointnet
Classification
—_— (1€ AN ®
- — PP - — A =N
sampling & = pointnet ~ sampling & pointnet S S
grouping grouping —> s - | -
N J\ J ) =
B Y Y )
: : : set abstraction set abstraction
Part Segmentation ~ Semantic Segmentation ’

pointnet fully connected layers

[1] Qi et al.,, CVPR 2017 [2] Qi et al., NeurlPS 2017

color

PointFusion DenseFusion

embeddings pixel-wise dense fusion
J object ) , (x1,_y1)_ _ _(X@N)
' - | segmentation -
matching SN | L
masked point
point cloud
o AN W A
geometry
embeddings
L e -pixel
Al point-wise feature c [512->128->128] PR } per-pixe
A) " xes | ) 3 box comer } Pointwise affsets to | feature
ofisel H '
I ' rediction per pixel
, Ll global feature [*10 Y] E ":CZ: i T i P Pere — average
1x 1024 nx1 | et | pixel (x,y) i=1..N pixel-wise feature pooling
3D point cloud | — i 7Y
(nx3) Dense Fusion (final model) argmax(score) | | I | (xy,)
(8) (D) [512->128->128] (E) i O rotation Ri po.se —1 l I | G, lobal
- block-4 fusion feature 30 box corer 1 4 translation t, predictor 9
o g I:»ca;im?f ™ : argmax(c) ' | | I | (XY feature
2 x8x ° ’
——r i L Predicted % confidence ¢,
(Rol-crlcr)np?,\g:j) Global Fusion (baseline model) 3D bounding box

[3] Xu et al., CVPR 2018 [4] Wang et al., CVPR 2019

[1] Charles R. Qi, Hao Su, Kaichun Mo, Leonidas J. Guibas. “PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation” CVPR, 2017.
[2] Charles R. Qi, Li Yi, Hao Su, Leonidas J. Guibas. “PointNet++: Deep Hierarchical Feature Learning on Point Sets in a Metric Space” NeurlPS, 2017.
[3] Danfei Xu, Dragomir Anguelov, Ashesh Jain. “PointFusion: Deep Sensor Fusion for 3D Bounding Box Estimation” CVPR, 2018.

[4] Chen Wang, Danfei Xu, Yuke Zhu, Roberto Martin-Martin, Cewu Lu, Li Fei-Fei, Silvio Savarese. “DenseFusion: 6D Object Pose Estimation by lterative Dense Fusion” CVPR, 2019.



https://arxiv.org/abs/1612.00593
https://arxiv.org/abs/1706.02413
https://arxiv.org/abs/1901.04780
https://arxiv.org/abs/1711.10871

D

(X,y,2)

T

/

R
Object Pose, Geometry, SDF, Implicit Surfaces

SDF

(a) Single Shape DeepSDF

Sequential Scene Understanding and Manipulation DeepSDF
§)
o \&
[1] Sui et al., IROS 2017 [2] Park et al., CVPR 2019

Implicit Surface Representations

f(9)

sign(¢)
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