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https://docs.google.com/file/d/1Uh_MeWY2C9uwXAGmfEG7_u8J_Yr5PB0Q/preview
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Active perception?
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Data driven approaches




Learn from data?




Real-world data collection




Reinforcement Learning?
Manual data collection?
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RL Problems

e Expensive hardware

e Slow data collection

e Low sample efficiency

e Overfit to specific agent




Imitation Learning
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IL Problems

e Unintuitive control
¢ May not be optimal
¢ Human expertise




Simulated Environment




Manual data collection

e More freedom In controller
design

o Less expertise required

RL

e Will not break hardware Simulated Environment
e Easy to scale
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Simulated Environment
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SAPIEN Engine

¥ Render Opkions ¥ Selected Object

¥ Render Mode
® Lighting
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https://docs.google.com/file/d/1P_6ypnp1XTrTkCgQix32kZ53__Zv_5_i/preview
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SAPIEN Renderer

4 spp, 3 bounce, 512x512
OptiX denoise, < 20 FPS


https://docs.google.com/file/d/1JzcIH380Z4LWdSHFpiJI1MbquQaoim-6/preview
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SAPIEN Renderer

Considerations
e Needs to run at real time (~100 FPS)
o Rasterizer
o Ray tracer denoise? (1spp max)
o GPU-CPU transfer? (>10 ms)
o Prebaking? (interaction)




SAPIEN Renderer
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SAPIEN Asset

MOtion AnnOtation — e | ]






https://docs.google.com/file/d/18oWSPwLekrb0SOlnKLecUcXVA2Rkriie/preview



https://docs.google.com/file/d/1UXKCHMBppjr3BrK_s7WraeECR-UO5TBG/preview



https://docs.google.com/file/d/1ElBVsn7HNZFezLDlfppAcovXnlG9NL17/preview

PartNet-Mobility Annotation

Shape cleaning

v @& Chair Seat

v @ Seat
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wilar Leg Base

Next Question (A)

Nhat components does this Back Frame has?

Select all that apply. Use Other to specify a part
hat is not listed.

Back Frame Vertical Bar
Back Frame Horizontal Bar
Back Frame Slant Bar
Back Holistic Frame

other

Part Definition and Examples
Part Name: back_frame

Label: Back Frame

Definition: a framing part 10 outline the backbone of a chair back. |
Jub-parts such as back framing vertical bars, b

ars, back framing shant bars, back holistic frames, ettt

Back

Frame

Part Definition

3D Preview

Part Tree

v [ FoldingChair

Motion Tree

Question 1 : Subtree
Mobility

In the scene, an object called
"FoldingChalir" Is highlighted In color.
Other objects will be shown In gray
wire frame. If this highlighted object
cannot be decomposed into smaller
parts that can be moved relative to
each other, Choose "Fixed". Other wise
choose "Movable". For example, door
and door frame are relatively movable;
desk drawer and desk are relatively
movable; cup and cup handle are
usually fixed.

(O 1. Fixed
(O 2. Movable

Motion annotation
(PartNet-Mobility)

Part segmentation

(ShapeNet, 3D Warehouse (PartNet)
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SAPIEN Asset

<robot name="panda" xmlns:xacro="http://www,ros.org/wiki/xacro">
<link name="panda Linko">
<visual>
<geometry>
<mesh filename="franka description/meshes/visual/linke.dae"/>
</geometry>
</visual>
<collision>
<geometry>
<mesh filename="franka description/meshes/collision/Llinke.stl"/>
</geometry>
</collision>
</link>
<link name="panda linkl">
<visual>
<geometry>
<mesh filename="franka description/meshes/visual/linkl, dae"/>

Standard URDF format s

<collision>
<geometry>
<mesh filename="franka description/meshes/collision/linkl.stl"/>
</geometry>
</collision>
</link>
<joint name="panda jointl" type="continuous">
Python API <safety controller k position="100.8" k velocity="46.0" soft lower limit="-2.8973" soft upper limit="
2.8973" />
<origin rpy="0 0 0" xyz="0 0 0.333"/>
<parent link="panda linke"/>
<child link="panda linkl"/>
<axis xyz="0 0 1"/>
<limit effort="87" lower="-2.8973" upper="2.8973" velocity="2.1750"/>

</joint>
<link name="panda link2">
<visual>
<geometry>

<mesh filename="franka description/meshes/visual/link2.dae"/>







Task Demonstrations



Task Demonstrations

Movable Part
Segmentation




Task Demonstrations

Movable Part
Segmentation

Motion Parameter
Estimation




Task Demonstrations

Movable Part
Segmentation

Motion Parameter
Estimation

Part Manipulation




Task Demonstrations

Movable Part
Segmentation

Motion Parameter
Estimation

Long-horizon

Planning Part ManiPUIation




Task Demonstrations

Movable Part
Segmentation

e Standard vision problem: detection and
segmentation.




Task Demonstrations

Motion Parameter
Estimation

e New vision task

e Important for control tasks
o Given the motion parameters, we can
use control methods to manipulate the
parts




Task Demonstrations

e Manipulation and control
o Reinforcement learning
o Imitation learning
o robotics control




Task Demonstrations

e Manipulation and control
o Reinforcement learning
o Imitation learning
o robotics control



https://docs.google.com/file/d/1Ism9j-i-VSSXUSOykAwOFvFDwD3V9l5v/preview

Task Demonstrations

Long-horizon |
Planning

¢ Planning
o Achieve meaningful tasks
o “Home assistant”




Future Plans/Applications

® Benchmark (SAPIEN Challenge)
® \/ision tasks
® Manipulation tasks

® Education Platform

® Control Algorithms

® Robot Learning


https://docs.google.com/file/d/1QViYDG-8Nys1VqgQeMVCe0hgiqCWSUmN/preview



https://docs.google.com/file/d/1l1VJ3cbZR9WEojrBw_KP0oPmBISnDJe8/preview
https://docs.google.com/file/d/1G-7THo-X760xRWcvhBo5By2DleyBOrx2/preview



https://docs.google.com/file/d/1bVLMDe5R_ad9mXTUJEd4LrrzqKPETs2J/preview
https://docs.google.com/file/d/1uXN4CMGStJN5mmdZ64yBSDa53QEb6qwd/preview

Summary

® SAPIEN provides simulation and
rendering for vision and manipulation.

® SAPIEN hosts a large-scale dataset
for articulated objects.

® SAPIEN is open source.

® pip install sapien

https://sapien.ucsd.edu

Requirements: Python 3, Linux / Latest MacOS



Thank you

® Questions?

https://sapien.ucsd.edu

Requirements: Python 3, Linux / Latest MacOS



