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Learning Outcome for next five Lectures

2/5/2025 2

Modeling and Evaluating Grasping and Manipulation

Learning-based Grasping and Manipulation

Use Manipulation to Perceive better
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¢ƻŘŀȅΩǎ ƛǘƛƴŜǊŀǊȅ

ÅModeling Push/Non-Prehensile Manipulation

ÅLearning-based Approaches to
ÅGrasping
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For a Deeper Dive into Grasping and 
Manipulation
ÅCS326 ς Topics in Advanced Robotic Manipulation 
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Case Study ς Planar Pushing
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Stable Pushes to manoeuvre an object around obstacles.  Adopted from  
Chapter 37, Fig 37.11 in Springer Handbook of Robotics. 
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Modeling Planar Pushing
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Relation between wrench cone, limit surface and unit twist sphere. Adopted 
from  Chapter 37, Fig 37.10 in Springer Handbook of Robotics. 

Friction limit surface: describes friction forces occurring when 
part slides over support.

When pushed with a wrench within the limit surface: no 
motion.

For quasi-static pushing: wrench on the limit surface; object 
twist normal to limit surface where twist = linear and angular 
velocity: ὸ ὺȟὺȟ‫

If object translates without rotation the friction force 
magnitude ‘άὫ where ‘ = friction coefficient, ά = object 
mass, Ὣ = gravitational acceleration
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Modeling Planar Pushing ςVoting theorem
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How will the object rotate? Adopted from  Chapter 37, Fig 37.12 in Springer Handbook of Robotics. 

Combining learned and analytical models for predicting action effects from sensory data . Kloss et al. 2020. IJRR 2020.
K. M. Lynch, H. Maekawa, and K. TanieΣ άaŀƴƛǇǳƭŀǘƛƻƴ ŀƴŘ ŀŎǘƛǾŜ ǎŜƴǎƛƴƎ ōȅ ǇǳǎƘƛƴƎ ǳǎƛƴƎ ǘŀŎǘƛƭŜ ŦŜŜŘōŀŎƪΦέ ƛƴ IROS, 1992.
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Validating Models for Planar Pushing
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IROS 2016, "More than a Million Ways to Be Pushed: A High-Fidelity Experimental Dataset of Planar Pushing" by Peter Yu, Maria Bauza et al.
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Validating Models for Planar Pushing
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AA 274B | Lecture9



Validating Models for Planar Pushing
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IROS 2016, "More than a Million Ways to Be Pushed: A High-Fidelity Experimental Dataset of Planar Pushing" by Peter Yu, Maria Bauza et al.
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Suggested Reading

ÅMore than a Million Ways to Be Pushed: A High-Fidelity Experimental 
Dataset of Planar Pushing by Peter Yu, Maria Bauza et al. IROS 2016.

ÅMaria Bauza and Alberto Rodriguez. A probabilistic data-driven model 
for planar pushing. ICRA 2017
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What are common assumptions?
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How do we generate a grasp?
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Offline database 
with grasps linked 

to 3D objects

Motion Planning

Grasp Evaluation

Perception

Offline Online
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How do we execute a grasp?
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Grasp Force OptimizationTop-Down & Open-Loop

20

Acquiring a grasp + Closed Loop
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Data-Driven Approaches to Grasping
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¢ǊŀƴǎŀŎǘƛƻƴǎ ƻƴ wƻōƻǘƛŎǎ нлмпΣ έ5ŀǘŀ-Driven Grasp Synthesis ς A survey" by Bohg et al.

Covered up till now

This lecture
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Detecting 2D Grasping Points

Bohg and Kragic. Learning Grasping Points with Shape Context.Robotics and Autonomous Systems. 2010



Grasp Point Detection as a Classification Problem

Feature

Grasp Success?

Supervised 
Learning

Saxena et al. Robotic Grasping of Novel Objects.NeurIPS2006



From 2D Grasping Points to 6D Grasp Pose

Feature

Grasp Success?
Grasp Pose?



Robotic Grasping of Novel Objects using 
Vision. Saxena et al. IJRR 2008.
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Slides adopted from CS 326 Fall 2019 -- Tutorial presented by Victor Zhang
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Slides adopted from CS 326 Fall 2019 -- Tutorial presented by Victor Zhang

ÅBut
ÅNot very robust in clutter unless trained on this specific scenario

ÅHand-designed features in 2D

ÅSimulated sensory data
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Using more sensing modalities and data to 
learn features and grasp policies
ÅDexNet 1.0 ς 4.0 ς Berkeley ς AutoLab

ÅGoogle Arm Farm 
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έLearning Hand-Eye Coordination for Robotic Grasping with Deep Learning and Large-Scale Data 
Collection" by Levine et al. IJRR 2017.

έLearning Deep Policies for Robot Bin Picking by Simulating Robust Grasping 
Sequences" by Mahler and Goldberg. CORL 2017. 
https:// berkeleyautomation.github.io/dex-net
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Dex-Net 2.0: Deep Learning to Plan Robust Grasps with 
Synthetic Point Clouds and Analytic Grasp Metrics
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έ Dex-Net 2.0: Deep Learning to Plan Robust Grasps with Synthetic Point Clouds and Analytic Grasp Metrics" by Mahler et al.. RSS 2017. https://berkeleyautomation.github.io/dex-net
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Dataset Generation
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έ Dex-Net 2.0: Deep Learning to Plan Robust Grasps with Synthetic Point Clouds and Analytic Grasp Metrics" by Mahler et al.. RSS 2017. https://berkeleyautomation.github.io/dex-net
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Grasp Classification Network
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At test time: “ ώ ὥὶὫάὥὼᶰ ὗ όȟώ where y = pointcloud, u = grasp parameters

έ Dex-Net 2.0: Deep Learning to Plan Robust Grasps with Synthetic Point Clouds and Analytic Grasp Metrics" by Mahler et al.. RSS 2017. https://berkeleyautomation.github.io/dex-net
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Video
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έ Dex-Net 2.0: Deep Learning to Plan Robust Grasps with Synthetic Point Clouds and Analytic Grasp Metrics" by Mahler et al.. RSS 2017. https://berkeleyautomation.github.io/dex-net
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Slides adopted from CS 326 Fall 2019 -- Tutorial presented by Evani Radiya-Dixit & Rachel Thomasson 
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+ Time
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ὺ Task space motion command 
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Video
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Today
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Contact-GraspNet: Efficient 6-DoF Grasp Generation
in Cluttered Scenes. Sundermeyer et al. ICRA 2021
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Simulation data is dominating


