
















Motivation

• Robotic grasping of 3D deformable is underexplored relative to rope 
and cloth


• Yet, it is critical for applications such as:

• food handling

• surgery

• domestic tasks




Challenge #1 of 4  
Performance Metrics for Deformable Object Grasping

Classical analytical metrics for grasping rigid objects do not typically 
consider deformation.


Grasp success is affected by compliance 
• e.g., grasping a stuffed toy haphazardly is ok

• e.g., grasping a rigid container haphazardly can lead to crushing


Proposed solution —> introduce 7 performance metrics suitable for 
deformable objects



Challenge #2 of 4 
Observable Features for Deformable Object Grasping

Many obvious performance metrics such as volumetric stress and strain 
may be unobservable.


Real world grasping requires estimators that can operate on observable 
quantities.


Proposed solution —> introduce 7 grasp features which may be able to 
predict performance metrics for deformable objects



Challenge #3 of 4 
Lack of Evaluation Framework, Dataset, or Codebase

There is no existing benchmark, dataset, or codebase for the task of 
evaluating grasps of 3D deformable objects.


Proposed solution —> release DefGraspSim for FEM-based grasp 
evaluations on arbitrary 3D objects


Proposed solution —> release dataset of results from testing with this 
system


• 34 objects

• 6800 grasp evaluations

• 1.1M measurements



Challenge #4 of 4 
Sim2Real

Simulations do not always match reality.


Proposed solution —> perform pilot sim2real study showing promising 
correspondence.




Summary of Contributions

Performance metrics


Observable grasp features


Codebase and dataset from many example grasps of deformable objects


Sim2real tests



Related Work 1 of 2
Rigid object grasp planning


Model-based approaches

Data-driven approaches


Rigid body grasp simulators (e.g., GraspIt! and OpenGRASP)


Deformable object simulators

Kelvin-Voigt elements

mass-spring models

2D FEM models

3D FEM (gold standard)


Many existing 3D FEM simulators do not offer good support for robotic 
control (e.g., built-in joint control



Choice:   GPU-accelerated Isaac Gym simulator







Some definitions…..
Neo-Hookean 
A neo-Hookean solid[1] [2] is a hyperelastic material model, similar 
to Hooke's law, that can be used for predicting the nonlinear stress-strain 
behavior of materials undergoing large deformations. In contrast to linear 
elastic materials, the stress-strain curve of a neo-Hookean material is 
not linear. Instead, the relationship between applied stress and strain is 
initially linear, but at a certain point the stress-strain curve will plateau. The 
neo-Hookean model does not account for the dissipative release of energy 
as heat while straining the material and perfect elasticity is assumed at all 
stages of deformation.

The neo-Hookean model is based on the statistical thermodynamics of 
cross-linked polymer chains and is usable for plastics and rubber-like 
substances … and is typically accurate only for strains less than 20%






SIGGRAPH 2018



Some definitions…..
CoRotational FEM 
The corotational method solves nonlinear structural problems by splitting the 
deformation of beam elements into rigid body motions and local 
deformations. In contrast to linear FE that assumes small rotations, large 
rotations are captured, in the corotational approach, by rigid body rotation 
matrices. Linear beam elements can, therefore, be used as long as strains 
remain small within each element






Choice:   GPU-accelerated Isaac Gym simulator



Related Work 2 of 2
Performance metrics on deformable objects


• pickup success

• strain energy (e.g., Ken Goldberg’s deform closure metric for 2D 

grasps quantifies the work required to extract a grasped object)

• deformation

• stress


Grasp features on rigid objects

• force and form closure

• grasp polygon area


Grasp features on deformable objects

• Ken Goldberg and colleagues study the work performed on 

containers during grasping to predict whether liquid contents would 
be displaced



Overview



34 Objects



Range of Stiffnesses



Flow of 
Experiments



Pickup:  success = maintain 
contact for 5 seconds


Reorientation:  increase grasp 
force to minimum required to resist 
slip.   64 reorientation states.  
Record stress and deformation 
fields.


Linear/angular acceleration:  16 
directions.   Record acceleration at 
which one finger loses contact and 
average over all directions.



Some Details
Simulate at a frequency of 1500Hz

Simulator executes at 5-10 fps

Each grasp experiment takes 2-7 minute to run




7 Grasp Performance Metrics
1. Pickup success.    

Binary 
2. Stress.   

Element-wise stress field.   Collect max over all elements / compare to yield 
threshold. 

3. Deformation 
Subtract out optimal rigid body transform and collect max displacement over all 
elements.


4. Strain energy 
Elastic potential energy stored in the object


5. Linear instability 
Minimum acceleration at which the object loses contact


6. Angular instability 
Minimum acceleration at which the object loses contact


7. Deformation controllability 
Max deformation when the object is reoriented under gravity

Minimize to obtain more rigid behavior on pickup / maximize to achieve 
deformation goal (e.g., insertion of endoscope)





7 Grasp Features



Simulation tests on 5 real objects



Simulation Results 
Stress, deformation, and linear stability



Sim2Real Tofu



Sim2Real  
Latex Tubes



Sim2Real  
Latex Tubes



Sim2Real Bleach Bottle



Sim2Real 
Bleach Bottle



Sim2Real Plastic Cup



Suggested Applications
1. Learning representations of new high-dimensional features and metrics (e.g., for object 

and contact geometry, field quantities, etc.) for memory-efficient grasp planning  

2. Customizing grasping experiments to create task-oriented planners (e.g., to minimize 
food deformation)  

3. Performing rigorous, direct comparisons between simulation and reality on custom 
deformables of interest (e.g., on organs for robotic surgery)  

4. Generating training data for real-world system identification (e.g., tactile probing on 
unknown materials)  

5. Generating data for neural network-based grasp simulation for real-time grasp planning  

6. Improving grasp planning robustness to uncertainty in object material properties (e.g., 
via domain randomization) 



1. 2:27

2. 12:26

https://www.youtube.com/watch?v=Caj0AtsKKVI


https://sites.google.com/nvidia.com/defgraspsim





https://sites.google.com/berkeley.edu/ipcgraspsim
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