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Pneumatic Soft Robotics

Industry Pneumatic Gripper

[Soft Robotics Inc]

Soft Robots

[Marchese et al. 2014, Ariel et al. 2016]



Our Goal

The digital deformable model
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Related Works: Computational Fabrication

[Coros et al. 2013]

[Prévost et al. 2013]

[Hasan et al. 2010]

[Megaro et al. 2017] [Bächer et al. 2014]



Related Works: Flexible Object Fabrication

[Mélina et al. 2013] [Mélina et al. 2012]

[Chen et al. 2014] [Bickel et al. 2012] [Chen et al. 2015]

[Schumacher et al. 2015]



Key Challenges

Chambers

Material distribution

Air pressure

Deformation 

[howtoairbrush.com]



Key idea: Chambers 
(empty space inside the model)

Inflation result in volume increase.

If deformation has volume increase, 
we can set a chamber there.



Key idea: 
Wireframes

Material distribution affects 
physical property
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Pipeline : Geometry Setup
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Pipeline : Material Optimization
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Material Optimization

wireframe



Material Optimization
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Material Optimization

wireframe material distribution the model



Material Optimization

Anisotropic Isotropic



Neo-Hookean model

Material blend

Equilibrium

Energy

Optimization

Material Optimization



Wireframe vs. Full Space

Homogeneous Wireframe Full space



Wireframe vs. Full Space
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Physical Realization



Pneumatic Control System

[Hachisu et al. 2014]
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Pneumatic Control System

[Hachisu et al. 2014]



Pneumatic Control System

[Hachisu et al. 2014]



Physical Realization

Rest pose

Target pose



Results : optimization timing

9 min 8 min 9 min 29 min 3 min

1 min 34 min 3.5 h 1 h
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Single Chamber Result: Twisted Bar

Rest pose

Target pose



Multi-Chamber Results: Crawling Creature
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Multi-Chamber Results: Crawling Creature



Application: Pneumatic Gripper

Rest pose

Target pose



Application: Multi-directional Pneumatic Module

Rest pose

Target poses

Chamber & 
Wireframes 



Conclusion

• A soft 
pneumatic 
objects 
design and 
fabrication 
framework

• Fabricate 
using 3D 
printing

• Controlled 
with 
pneumatic 
system

• Potential 
applications 
in robotics



Limitations

• More 
actuation 
methods, 
such as motor, 
vacuum pump, 
etc.

• Applications 
in human 
interaction

Future Work

• Material

• Deformation 
space
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