
Shape Change and Soft Matter



Spherification by Chef Jose Andres 



Soft Shape Change in Food 



Soft Shape Change in Nature 

For sound 



Soft Shape Change in Robotics 

1. Sangbae Kim, Cecilia Laschi, Barry Trimmer. Soft robotics: a bioinpsired evolution in robotics



Soft Shape Change in HCI 

From the  left to the right: 
1. Harrison, C. and Hudson, S.E. Providing dynamically changeable physical buttons on a visual display. Proc. of CHI 2009, ACM Press (2009), 299–308. 
2. Gomes, A. and Nesbitt, A. MorePhone : A Study of Actuated Shape Deformations for Flexible Thin-Film Smartphone Notifications. (2013), 583–592. 
3. Jonas Togler, Fabian Hemmert, and Reto Wettach. 2009. Living interfaces: the thrifty faucet. In Proceedings of the 3rd International Conference on Tangible and Embedded Interaction (TEI '09). ACM, New York, NY, USA, 

43-44.



Soft Shape Change in Design and Life 

For inflation For floating For stiffness changing 



Overview of Soft Shape Change 

!
Soft Shape Change in Robotics - “Soft Robotics” 
Guest Lecture by Dr. Kevin C. Galloway from Harvard Microrobotics Laboratory, Wyss Institute 
“History, applications and fabrication recipes of soft robotics” 
!
Soft Shape Change in HCI and Design  - Case Studies and Reflection 
Overview on history and applications in HCI 
Case study 1: PneUI, by Lining Yao from TMG 
Case study 2: JamSheets, by Jifei Ou from TMG 
Reflection: Unique contribution of soft shape change in HCI and design 
!
Soft Shape Change - Toolkits 
Fabrication 
Actuation Mechanisms 
Material Composition and Material Structure 
Part list 
Electronic and Pneumatic Circuit 
Fabrication 1: Elastomeric Actuators (Silicon Rubber) 
Fabrication 2: Non-elastic Actuators, with live demonstration



Soft Shape Change in Robotics - “Soft Robotics” 
!

Guest Lecture by Dr. Kevin C. Galloway from Harvard Microrobotics Laboratory, Wyss Institute 
“History, applications and fabrication recipes of soft robotics” 



Soft Shape Change in HCI and Design  - Case Studies and Reflection 
!

Overview on history and applications in HCI 
Case study 1: PneUI, by Lining Yao from TMG 
Case study 2: JamSheets, by Jifei Ou from TMG 
Reflection: Unique contribution of soft shape change in HCI and design 
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Surrounding the earth is a blanket of air







Multigait Soft Robots.Harvard  Whitesides Group. 2011 









Three Types of Shape Changing Primitives





Curvature - Elongation for Bending



Curvature - Compression for Bending





Volume 





Texture - Two-stage Texture 



Texture - Multilayer Texture 



SHAPE OUTPUT PRIMITIVES



SHAPE OUTPUT PRIMITIVES



Curvature on Surfaces: Bending and Curling

Unidirectional Volume Change of Solid Geometries

Dynamic Texture Change



INPUT SENSING



INPUT SENSINGINPUT SENSING



Composite Thin and Flexible Circuitry

Composite Sensors on Folding Structures

Composite Liquid Metal in Elastomeric Channels



Soft Shape Change in HCI and Design  - Case Studies and Reflection 
!

Overview on history and applications in HCI 
Case study 1: PneUI, by Lining Yao from TMG 
Case study 2: JamSheets, by Jifei Ou from TMG 
Reflection: Unique contribution of soft shape change in HCI and design 



Soft Shape Change in HCI and Design  - Case Studies and Reflection 
!

Overview on history and applications in HCI 
Case study 1: PneUI, by Lining Yao from TMG 
Case study 2: JamSheets, by Jifei Ou from TMG 
Reflection: Unique contribution of soft shape change in HCI and design 



Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy complex transformation behaviors

unique actuation mechanism 
(pneumatic, smart materials) silent/soft change



Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy conditional transformation without machine computing

unique actuation mechanism 
(pneumatic, smart materials) silent/soft change



Dynamic shape can be perceived as media with which to function, represent, communicate and interact.

represent.

communicate.

interact.

With shape to 
function.



To represent and communicate through lifelike motion. [Design]

Piero Manzoni, Pneumatic for Light and Gas Ballets, 1960



To represent and communicate through lifelike motion. [HCI]

PneUI, 2013 ~ current



To communicate lifelike form and haptic sensation. [Design]

Tokyo Fiber ’07, Senseware. Panasonic.



To function. [Design]

Tokyo Fiber ’07, Senseware. Spacesuit, Takuya Onishi



To function. [HCI]

JamSheets, 2013 ~ current



To Interact with the environment. [Design]

WIPING CLEANER “FUKITORIMUSHI”, Panasonic Corporation



Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy conditional transformation without machine computing

unique actuation mechanism 
(pneumatic, smart materials) silent/soft change



Wearable sensors,  structural functional textiles, translation applications 



PneUI, 2013 ~ current



Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy conditional transformation without machine computing

unique actuation mechanism 
(pneumatic, smart materials) silent/soft change









Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Material composition and material structure? 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy complex transformation behaviors

unique actuation mechanism 
(pneumatic, smart materials) silent/soft change



Shape matching, string reinforcement 

Mechanical Design through Computation 









Reflection: Unique Opportunity of Soft Shape Change in HCI and Design 

Mechanical Property Opportunity for HCI and Design

elastically deformable lifelike form and motion

mechanical compliance matching with the human skin friendly for onbody/wearable applications

potential for multi-functionality integrate both input sensing and shape output

potential for utilizing material anisotropy complex transformation behaviors

unique actuation mechanism 
(pneumatic, smart materials) silent change with large force



GEARED MOTOR /SOLENOID SHAPE MEMORY ALLOY PNEUMATIC/HYDRAULIC

Soft Robots. Whitesides Group. 
Harvard

Dynamic Buttons. Harrison, 
C. et.al 

Surflex. Marcelo, C. et,al

Morephone. Antonio.G.et,al

Relief/Recompose. Daniel.L. 
et,al

Shape Changing Phone.

Rigid; 
Constrained by its  
own size/weight; 
Controllability.

Flexible 
Light weight 
!
controllability 
small force output 

light weight 
controllability 
compliance (soft, flexible) 
water proof 
large force output (compare to 
SMA) 
volumetric deformation 
!
!

Jamming UI. Sean, F. et.al



Soft robotics: a bioinspired evolution in robotics. Sangbae Kim, Cecilia Laschi, Barry  Trimmer.

Other alternative approaches to actuate soft matter 

Dielectric elastomer actuators (DEAs), SMAs, compressed fluid, combing with electromagnetic actuators.



!

Soft Shape Change - Toolkits 
!

Make    it : Fabrication 
Control it : Electronic and Pneumatic Circuit 



!
Make it: Fabrication 
Soft lithography 
Modular Assembly 
3D printing 
Your own way



Soft Lithography. Younan Xia and George Whitesides. Elastomer stamp and molding. 

Soft Lithography 



Modified Soft Lithography 





Modular Assembly - Lego Assembly  



Modular Assembly - Soft Joinery 



Modular Assembly - Soft Joinery 



Modular Assembly - Soft Joinery 



Modular Assembly - Magnetic Assembly 



3D Printing 



3D Printing 



3D Printing 







Your Own Way 



Texture - Fabrication Process 



Control Toolkits
Pneumatic Valves

3 port S070, SMC

Pumps

Motor Drivers (H-bridge) Power Supply Micro-controller

SN754410 Half-H driver

0-32PSI Pressure, 
0-16’’Hg Vac, 
Sparkfun

arduino.cc12V, wall adaptor power supply

6 PSI Pressure 
Koge KPM12A

Control 

http://arduino.cc


Control Toolkits
Electronic Example Circuit

Pneumatic Example Circuit

Control 



http://softroboticstoolkit.com/

http://softroboticstoolkit.com/


Live Demo  



Supplementary Material: More Relevant Work 



How are human beings using it? (except breathing)



Soft Robotics 

!
Technical Properties 
Mechanical compliance matching, elastically deformable,  

• large contact area to transfer force between the robot and the surface 
• Maneuvering through confined spaces 
• friendly, not harmful to the skin 

Multi-functionality 
Elastic Versatility 

!
(compliance matching: the principle that contacting materials should share similar mechanical 
rigidity in order to evenly distribute internal load and minimize interfacial stress 
concentrations.) 
!
Biomimetic: octopus squeeze through a small hole 
!
!
Applications 
Locomotion and manipulation 
“Versatile, lifelike, compatible for human interaction 
Medical robots that interact with soft materials such as skin muscle tissue 
Field Robots encountering deformable surfaces like sand, mud, and soft soil 
Cooperative Human assistance 
Wearables 
!
Fabrication 


