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Soft Robotics

• Multidisciplinary field 

• Objectives

• Develop  light, soft, flexible and compliant devices

• Highly adaptable to environment

• Similar to living organisms

• Recent work and future technologies

• Adoption of flexible self-powered systems [14] 

• Miniaturization

• Smart fabrics

• Autonomous performance

• Low maintenance, independent operation, and sustainability for 

implantable biomedical devices [14] 

• Visionary: Self-repairing, growing, and self-replicating robots [15]
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Medical Applications
Assistive Devices: Soft Robotic Exosuit

• Clinical application
• Rehabilitation and/or enhance of 

movement

• How it works 
• Translate small amount of force by 

mechanical actuators in the suit to 
create effective motions

• Soft robot advantages 
• Light weight

• Does not conflict with human 
natural movements

Harvard University [4]
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Medical Applications
Minimally Invasive Devices: STIFF-FLOP

• Clinical application 
• Minimally Invasive Surgical applications

• How it works 
• Modular structure composed of soft and flexible

materials

• Capable to modulate stiffness by using the
concept of granular jamming

• Soft robot advantages
• Can squeeze (reduced its diameter by 40%)

• Can bend and elongate

• Produce forces up to 47 N

STIFF-FLOP [3]
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Medical Applications
Implantable Devices: Heart Sleeve

• Clinical application
• Provide ventricular assistance

• How it works? 
• Mimic heart contraction and relaxation

• Use compressed air to power artificial
silicone muscles

• Soft robot advantages
• No blood contact

• Can be customized

• Can act as a bridge to transplant for
patients with heart failure

Harvard University [11]
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Modeling and Control 
Techniques

• Importance
• Optimum control design

• Reliable and repeatable device performance

• Device safety and efficacy

• Prepare devices for commercialization



Challenges in Modeling Soft 
Structures

• Non linear behavior 

• System parameters not readily available

• Redundant actuation

• Motion depends on deformation

• Infinite degrees of freedom

• Interactions with environment



Recent Work
• Numerical Model – Constitutive Laws [10][6][1]

• Experimental Work

• Finite Element Methods

• Model order reduction optimization 

• Interactive Modeling [1]
• FEM computes robot’s non- linear deformation in real time

• A reduced compliance matrix is obtained between actuators and end 
effectors.

• Iterative algorithm uses compliance matrix to find the actuators 
contribution needed to deform the structure as desired 

• Non – parametric online modeling [4]
• Generic control framework

• Use a live motion tracking system

• State variables are tracked at all times

• Control system computes control commands based on real time 
information



Future Work

• Model order reduction optimization 
techniques

• Inverse dynamic problem optimization 
techniques

• Model free approaches

• Anticipate and manage interactions with 
environment 



Questions
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