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Problem description:

Soft robot actuators behave in a nonlinear manner and exhibit hysteresis effects due to their visco-
elastic materials. Modelling these actuators can be inaccurate and create challenges for the control
of soft robots. Using the expressive power of Deep Neural Networks (DNN), this work will model the
actuator more accurately to represent the real robot. To this end, the differentiability from the soft
robot simulator ”DiffPD” [1] will be used. An additional source of inaccuracy in soft robot modelling is
their forward dynamics. Hence this work will follow a similar approach to residual physics [3] in order to
model the simulation-to-reality gap for DiffPD. Given the recent success of machine learning approaches
for forward dynamics, a comparison will be made with one particular data-driven framework: Koopman
Operators. These create an embedding in which the dynamics are globally linearized, allowing the use
of efficient linear control methods. As the Finite Element Method will be used for simulation, many
vertices will have similar behavior, hence the Compositional Koopman Operator [2] will allow for much
more efficient computation. In their work, the vertices are manually assigned to objects that share
dynamics. Scalability and automation of this procedure will be investigated in this work. Lastly both
the actuator model and forward dynamics using the Compositional Koopman Operator will be tested
on the planning and control of a real soft robot arm.

Tasks:

• Familiarizing with DiffPD framework
• Implement and train mapping from actuator pressures to FEM simulation control input
• Implement and train automatic object assignment for compositional Koopman
• Evaluate performance on the real soft robot arm
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