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Simulation Results

Lagrangian-based Dynamic Model

1) Initial dynamic model:
• Lump each segment into a single mass point in the center

of mass (CoM):

• Derive the dynamic equation by the Euler-Lagrange
approach:

2) Full model:
• Considering the pneumatic drive, actuation dynamics and

the dynamics of the stiffness-tunable mechanism:

3) State dynamics:
• System states and inputs:

• Full state space formulation:

Nonlinear Model Predictive Controller
1) Configuration Space

• Cost function under system dynamics and input constraints:

2) Task Space

• Adjusted cost function under the same previous constraints:

• The efficacy of the proposed modeling and controller is
validated in the simulation

• For the motion error, the average Euclidean distance error
are 0.001m and 0.0039m when tracking slow and quick
circular trajectories respectively

• The stiffness error is also minimal when tracking sine wave

Introduction

Motivation:
• Applications: minimal invasive surgery, picking fruits
• A soft manipulator with tunable stiffness can adapt in

unknown environments, and also circumvent the drawbacks
of instability and low loading capability

• Continuous stiffness control provides precise motion control
with different contact forces, and achieve quick movements
from releasing stored energy

Objective:
• Design stiffness-tunable mechanism for soft manipulators
• Develop a control-oriented dynamic model to capture the

high nonlinearity and the strong coupling between actuation
and stiffness-tuning

• Control the motion and stiffness of robots simultaneously

Stiffness-tunable Mechanism

• Develop particle jamming mechanism with independent
control ability using small vacuum pump
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