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The Piecewise Constant Strain (PCS) Cosserat Model

Picture generated by Google Gemini

Renda et al. 
T-RO 2016

Octopus robot. Courtesy: IEEE Spectrum



SoRo’s control computational complexity is hard!



Enter Singularly Perturbed Systems

General SPT formulation.

Set      to  0 → Slow subsystem

Multiphysics, multiscale soft system.
 

Picture credit: Google Gemini.

Fast subsystem on time scale: 



Singularly Perturbed Soft Cosserat Robot
Aggregate the robot’s distributed 
mass,       , inertia into a core active 
component,              , and set the 
passive components as                                            

Then the mass and Coriolis forces adopts the following 
representation

Picture credit: Google Gemini.



Dynamics Separation with Perturbation Parameter
The mass matrix then decomposes as

(Molu & Chen, CDC 2024)

Introducing the perturbation parameter, We may define the matrix, 

So that we can write,



Singularly perturbed soft robot form
Suppose that 

Then, we may write

Fast subdynamics extraction

Set 

Then,  

So that,

and 



A backstepping nonlinear multi-scale controller

Where,



A backstepping nonlinear multi-scale controller



Numerical Results



Numerical Results – System Setup
The robot’s  z-axis is offset in orientation from the 
inertial frame by  -90 deg so that a transformation 
from the base to inertial frames is

Tip wrench at                       is ,

Param Symbol Value

Reynold’s # 0.82

Young’s Mod. E 110kPa

Shear visc. J 3 kPa



Numerical Results – System Setup
Param Symbol Value

Reynold’s # 0.82

Young’s Mod. E 110kPa

Shear visc. J 3 kPa

Bending 2nd Inertia

Torsion 2nd Inert

Material abscissa

Poisson ratio 0.45

Mass density

Drag stiffness matrix





Conclusion 

• Thank you!

• Microsoft Research, NYC.

• Questions?
•  lekanmolu@microsoft.com

mailto:lekanmolu@microsoft.com
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