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My Research

« PDE control: swarm robots (large number), soft robots (infinite Dof)

Swarm Robotics Soft Robotics

iSprawl Soft gripper OCTOPUS Universal gripper Tuft Softworm Inflatable robotic arm

X-RHex Soft robotic fish PoseiDrone Origami robot Rehabilitation glove Octobot

Mean-field PDEs Continuum mechanics PDEs



Soft Robot Arm: Continuum Mechanics Modeling

gs(t)
« Configuration: p — position, R — rotation, g2 (t) /
_[R P
« Kinematics: n — body velocity, ¢ — body strain ! 0 1

0,9 = gn/\ Rigid robot
059 = g§"
« Dynamics: ¢ — internal wrench, ¥ — external wrench
Joen = 0s¢ +vY

global frame

Continuum/Soft robot

[1] Renda, Federico, et al. "Dynamic model of a multibending soft robot arm driven by cables." IEEE Transactions on Robotics 30.5 (2014): 1109-1122.



Boundary Observer

« Boundary observer = model + boundary correction [1]

r < — N N
atg — as’? + ad.g’?» Output: tip velocity
0.) = 0sp — adld + adl]i + 1.
<] th = 0s¢p —a ,’rqb adajn + 1,
1(0,t) =0,
P t) = =T —n)(L 1)
Boundary dissipation
Problem setup
Theorem
Let y = [¢,n]". Estimation error || § — y Iz is locally ISS to |l y I3 (true states).
[1]1 Zheng, Tongjia, Qing Han, and Hai Lin. "Full State Estimation of Soft Robots From Tip Velocities: A Cosserat-Theoretic Boundary Observer.” submitted to 4

IEEE Transactions on Robotics.
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« Two tendons actuated alternatively
* IMU sampling rate: 200 Hz
« Hypothesis: globally ISS

Simulation
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Simulation using SoRoSim
https://www.youtube.com/watch?v=UhkzhJGT7GQ



Discussion: stability of conservation laws
Hypothesis: (1) is globally asymp. stable (in L?)

ratd) - 0577 ’ Conservation laws on SE(3)

) 0¢n = 059 ) (1)
n(0,t) =0,

\d)({’ t) = —-I'n(4,t) Boundary dissipation

Facts:
« (1)is stable in L?, total energy £(t) = —I'n?(¢,t) < 0 (boundary value)
« (1) is locally exp. stable in H* [1]

Fact [2]: (2) is globally exp. stable in L? using V = [ RZ exp(—us) + Riexp(us)ds.

(0.9 = 91,
< atr] — as¢r
n(0,t) =0,
P, t) = —Tn(£,t)

(2)

Contraction theory for PDEs?
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