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My Research
• PDE control: swarm robots (large number), soft robots (infinite Dof)
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Soft Robot Arm: Continuum Mechanics Modeling
• Configuration: 𝑝 – position, 𝑅 – rotation,

pose 𝑔 = 𝑅 𝑝
0 1 ∈ 𝑆𝐸(3)

• Kinematics: 𝜂 – body velocity, 𝜉 – body strain
𝜕!𝑔 = 𝑔𝜂∧      
𝜕#𝑔 = 𝑔𝜉∧

• Dynamics: 𝜙 – internal wrench, 𝜓 – external wrench 
𝐽𝜕!𝜂 − 𝑎𝑑$%𝐽𝜂 = 𝜕#𝜙 − 𝑎𝑑&

%𝜙 + 𝜓
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𝑔! 𝑡 = 𝑅 𝑝
0 1 ∈ 𝑆𝐸(3)

𝑔"(𝑡)
𝑔#(𝑡)

Rigid robot

Continuum/Soft robot

𝑔(𝑠, 𝑡)



Boundary Observer
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IEEE Transactions on Robotics.

Theorem
Let 𝑦 = 𝜉, 𝜂 %. Estimation error ∥ ;𝑦 − 𝑦 ∥'!" is locally ISS to ∥ 𝑦 ∥'!" (true states).

Actuation inputs

Output: tip velocity
𝜂(𝑙, 𝑡)

Problem setup

• Boundary observer = model + boundary correction [1]
𝜕! <𝜉 = 𝜕#�̂� + 𝑎𝑑(&�̂�,	

𝐽𝜕!�̂� = 𝜕# >𝜙 − 𝑎𝑑(&
% >𝜙 + 𝑎𝑑)$

%𝐽�̂� + 𝜓,
�̂� 0, 𝑡 = 0,	
>𝜙 ℓ, 𝑡 = −Γ(�̂� − 𝜂)(ℓ, 𝑡)	

Boundary dissipation



Simulation
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• Two tendons actuated alternatively
• IMU sampling rate: 200 Hz
• Hypothesis: globally ISS

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



Discussion: stability of conservation laws
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• Hypothesis: (1) is globally asymp. stable (in 𝐿*)
𝜕!𝜙 = 𝜕#𝜂 + 𝑎𝑑&𝜂,	
𝜕!𝜂 = 𝜕#𝜙 − 𝑎𝑑&

%𝜙 + 𝑎𝑑$%𝐽𝜂,
𝜂 0, 𝑡 = 0,	
𝜙 ℓ, 𝑡 = −Γ𝜂 ℓ, 𝑡 	

(1)

• Facts:
• (1) is stable in 𝐿*, total energy ℇ̇ 𝑡 = −Γ𝜂* ℓ, 𝑡 ≤ 0 (boundary value) 
• (1) is locally exp. stable in 𝐻+ [1]

• Fact [2]: (2) is globally exp. stable in 𝐿* using 𝑉 = ∫𝑅+* exp −𝜇𝑠 + 𝑅**exp(𝜇𝑠)𝑑𝑠.
𝜕!𝜙 = 𝜕#𝜂,	
𝜕!𝜂 = 𝜕#𝜙,	
𝜂 0, 𝑡 = 0,	
𝜙 ℓ, 𝑡 = −Γ𝜂 ℓ, 𝑡

                                          (2)

• Contrac-on theory for PDEs?

Conservation laws on SE(3)

Boundary dissipation


