ON ROBOTICS AND AUTOMATION ATIANTA

e UTOkYO DR A ;3%1\1 IRA AL
P o o

Servo Integrated Nonlinear Model Predictive Control
For Overactuated Tiltable-Quadrotors

Jinjie LI, Junichiro SUGIHARA, Moju ZHAO* RA-L, 2024

LI, Jinjie ZFiER

Doctoral Student

DRAGON Lab

Department of Mechanical Engineering
The University of Tokyo




Table of Contents

INntroduction

Methodology

Experiments

Conclusion




Introduction — Why Tiltable-Quadrotors?
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Aerial Manipulation Full/Overactuation? Add Servos/Rotors
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Reason: 4 (actuators) < 6 (DoF)
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Introduction --- Full-Model NMPC

The feasibility of NMPC depends on the model complexity.

Credit: Boston Dynamics Atlas

Sun et al., T-RO, 2022 Robin Deits, RSS Workshop, 2024

Model nonlinearity and complexity




Methodology Tiltable-Quadrotor Model
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Methodology

Tiltable-Quadrotor Model

Rotor Model - T
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Does it really matter?




Simulation — The Effect of Servo Dynamics

* J|deal Simulation: No disturbance, no model error
* Rigid-Body Dynamics + Servo Dynamics + Rotor Dynamics
e All parameters = real robot

t=0s, Position = [0.3,0.6,1.0]"m
t=2s, Attitude = [30°,60°,90°]"
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Reason: servo model = continuity constraint



Basic Parameters

Param. Value | Param. Value ‘ Param. Value
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Omnidirectional Traj. Tracking



Conclusion

Key Takeaways

* Full-Model NMPC = Tiltable-quadrotors [
* Servo matters; Impact: Servo > Rotor
* First time, Real experiment, 100Hz

. a .
Reference Generation Nonlinear Model

Predictive Control
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