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Introduction – Why Tiltable-Quadrotors?
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Aerial Manipulation

Quadrotors: Underactuated

Full/Overactuation? Add Servos/Rotors

Pros: Efficiency             Cons: Complexity

Credit: DJI, MAVIC Air 2 Source: WikipediaSource: Wikipedia

Independent Position & Attitude

Quadrotor

Reason: 4 (actuators) < 6 (DoF)

1. Nonlinearity ↑

2. Servo delay

Source: brainpad/due-servo

Source: Wikipedia -- MPC

* Model 
Predictive 
Control
(MPC)

Tiltable-Quadrotor



Introduction --- Full-Model NMPC
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Model nonlinearity and complexitySun et al., T-RO, 2022 Robin Deits, RSS Workshop, 2024

The feasibility of NMPC depends on the model complexity.

Credit: UniTree Go 2

Credit: Boston Dynamics Atlas



Methodology
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Tiltable-Quadrotor Model

Nonlinear Optimization Problem

Rotor Model

Servo Model

Resultant Wrench Rigid-Body Model

Nonlinear Least Square Cost; SQP

Dynamics Constraint

Initial Value Constraint

State Constraint

Input Constraint



Methodology
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Tiltable-Quadrotor Model
Rotor Model

Servo Model

Resultant Wrench Rigid-Body Model

Does it really matter?



Simulation – The Effect of Servo Dynamics
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• Ideal Simulation: No disturbance, no model error
• Rigid-Body Dynamics + Servo Dynamics + Rotor Dynamics
• All parameters = real robot

NMPC servo model NMPC servo model

t=0s, Position → 0.3, 0.6, 1.0 𝑇m
t=2s, Attitude → 30°, 60°, 90° 𝑇

Reason: servo model ≈ continuity constraint



Robot

8

Basic Parameters

Mass: 2.773 kg
Wheelbase: 0.4 m
T (servo): 0.0859 s (Identified)
Freq. (control): 100 Hz

Beetle-Art

System Overview



Latest Progress
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Conclusion
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Key Takeaways

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