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Introduction – Why tiltable-quadrotors?
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Aerial Manipulation

Quadrotors: Underactuated

Full/Overactuation? Add actuators

Add Rotors Add Servos

Pros: Simplicity
Cons: Inner Force; Efficiency

Pros: Efficiency
Cons: Complexity

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

Independent Position & Attitude

Zhu et al., RA-L, 2024

Ryll et al., IJRR, 2019

Brescianini et al., ICRA, 2016

Kamel et al., RA-M, 2018

Zhao et al., ICRA, 2018 Cuniato et al., ICRA, 2023

Quadrotor Tiltable-Quadrotor
Reason: 4 (actuators) < 6 (DoF)

Ryll et al., T-CST, 2015
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Introduction – Omnidirectional Teleoperation 
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NMPC

Demos

X, Y Z, Yaw

Roll Pitch

Not Equal !



Introduction – Omnidirectional Teleoperation
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M. Allenspach, M. Tognon, et al., ICRA, 2022J. Lee, et al., T-Field Robotics, 2024J. Mellet, M. Tognon, et al., arXiv, 2024

Haptic Devices

The fingers are 
constrained.

 Hand position

 Hand orientation

 Hand gesture
Finger freedom matters.



Omnidirectional Aerial Teleoperation
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Result
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 Control is stable but has offset

 RMSEs (all positional axes) are over 3 
cm, > maximum tolerance

 Human operator can deal with this offset
and ensure the safety



Conclusion
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Key Takeaways
• To our best knowledge, this is the first time the rotational dexterity of 

human wrist → an omnidirectional aerial robot.
• Precise operation: Locking mode matters!
• Long-range moving: Spherical mode → natural, and Cartesian mode → 

moving along regular geometries like squares.

Six-DoF Hand-Based Teleoperation for Omnidirectional Aerial Robots
IROS 2025, Hangzhou

Future Directions
• Shared control: rotations that exceed the natural flexibility
• Force and torque support
• Fully onboard flight; video streaming

Workshop Friday 106 ~12:30 



Shared-Control Teleoperation
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Shared-Control Teleoperation
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Constant force and 
torque exist, requiring 
compliance behaviors

Attach to the valve

Continuous Rotation
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Thank you for listening

Homepage:
https://jinjie.li/
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