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2. System Overview
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without ifrastructure. R;Pot' S mu ) = Sensors: IMU, optical flow, laser height, UWB.
= Self-regulated convergence: unobservable formation states become 0 ' [Optical flow] | = Shared state: velocity, yaw rate, height.
observable again through drift and control actions. 5 Yar—mi = Qutput: ego-centered relative pose
= Open-source implementation for off-the-shelf Crazyflie quadrotors. S S Xij = [Xij, Vi, Wil R .
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4. Real-world Experimental Results
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for manual initial relative poses. L * Initial states converge in about 20 s in real flights.
| | o S . o » 5-drone and 13-drone formation flights validate closed-loop use of onboard localization.
The proposed ranging message that supports relative localization. Error distribution of relative localization in
different unobservable situations.
Theoretical result: formation flight can be locally unobservable, but estimation drift triggers control corrections that Results use OptiTrack only for ground-truth validation; localization and control run onboard.

restore observability.
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