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Offline planning and online tracking



Planning transitions for hundreds of robots
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Who goes where?

Labeled specific allocation,
Unlabeled

0% labeled 20% labeled 50% labeled 100% labeled
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can be freely allocated (linear assignment problem) 



The collision graph
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Collision detection
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(a) Pairwise

Check every pair

(b) Spatial hashing

Search neighboring cells

(c) KD-tree

Query within a radius
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Turning collision clusters into subproblems

12



Limiting subproblem size
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Subproblem solving and merging
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Collision constraints

Augugliaro et al., IROS, 2012

Sequential convex programming (SCP)
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B. Stellato et al., Math. Program. Comput., 2020.



Direct transcription

Linearized at previous iterate
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Oscillating cycles
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Planning for 500 robots

500 robots, 1,000 time steps

3.1 s
Median at 50% labeled

Success within 60 s

100% up to 30% labeled
99% at higher fractions

Ten transitions, 50 seeds per labeled fraction
MacBook Pro with M3 Pro, 32 GB RAM
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Deployment on floating robots

Lake Zürich Venice Biennale 2025

24-robot fleet
16 robots in planned transitions
1–2 minute transitions

8 robots
2,491 time steps
Computed in 1.23 s
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