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Coordination in real environments




Optimal safe coordination
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Optimal safe coordination
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SOCIAL BEHAVIOUR
Coordinative: Aware of others, Individual Goals, Actions not helpful to other robots



Optimal solution
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Formations

SOCIAL BEHAVIOUR
Cooperative: Aware of teammates, Shared Goals, Actions beneficial to teammates



Optimal paths for formations

Towards shortest path for non-holonomic vehicles in formation:

 Controllability

* Motion Planning




Which robots?
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Controllability
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.~ Controllability for pairs of Dubins =»
Dubins controllability for formations of Dubins

ICRA2010, “Controllability for Pairs of Vehicles Maintaining Constant Distance” H. Wang, L. Pallottino, A.Bicchi



Dubins Vehicles Case

* Configuration of a pair of identical vehicles
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* Kinematic model of the system is:
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* subject to the constant distance constraint
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Dubins Vehicles Case

* New configuration
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Dubins Vehicles Case
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Parallel Case
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Symmetric Case
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Control Space
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Controllability Theorems — Main Idea
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Controllability for D<=2R
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Controllability for D>2R




Motion Planning for pairs of Dubins
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Motion Planning for pairs of Dubins
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Motion Planning for pairs of Dubins




Chain Formations
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Chain Formations

Theorem:
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Star Formations
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Star Formations
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Motion planning for Ring Formations
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Motion planning for Ring Formations

n odd — b type



Tree Formations
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Motion Planning for Tree Formations
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First step:
Steer any pair from any b to a type a.v,=v

for example: v, =v__ b:v,=——sin(y, . )-V,
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Motion Planning for Tree Formations
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Motion Planning for Tree Formations




Motion Planning for Tree Formations




Motion Planning for Tree Formations
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Motion Planning for Tree Formations



Motion Planning for Tree Formations
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All pairs but one move as a type — Adjusting the angle pair by pair



Motion Planning for Tree Formations




Motion Planning for Tree Formations




data brushing
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3D-Dubins
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3D-Dubins main maneuvers




3D-Dubins motion planning

Sufficient conditions on initial and final configuration for controllability

Working on necessary conditions



3D-Dubins motion planning




3D-Dubins motion planning




3D-Dubins motion planning




3D-Dubins motion planning
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3D-Dubins motion planning




3D-Dubins motion planning




Conclusions

Solved problem: controllability and motion planning for tree formations

On going research:
controllability and motion planning for ring formations
controllability for pairs of 3D-Dubins

Far from optimal but closer than before
Motion planning can be done in a distributed way

Thank you!
Centro &. PiegQgio
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