@ (&:1RISA

Formation Control and Cooperative
Localization for a Team of Quadrotor UAVs

Riccardo Spica

FADEXx July 7, 2016

Lagadic group
Inria Rennes Bretagne Atlantique & IRISA

http://lwww.irisa.fr/lagadic



One vs. many

versatility
efficiency
low cost

robustness and fault tolerance
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Decentralization

A local control/estimation complexity is related to:
- the amount of needed information (sensed, communicated)
- the needed computing power and memory requirements

A limited sensing/communication/computing/memory resources Y
need of decentralized (scalable) control/estimation algorithms

- avoid measurement of the state of the whole group 1
- keep a constant complexity per neighbor

A however: decentralized (scalable) algorithms often require
propagation of information within the group

- need to preserve group connectivity 5
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Local sensing
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- sensor limitations (e.g., field of view, range, occlusions, noise,
delays, quantization)

- partial measurements of the agent states (e.g., distance vs. relative
position)
-measurements expressed | moadsdle a g

global frame (e.g., need to agree on a common orientation)
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A need to preserve formation rigidity (~ allow for cooperative
localization in a common reference frame from onboard relative and
partial sensing)



Rigidity
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A complete graph: rigid but need to measure/control/enforce
N(N — 1)/2] constraints (the complexity is O(N?))

A however, rigidity is often possible with only a [O (V)| set of constramts
A e.g.: distance constraints on the plane
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Rigidity: what for ? é é
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Aformation control d/ y,
- regulation of inter-robot constraints = \h

the desired robot positions (shape) can be reached

Arelative localization (in a common shared frame)

- measurement of inter-robot constraints =
the current robot positions (shape) can be
reconstructed

Aand, again, no need of a complete graph
- linear complexity O(N)vs. quadratic complexity O(N?)




Bearing based formation control of UAVs

Ateam of NV UAVs
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A goal:
- control formation shape
- estimate formation shape
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Bearing based formation control
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