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Growing use of robots requires coordinated
cooperation on shared tasks

Robots must agree on key variables or functions to
solve those tasks (consensus)

Task may involve tracking deformable bodies
(e.g. herding, disasters, industry)
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𝒒̇𝒒 = −𝑳𝑳𝑳𝑳
𝒙̇𝒙 = 𝛼𝛼 𝒙𝒙 − 𝒖𝒖 − 𝑳𝑳𝑳𝑳 + 𝑳𝑳𝑳𝑳 + 𝒖̇𝒖
𝒒𝒒 𝑡𝑡 = 0 ,𝒙𝒙(𝑡𝑡 = 0) ∈ ℝ𝑁𝑁×2
𝒒𝒒 = [𝒒𝒒1, … ,𝒒𝒒𝑖𝑖 , … ,𝒒𝒒𝑁𝑁]𝑇𝑇 ,𝒙𝒙 = [𝒙𝒙1, … ,𝒙𝒙𝑖𝑖 , … ,𝒙𝒙𝑁𝑁]𝑇𝑇 ,𝒖𝒖 = [𝒖𝒖1, … ,𝒖𝒖𝑝𝑝, … ,𝒖𝒖𝑁𝑁]𝑇𝑇

• Applied Dynamic consensus
to estimate centroid

deformable body
• Computed a theoretical
conservative maximum error 

bound
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Use a consensus algorithm so the robots agree on
the centroid of a deformable body

Problem and methodology

Goal

Conclusions References

Consensus Algorithm

Motivation

𝒙𝒙𝑐𝑐𝑒𝑒𝑒𝑒 𝑡𝑡 − 𝒙𝒙𝑖𝑖 𝑡𝑡 = 𝒆𝒆𝑖𝑖
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ≤ 𝒆𝒆𝑖𝑖

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑡𝑡) +
𝜅𝜅 𝐵𝐵
𝜆𝜆

2A(N − 1)

●N agents estimate a     
centroid (𝒙𝒙𝑐𝑐𝑒𝑒𝑒𝑒)

● Agents communicate
with each other
(graph)

● Agents track position 
of the points (𝒙𝒙𝑝𝑝) as 
functions (𝒖𝒖𝑝𝑝)

● Estimations agreement
is consensus

● Points delimit the
deformable body

● Points oscillate with
amplitude 𝐴𝐴
(deformation)

● They communicate their
centroid estimation (𝒙𝒙𝑖𝑖)

● Error is lower than a 
bounded maximum
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Possible application: Tracking the BP 2010 
oil spill. Despite oscillating tracked points

(yellow), the estimated centroid (blue) 
converges towards the true centroid (red)

2D position of true (dashed) and estimated (solid) 
centroids over time

Experimental centroid error and maximum
allowable bound for deformable bodies (black line)

Centroid estimation error vs number of agents
each agent communicates with.
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