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We demonstrate a 
planning method that 
guarantees safe, continuous 
coverage trajectories for search 
in cluttered environments.

Introduction
• Want a robot to cover a cluttered 

environment autonomously 
• Need to explore safely, without 

sacrificing coverage

obstacle

Ergodic Metric
computes distance between 𝑝𝑝(𝑥𝑥(𝑡𝑡)) and 
𝜙𝜙(𝑥𝑥)

𝜀𝜀 𝑥𝑥 𝑡𝑡 ,𝜙𝜙 = �
𝑘𝑘∈N𝑣𝑣

𝑇𝑇

Λ(𝑐𝑐𝑘𝑘 𝑥𝑥 𝑡𝑡 − 𝜙𝜙𝑘𝑘 2

end

start
Information 

Map 𝜙𝜙

Take a picture to 
access the full paper

Main Contribution

• Discrete control barrier function 
implemented as an inequality constraint

• Jointly consider coverage and safety 
during trajectory optimization 

• Guarantee safe trajectories while 
ensuring effective ergodic coverage

inequality constraint for safety

Results: Ablation Study

coveragesafety

Results: Single Drone

The benefit of our 
approach is that we 
have a single value that 
can tune the trade-off 
between safety and 
exploration.

Results: Multi-Robot Exploration
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Used inter-robot 
CBF’s between each 
pair-wise set of 
drones in the 
ergodic trajectory 
optimization
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Ergodic Coverage[1-5]

Our approach: ergodic coverage methods
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Time-averaged 
trajectory statistics  

Ergodic Trajectory
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