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Motivation 

§  Static Arrays 
§  Mobile Tracking 
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Estimation 

§  What is a Particle this time? 
q  A particle is an individual state estimate. 
q  In our shark Tracking, a particle i has two components 

   { Xsharki  wi } 

1. The state is  Xshark = [x  y  θ  v w] 
2. The weight w that indicates it’s likelihood of being the correct 

state. 

State                  Weight  
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Estimation 

§  Initial Particle 
Distribution 
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Estimation 

§  Random 
Propagation 
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Estimation 

§  After Acoustic 
Measurement 
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Multi-Robot Controller 

§  Problem Definition 

q  The Robots should not 
affect the shark’s behavior  

q  The Robots should position 
themselves to optimize 
information gain Rdes 
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Problem Definition 

§  Robot state 

§  Robot kinematics 
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Problem Definition 

§  Robot relative to target 
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Problem Definition 

§  Error variables 
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Problem Definition 

§  Error states 

§  Control vector 
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1. Single Robot, Single Target 

§  Control law 

§  Stability bounds 
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2. Multi-Robot, Single Target 

§  Control law 

§  Stability example (3 robots) 
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Multi-Robot Controller 

§  Simulation Results 
q  8 Robots 
q  1 Particle 
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Multi-Robot Controller 

§  Catalina Island 
q  1 week expedition 
q  Tagged a leopard shark 
q  Tracked for multiple hours over two days 
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Shark Trials 
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Boat Trial Results 
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Tracking >1 Target 

§  Stochastic Control 
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3. Exercise B 

q  Find a partner 
q  Find one underwater 

robot research 
publication. Select based 
on novelty or research 
interest as desired. 

•  Journal Field Robotics 
•  IROS, ICRA 
•  OCEANS 
•  MTS Journal 

q  Present a summary of the 
platform in 1-3 slides. 
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