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Overview

1. Oceanography

¸ Black smokers

¸ Vent prospecting

2. PhD Research

¸ Problem definition

¸ Mapping

¸ Planning algorithm and results

3. MBARI Internship

¸ California and MBARI

¸ Testing for real-world planners
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Hydrothermal Vents

¸Sea-floor ñvolcanoesò

¸Mineral-rich superheated water 
(350ÁC)

Photos © WHOI and Dana Yoerger
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Formation of Vents

Formed at mid-ocean ridges, 

~3000m, where tectonic 

places are separating
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Vent Prospecting
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a) Ship-based observations

b) AUV in decreasing-size mow-the-lawn surveys



AUVs
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Problem Overview

¸Aim is to find as many vents as possible during a 

mission

¸Difficulties are:

¸ Partial observability

¸ Continuous state variables: location, map, battery power

Plume

Current
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Mapping

¸Adopt work of Michael Jakuba on creating maps of 

hydrothermal vents based on AUV data

¸Uses the Occupancy Grid (OG) approach where 

search area is divided into a grid of C cells

¸Condenses all observations 

into a boolean plume 

detection

¸Updates probability of cell 

containing a vent, 

¸Demo...

( )cmP
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States, Actions, Rewards, Observations

¸Belief state space, b:

¸ Cell that the AUV is in

¸ OG map giving vent probabilities

¸ Note this is an approximation, as it assumes the probability of 

occupancy is independent. Reduces map from       belief state 

variables to C

¸Magnitude and direction of the current

¸Actions: Deterministically move N/E/S/W

¸Reward          for each unique vent found

¸Observations: l=find vent, p=detect plume

¸ Introduce vent detector to avoid multiple rewards

C2

ventR
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Lookahead Search

¸ Given l,p values, mapping algorithm gives new OG

¸ Derive probability          using vent model

PG Seminar, 22 Jan 2009

plP ,

¸ Then get recursive 

formula for the 

expected total 

reward for moving 

to a particular cell

¸ BUT: can only look 

~4 steps into the 

future ïexponential 

blowup of belief 

states
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position 

¸ Reward is just                

for all cells

¸ Can efficiently iterate 

over all states and 

actions until values 

converge

Planning for AUV Exploration

Certainty-Equivalent Heuristic

¸ Need to estimate expected return from a leaf node

¸ Introduce a certainty-equivalent (CE) heuristic, where we 

assume the OG is correct

¸ This allows us to collapse the state space to the AUVôs

PG Seminar, 22 Jan 2009

( )ventc RmP
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Planning Results

¸Comparison algorithms

¸Mow-the-lawn

¸Moth

¸ Basic heuristic ïjust use                   at leaf node
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( )ventc RmP

¸Unexpected result ï

using the CE heuristic 

leads to the worst 

performance!

¸Video
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CE Problem
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¸ When converted state space to just the AUVôs location, lost 

the ability to keep track of visited cells

¸ No obvious way to fix this and maintain a tractable heuristic
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California
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MBARI Photos
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