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Hydrothermal Vents
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Formation of Vents
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Vent Prospecting

b) AUV In decreasineslze mowthe—lawn surveys
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AUVs
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Problem Overview

—  » Current

A
)

Aim is to find as many vents as possible during a
mission
Difficulties are:

Partial observability
Continuous state variables: location, map, battery power
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. 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

Into a boolean plume
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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 f&m belief state
variables to C

Magnitude and direction of the current
Actions: Deterministically move N/E/S/W
RewardR .., for each unique vent found

Observations: I=find vent, p=detect plume
Introduce vent detector to avoid multiple rewards
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Lookahead Search

Given |,p values, mapping algorithm gives new OG
Derive probability PP using vent model

Then get recursive

I ['f' ITJF] ::.[t:r;:[.x Q{f;’, ”...} formUIa fOr the

® expected total
Q(b,a) = r(b,a) + v P Elrljl.p) / reward for moving
Lp .
\ / to a particular cell

BUT: can only look
~4 steps Iinto the

o« Q0 futurei exponential
/ 'N blowup of belief
‘ o states

E[r|b] = max Q(b.a)

cell k

cell i ey No detections
belief state b ™
cell |

PG Seminar, 22 Jan 2009 Planning for AUV Exploration 11/22




Certainty-Equivalent Heuristic

Need to estimate expected return from a leaf node

Introduce a certaintgquivalent (CE) heuristic, where we
assume the OG is correct

This allows us to coll apse
position
E["'lhj] - ”:f,':-r '{_P["'”rr’jﬁl'“” i F:'E[r h”]} . ReWard IS JUStP(rnc)R/ent
for all cells
E[r|b] = lllfirl.:{{P[:?Hr,}ﬁ'..,.,”r +~E[r|b']} Can eff|C|ent|y |terate

cell j

belief state b over all states and
actions until values
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Planning Results

Comparison algorithms

Mow-the-lawn
Moth
Basic heuristié just useP(m,)R... at leaf node

5

Unexpected resuit =
using the CE heuristic _ | —."
leads to the worst

performance! ¢z

vents found)

a5F
0 I \/ 1 I 1
w1 down wlup w2down W2up ]
Configuration

PG Seminar, 22 Jan 2009 Planning for AUV Exploration 13/22




CE Problem
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When converted state space
the ability to keep track of visited cells

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