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Overview

e Motivation
e Split into mapping and planning
e Simplified model

e Approximate algorithms

Information Lookahead (IL)
Certainty Equivalent (CE)

e Results
e Future plans

IRLab, 2 Dec 2008 Solving grid-world POMDPs 2/14




Autonomous Underwater
Vehicle (AUV)

e Allow more of the oceans to be
explored

e Limited on-board intelligence

Hydrothermal vents
e Very interesting!

e Emit plume with altered physical
properties and dissolved chemicals
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Problem from Al Perspective

e Aim: find as many hydrothermal vents as possible during a
mission (limited by available battery power)

e Cannot observe vent locations directly => partial-
observability

e State is continuous
(AUV location, vent
locations, and battery

—» Current

level) Plume
e Standard planning j/
approaches will not [
COpe 1 ‘f:"ﬁ’éy
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POMDPs Recap

e Problem is essentially a

POMDP (Partially Observable e e b—
Markov Decision Process)

e Observation model gives P(z|x) Agent

e (Can’tjust use observations as Observations Actions
state — lose too much

Information

e Need to keep track of past
observations => belief state (b)

e Can then reduce to an MDP in
belief-state space

e The policy, w, for an MDP can be obtained by solving a set
of simultaneous linear equations giving a value to states

® This 1s done by an algorithm called “value 1teration”
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State Estimation — Mapping

e The state estimation component of the POMDP
solution can be separated from finding the policy
(the planning part)

e State consists of:

Location of the AUV
Battery level
Map of vent locations

e The first two are assumed to be known exactly

e Work by Michael Jakuba solves the problem of
creating a map of vent locations from AUV data
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Jakuba’s OG Algorithm

Jakuba uses the Occupancy Grid (OG) method

The area to be mapped is divided into a grid of C cells, each
of which can be occupied (i.e. contain a vent) or empty

The OG consists of a probability of —
occupancy for each cell |

So cell occupancies are treated as all
Independent

This reduces the state space from R
to R

Jakuba’s OG algorithm handles ,

dependency issues that make the
standard OG algorithm inadequate for vent mapping

State estimator is of the form b'= jakuba og(b, a, 7)
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Simplified Model
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Observation model

e The input to the OG algorithm is a boolean indicating
whether or not the plume was detected

e Jakuba uses a simple simulator, where particles are emitted
from vents and dispersed by the current plus Gaussian noise

Actions

e Actions are to move N/E/S/W, with deterministic outcomes
Battery level

e Approximated by using a finite number of timesteps

Reward function

e Constantreward R . for each unique vent found

vent




Information-Lookahead Algorithm

e Basic idea: find the expected reward (=value) of choosing

an action and then following the optimal policy

e Belief-state values V and Q-values for an action and belief

state are interchangeable: V (b) = max, Q(b, a)

2
1

e Information-Lookahead (IL) otome andiorvart O
algorithm: 2

b2

. ai 29 2

a) Uses the start belief Action: select (@) >
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cell to move to

state (which is assumed ,
b} az .
to be known exactly) to O o xd

limit the number of Initial belief state
states that have to be as

evaluated (=> on-line) [




IL Algorithm (2)

b) Assumes a finite horizon, which combined with
(a) produces a finite set of belief states to evaluate

c¢) Calculate node values using
Q(b,a)=R(b,a)+y E P(b'[b,a)maxQ(b’,a’)
b 2

d) Use a heuristic to calculate
values for leaf nodes

e) Calculate values backwards
from leaf nodes, which avoids
having to iterate until values
converge
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Certainty-Equivalent Heuristic

e Each leaf node is a belief state, which Is essentially
an OG map

e The Certainty-Equivalent heuristic assigns a value
to an OG by assuming that it is correct — so future
observations will not lead to better information
about where vents are

e This reduces the problem to a fully-observable
MDP, which can be solved efficiently

e Effectively this approach ignores potential gains in
Information we may expect by choosing certain
actions over others
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e IL and cell-value
heuristic

Value of leaf nodes is
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Future Plans

e Investigate potential problems with the calculation of CE
values
Allows reward for visiting same vent multiple times
May need a “prize-gathering travelling salesman” type solution

e Improve performance! Can only use a lookahead of 2 steps

e Check how worthwhile a 2-step lookahead is, by
comparison with the optimal policy (which can be found
using a large lookahead and a tiny grid)

e Try alternatives to the OG mapping approach

Converting sensor readings to a binary detection output is throwing
away information

OG is not able to represent either-or scenarios, where either one set
of vents or another set could produce similar sensor readings
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