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o Decision support systems (DSSSs)
overview

o The DSS experiment during REP10
o Results
o Conclusions and future work
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METOC CENTRE 1 »| DSS Fusion Engine

-Fuse and analyze METOC
data

\4

METOC CENTRE 2

-Estimate operational risk

v

METOC CENTRE N -Rank hypothesis and

propose a course of action

-Handle data uncertainty

v

Measurements

Assess the future impact of the
environment on maritime operations

Human Decision

Fusion

Better decision
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» Fuse METOC forecast
models and measurements

* Rule base system embedding
knowledge of experts of the domain

N

DSS Fusion Engine /

Ensemble/Su
per ensemble
stochastic
forecast
system

¥
Fuzzy logic
(FL) based
expert system

Model based
(MB) DSS

* Provides operation risk assessment,
course of action and reliability
indexes

» e~
i
M‘N

i

i

i

» Embed formal dynamical model of
mission assets

e Estimates asset state and state
uncertainty

* Provides risk indexes
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2 Hybrid 3t
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e [ My fuzzy/Bayesian Ri; Minimum |[T—*
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2 risk calculation Risk Action ||, ",

o The risk model is considered as a non-linear mapping between the input
METOC space and the action risk output space

o The risk model is wrapped by the UT to provide statistic estimation of
the action risk from the METOC statistics

o Risk confidence levels are then estimated to provide decision reliability
information to the decision maker
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o Estimate future position and associated uncertainty of a glider
using sea current stochastic forecasts, glider kinematic model
and Unscented Kalman Filter (UKF) prediction step

o Calculate risk indexes to support decision on future actions on
glider mission plan (example: probability of operating within
allowed area)

o In general support pilots improving their awareness and alertness
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Preparation of the REP10 oFL-bSS Operations (OPs): glider

deployment, glider surfacing/Tx, divers,

FL-DSS
set up

eXDﬂment naval refueling

MB-DS SFL-DSS Actions: runOp, notRunOp

oMETOCSs: wind speed, current speed,
Setl UpP significant wave height, water visibility,

vessel traffic density

Integration oProducts: OPs traffic light maps, OPs
confidence maps, OPs action risk and stats,
glider position forecasts and uncertainty,

probability of operating in dangerous areas
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height

DSS Fusion Engine

Ensemble/Supe
r ensemble

stochastic
forecast system

Fuzzy logic
based expert
system

IUSE forecast 26-, Mﬂ 2\? OCGOCW |ZH iS -Aug-2010 1200 00

maodel: NF"I'URO L’HWF wvm D, WWIMENCR

W gEISN 51051 k)
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Risk uncertainty maps
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DSS Fusion Engine

Ensemble/Supe
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Fuzzy logic
based expert
system
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DSS Fusion Engine Operatign risk
and stats

Ensemble/bslupe Fuzzy logic Action
FENSEmbIe based expert || decision

Stochas“ C unOp notRunOp unCp notRunOp No confidence

forecast system system Decisio Traffic light maps
confidence

0

30

9%

Risk uncertainty maps
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Along track actions and associated minimum risk
Operation: glider surfacing
Track name: Laura glider predicted tack
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o REP10 provided demonstration of the
environmental pyramid including Tier 3

o A spectrum of DSS products were
provided demonstrating system

Flexibility (embed subjective/objective
knowledge, general purpose)

Ability to solve the cognitive work load
problem and to handle uncertainty

o Implementation of a validation
methodology involving METOC officers

started

The future
o Preparation of REP11

o Optimization of sequence of actions
o Adaptive sampling driven by FL-DSS

confidence measure

Uncertainties transfer

A

Tier 3 —the Decision Layer
* Options / Courses of Action
¢ Quantify Risk

Tier2—the
PerformancelLayer
* Operational
effectiveness

Tierl-the
Environment Layer
« Search patterns
*Assetallocation

e P Floot Data |
i P tellites
Initial and Boundary Conditions

Courtesy: CNMOC, adapted

Feedback, optimization
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