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DEGISION Support Systems
s Machine Learning

= Data V “
s Optimisation Problems

s Evolutionary Computation
m  Multi-Agent Systems (MAS)



ar'rners'm]' Wi panish company GTD is
projects in:

Vio e"' g & Dlagnostlc
0 Deusmnfs'"pport systems for aerospace
operations
m In partnership with Spanish companies

Starlab and GTD:
s Knowledge-Enabled Services for Earth Observation
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= Has made us realize some issues and
opportunities for Space Weather Services
In this context



asiexamples comes straight

U ORBIEIGIRESIIEC S sponsored studies

Table A2.2. Assessment of current practice.

Problem

Current practice

Assessment

In-orbit ancmalies resulting in
phantom commands.

mode switching,

corrupt memory,

parts fatlure.

Anomalies are recorded.
Operators try (o 1dentify cause. but
this 1s often very difficult.

Any identified cause is fed back o

designers to improve future design.

Some warnings and noweasts are
monitored =o that stall can be on
alert.

In general operators do not have
expertise in space physics and
enough data on the plasma
environment at the spacecraft at the
time of anomaly to dentify the
cause as space weather rehably.
Some operalors assign cause Lo
space weather 1f all other causes
can be eliminated.

Feedback into design 1s ven,
important but takes vears.
Requires data on SW events to
identify anv SW cause of

:-]I]"'I]-lﬂj.i.ﬂﬂ---_—-_-__-_

Reduced satelle Lifetime through

Operators switch ofl g

m Horne, Richard, Space Weather Parameters Required

by the Users Synthesis of User Requirements -
WP1300 and WP1400, BAS, Alcatel Study, page 34
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Table A2.2. Assessment of current practice.

Problem Current practice Assessment

In-orbit anomalies resulting in Anomalies are recorded. In general operators do not have
phantom commands, Operators try (o dentify cause, but | expertise in space physics and
mode switching, this is often very difficult. enough data on the plasma

corrupt memory, Any identified cause is fed back to | environment at the spacecraft at the

parts failure. designers to mprove future design. | time of anomaly to 1dentify the

e Low usage in operational contexts due to lack
of technical knowledge of the subject matter of
SW

e Atribution of anomalies to Space Weather is
hard

e Low cycle of feedback from operations data to
designer/manufacturer



ANOLHERVIEW Gn problem from

PUIFSICE

SpacenVeather considerations are not
NECESSARIN I c,[uﬂ%’d in the standard
processes to operate the spacecraft

= No clear, simple, reliable and easy to
use Space Weather data provider exists
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Nowcast of relevant space
weather events with
explanations and direct
relationship with S/C data

Space Weather Data analysis
and exploration by end-users

Short-term (hours) forecasts
for Environmental events, of
most relevance to operations

Data warehousing

On-Line Analytical Processing (OLAP)
Knowledge systems

Fuzzy Logic

Data warehousing
OLAP

Data Mining, KDD
Data warehousing




NOWEVERSOIMENaSSUmptions must be
POILEE OUELO lmrJerJEip d the rationale of
this solution '

- Smenhﬁc*knowledge can be obtained
from external sources/other partners
and used in the implementation as an
iInput
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ERESHIG ity also comes up
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N Opportum]st]%}% ge of available data at a
gIVERNOMENt for

= Usage of"ﬁeterogeneous data sources
simultaneously.

m Usage of results from the several Institutions and
Research Centres in the Space Weather services
when possible/valid



Environmental
Data Source 1

Environmental
Data Source N

Spacecraft
Data Source 1

Spacecraft

Data Source N

Data Mining Knowledge
Expert Expert

4_

OLAP Server

Extraction, CE BTG EL
Transformation Database
and Loading Engine

Data
Warehouse

Spacecraft
controller
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Data Mining

)

Spacecraft
controller

Extraction, Palatior-’
Transformation DEIELERS
and Loading

Warehouse
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FuzzyJESS Tasksolver

Se rVice% | Ontology

u Molbzagent system
designe

Java Virtual

Protégé Machine
srlRferencelEneine: JAVA-Matlab
OKBC
JESS & FGZZYJ ESS Database Matlab:
Server app. server
m Knowledge - toolbox
Acquisition: +
Domain Ontoelogies: e
Protege, —
CommonKADS S

m Other engines:
MatLab, etC Database
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tiie “Fuzzy Logic for

ol Processes” project
ol Processesf Uilsest

amistthat needed Space
SERVICES

Monitor and predict radiation perturbations caused by
solar flares, Van Halen Belts, radiation spike hazards — in
~ general -, ... in order to on-line decide survive strategies

'y | for the instruments, ranging from protective covers

deployment, instrument shut-down and even orbit
change recommendations.

Monitor and predict the accurate degradation of the
solar panels on board spacecrafts.




Data Mining
>  Expert

L

NovaView 3.0

-

Space Environment
Data Provider

NOAA Enterprise Edition

SQL Server 2000
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Post-event

. Nowcast
analysis

Time of Space
Weather data or event

ioned| architecture could be an
mfrastructure for all of these scenarios

= Quite distinct profiles can be accommodated

m Operator

m Space Weather Scientist

m Spacecraft manufacturer

m End-user of another domain
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REGUIrEments e end-user front-end

applicativnrare simple to satisfy (e.g.

WWMRBICCESS t0) SErVices)
Real-tiMerservices are also feasible,

- depending on investments in hardware
and software



a fitlipriepesal by ESTEC, in the SW
PO HrOJecr,
s [he ESA=Pertugall Task Force has
accepted to fund this project (pending
* on finall negotiations)

m A prototype of the full architecture can
be developed in 2003, the client will be
ESOC at least
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