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OutlineOutline of the Talkof the Talk
•• HistoricalHistorical evolutionevolution in in SS--TT--PhysPhys. data handling. data handling

•• RequirementsRequirements forfor SS--T T PhysicsPhysics & Space & Space WeatherWeather

•• The The rolerole of of VOsVOs & & VGridsVGrids

•• KnowledgeKnowledge EmbeddingEmbedding via via CmapsCmaps

•• VisionsVisions aboutabout anan ideal VOideal VO

•• ConclusionsConclusions
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HISTORICAL EVOLUTION INHISTORICAL EVOLUTION IN
SS--T PHYSICS DATA HANDLINGT PHYSICS DATA HANDLING

REQUIREMENTS FORREQUIREMENTS FOR
SS--T PHYSICS ANDT PHYSICS AND
SPACE WEATHER SPACE WEATHER 
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Solar and Geophysical DatabasesSolar and Geophysical Databases

Solar and Geophysical Databases: The TilesSolar and Geophysical Databases: The Tiles
of a Planetary Metaof a Planetary Meta--ArchiveArchive

M. Messerotti
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Data OrganizationData Organization

• Matter of Fact Huge amount of space and g-b data 

• Data Organization Databases, Archives, Meta-Archives

• Data Indexing Tables, Catalogs managed by RDBMS

• Data Access FTP, TELNET, WWW via GUI

• Data Search Local, Distributed over the net

• Data Analysis Local
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Scientific RequirementsScientific Requirements

• Physical modelling MULTIWAVELENGTH DATA SEARCH
MULTIWAVELENGTH DATA DISPLAY
MULTIWAVELENGTH DATA ANALYSIS

via a common unified, user-friendly interface

• Space Weather SOLAR, SPACE, EARTH DATASETS
MULTI-EVENT MODELLING
LARGEST COVERAGE POSSIBLE

• Event Prediction CROSS-SEARCH OVER ARCHIVES
STATISTICAL ANALYSES
REAL-TIME DATA AVAILABILITY
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Scientific MotivationsScientific Motivations

• Some major Solar-Terrestrial Data Portals exist

• Mainly Resource Indexing is available

• Few resources partially allow complex, distributed data
searching over limited subsets of databases

• Very few resources partially allow data analysis on
inhomogeneous datasets

A PLANETARY META-ARCHIVE IS NEEDED TO EXPLOIT THE
FULL SCIENTIFIC POTENTIALITIES OF MULTIWAVELENGTH
MODELLING IN SOLAR-TERRESTRIAL PHYSICS
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SolarSolar--Terrestrial Physics PortalsTerrestrial Physics Portals

CDS AstroWeb
http://cdsweb.u-strasbg.fr/astroweb.html

NASA Space Physics Data System (SPDS)
http://spds.nasa.gov/

NASA Space Physics Data Facility (SPDF)
http://nssdc.gsfc.nasa.gov/spdf/
Magnetospheric Yellow Pages

http://nssdc.gsfc.nasa.gov/spdf/yellow-pages/data-by-type.html

NASA National Space Science Data Center (NSSDC)
http://nssdc.gsfc.nasa.gov/

Canadian Astronomy Data Center
http://cadcwww.dao.nrc.ca/
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CDS CDS AstroWebAstroWeb -- AstronomyAstronomy on the Interneton the Internet
http://cdsweb.uhttp://cdsweb.u--strasbg.fr/astroweb/solar.htmlstrasbg.fr/astroweb/solar.html (A)(A)

Big Bear Solar Observatory (BBSO)

Boulder, Colorado – Dept. Astrophys. and Planet. Sciences

Birmingham Solar Oscillations Network (BiSON)

Catania Astrophysical Observatory (OAC)

Centre de Prevision de l'activite solaire et geomagnetique

Cluster II, ESA's spacefleet to the magnetosphere

Cracow - Solar radio emission in dm wavelength

Departement d'Astronomie Solaire (DASOP, Observatoire de Paris)

ETH Institute of Astronomy (ETH Zurich)

Estación de Observación Solar / Solar Observational Station (EOS)

European Incoherent SCATtter

GALLEX

ARTHEMIS

BAse Solaire Sol 2000 (BASS2000)

Global Oscillation Network Group (GONG)

Haleakala Observatories (Hawaii)

High Altitude Observatory (HAO)

High Energy Solar Spectroscopic Imager (HESSI)

Hiraiso Solar Terrestrial Research Center/CRL

IPS Radio & Space Services

Imager for Magnetopause-to-Aurora Global Exploration

Institut d'Astrophysique Spatiale (IAS)

Instituto de Astronomia y Fisica del Espacio (IAFE)

International Solar-Terrestrial Physics (ISTP)

Joint Organization for Solar Observations (JOSO)

Kharkov multi-wave station of solar monitoring (KHASSM)

Kiepenheuer-Institut für Sonnenphysik (KIS)

Laboratory for Atmospheric and Space Physics (LASP)

LASCO/SOHO

MEDOC (Multi-Experiment Data Operations Center for SOHO)

MSU Solar Physics Group (Montana)

Mees Solar Observatory (MSO, Hawaii)

Metsahovi Radio Research Station

Mount Wilson Observatory

NRL Solar Physics Branch

National Astron. Obs. of Japan - Solar Phys. Division
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CDS CDS AstroWebAstroWeb -- AstronomyAstronomy on the Interneton the Internet
http://cdsweb.uhttp://cdsweb.u--strasbg.fr/astroweb/solar.htmlstrasbg.fr/astroweb/solar.html (B)(B)

Naval Research Laboratory Space Science Division (NRL SSD)

Service d'Aeronomie

Observatoire Midi-Pyrenees (OMP)

Soft X-Ray Telescope onboard Yohkoh Satellite, ISAS, Japan

Solar Data Analysis Center (SDAC)

Solar Extreme-ultraviolet Rocket Telescope and Spectrograph

Solar Flare Theory (NASA/Goddard Space Flight Center)

Solar Group of RATAN-600

Solar Physics Division - American Astronomical Society

Solar Physics at Stanford University

Solar Terrestrial Activity Report

Solar Terrestrial Dispatch (STD)

National Solar Observatory (NSO)

NSO Sacramento Peak, Sunspot, NM (NSO/SP)

Solar UV Atlas from HRTS (HRTS data)

Solar and Heliospheric Observatory (SOHO)

Solar, Auroral, Ionospheric, ... Information (Lethbridge, Canada)

Solar-Terrestrial Physics Home Page (STP)

Space Environment Center

Stanford SOLAR Center

Sternberg Astronomical Institute (Heliophys. and Seismology)

THEMIS

The INTER-SOL Sun Observation Programme (ISP)

Transition Region And Coronal Explorer (TRACE)

Universitat de les Illes Balears - Solar Phys. at Dept. of Phys.

Wilcox Solar Observatory (WSO)

Yohkoh Public Outreach Project (YPOP)

Zurich Solar Radio Spectrometer
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GoalsGoals

• Index observational resources in ST Physics

• Index theoretical resources in ST Physics

• Allow

• User-transparent data access to distributed datasets
all over the world

• Complex data searching, retrieval and analysis via a
simplified common GUI

PRESENT DATA ARCHIVING TECHNOLOGIES ALLOW THE
ACHIEVEMENT OF SUCH GOALS PROVIDED THAT A GLOBAL
COORDINATION AND COLLABORATION IS ESTABLISHED
AS WELL AS THE ALLOCATION OF PROPER FINANCIAL
RESOURCES BY THE PARTICIPATING ORGANIZATIONS
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AnAn AdvancedAdvanced System System forfor Data Handling in SPWData Handling in SPW

•• TitleTitle of of contributioncontribution STEVM (STEVM (SolarSolar--TerrestrialTerrestrial EnvironmentEnvironment VirtualVirtual Monitor)Monitor)

•• ProposerProposer M. Messerotti (& al.)M. Messerotti (& al.)

•• RelevantRelevant MoUMoU objectivesobjectives Data Data standardizationstandardization and and accessibilityaccessibility

•• RelevantRelevant partsparts of of MoUMoU sci. sci. programmeprogramme AimsAims of WG4of WG4

•• DeliverablesDeliverables ResourcesResources surveysurvey & & architecturearchitecture (& ?)(& ?)

•• TimetableTimetable 33--5 5 yearsyears accordingaccording toto final final goalsgoals

•• RequiredRequired ManpowerManpower ToTo bebe defineddefined accordingaccording toto final final goalsgoals

•• ResourcesResources availabilityavailability ExistingExisting Data Data ArchivesArchives communitycommunity

•• ExpectedExpected collaborationscollaborations WithWith mainmain VO VO projectsprojects (e.g. EGSO)(e.g. EGSO)

•• PreviousPrevious experienceexperience in the in the fieldfield SOLAR, SOLRA,SOLAR, SOLRA, SOLARNETSOLARNET, , EGSOEGSO
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Space Space WeatherWeather asas Driver of Data Driver of Data HomogeneizationHomogeneization

•• InhomogeneousInhomogeneous and and fragmentedfragmented charactercharacter of of 
availableavailable observationsobservations

CAUSESCAUSES
DifficultiesDifficulties in in carryingcarrying out a posteriori out a posteriori modellingmodelling of of 

complexcomplex phenomenaphenomena

•• TheseThese limitationslimitations are are intrinsicintrinsic toto data data acquisitionacquisition
modemode

HENCEHENCE
EvenEven advancedadvanced data search data search byby GridGrid architecturesarchitectures cannotcannot

overcomeovercome
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DRAWBACKS OF DATA INADEQUACYDRAWBACKS OF DATA INADEQUACY

•• The The outcomesoutcomes are:are:

–– InadequateInadequate modellingmodelling

–– LimitedLimited toto a subset of a subset of phenomenologicalphenomenological and and physicalphysical
aspectsaspects

–– OftenOften neglectsneglects the the complexcomplex interplaysinterplays amongamong differentdifferent
processesprocesses
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SchemeScheme of of SpWSpW Data Data RequirementsRequirements

SPACESPACE
WEATHERWEATHER

EffectsEffects

PrecursorsPrecursors

DriversDrivers

NRTNRT
OBSERVATIONOBSERVATION

NRTNRT
PUBLICATIONPUBLICATION

NRTNRT
INGESTIONINGESTION

NRTNRT
ModellingModelling
PredictionPrediction

PostPost--EventEvent
ModellingModelling

InterpretationInterpretation

CompletenessCompleteness

HomogeneityHomogeneity

NRTNRT
AvailabilityAvailability

ImprovedImproved
InterpretationInterpretation

ImprovedImproved
ModellingModelling

ImprovedImproved
PredictionPrediction

StandardizationStandardization

TimeTime

SpaceSpace

WavelengthWavelength

SpWSpW DataData
RequirementsRequirements
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The The RoleRole of of ObservingObserving RequirementsRequirements forfor SpWSpW

ObservingObserving requirementsrequirements forfor SpWSpW and and SpWSpW driversdrivers
observationobservation in in monitoringmonitoring and and nowcastingnowcasting can play can play 
a a primaryprimary rolerole in in providingproviding::

1.1. homogeneizationhomogeneization in in observationsobservations
2.2. nearnear realreal--timetime data data ingestioningestion in in archivesarchives
3.3. unifiedunified data access via web through a data access via web through a useruser friendlyfriendly GUIGUI

capablecapable toto facilitate:facilitate:

1.1. data data availabilityavailability in in nearnear realreal--timetime
2.2. full full exploitationexploitation of the data of the data informationinformation contentcontent byby

pointingpointing out out interrelationshipsinterrelationships in in differentdifferent datasetsdatasets
3.3. selfself--consistentconsistent modellingmodelling
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THE ROLE OF THE ROLE OF VOsVOs AND VAND V--GRIDSGRIDS
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http://http://solarnet.to.astro.itsolarnet.to.astro.it:8080/:8080/portalportal//
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DATA GRID DATA GRID ArchitectureArchitecture

SOLARNETSOLARNET

SOLARSOLAR

DISCODISCO SOLRASOLRA

SOLARNET is a Data GRIDSOLARNET is a Data GRID
which links multiple data collectionswhich links multiple data collections

by managing data entitiesby managing data entities
across distributed repositoriesacross distributed repositories
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http://www.egso.org/http://www.egso.org/
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VIRTUAL DATA GRID VIRTUAL DATA GRID ArchitectureArchitecture
A consistent modelling requires a multi-instrument multi-wavelength approach

DATA ANALYSISDATA ANALYSIS must be provided in addition to SEARCH and RETRIEVALSEARCH and RETRIEVAL

VirtualVirtual
Data GRIDData GRIDData CollectionData Collection DerivedDerived

Data ProductsData Products

Data Collection managementData Collection management
++

GRID protocols to process dataGRID protocols to process data

EGSO   European Grid of Solar ObservationsEGSO   European Grid of Solar Observations
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INTELLIGENT VIRTUAL DATA GRID INTELLIGENT VIRTUAL DATA GRID ArchitectureArchitecture

DATA ASSOCIATION AND GUIDED PROCEDURESDATA ASSOCIATION AND GUIDED PROCEDURES are EMBEDDEDare EMBEDDED

IntelligentIntelligent
VirtualVirtual

Data GRIDData GRID
Data CollectionData Collection DerivedDerived

Data ProductsData Products

Data Collection managementData Collection management
++

GRID protocols to process dataGRID protocols to process data
++

EMBEDDED KNOWLEDGEEMBEDDED KNOWLEDGE

KNOWLEDGE DISCOVERY IN DATABASES (KDD)KNOWLEDGE DISCOVERY IN DATABASES (KDD)
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•• Pointing out the Pointing out the physical associationsphysical associations in multiin multi--wavelengthwavelength
datasets is the datasets is the basis of interpretative scientific researchbasis of interpretative scientific research

•• Concept association Concept association is the is the kernel of knowledgekernel of knowledge

•• Automated storage and search of knowledge in databasesAutomated storage and search of knowledge in databases
is possibleis possible through advanced techniques and is calledthrough advanced techniques and is called

Knowledge Discovery in Databases (KDD)Knowledge Discovery in Databases (KDD)

•• Advanced techniques are based on Advanced techniques are based on Artificial Intelligence (AI)Artificial Intelligence (AI)
and Expert Systems (ES) embeddingand Expert Systems (ES) embedding

THE THE EMBEDDING OF AIEMBEDDING OF AI--ES TECHNIQUESES TECHNIQUES IN THE GRIDIN THE GRID
ARCHITECTUREARCHITECTURE REPRESENTS REPRESENTS THE NEXT GENERATIONTHE NEXT GENERATION
IN DATA SEARCH, RETRIEVAL, PROCESSING AND ANALYZINGIN DATA SEARCH, RETRIEVAL, PROCESSING AND ANALYZING

ADVANCED GOALADVANCED GOAL
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KNOWLEDGE EMBEDDINGKNOWLEDGE EMBEDDING
VIA CONCEPT MAPSVIA CONCEPT MAPS
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A A FoundationFoundation OntologyOntology
forfor

Space Space MeteorologyMeteorology

ForFor a a StructuredStructured OrganizationOrganization
of the of the KnowledgeKnowledge on the on the SubjectSubject
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A A SemanticSemantic Model Model forfor KnowledgeKnowledge

KNOWLEDGEKNOWLEDGE
ConceptsConcepts

andand
RelationshipsRelationships

PropositionsPropositions

CONCEPTCONCEPT
Pattern ofPattern of

RegularitiesRegularities
in in ObjectsObjects

DescriptiveDescriptive
KnowledgeKnowledge

ElementElement

RELATIONSHIPRELATIONSHIP
LogicalLogical
ActionAction
LinkLink

InferencingInferencing
KnowledgeKnowledge

ElementElement
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KnowledgeKnowledge RepresentationRepresentation SchemeScheme

ConceptsConcepts RelationshipsRelationships

ConceptsConcepts RelationshipsRelationships

ConceptsConcepts RelationshipsRelationships PropositionProposition
AA

PropositionProposition
BB

PropositionProposition
CC
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IHMCIHMC11 ConceptConcept MapMap FeaturesFeatures
•• RepresentRepresent a a graphicalgraphical schemescheme of of 

knowledgeknowledge in in organizedorganized formform
•• Are Are interactivelyinteractively generatedgenerated byby meansmeans of a of a 

multimulti--platformplatform software software tooltool
•• Are Are implementableimplementable asas XHTML/XML XHTML/XML 

documentsdocuments
•• ExternalExternal resourcesresources can can bebe associatedassociated toto

conceptsconcepts (e.g. (e.g. scriptsscripts, , hyperlinkshyperlinks, , etcetc.).)
•• A CXL (Connection A CXL (Connection MappingMapping) XL ) XL isis

implementedimplemented))
1Institute for Human and Machine Cognition, FL, USA
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IHMC IHMC ConceptConcept MapMap DevelopmentDevelopment ToolTool
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A A SampleSample CmapCmap

22--D REPRESENTATIOND REPRESENTATION
OFOF

A SET OF CONCEPTSA SET OF CONCEPTS
ANDAND

THEIR INTERRELATIONSHIPSTHEIR INTERRELATIONSHIPS
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CmapCmap StructureStructure

CONCEPTCONCEPT

CONCEPTCONCEPT

RELATIONRELATION

PropositionProposition

KNOWLEDGEKNOWLEDGE
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CONCEPTCONCEPT
FRAMEWORKFRAMEWORK

MostMost inclusiveinclusive

LeastLeast inclusiveinclusive

H
IE

R
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GENERALIZATIONGENERALIZATION
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WhatWhat isis a a FoundationFoundation OntologyOntology??

•• ONTOLOGYONTOLOGY describesdescribes knowledgeknowledge and and itit
isis the the formulationformulation of a of a conceptualconceptual
schema schema aboutabout a a domaindomain constructedconstructed byby::
–– DefiningDefining the precise the precise meaningmeaning of of domaindomain

entitiesentities ((semanticssemantics))
–– IdentifyingIdentifying the the relationshipsrelationships betweenbetween entitiesentities

((associativityassociativity))
–– StatingStating the the rulesrules betweenbetween entititesentitites/set of /set of 

entitiesentities ((operativityoperativity))
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WhyWhy do do wewe needneed a a FoundationFoundation OntologyOntology??

•• No No clearclear definitiondefinition of the of the terminologyterminology

•• No No clearclear definitiondefinition of the of the physicalphysical domainsdomains

•• InterrelationshipsInterrelationships defineddefined onlyonly on a on a 
fragmentaryfragmentary basisbasis and and limitedlimited toto subsub--
domainsdomains
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DefinitionDefinition of Space of Space MeteorologyMeteorology

M. Messerotti, 2005
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TechnologicalTechnological and and EnvironmentalEnvironmental EffectsEffects

M. Messerotti, 2005
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SolarSolar DriversDrivers

M. Messerotti, 2005
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ReviewReview ofof
AvailableAvailable ModelsModels
forfor SolarSolar DriversDrivers

F. Zuccarello, 2005



M. Messerotti                              M. Messerotti                              CODATA, 24 CODATA, 24 OctoberOctober 2006, 2006, BeijingBeijing

SolarSolar ActivityActivity

M. Messerotti, 2005



M. Messerotti                              M. Messerotti                              CODATA, 24 CODATA, 24 OctoberOctober 2006, 2006, BeijingBeijing

VISIONS ABOUT THE IDEAL VOVISIONS ABOUT THE IDEAL VO

THE SEMANTIC VOTHE SEMANTIC VO
FORFOR

SUNSUN--EARTH CONNECTIONSEARTH CONNECTIONS
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The The SemanticSemantic VOVO
ONTOLOGYONTOLOGY

&&
SEMANTICSSEMANTICS

SCIENCE &SCIENCE &
APPLICATIONSAPPLICATIONS

SCHEMESCHEME

OBSERVATIONALOBSERVATIONAL
RESOURCES &RESOURCES &

DATA ARCHIVESDATA ARCHIVES

METADATA STANDARDMETADATA STANDARD
&&

DATA MODELDATA MODEL

KNOWLEDGE METADATAKNOWLEDGE METADATA
&&

KNOWLEDGE MODELKNOWLEDGE MODEL

VIRTUAL OBSERVATORYVIRTUAL OBSERVATORY
WITH VWITH V--GRID &GRID &
KNOWLEDGEKNOWLEDGE

DISCOVERY (KD)DISCOVERY (KD)
FEATURESFEATURES
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ONTOLOGY & SEMANTICSONTOLOGY & SEMANTICS

CMAPS
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MetadataMetadata StandardsStandards & Data Model& Data Model

DescribesDescribes
•• MultiMulti--disciplinarydisciplinary
•• MultiMulti--domaindomain

–– MultiMulti--wavelengthwavelength
–– MultiMulti--instrumentinstrument

DataData

MULTI-DATA
METAMODEL
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KnowledgeKnowledge MetadataMetadata & & KnowledgeKnowledge ModelModel

DescribesDescribes
•• ConceptsConcepts
•• InterrelationshipsInterrelationships
•• CaseCase--BasedBased ReasoningReasoning

KNOWLEDGE
METAMODEL
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AdvancedAdvanced BrokeringBrokering SystemSystem

•• OWLOWL Web Web OntologyOntology
LanguageLanguage
–– Web Web ServicesServices
–– DescriptionDescription on on 

DemandDemand
•• KEAKEA KnowledgeKnowledge

Exchange Exchange 
ArchitectureArchitecture
–– Web Web ServicesServices
–– CmapsCmaps
–– CXL CXL ConceptConcept MappingMapping

XLXL

DATA
METABROKER

KNOWLEDGE
METABROKER
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MULTIMULTI--DOMAIN SPATIAL GUIDOMAIN SPATIAL GUI

•• AJAXAJAX AsynchronousAsynchronous
JavascriptJavascript & XML& XML

–– XHTML + CSS XHTML + CSS forfor
visualsvisuals

–– DOM DOM DocumentDocument
ObjectObject ModelModel
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GRAPHICAL GRAPHICAL 
DISPLAYDISPLAY

of aof a
MULTIMULTI--DOMAINDOMAIN
DATA SEARCHDATA SEARCH

From IVOSEC prototyping
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CONCLUSIONSCONCLUSIONS
•• COMMONS TO SPACECOMMONS TO SPACE-- AND AND 

GROUNDGROUND--BASED MONITORSBASED MONITORS::
–– HUGE NUMBER OF DATA HUGE NUMBER OF DATA 

SETSSETS
–– LARGE NUMBER OF DATA LARGE NUMBER OF DATA 

STANDARDSSTANDARDS
–– LIMITED DATA LIMITED DATA 

AVAILABILITYAVAILABILITY
–– NONNON--REALREAL--TIME TIME 

AVAILABILITYAVAILABILITY
–– LIMITED DATA LIMITED DATA 

ACCESSIBILITYACCESSIBILITY
–– NONNON--USERUSER--FRIENDLY FRIENDLY 

SEARCH AND RETRIEVALSEARCH AND RETRIEVAL
–– DIFFICULT DATA DIFFICULT DATA 

CALIBRATIONCALIBRATION
–– COMPLEX DATA ANALYSISCOMPLEX DATA ANALYSIS
–– LIMITED CROSSLIMITED CROSS--DATA AN.DATA AN.

•• POSSIBLE SOLUTIONS TO POSSIBLE SOLUTIONS TO 
MOST ISSUES:MOST ISSUES:
–– NONE: WILL INCREASE TO NONE: WILL INCREASE TO 

PBsPBs
–– COORDINATION ON COORDINATION ON 

COMMON STANDARDSCOMMON STANDARDS
–– AGREEMENT ON DATA AGREEMENT ON DATA 

POLICIESPOLICIES
–– DEVELOPMENT OF DEVELOPMENT OF 

VIRTUAL MONITORSVIRTUAL MONITORS
–– IMPROVEMENT IN WEB IMPROVEMENT IN WEB 

ACCESSIBILITYACCESSIBILITY
–– ADVANCED DATA ADVANCED DATA 

HANDLINGHANDLING
–– INCORPORATION OF S/W INCORPORATION OF S/W 

LIBRARIESLIBRARIES
–– DEVELOPMENT OF DEVELOPMENT OF 

VIRTUAL OBSERVATORIESVIRTUAL OBSERVATORIES

HS NETWORKING, HPC, I-GRID

Messerotti & Lundstedt (2004)


