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Figure1: TheGalacticEnvironmentof theSun– Upstreamviewpoint: Visualizationof MHD heliosphere
simulation,showing the heliospheremoving throughour galacticneighborhood(model by Linde et al.
1998). Starsfrom theHipparcosCatalogandtheMellinger Milk y Way compositeimageareshown. The
Mach � 1 bow shockaroundtheheliosphereis apparent,asis theterminationshockof thesolarwind (the
smallerroundedsurfaceinsideof theheliopausewherethesolarwind transitionsto subsonic).This figure
is excerptedfrom amovie showing a3D visualizationof theheliosphereandtheMilk y WayGalaxy, which
canbeviewedat http://www.cs. ind ia na.e du/˜s ol jo ur n.
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1 Project Summary

This researchhasfocusedon threeunderlyingefforts:

1. Developnew toolsandsoftwarefor scientificdatavisualization.

2. Produceproductsthatexploit thescientificdatavisualizationtoolsfor sharingtheresultsof scientific
researchwith thepublic.

3. Assembleastronomicaldatasetsthatprovidethebasisfor thedatavisualization,andanalyzegraphics
representationissuesthatmustbeaddressedto effectively exploit thesedatasets.

2 Softwareand Data Visualization Tools

2.0.1 CompletedSoftware Projects

Thefollowing softwareanddatavisualizationtoolshave beendevelopedover thecourseof thisgrant:

1. DistanceEditing Tool: This programis designedto supportastronomersusingdomainexpertiseto
interactively determineestimatesof gascloudboundariesstartinginformationin theHipparcosdata
set,aswell asothercustom-selecteddatasets.Built directly in OpenGLwith theuniversalGLUI user
interface,thissystemis usableonany Unix or Linux workstationor Window PC.TheDistEdTool will
accepta wide varietyof selectioncriteriadescribingthestarsandfeaturesof thesky to bestudied.It
will thenconstructanhypothesizedgascloudsurfaceusingcolumndensitiesestimatedfrom standard
principles. The usercan load any of a large set of spectralimagesas backgroundinformation to
displaybehindaneditablegraphicsimageof theselectedstars,their distances,columndensities,and
theconjecturedcloudboundarysurfaceslying betweentheSunandthestars.

2. Local Galactic EnvironmentData Setand Viewing Tool: Severalalternativeversionsof 3D models
of the local environmenthave beenconstructed.Thesesystemswereassembledto supportthe 3D
depictionand browsing of a wide collection of objectsavailable in datasetsdescribingthe local
galacticenvironment,includingtheSunandplanets,heliopause,bow shock,Loops(from supernova
remnants),COclouds,nebulae,high-latitudegasclouds,andstarsin standardconstellations.Theuser
cannavigatethroughthis environmentwith several selectedtravel methods,andspecialviewpoints
canbeselectedto provide context for theastronomer.

3. Constrained Navigation Systems:Previouswork on individual andcollaborative constrainednavi-
gationhasbeenincorporatedinto our CAVE

���

virtual reality displaysystemsfor local galacticdata
andgalaxydatato aid theusers’perceptionandexperienceof context.

4. Power10Time Virtual Reality System:A multiscalespatialandtemporalvirtual reality systemwas
built usingentirely new concepts(publishedasnotedbelow) for handlinglarge scalerangesin real
time in the CAVE immersive virtual reality environmentat IndianaUniversity. Incorporatingdata
from the Earthscaleout to the COBE scale,temporalanimation,andconstrainednavigation, this
systempermitstheviewer to absorbthecontext of spatialandtemporalevolutionof theentirecosmos
while personallycontrolling all the interactive parameters.The systemincludes,for the first time
ever attemptedin suchanenvironment,theability to selectbetweencomoving andphysicalcosmo-
logical coordinates,usingthe mostrecentcosmologicalmodelsprovided by University of Chicago
cosmologistSeanCarroll.
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5. Movie Animation Utilities: A comprehensive library of movie generationtools weredevelopedto
provide the transitionbetweenthe interactive visualizationsystemsand virtually any desiredfilm
scriptscenario.Two movieshave beenproducedwith thesetools,andmoreareplanned.

3 Scientific publications and talks relatedto this project

3.1 Prof. Hansonand students

3.1.1 Computer ScienceDissertation

This projectprovided supportfor IndianaUniversity ComputerSciencePhD candidatesPhilip Chi-Wing
Fu,Hui Zhang,andYinggangLi. Dr. Fudefendedhis dissertation,entitled“A VisualizationFramework for
Large-ScaleVirtual Astronomy,” in December, 2003,andis now employedin thedevelopmentof astate-of-
the-artdigital planetariumfacility to be installedfor theCity of Beijing, China. Hui ZhangandYinggang
Li continueDr. Fu’s work, andareactively engagedin maintainingandimproving thesoftware,aswell as
in the developmentof animationsanddigital planetariumtools andcontent;theseefforts will continueto
benefitbothprofessionalscientistsandthegeneralpublic throughouroutreachdistribution efforts.

3.1.2 ScientificPublications

1. Andrew J. Hanson,Chi-Wing Fu, and Eric A. Wernert,“Very Large ScaleVisualizationMethods
for AstrophysicalData,” in DataVisualization2000,Proceedingsof theJointEUROGRAPHICSand
IEEETCVG SymposiumonVisualization,May 29–31,2000,Amsterdam,theNetherlands,pp. 115–
124,Springer-Verlag,2000.

2. E.A. WernertandA.J.Hanson,“Tetheringandreattachmentin collaborative virtual environments,” in
Proceedingsof Virtual Reality2000,p. 292,IEEE ComputerSocietyPress,2000.

3. Siggraph2000ElectronicTheater:Andrew J. HansonandChi-Wing Fu, “Cosmicclock.” Siggraph
VideoReview, vol. 134,scene5,2000.3:35minuterefereedvideoanimation:ObservingtheUniverse
from theEarthandthelocal Galacticenvironmentout to Quasarscalesusingthefinite speedof light
to placemeasuredobjectsin their correctspatiotemporalcontext.

4. Andrew J. HansonandChi-Wing Fu, “Approachesto Interactive Visualizationof Large-scaleDy-
namicAstrophysicalEnvironments,” paperbasedoninvitedtalksubmittedtoProceedingsof NSF/DOE
Lake TahoeWorkshopon HierarchicalApproximationandGeometricalMethodsfor ScientificVisu-
alization,15–17October2000,TahoeCity, CA. in GeraldFarin, BerndHamann,andHansHagen
(editors),Proceedingsof NSF/DoELake TahoeWorkshopon Hierarchical ApproximationandGeo-
metricalMethodsfor ScientificVisualization, October2000,TahoeCity, CA, pp. 119–142,Springer-
Verlag,Berlin, 2003.

5. Andrew J. Hanson,Chi-Wing Fu, andEric A. Wernert,“V isualizingCosmologicalTime,” Dagstuhl
ScientificVisualizationSeminar, 21–26May 2000,SchlossDagstuhl,Germany. In F.H. Post,G.P.
Bonneau,andG.M. Nielson(editors),Data visualization: theStateof theArt, pp. 423–438,Kluwer
AcademicPublishers,2003.(Kluwer internationalseriesin engineeringandcomputerscience: 713)

6. “Constraint-BasedAstronometricModelingTools,” for bookentitledGeometricModellingfor Scien-
tific Visualization, Andrew J.Hanson,Chi-Wing Fu,andPriscillaC.Frisch,editedby GuidoBrunnett,
BerndHamann,andHeinrichMueller. pp. 437–452,Springer-Verlag,2003.
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3.1.3 Invited Talks

1. 21–26May 2000,DagstuhlScientificVisualizationSeminar, SchlossDagstuhl,Germany. Title: “V i-
sualizingCosmologicalTime.” (Publishedpaperin Proceedingsnotedabove.)

2. 29–31May 2000,VisualizationSymposium2000,Amsterdam,TheNetherlands.Title: “Very Large
ScaleVisualizationMethodsfor AstrophysicalData.” (Publishedpaperin Proceedingsnotedabove.)

3. 6 June2000,EPFL,Lausanne,Switzerland.Title: “Very LargeScaleSpaceandTime Visualization
Methodsin Astrophysics.”

4. 13 June2000,EPFL,Lausanne,Switzerland.Title: “V isualizingQuaternionFields.”

5. 20–22September2000,NASA AISRP (Applied InformationSystemsResearchProgram)Principal
Investigators’meeting,Boulder, CO.Gavepresentationanddemonstrationof progressonNASA “The
Journey of theSun”project.

6. 6 October2000,IndianaUniversityComputerScienceColloquium. Title: “Interactive Visualization
of LargeScaleDynamicAstrophysicalEnvironments.”

7. 15–17October2000,Oneof four Invited Speakersat NSF/DoELake TahoeWorkshopon Hierar-
chical ApproximationandGeometricalMethodsfor ScientificVisualization,TahoeCity, CA. Title:
“Approachesto InteractiveVisualizationof Large-scaleDynamicAstrophysicalEnvironments.” (Pub-
lishedpaperin Proceedingsnotedabove.)

8. Lecture “V irtual Astronomy,” ChineseUniversityof HongKong,June,2002.

9. Lecture “V irtual Astronomy,” EPFL,Lausanne,Switzerland,November, 2002.

10. Lecture “V irtual Astronomy,” INRIA, Montbonnot,France,November, 2002.

3.1.4 Miscellaneous

1. ConferenceCourse: RefereedconferencecoursepresentedatACM Siggraph2000,23–28July2000,
New Orleans,LA: A.J.Hanson,“VisualizingQuaternions,” with publishednotes.

2. ConferenceCourse: RefereedconferencecoursepresentedatSiggraph2001,LosAngeles:A.J.Han-
sonandD. Weiskopf, “V isualizingRelativity,” with publishednotes.

3. Invited to provide graphicsfor bookcover: CallendarandHuggett:PhysicsMeetsPhilosophyat the
PlanckScale

4. ScientificAdviserfor theChicago,IL, Adler Planetarium“Sun-EarthConnection”show.

5. Invited to have “Cosmic Clock” animationincludedin theNHK (theJapaneseTV network) special
program“Digital StadiumSpecial- Siggraph2000” in August,2000,andrebroadcastJanuary5th,
2001.
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3.2 Dr. Frisch

The topologyand physicalpropertiesof nearbyinterstellarmattermust be understoodprior to effective
visualization.Thefollowing scientificpublicationsarepreparatoryto fully understandingthepropertiesof
thegalacticenvironmentof theSun. While muchof Frisch’s researchsupportis from otherNASA grants,
the resultsfrom that researchdirectly affect the SolarNeighborhoodmodelbeingcreatedaspart of this
project. The following scientificpublicationsarerelatedto this project,andhave beenpartially supported
by NAG 5-8163.Frischhasshown, at numerousconferences,theheliospherevisualizationplacingtheSun
andheliospheresetin their galacticenvironments.This visualizationis highly successful,andscenesfrom
the visualizationhave beenborrowed by many scientistsfor usein scientificpresentationsandoutreach
efforts.

3.2.1 ScientificPublications

During 1999–2003,Frischis authoror co-authorof many refereedpapersandconferencepublicationsthat
directly probethe topologyandphysicalpropertiesof thegalacticenvironmentof theSunandinterstellar
clouds,including:

1. “GalacticEnvironmentof theSunandStars:InterstellarandInterplanetaryMaterial”, In Astrophysics
of Life, in press,Eds:M. Livio, I. N. Reid& W. B. Sparks,Cambridge:CambridgeUniversityPress,
2003.(With H. R. Mueller, G. P. Zank,andC. Lopate.)

2. “Constrainingthe Heliosphere:The Needfor High-ResolutionObservationsof NearbyInterstellar
Matter”, in press,“ASPConf. Ser.: Hubble’s ScienceLegacy: FutureOptical-Ultraviolet Astronomy
from Space”,2002.

3. “The Velocity Distribution of the NearestInterstellarGas”, ApJ, v574, pp834–846,2002(With L.
Grodnicki& D. E. Welty).

4. “ChemicalCompositionandGas-to-DustMassRatio of the NearestInterstellarMatter”, ApJ, 594,
844–858(With J.D. Slavin)

5. “The Ionizationof NearbyInterstellarGas”,ApJ,v565,pp364–379,2002.(With J.D. Slavin)

6. “Why StudyInterstellarMattervery Closeto theSun?”2002COSPAR 2002–Houston,Submittedto
Adv. SpaceRes.,2002.Eds:KlausScherer, Iver Cairns,GiancarloGenta.

7. “The galacticenvironmentsof nearbycool stars”pages206–210,2001. In Book: Proceedingsof
NStars Workshop, Ed. D. Backman,Eds: D. Backman,S. Burg, T. Henry, Pub: AmesResearch
Center.

8. “The GalacticEnvironmentsof Cool Stars- part I: Modeling InterstellarDust aroundthe Sunand
NearbyCoolStars”, pages211–216,2001.In Book:Proceedingsof NStarsWorkshop, Eds:D. Back-
man,S. Burg, T. Henry, Pub:AmesResearchCenter. (With MarkusLandgraf)

9. “The GalacticEnvironmentof theSun.’ JGR,v105,pp10279–10290,2000.

10. “The GalacticEnvironmentof theSun”,AmericanScientist, 88,52–59,2000.

11. “Foreword to InterstellarDustandtheHeliosphere”specialissueof JGR(JGR,v105,10237–10238,
2000),
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3.2.2 ScientificTalks

During 1999-2003,Frischwascoauthoron a numberof paperspresentedat scientificmeetingsthat uti-
lized the heliospherevisualizationsdevelopedduring this research(e.g. AmericanAstronomicalSociety,
AmericanGeophysicalUnion), including:

1. The resultsof this projectwerepresentedat: “The SolarJourney: Modeling Featuresof the Local
BubbleandGalacticEnvironmentof theSun,” P.C.FrischandA.J.HansonPoster11.04,199thmeet-
ing of theAmericanAstronomicalSociety(AAS), WashingtonDC, January2002.

2. “Modeling theBoundaryConditionsof theHeliosphere”,(FeaturedPresentation)AGU,SpringMeet-
ing 2002,abstract#SH22C-02,2002.

3. COSPAR–2002,HoustonTexas,“Why StudyInterstellarMattervery Closeto theSun?”

4. “GalacticEnvironmentof theSunandStars:InterstellarandInterplanetaryMaterial”, Astrophysicsof
Life Symposium, SpaceTelescopeScienceInstitute,Fall 2002.

5. “Constrainingthe Heliosphere:The Needfor High-ResolutionObservationsof NearbyInterstellar
Matter”, At Hubble’s ScienceLegacy: Future Optical-UltravioletAstronomyfromSpace, 2002.

6. “NearbyInterstellarMatter”, SpaceTelescopeScienceInstitute,At TreasuryWorkshop, Fall 2002.

4 Education and Public Outr eachactivities

The resultsof the softwaredevelopmentdescribedbelow have beensharedwith the public by providing
visualizationsto variousastronomyoutreachprograms.Theseoutreachefforts include:

� Film: “Solar Journey.” Createsan animatedfilm emphasizingthe scientific featuresof the local
galacticenvironment.This wasbesimilar in characterto theexisting “CosmicClock” film, but with
morebroad-rangingscientificcontent.

� Adler PlanetariumSun/EarthConnectionshow: Both thePI’s andgraduatestudentsassociatedwith
this projecthave spenta considerableamountof time assistingandadvisingthe Adler Planetarium
staff on thisproject.

� AstronomyPictureof theDayusedavisualizationof theheliosphereonwebsite:http://antwrp.
gsfc.nasa.gov/a pod /i mage/0 206 /h el io sp her e_pc _big .jp g.

� TheJourney of theSunvideois beingdisplayedfor public viewing in anElumenskiosk workstation
in thenew NASA galleryat theAdler Planetarium.

In addition,ourheliospherevisualizationsarenow usedthroughoutthespacephysicsandastronomical
communitiesto illustratethe heliospherein its settingin the Milk y Way Galaxy. For instance,Ed Stone,
former directorof the Jet PropulsionLab in California, requestedpermissionto includeour heliosphere
visualizationsin a JPL outreachwebcast,at http://www.jpl. nasa. gov/ ev ents/ le ct ur es /
sep02a.html . Theheliospherevisualizationsarealsoavailablethroughourwebsites.
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5 Addendum: Submissionof Report (Mar ch 30,2004)

This report is submittedto: Dr. JosephBredekamp,SeniorProgramExecutive, NASA Office of Space
Science.PostalAddress:CodeSS,NASA Headquarters,300 E StreetSW, WashingtonDC 20024-3210;
Phone:202/358-2348;Fax: 202/358-3987;Email: joe.bredekamp@hq.nasa.gov. A copy will alsobesent
to: Dr. SusanHoban,Applied InformationSystemsResearchProgram,UMBC GoddardEarthScience&
TechnologyCenter. PostalAddress:Mail Code900.1,NASA GoddardSpaceFlight Center, Building 28,
RoomW270Greenbelt,MD 20771.
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