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Figurel: TheGalactic Environmentof the Sun— Upstreamviewpoint: Visualizationof MHD heliosphere
simulation, shawing the heliospheremaving throughour galactic neighborhoodmodel by Linde et al.
1998). Starsfrom the HipparcosCatalogandthe Mellinger Milky Way compositeimageareshavn. The
Mach ~1 bow shockaroundthe heliospherds apparentasis the terminationshockof the solarwind (the
smallerroundedsurfaceinsideof the heliopausevherethe solarwind transitionsto subsonic).This figure
is excerptedirom amovie shaving a 3D visualizationof the heliosphereandthe Milk y Way Galaxy which
canbeviewedat http://www.cs. ind ia na.e du/"s ol jo urn.



1 Project Summary

Thisresearchasfocusedon threeunderlyingefforts:

1.
2.

Developnew toolsandsoftwarefor scientificdatavisualization.

Produceproductghatexploit the scientificdatavisualizationtoolsfor sharingthe resultsof scientific
researclwith thepublic.

. Assembleastronomicatiatasetsthatprovide thebasisfor the datavisualization andanalyzegraphics

representatioissueghatmustbeaddressetb effectively exploit thesedatasets.

2 Software and Data Visualization Tools

2.0.1 CompletedSoftware Projects

Thefollowing softwareanddatavisualizationtools have beendevelopedover the courseof this grant:

1.

DistanceEditing Tool: This programis designedo supportastronomersisingdomainexpertiseto
interactvely determineestimatef gascloud boundariestartinginformationin the Hipparcosdata
set,aswell asothercustom-selectedatasetsBuilt directlyin OpenGLwith theuniversalGLUI user
interface,this systemis usableonary Unix or Linux workstationor Window PC.TheDistEdTool will
acceptawide variety of selectiorcriteriadescribingthe starsandfeaturesof the sky to be studied.It
will thenconstructanhypothesizedjascloudsurfaceusingcolumndensitieestimatedrom standard
principles. The usercanload ary of a large setof spectralimagesas backgroundnformationto
displaybehindan editablegraphicasmageof the selectedstars their distancesgolumndensitiesand
the conjecturectloud boundarysurfacedying betweerthe Sunandthestars.

. Local Galactic EnvironmentData Setand Viewing Tool: Severalalternatve versionsof 3D models

of the local ervironmenthave beenconstructed.Thesesystemswvere assembledo supportthe 3D
depictionand browsing of a wide collection of objectsavailable in datasetsdescribingthe local
galacticervironment,includingthe Sunandplanets heliopausebow shock,Loops(from supernga
remnants)CO clouds,nehulae,high-latitudegasclouds,andstarsin standard€onstellationsTheuser
cannavigate throughthis ervironmentwith several selectedravel methodsandspecialviewpoints
canbeselectedo provide contet for theastronomer

. Constrained Navigation Systems:Previouswork on individual andcollaboratve constrainedhavi-

gationhasbeenincorporatednto our CAVE™ virtual reality displaysystemdor local galacticdata
andgalaxydatato aid the users’perceptiorandexperienceof context.

. Powerl10Time Virtual Reality System: A multiscalespatialandtemporalvirtual reality systemwas

built usingentirely new conceptypublishedasnotedbelov) for handlinglarge scalerangesin real
time in the CAVE immersve virtual reality ervironmentat IndianaUniversity Incorporatingdata
from the Earth scaleout to the COBE scale,temporalanimation,and constrainechavigation, this
systenpermitstheviewer to absorkthe contet of spatialandtemporalevolution of theentirecosmos
while personallycontrolling all the interactve parameters.The systemincludes,for the first time
ever attemptedn suchan ervironment,the ability to selectbetweencomaoving andphysicalcosmo-
logical coordinatesusingthe mostrecentcosmologicaimodelsprovided by University of Chicago
cosmologisiSeanCarroll.



5.

Movie Animation Utilities: A comprehense library of movie generatiortools were developedto
provide the transition betweenthe interactve visualizationsystemsand virtually ary 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 candidate$hilip Chi-Wing

Fu,Hui Zhang,andYinggangLi. Dr. Fudefendedis dissertationentitled“A VisualizationFramevork for

Large-Scalée/irtual Astronomy’ in December2003,andis now employedin thedevelopmentof a state-of-
the-artdigital planetariunmfacility to beinstalledfor the City of Beijing, China. Hui ZhangandYinggang
Li continueDr. Fu’s work, andareactively engagedn maintainingandimproving the software,aswell as
in the developmentof animationsanddigital planetariumtools and content;theseefforts will continueto

benefitboth professionatcientistsandthe generabublic throughour outreachdistribution efforts.

3.1.2 Scientific Publications

1.

Andrewn J. Hanson,Chi-Wing Fu, and Eric A. Wernert,“Very Large ScaleVisualizationMethods
for AstrophysicaData; in DataVisualization2000,Proceedingsf the Joint EUROGRAPHICSand
IEEE TCVG Symposiunon Visualization May 29-31,2000,Amsterdamthe Netherlandspp. 115—
124, SpringefVerlag,2000.

. E.A. WernertandA.J. Hanson, T etheringandreattachmenin collaboratve virtual environments, in

Proceedingsf Virtual Reality2000,p. 292,IEEE ComputerSocietyPress2000.

. Siggraph2000ElectronicTheater: Andrewv J. Hansonand Chi-Wing Fu, “Cosmic clock? Siggraph

VideoReview, vol. 134,sceneb, 2000.3:35minuterefereedrideoanimation:ObservingheUniverse
from the Earthandthelocal Galacticenvironmentout to Quasarscalesusingthefinite speedof light
to placemeasureabjectsin their correctspatiotemporatontext.

Andrew J. Hansonand Chi-Wing Fu, “Approachedo Interactve Visualizationof Large-scaleDy-
namicAstrophysicaEnvironments, papetbasedninvitedtalk submittedo Proceedingsf NSF/DOE
Lake TahoeWorkshopon HierarchicalApproximationandGeometricaMethodsfor ScientificVisu-
alization, 15-170October2000, TahoeCity, CA. in GeraldFarin, Bernd Hamann,and HansHagen
(editors),Proceedingof NSF/DoELake TahoeWbrkshopon Hierarchical Approximationand Geo-
metricalMethodsfor ScientificMisualization October2000,TahoeCity, CA, pp. 119-142 Springef
Verlag,Berlin, 2003.

. Andrew J. Hanson,Chi-Wing Fu, andEric A. Wernert,“VisualizingCosmologicallime;” Dagstuhl

Scientific VisualizationSeminay 21-26May 2000, SchlossDagstuhl,German. In F.H. Post,G.P
BonneauandG.M. Nielson(editors),Data visualization: the Stateof the Art, pp. 423—-438 Kluwer
AcademicPublishers2003. (Kluwer internationakeriesin engineeringandcomputerscience 713)

. “Constraint-BasedstronometricModeling Tools; for bookentitledGeometricModellingfor Scien-

tific Visualization Andrewv J.HansonChi-Wing Fu,andPriscillaC. Frisch,editedby GuidoBrunnett,
BerndHamannandHeinrichMueller. pp. 437-452 SpringefVerlag,2003.



3.1.3
1.

10.

3.14
1.

Invited Talks

21-26May 2000,DagstuhiScientificVisualizationSeminay SchlosDagstuhl,Germa. Title: “Vi-
sualizingCosmologicallime” (Publishedhaperin Proceedingsotedabore.)

. 29-31May 2000, VisualizationSymposium2000,Amsterdam,The NetherlandsTitle: “Very Large

ScaleVisualizationMethodsfor AstrophysicaData’ (Publishedbaperin Proceedingsotedabore.)

. 6 June2000,EPFL, LausannesSwitzerland.Title: “Very Large ScaleSpaceand Time Visualization

Methodsin Astrophysics.

13June2000,EPFL,LausanneSwitzerland.Title: “VisualizingQuaterniorFields”

. 20-22Septembel000,NASA AISRP (Applied Information SystemsResearctProgram)Principal

Investigatorsmeeting Boulder CO.Gave presentatiomnddemonstratiof progres®n NASA “The
Journg of the Sun” project.

. 6 October2000,IndianaUniversity ComputerScienceColloquium. Title: “Interactive Visualization

of Large ScaleDynamicAstrophysicaEnvironments.

. 15-170ctober2000, One of four Invited Spealkrs at NSF/DoE Lake TahoeWorkshopon Hierar

chical Approximationand GeometricaMethodsfor Scientific Visualization,TahoeCity, CA. Title:
“Approacheso Interactve Visualizationof Large-scaldynamicAstrophysicaEnvironments. (Pub-
lishedpaperin Proceedingsotedabove.)

. Lectue “Virtual Astronomy’ ChineseJniversity of HongKong,June,2002.

. Lectue “Virtual Astronomy EPFL,LausanneSwitzerlandNovembey2002.

Lectue “Virtual Astronomy’ INRIA, Montbonnot,France Novembey 2002.

Miscellaneous

ConfeenceCourse: Refereectonferenceoursepresenteét ACM Siggraph2000,23-28July 2000,
New OrleansA: A.J. Hanson;,VisualizingQuaternion$,with publishednotes.

. ConfeenceCourse: Refereedonferenceoursepresente@t Siggraph2001,Los Angeles:A.J. Han-

sonandD. Weislopf, “VisualizingRelatiity,” with publishednotes.

. Invited to provide graphicsfor book cover: CallendarandHuggett: PhysicsMeetsPhilosophyat the

PlanckScale

ScientificAdviserfor the Chicago IL, Adler PlanetariumSun-EarthConnection’shaw.

. Invited to have “Cosmic Clock” animationincludedin the NHK (the Japanes@V network) special

program“Digital StadiumSpecial- Siggraph2000” in August, 2000, andrebroadcasfanuarysth,
2001.



3.2 Dr. Frisch

The topology and physical propertiesof nearbyinterstellarmattermust be understoodprior to effective
visualization.Thefollowing scientificpublicationsare preparatoryto fully understandinghe propertiesof
the galacticervironmentof the Sun. While muchof Frischs researctsupportis from otherNASA grants,
the resultsfrom that researchdirectly affect the Solar Neighborhoodmodel being createdas part of this
project. The following scientificpublicationsarerelatedto this project,andhave beenpartially supported
by NAG 5-8163.Frischhasshavn, at numerousonferenceshe heliospherevisualizationplacingthe Sun
andheliospheresetin their galacticervironments.This visualizationis highly successfulandscenegrom
the visualizationhave beenborroved by mary scientistsfor usein scientific presentationsnd outreach
efforts.

3.2.1 Scientific Publications

During 1999-2003Frischis authoror co-authorof mary refereedpapersandconferencegublicationsthat
directly probethe topologyandphysicalpropertiesof the galacticenvironmentof the Sunandinterstellar
clouds,including:

1. “GalacticEnvironmentof the SunandStars:InterstellarandinterplanetaryMaterial”, In Astiophysics
of Life, in pressEds: M. Livio, I. N. Reid& W. B. Sparks,Cambridge:CambridgeUniversity Press,
2003.(With H. R. Mueller, G. P. Zank,andC. Lopate.)

2. “Constrainingthe Heliosphere:The Needfor High-ResolutionObserationsof NearbyInterstellar
Matter”, in press,’ASP Conf. Ser: Hubbles Sciencd_egag/: 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. “Chemical Compositionand Gas-to-DustMassRatio of the NearestinterstellarMatter”, ApJ, 594,
844—-858With J.D. Slavin)

5. “The lonizationof NearbylinterstellarGas”,ApJ, v565, pp364—-3792002. (With J.D. Slavin)

6. “Why StudyInterstellarMattervery Closeto the Sun?”2002COSRAR 2002—HoustonSubmittedto
Adv. SpaceRes.,2002.Eds:Klaus Schererlver Cairns,GiancarloGenta.

7. "The galacticernvironmentsof nearbycool stars” pages206-210,2001. In Book: Proceedingsof
NStas Workshop Ed. D. Backman,Eds: D. Backman,S. Burg, T. Henry Pub: AmesResearch
Center

8. “The GalacticEnvironmentsof Cool Stars- partl: Modeling InterstellarDust aroundthe Sunand
NearbyCoolStars’, page11-2162001.In Book: Proceeding®f NStas Workshop Eds:D. Back-
man,S. Burg, T. Henry, Pub: AmesResearctCenter (With MarkusLandgraf)

9. “The GalacticEnvironmentof the Sun’ JGR,v105,pp10279-1029@000.
10. “The GalacticEnvironmentof the Sun”, AmericanScientist88, 52—-59,2000.

11. “Forewordto InterstellarDustandthe Heliospherespecialissueof JGR(JGR,v105,10237-10238,
2000),



3.2.2 Scientific Talks

During 1999-2003,Frischwas coauthoron a numberof paperspresentedat scientific meetingsthat uti-
lized the heliospherevisualizationsdevelopedduring this researche.g. AmericanAstronomicalSociety
AmericanGeophysicalUnion), including:

1. Theresultsof this projectwere presentedat: “The SolarJourng: Modeling Featuref the Local
BubbleandGalacticEnvironmentof the Sun’} P.C. FrischandA.J. HansornPosterl1.04,199thmeet-
ing of the AmericanAstronomicalSociety(AAS), WashingtorDC, January2002.

2. "Modeling theBoundaryConditionsof theHeliosphere”(Featured’resentationAGU, SpringMeet-
ing 2002,abstract#SH22C-022002.

3. COSAR-2002 HoustonTexas,"Why StudyInterstellarMattervery Closeto the Sun?”

4. “GalacticEnvironmentof the SunandStars:InterstellarandinterplanetaryMaterial”, Astophysicsof
Life SymposiumSpaceTelescopéesciencdnstitute,Fall 2002.

5. “Constrainingthe Heliosphere:The Needfor High-ResolutionObserationsof NearbyInterstellar
Matter”, At Hubbles Sciencd_egacy: Future Optical-Ultraviolet Astonomyfrom Space 2002.

6. “NearbyInterstellarMatter”, SpaceTelescopesciencdnstitute, At TreasurnyWorkshop Fall 2002.

4 Education and Public Outr eachactivities

The resultsof the software developmentdescribedbelov have beensharedwith the public by providing
visualizationgo variousastronomyoutreachprograms.Theseoutreachefforts include:

e Film: “Solar Journg.” Createsan animatedfilm emphasizinghe scientific featuresof the local
galacticervironment. This wasbe similar in characteto the existing “Cosmic Clock” film, but with
morebroad-rangingcientificcontent.

¢ Adler PlanetariumSun/EarthConnectiorshav: Boththe PI's andgraduatestudentsassociatedvith
this projecthave spenta considerableamountof time assistingand advisingthe Adler Planetarium
staf onthis project.

¢ AstronomyPictureof theDayusedavisualizationof theheliospher@nwebsite:http://antwrp.
gsfc.nasa.gov/a pod/i mage/0 206/h el io spher e_pc_big .jp 0.

e TheJourng of the Sunvideois beingdisplayedfor public viewing in an Elumenskiosk workstation
in thenew NASA galleryatthe Adler Planetarium.

In addition,our heliospherevisualizationsarenow usedthroughoutthe spacephysicsandastronomical
communitiesto illustrate the heliospheran its settingin the Milky Way Galaxy For instance Ed Stone,
former director of the Jet PropulsionLab in California, requestedermissionto include our heliosphere
visualizationsin a JPL outreachwebcast,at http://www.jpl. nasa. gov/ events/ le ct ur es/
sep02a.html . Theheliosphererisualizationsarealsoavailablethroughour webssites.



5 Addendum: Submissionof Report (Mar ch 30,2004)

This reportis submittedto: Dr. JosephBredekamp SeniorProgramExecutive, NASA Office of Space
Science.PostalAddress:CodeSS,NASA Headquarters300 E StreetSW, WashingtonDC 20024-3210;
Phone:202/358-2348Fax: 202/358-3987Email: joe.bredekamp@hqg.nasavgd\ copy will alsobe sent
to: Dr. SusanHoban,Applied Information SystemsResearchProgram UMBC GoddardEarth Science&

TechnologyCenter PostalAddress:Mail Code900.1,NASA GoddardSpaceFlight Centey Building 28,
RoomW270GreenbeltMD 20771.



