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Kentucky, and Toowoornba, QueenslandMt. Kent Obseratoryin Australiaalsoo ersthe cener of the Mi
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Abstract

A collaloration betweenthe University of Louisville,the University of SouthernQueenslandand NorthernKentucky Universily is dewelopingremotely
and robotically operatedastronomicafacilitiesfor educationabutreaf, teading, andreseans. Telescopsin the southernand northernhemispheres,

A Digital Sciencé’artnershipfor SouthernSkiesn the Classrom

nigh speedinternetto campuses Louisville,
ky Way, the MagellanicClouds,andtransier

everts not visiblefrom mid-latitudesin the northernhemisphereOur Moore Obseratory nearmetrolitan Louisville,Kertucky, isolatedfrom local

lighting by a forestednature presere, o ers complemeiary remoteservicesand the occasionahortherncometand su

erno/a to studens at USQ.In

additionto otherinstrumeins at both sites,the robotic operationwill usecorrected)all-Kirkham{/6.8 0.5-metetelescopsdesigne@and marufactured
for usby Celestrorinternational. The optical systemprovidesa at well-correcte@? 18 eld of viewwith 0:54°pixelswhencoupledwith a Kodak
KAF-6303ECCD. Open sourcesoftvare supports the weatherstations,sky conditionmonitors,and remoteoperation of the telescop, camerasand
dome.Thesoutherrtelescopin Australiawill be usedthroughan Internet2connectioriromthe Universiy of LouisvilleBelknapCampuswith dedicated
cortrol facilitiesin the Physicsand Astronony departmeh for U of L studens, andin the GheenssciencaHall and Raud Planetariumfor an outread
educationaprogramto local sdools. The northerntelescop at our Moore Obseratory allovsengineeringnd softivaredewelopment) provideshands-on

experiencdor studens, and may be operatedremotelyby studers and collalpbratorsin Australiaaswell. We ex

ectto install the telescopsin Jaruary

2006.This presetation descrilesour work to deelopthe hardware and open sourcesoftvare,a preliminaryanalysiof telescop performanceandthe
anicipatedimpactof remotenetwork facilitieson astronong education.
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The Universily of Louisvilleis Kentucky's metropoli-
tan researc universily, servinga diverse studert
body, primarily with daytime classesn its urban
BelknapCampus. Its Physicsand Astronony pro-
gram o ers coursesand laboratoriessatisfyingthe
GeneralEducation requiremen for studerns in all
majors, as well as astroplysics coursedor under-
graduateand graduatestudens. A +14 hour dif-
ferencdrom Louisvilleto Toowoonba bringsa dark
sky into their classes. Remote accessrom sev-
eral sites similarly bene ts USQ's distanceeduca-
tion astronomy program. U of L's Raut Plan-
etarium is o ering an opportunity for middle and
high sdool studerts to participate in group learn-
Ing experienceswith the remotely operated tele-
scos. A curriculumto meetthe goalsof the AAAS
Project 2061 http://www.project2061 .org/ Is
beingde\eloped.

Sites |

The Australiantelescop is at USQ'sMt. Kent Ob-
senatory, near Toowoonba, appraximately 130 km
from Brisbane. At 682 m altitude on the Great
Dividing Range,in a pastoralarea of the Darling
Downs, and latitude 27 47P529it o ers frequen
clearskiesgood seeingandan establishe@ecuren-
frastructure.

At Moore Obseratory, nearmetroplitan Louisville,
KY, we operatea site for graduateand undergradu-
ate researic wherethe northernrobotic telescop is
located. At +38 20°4d%and only 230m altitude it
IS a typicallight-polluted midwesternsite, but it has
good stableseeingand is accessibléy studenis on
shortnotice.MooreObsenratory alsohasa 0.6 meter
Ritchie-Chetienresearc telescop and a wide eld
spectralimager.

IT infrastructure.Rick Hedrik, SeniorVice Presiden of Celestrorninternational,and Joe Haberman,Optical Engineerhel

Celestron'sC20 0.5 meter, /6.8 corrected Dall-
Kirkham telescop has beenunder dewelopmen for
seeralyears.It featuresatemperature-stabilizedp-
tical systemusinga light weigh conicalPyrexellip-
soidalf/3 primary, and a sphericakecondarymulti-

layer coatedfor 98%re ectivity in the visible. Their
designaddsa 90 mm diameter eld- attening coma
correctorinsidethe ba e to producea 6 m RMS
spot sizeover a 42 mm diameter(0:7 ) eld. The
Germanequatorialmourting respndsto the NexS-
tar commandset. It tracks with 5°%ccuracywithout
errorcorrectionandsub-arcsecoratcuracywvith au-
tomatedguiding. Poirnting accuracywith low-order
corrections su cient to placea target nearthe cen-
ter ofa CCD eld of view.

We use two SBIG CCD camerasand lter sets:
an STL-6303has a Kodak KAF-6303E, 3072
20489 m, pixeldevicefor RGB colorimagingwith a
5- lter wheelovera2? 18 eld. It iswell matced
to the eld of the C20with 0:5%pixels. Somewhat
better oversamplingof the imagesis adiewed with
the ST-10camera'2184 14726:9 m pixelsat the
expenseof a narrover eld of view. The ST-10has
the advantage of a 10- lter wheelso that it may
be switcdhed remotelyfrom RGBL imagingto UB-
VRI photometrywithout a marual changeof lter
sets.The camerasredesigneavith internaltracking
CCD'sand canmake useof SBIG'stip-tilt corrector
and drift-scanimagingmodes. Both telescopswill
have long-slitspectroscopicapabiliy, althoughthis
requiresa marual change.Auxiliary cameragrovide
awidef/1.8 colorimageofthe acquisitioneld, anda
real-timevideoimageof the ertire sky A cloudsen-
sorbasednthe Omegandustrialinfraredpyrometer
recordghe 10 m signalfromthe sky anda weather
stationmonitorslocal ervironmenal conditions.

Mt. Kert isconnectedo the Toowoonmbacampudy

a 4.8 Mbit/s radio network link (soon upgradingto

34 Mbit/s), thento Brisbaneon optical b er at that

quality of serviceguarameedduring their nightime.

The connectiorirom Brisbango Louisvilleis overIn-

ternet2. The pipelineis adequatanot only for remote
operation and data transfer, but alsofor real-time
videoandaudiowith an acceptabléatencywhenthe
domevideois transmitted usingan Axis 241video
sener, and video conferencings through a Poly-
comVSX 7000. Dual redundanh 0.5TB IBM x346
Seners running SuseLinux operate at Mt. Ken

andat Louisvilleto bu er andardive the data ow.

Multiple usersin Louisville,for example connectto

the local sener. Automated sensorgrovide web-
basednformationon curren conditionghat bearon
telescop operationsud aswind, temperature,dew
poirt, cloud cover, and instrumen status. Moore
Obsenratory is connectedby a T1 (1.5 Mbit/s) link

to the main campusnetwork, a slover speedthat is
still adequatdor real-timecompresseiinagetransfer
and videoconferencingvhile running remotecorirol

anddataacquisitiorsofivare. The telescopsandin-

strumeniation arecortrolled throughdedicated”C's
running SuseLinux. The open sourceXmTel user
Interfaceis built on top of XEphem. The network
IS respnsive enoughto permit runningthe sofwvare
onthe remotecomputerand displaying onthe user's
consoleput the systemworks best whena remote
daemoncortrols the telescop while the display and
comnunicationsofivare is at the userend. XmTel

IS being deeloped to utilize the excellenh graphical
Interfaceanddatabasesf XEphemwhileallovingus
to addthe specializeddriversfor telescop anddome
cortrol without the overheadof intermediate\stan-

dards" or Windows-based@ommerciasoftvare.

Camerasarecortrolled by XmCCD, built to operate
SBIG hardwareremotely Imagesare processe@nd
displayedlocally usinga pipe to SAOImageDSO9. In

addition to the usualastronomicahnalysissoftvare
pakageswe useCineRaint for 32-bitcolorimagepro-
cessingDetallson sofivarewill be on our websiteat

www.astro.louisville.e  du/mooe/s oft ware

Ac knowledgmen ts

This projectis a collalorationof the Universiy of Louisvilleandthe University of SouthernQueenslandspart of a Digital Sciencéartnershipwith NorthernKertucky Universiy. It is supportedin part by
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This imageof M51 wasrecordedby R. Hedrik, D.
Rowe, J. Fournier,andJ. Habermanusingthe proto-
type C20at their Pinto Valley Obseratory on May
8, 2005.1t Is a commsiteof 4 exposures 10 minutes
eah for RGB, and 60 minutesfor L, takenwith an
ST10camera.

On July 5, 2005, J. Habkerman, R. Hedrik, J.

Kielkopf, and R. Moore recordecahis test imageof
the 14th magnitudetype-Ill supernova SN2005cslt

IS a sumof 6 15-mimte exposuresvith an ST10cam-
era.

Impact \

The opportunities for hands-ondiscaery and ex-
ploration this project o ers should,in the words of

Project 2061 \bring bak the sky{ not the samesky

but onethat is richerand morevariedthan people's
eyesalonehadewerledthemto imagine."

edwith opticaland softvare designissuesand providedaccess$o the prototype

telescop at Pinto ValleyObseratory. HelenKielkopf, Andy Newtonand KarenCollinsin Louisvilleare cortributing creative ideasand assistancat Moore Obseratory,.



