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Abstract
A collaborationbetweenthe University of Louisville,the University of SouthernQueensland,andNorthernKentucky University is developingremotely
and robotically operatedastronomicalfacilitiesfor educationaloutreach, teaching, and research. Telescopesin the southernand northernhemispheres,
with a longitudedi�erencethat enablesstudents to observe the night sky in daytime classes,arelinkedby highspeedInternet to campusesin Louisville,
Kentucky, andToowoomba,Queensland.Mt. Kent Observatory in Australiaalsoo�ers thecenter of theMilky Way, theMagellanicClouds,andtransient
events not visiblefrom mid-latitudesin the northernhemisphere.Our MooreObservatory nearmetropolitan Louisville,Kentucky, isolatedfrom local
lighting by a forestednaturepreserve, o�ers complementary remoteservicesand the occasionalnortherncometand supernova to students at USQ.In
additionto other instruments at both sites,the robotic operationwill usecorrectedDall-Kirkhamf/6.8 0.5-metertelescopesdesignedandmanufactured
for usby CelestronInternational.The opticalsystemprovidesa 
at well-corrected270� 180 �eld of viewwith 0:5400pixelswhencoupledwith a Kodak
KAF-6303ECCD. Open sourcesoftware supports the weatherstations,sky conditionmonitors,and remoteoperationof the telescope, cameras,and
dome.Thesoutherntelescopein Australiawill beusedthroughanInternet2connectionfromtheUniversity of LouisvilleBelknapCampuswith dedicated
control facilitiesin the PhysicsandAstronomy department for U of L students, and in the GheensScienceHall andRauch Planetariumfor an outreach
educationalprogramto localschools. The northerntelescopeat our MooreObservatory allowsengineeringandsoftwaredevelopment, provideshands-on
experiencefor students, andmay beoperatedremotelyby students andcollaboratorsin Australiaaswell. Weexpect to install the telescopesin January
2006.This presentation describesour work to developthe hardwareandopensourcesoftware,a preliminaryanalysisof telescope performance,andthe
anticipatedimpactof remotenetwork facilitieson astronomy education.

Purp ose

The University of Louisvilleis Kentucky's metropoli-
tan research university, serving a diverse student
body, primarily with daytime classeson its urban
BelknapCampus. Its Physicsand Astronomy pro-
gram o�ers coursesand laboratoriessatisfyingthe
GeneralEducation requirement for students in all
majors, as well as astrophysicscoursesfor under-
graduateand graduatestudents. A +14 hour dif-
ferencefrom Louisvilleto Toowoomba bringsa dark
sky into their classes. Remote accessfrom sev-
eral sites similarly bene�ts USQ's distanceeduca-
tion astronomy program. U of L's Rauch Plan-
etarium is o�ering an opportunity for middle and
high school students to participate in group learn-
ing experienceswith the remotely operated tele-
scopes.A curriculumto meetthe goalsof the AAAS
Project 2061 http://www.project2061 .org / is
beingdeveloped.

Sites

The Australiantelescope is at USQ'sMt. Kent Ob-
servatory, near Toowoomba, approximately 130km
from Brisbane. At 682 m altitude on the Great
Dividing Range,in a pastoralarea of the Darling
Downs, and latitude � 27� 4705200, it o�ers frequent
clearskies,good seeing,andanestablishedsecurein-
frastructure.

At MooreObservatory, nearmetropolitan Louisville,
KY, we operatea site for graduateand undergradu-
ate research wherethe northernrobotic telescope is
located. At +38� 2004000and only 230m altitude it
is a typical light-pollutedmidwesternsite,but it has
good stableseeingand is accessibleby students on
shortnotice.MooreObservatory alsohasa 0.6meter
Ritchie-Chr�etien research telescope and a wide �eld
spectralimager.

Telescopes and Instrumen tation

Celestron'sC20 0.5 meter, f/6.8 correctedDall-
Kirkham telescope hasbeenunderdevelopment for
severalyears.It featuresa temperature-stabilizedop-
tical systemusinga light weight conicalPyrexellip-
soidalf/3 primary, and a sphericalsecondary, multi-
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
Germanequatorialmounting respondsto the NexS-
tar commandset. It trackswith 500accuracywithout
errorcorrection,andsub-arcsecondaccuracywith au-
tomatedguiding. Pointing accuracywith low-order
correctionis su�cient to placea targetnearthe cen-
ter of a 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 wheelover a 270� 180�eld. It is well matched
to the �eld of the C20with 0:500pixels. Somewhat
better oversamplingof the imagesis achieved with
the ST-10camera's2184� 14726:9� m pixelsat the
expenseof a narrower �eld of view. The ST-10has
the advantage of a 10-�lter wheelso that it may
be switched remotelyfrom RGBL imagingto UB-
VRI photometrywithout a manual changeof �lter
sets.Thecamerasaredesignedwith internaltracking
CCD'sandcanmake useof SBIG'stip-tilt corrector
and drift-scanimagingmodes. Both telescopeswill
have long-slitspectroscopiccapability, althoughthis
requiresa manual change.Auxiliary camerasprovide
a widef/1.8 colorimageof theacquisition�eld, anda
real-timevideoimageof the entire sky. A cloudsen-
sorbasedontheOmegaindustrialinfraredpyrometer
recordsthe 10� m signalfromthe sky, anda weather
stationmonitorslocalenvironmental conditions.

Net work, Servers and Soft ware

Mt. Kent is connectedto the Toowoombacampusby
a 4.8 Mbit/s radio network link (soon upgradingto
34Mbit/s), then to Brisbaneon optical �b er at that
quality of serviceguaranteedduring their nighttime.
TheconnectionfromBrisbaneto LouisvilleisoverIn-
ternet2.Thepipelineis adequatenot only for remote
operation and data transfer, but also for real-time
videoandaudiowith anacceptablelatencywhenthe
domevideo is transmitted usingan Axis 241video
server, and video conferencingis through a Poly-
comVSX 7000. Dual redundant 0.5 TB IBM x346
servers running SuseLinux operate at Mt. Kent
andat Louisvilleto bu�er andarchive the data 
ow.
Multiple usersin Louisville,for example,connectto
the local server. Automated sensorsprovide web-
basedinformationoncurrent conditionsthat bearon
telescope operationsuch aswind, temperature,dew
point, cloud cover, and instrument status. Moore
Observatory is connectedby a T1 (1.5 Mbit/s) link
to the main campusnetwork, a slower speedthat is
still adequatefor real-timecompressedimagetransfer
andvideoconferencingwhile runningremotecontrol
anddataacquisitionsoftware.The telescopesandin-
strumentation arecontrolled throughdedicatedPC's
running SuseLinux. The open sourceXmTel user
interfaceis built on top of XEphem. The network
is responsive enoughto permit running the software
on the remotecomputeranddisplaying on the user's
console,but the systemworks best whena remote
daemoncontrols the telescope while the display and
communicationsoftware is at the userend. XmTel
is beingdeveloped to utilize the excellent graphical
interfaceanddatabasesof XEphemwhileallowingus
to addthe specializeddriversfor telescope anddome
control without the overheadof intermediate\stan-
dards"or Windows-basedcommercialsoftware.

Camerasarecontrolled by XmCCD,built to operate
SBIG hardwareremotely. Imagesareprocessedand
displayed locally usinga pipe to SAOimageDS9. In
addition to the usualastronomicalanalysissoftware
packages,weuseCinePaint for 32-bitcolorimagepro-
cessing.Detailson softwarewill be on our websiteat
www.astro.louisville.e du/ moore/s oft ware

Example Images

This imageof M51 was recordedby R. Hedrick, D.
Rowe,J. Fournier,andJ. Habermanusingthe proto-
type C20at their Pinto Valley Observatory on May
8, 2005.It is a compositeof 4 exposures,10minutes
each for RGB, and 60 minutesfor L, taken with an
ST10camera.

On July 5, 2005, J. Haberman, R. Hedrick, J.
Kielkopf, and R. Moore recordedthis test imageof
the 14th magnitudetype-II supernova SN2005cs.It
is a sumof 6 15-minuteexposureswith anST10cam-
era.

Impact

The opportunities for hands-ondiscovery and ex-
ploration this project o�ers should,in the wordsof
Project 2061,\bring back thesky{ not thesamesky,
but onethat is richer and morevariedthan people's
eyesalonehadever led themto imagine."
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