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Robotic telescopeson the Antar ctic plateau
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Abstract. The high plateauthat covershalf of the continentof Antarcticacontainsthe bestastronomicalobservingsites
on Earth.The infraredsky backgroundis low, the precipitablewatervapouris low, the sub-millimetresky opacityis low,
the winds are low, the atmosphereis exceedinglyclearandstable,it never rains,thereis no dust, it is geologicalstable,
andtheseeingat somesites,notablyDomeC, is superb. Theturbulencepro�le in theatmosphereis bene�cial for adaptive
optics,with fewer actuatorsandfewer deformablemirrorsbeingrequired,andwith signi�cant correctionbeingpossibleat
visible wavelengths.For projectsthat requirecontinuousmonitoring,e.g.,planetdetectionthroughmicro-lensing,a single
robotic telescopein Antarcticacanreplacea network of 4–6 telescopesplacedaroundthe world at mid-latitudesites.For
many projectsrequiring large apertures,a given sizetelescopein Antarcticawill outperforma telescopeof 2–3 timesthe
apertureat a mid-latitudesite.We review what is known aboutthesiteconditions,andoutlinesomeof the issuesinvolved
with designingrobotictelescopesto work in Antarctica.

Key words: Telescopes— Sitetesting— Atmosphericeffects— Instrumentation:adaptive optics— Instrumentation:high

angularresolution

c
 0000WILEY-VCH VerlagGmbH& Co.KGaA, Weinheim

1. Intr oduction

The possibleadvantagesof the Antarctic plateaufor astro-
nomicalobservationshavebeenspeculatedaboutfor over30
years(e.g.,TownesandMelnick 1990, Gillingham1991, and
seeIndermuehleet al 2004 for earlier references),but it is
only recentlythatsuf�cient site-testinginformationhasbeen
obtainedto make de�niti ve comparisonswith mid-latitude
observatories.

First,we needto beclearthatwe arediscussingthehigh
plateauregions in the centerof Antarctica,not the coastal
regions.On the plateauthereare no high mountainpeaks,
just gentle(1:1000)slopesrising to a ridgewheretherearea
few local high points,suchasDomeC (3260m),DomeAr-
gus(4084m),andDomeFuji (3810m).Katabaticwindsorig-
inatefrom thedomesand�o w radiallyoutward,accelerating
asthey go. The domes,therefore,arenaturalplacesfor ob-
servatories,not only becausethey arelocal high-points,but
moreimportantlysincethe low surfacewinds causelessat-
mosphericturbulencein thegroundlayer.

The US AmundsenScott South Pole Station is some-
whataway from theridgeof domes,andsodoesexperience
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strongerwinds, averaging6m/s. Thesewinds stir ground-
layer turbulencewhich resultsin disappointinglevelsof op-
tical seeing:a medianof 1.7arcsecondsat 500nm(Loewen-
steinet al 1998, Travouillon et al 2003b). A telescopeplaced
ona200–300mtowerwouldbeabovetheboundarylayer, and
wouldexperiencemedianseeingof 0.3arcseconds(Markset
al 1999, Marks2002, Travouillon et al 2003a). Sucha tower
shouldnot bedismissedout of hand,giventheconsiderable
infrastructurealreadyinvestedat theSouthPole.

In what follows, however, we will concentrateon Dome
C,theonlydomesitefor whichsite-testinghascurrentlybeen
performed.

2. Antar ctic advantages

2.1. Superbseeing

The �rst summertimeseeingmeasurementsfrom Dome C
wereobtainedby Aristidi etal 2003. Theearlymeasurements
wereto someextentaffectedby local turbulencein the tele-
scope,anddatatakenduring2003–04showedperiodsof see-
ing below 0.2arcsecondsduringsummertime(E.Aristidi and
E. Fossat,personalcommunication).
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2 ANTARCTIC ADVANTAGES 2.5 Increasedsky coverage,for someprojects

The �rst wintertime measurementswere obtained by
Lawrenceet al 2004aduringMarch–May2004,andshow a
medianseeingof 0.27arcseconds,andbelow 0.15arcseconds
for 25%of thetime.

It is worth notingthatthefull-width at half-maximumof
astarimagemeasuredwith a largetelescope(wheretheaper-
ture is much greaterthan the Fried parameter),canbe less
thanpredictedfrom, e.g.,DifferentialImageMotion Monitor
(DIMM) measurements,sincethepredictionsassumeanin�-
nite outer-scaleof turbulence.Tokovinin 2002discussesthis
point in detail.

2.2. Wide isoplanaticangle,long coherencetime

The isoplanticangleat DomeC is 2–3 times larger thanat
goodmid-latitudesites(Lawrenceet al 2004a). The coher-
encetime is alsolonger.

Lloyd etal 2002estimatedthatfor narrow-angledifferen-
tial astrometry, asmightbeappliedto detectextra-solarplan-
ets,a mid-IR interferometerat DomeC would be300times
fasterthanoneatMaunaKea.Lawrence2004bandLawrence
et al 2004dshowedthatadaptiveopticsatDomeC would re-
quire fewer deformablemirrors, fewer actuators,few if any
laserguidestars,andwould achieve usefullevelsof correc-
tion in thevisible.Travouillon etal 2004discussthepotential
for groundlayeradaptiveoptics(GLAO) in Antarctica.

2.3. Greatly reducedtelescopecosts

Naivelyonewouldthink thatatelescopedesignedfor Antarc-
tic conditionswould be moreexpensive thana mid-latitude
design.While this is truefor smallapertures,whenonecon-
siderstelescopesof 2mor greaterin aperturetheperformance
improvementsavailablein Antarcticaequateto a largertele-
scopeatamid-latitudesite.Giventhatthecostof a telescope
goesas roughly d2:6, the Antarctic option rapidly becomes
costeffective. The costdifferentialis even greaterwhenin-
strumentsarefactoredin: an instrumentfor a 30mtelescope
is anexceedinglycostlyproject;if a10mtelescopein Antarc-
ticahadequivalentperformance,theoverallsavingswouldbe
immense.

Anotheraspectto considerfor largetelescopesis thatthe
averageandmaximumwind speedsare low on the plateau,
which greatly simpli�es the telescopedesign,particularly
sincethe force on a structureis proportionalto the square
of thewind speed.Thelackof seismicactivity is anotherfac-
tor that reducesthe costof structures.Telescopeenclosures
canberelatively inexpensive, lightweightdesignsdueto the
low winds,lackof rain,andlow snow precipitation.So,even
for the sameaperture,an Antarctic telescopecould well be
cheaper. And for extremelylargetelescopes(ELTs),thewind
issuealonemaymakeAntarcticatheonly viableoption.

Angel et al 2003describesa proposalfor a 21mELT in
Antarctica.

2.4. Longer mirr or coating lifetimes

Mirror coatingstendto bedestroyedby theaccumulationof
airbornedustparticles,coupledwith humidity from the air,

which chemicallyattackthecoating.In Antarctica,thecom-
plete lack of dust,and the low watervapourcontentof the
air, are expectedto lead to dramaticallyincreasedcoating
lifetimes.Thecostsavingsfor telescopesof ELT proportions
couldoutweightheadditionalcostof building andoperating
acoatingplantin Antarctica.Morework needsto bedoneon
theissueof coatingperformancein Antarctica.

2.5. Incr easedsky coverage,for someprojects

While sites in Antarctica see less overall sky than mid-
latitude sites, for observations such as interferometryand
adaptiveopticsimagingthatrequirebrightreferencestars,the
largerisoplanaticpatchavailablefrom,e.g.,DomeC, leadsto
amany-fold increasein thetotalusablesky coverage.

2.6. Low precipitablewater vapour

The Atacamadeserthas lessannualprecipitationthan the
Antarcticplateau,but the�gure of merit thatis importantfor
astronomersis nottheprecipitation,but thecolumnof precip-
itablewatervapour(PWV). All theplateausitesaresuperior
to Atacama,bothin absolutePWV and,perhapsmoreimpor-
tantly, in the stability of the PWV on timescalesof minutes
to hours.

Thelow PWV hastwo effects:it opensupnew windows,
e.g.,200� m, andit makesexisting windows from theUV to
the sub-mmand beyond wider and more stable(Lawrence
2004c).

2.7. Low infrar edbackground

The sky at the SouthPole is at leasta factor of 10 lower
in emissionthanMaunaKeathroughoutthe nearandmid-
infrared (Smith and Harper1998, Chamberlainet al 2000,
Hidaset al 2000). At 2.35� m thereis a naturalgapbetween
theairglow emissionandthesteeplyrising thermalemission
thatleadsto a factorof 100improvement(Ashley et al 1996,
Nguyenet al 1996, Phillips etal 1999, Lawrenceet al 2002).

2.8. Low telescopetemperatures

Longwardsof about2� m, the lower telescopetemperature
(seeFigure1) signi�cantly reducesthe background.This is
particularlyimportantfor applicationssuchasinterferometry
or adaptive opticsthat involve many re�ections,eachoneof
whichaddsa smallbackgroundsignal.

2.9. Lower scintillation

Atmosphericscintillation resultsin a temporalvariation in
stellar�ux andis animportantparameterfor many astronom-
icalapplicationsrequiringhighphotometricaccuracy, suchas
astroseismology, micro-lensing,andplanetarytransitobser-
vations.Thedegreeof intensityscintillationfor a largeaper-
ture telescope(> 15 cm) at any site scalesasthe integral of
the turbulencestrength(given by the refractive index struc-
ture constant)multiplied by the squareof the altitude.It is
thusstronglydependentonturbulencein highaltitudelayers.
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2.13 Longperiodsof continuousobservations 2 ANTARCTIC ADVANTAGES
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Fig.1. Thedistribution of ambienttemperaturesduring thecoldest
months(May throughAugust)at DomeC. This plot wasgenerated
from datafrom theAutomaticWeatherStationat DomeC II, using
10 minutedatasamplesfrom December1995to July2004.

Sites,suchasDomeC, wherethereis little high altitudetur-
bulencewill thushave low scintillation.Datatakenfrom the
DomeC MASS (Lawrenceet al 2004a, 2004e) suggeststhat
for a giventelescopesizethescintillation index (theratio of
the RMS intensityvariationto the averagestellar intensity)
will bea factor4–5lower thanfoundat typical mid-latitude
sites(suchasMaunaKeaandCerroParanal).Thiswill result
in a signi�cant increasein photometricprecisionfor a given
integrationtime.

2.10.Reducedairmassvariations

FromAntarctica,objectsexperiencelessvariationin airmass
astheir houranglechanges,which reducesthis contribution
to theerrorbudgetfor high-precisionphotometry.

Field rotationanddistortiondueto differentialrefraction
is alsolessof a problemfor wide-�eld imaging.

2.11.No aerosolsor dust particles

Thealmostcompletelackof aerosolsanddustparticlesleads
to a highly transparentandstableatmosphere.At SouthPole
or DomeCobscuringthesunwith asmallobjectheldatarm's
lengthrevealsno clue from the sky brightnessgradientthat
thesunis hidden.Thereducedscatteringis bene�cial for so-
lar work andobservationsrequiringextremecontrastratios.

2.12.Good fraction of cloud-freedays

Determiningthefractionof cloud-freedaysatDomeC is sur-
prisinglydif�cult, sincesatellitescannot reliablydistinguish
betweencloudandtheicebelow. Ashley etal 2003ranacam-
erafor ayearatDomeC in 2001,andfound74%clearskies.
As yet unpublishedstatisticsfrom theAASTINO (Lawrence
et al 2003) webcamerafor 2003/4show in excessof 90%
clearskies.More work needsto bedoneto quantify thedis-
tribution of cloud-freedays.

2.13.Long periodsof continuousobservations

The lack of diurnal aliasingcan be a major advantagefor
someprojects,e.g., surveys for transitinghot-Jupiterplan-
ets with periodsmeasuredin days.From the known cloud
statistics,objectscan often be monitoredcontinuouslyfor
a week at a time, possiblyextendingto months.The mid-
latitudealternative is to have a network of 4–6 telescopesat
differentlongitudes,which is an expensive proposition,and
producesdataof lower quality dueto thevariationin instru-
ments/telescope/sites.

2.14.Low windspeeds,and stablewind dir ections

Theaveragewind speedat DomeC is 3 m/s,comparedwith
4.4 m/s at MaunaLoa and6.6 m/s at La PalmaandParanal
(seeAristidi et al 2004 for a detaileddiscussion).Figure2
showsthedistributionof wind speedsatDomeC, andFigure
3 showsthedistributionof wind directions.Thehighestwind
speedever recordedin 23 yearsof monitoringat DomeC is
20m/s,amerebreezecomparedto theviolentstormsthatare
known to occasionallylashall otherobservatorysites.
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Fig.2. Thedistributionof wind velocitiesduringthecoldestmonths
(May throughAugust) at Dome C. The datawere obtainedfrom
AWS measurementsasperFigure1.

2.15.No earthquakes

Thereis no seismicactivity on theplateauthatwould berel-
evantto thedesignof a telescope.

2.16.No lightning

Lightning is amajorconcernat mid-latitudeobservatories.It
is absenton theAntarcticplateau.

2.17.No land usageissues

There are no endangeredspeciesor land usagesensitivi-
ties that could in�uence the constructionof a telescope.Of
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4 DESIGNINGA ROBOTIC ANTARCTIC TELESCOPE
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Fig.3. Thedistributionof wind directionsduringthecoldestmonths
(May throughAugust)atDomeC, for windsthatexceedthemedian
of 2.7m/s.Thedatawereobtainedfrom AWS measurementsasper
Figure1.

course,strict environmentalprotocolsmustbe observed,as
at any site.

3. Antar ctic disadvantages

3.1. Practical dif�culties

Winterizinga telescoperequiresengineeringskills andexpe-
riencethat is not commonlyavailable.It is dif�cult to repair
telescopesduring mid-winter. Transportinglarge structures
to DomeC incursayear'sdelayatDumontd'Urville station.
Therecan be large temperatureexcursions(> 20� C) even
after sunset.The low relative humidity increasesthe risk of
staticdamageto electroniccomponents.

3.2. Astronomicaldif�culties

Thenetamountof darktime is lessthanatmid-latitudesites.
There is lessoverall sky coverage(althoughimportant re-
gionssuchastheGalacticCenter, theMagellanicClouds,and
theSouthGalacticPole,areall visible).Auroraeareyet to be
fully quanti�ed asa problemfor visible operationsat Dome
C (Dempsey et al 2004b), althoughDome C is in the cen-
ter of theauroraloval, which is theoptimumlocationon the
plateau.

3.3. Remainingunknowns

More work needsto bedoneon someaspectsof site-testing,
mostnotablycloudstatistics,aurorae,andthesub-mmtrans-
parency at 200� m. A long time-seriesof atmosphericturbu-
lencemeasurementsneedsto bemade—thereshouldbe oc-
casionalperiodsof high altitudeturbulenceasthe winds in
thepolarvortex circulateoverDomeC.

4. Designinga robotic Antar ctic telescope

We now addresssomeof thepracticalissuesassociatedwith
building a telescopeto operatein Antarctica.The telescope
shouldberobotic,anddesignedto reduceto a minimumthe
complementof staff requiredto serviceit. Theincreasedini-
tial costof a robotic telescopeis repaidhandsomelyby in-
creasedobservingtime andgreaterreliability.

4.1. Envir onmental issues

4.1.1.High altitude

The equivalentpressurealtitudeon the Antarctic plateauis
typically between3000and4500m,andis somewhathigher
thanthephysicalaltitudedueto thethinneratmosphereabove
Antarctica. In common with mid-latitude observatoriesat
suchaltitudes,caremust be taken with instrumentcooling
(sinceheat removal through convection and fan-forcing is
lesseffective) andwith harddisk drives(thesesuffer an in-
creasedfailureratedueto thedecreaseddistancebetweenthe
readheadsandthedisk platters;heatremoval is alsoa prob-
lem).

Thealtitudealso,of course,affectsthe reasoningability
of humanswho areworking on theequipment.So it is wise
to planoncomplicatedtaskstakinglongerthanatsealevel.

4.1.2.Low temperature

Somewhat paradoxically, a signi�cant sourceof instrument
failure in Antarcticais overheating, sincedesignerstend to
pay great attention to thermally insulating the equipment
to protectagainst� 80� C ambienttemperatures,leaving the
possibility of overheatingwhen the temperaturesoars to
� 30� C at theheightof summer.

Batteries lose capacity at low temperatures,and may
crackandleakacid if subjectedto temperaturesbelow about
� 50� C.Connectingbarsbetweencellsneedto beableto �e x.
It is wise to testbatteriesin a fridge. A fully-chargedlead-
acid cell will freezeat a lower temperaturethana partially-
chargedone.Lithium thionyl chloridebatteriesperformwell,
andretaina usablecapacityevenwhenburiedbelow thesur-
faceat Dome C wherethe averagetemperatureis � 57� C,
althoughtheir terminal voltage declineswith temperature,
leadingto potentialfailurein, e.g.,computerreal-time-clock
backupcircuits, which have a small safetymargin even at
room temperature.For such applicationsit is worth using
a regulatedbatterysupply, ratherthanrelying on the open-
circuit batteryvoltage.

Vacuumsystemsneedcarefulconsideration,particularly
if o-rings are used.Nitrile o-rings should probably be re-
placedwith �uorosilicone o-rings,whichmaintaintheir �e x-
ibility atmuchlower temperatures,althoughthey haveworse
abrasionresistance,which will beanissuefor moving seals.
Pumpsandclosed-cycle coolersarelikely to be damagedif
startedat low temperatures(perhaps< � 20� C), soappropri-
atesafeguardsneedto be in placeto heatthesecomponents,
andnot to startthemfrom cold following a power-failure.
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4.1 Environmentalissues 4 DESIGNINGA ROBOTIC ANTARCTIC TELESCOPE

Electroniccomponentsoften work at much lower tem-
peraturesthanfor which they arespeci�ed.For example,we
have useda Watec902-HSvideo cameraat � 80� C, and a
DSP DesignPC/104computerfor several yearsat � 57� C.
On theotherhand,a solid-statedisk thatwasrateddown to
� 40� C consistentlyfailed if takenbelow about� 10� C. It is
bestto testall componentsin a low-temperaturefridge.

Many plasticsbecomeunusablybrittle at low tempera-
tures.Te�on is an exception,andall wiring exposedto am-
bient conditionsshouldbe te�on insulated.Te�on �o ws if
pressedagainsta sharpedge,leading to insulation break-
down.

Differential thermalexpansion,while an obvious prob-
lemwhencoolinganinstrumentfrom alaboratoryat20� C to
an ambienttemperatureaslow as� 80� C, needsto be thor-
oughlyconsidered.Invarcanbea usefulchoice.Nutsshould
beretainedwith springwashers.

Somesteelsbecomebrittle andhardto work at low tem-
peratures.Drilling holesat � 60� C canbedif�cult.

Grubb screws can be a major causeof problems.Even
for roomtemperatureapplications,grubbscrews oftencome
looseovertimeafterrepeatedvibration.At low temperatures,
andwith frequentthermalcycling, thedifferentialthermalex-
pansionof thescrew, shaft,andcollar leadto almostcertain
failure.

4.1.3.Relativehumidity , desiccants

The ambientair on the Antarctic plateauis almostalways
closeto 100%relative humidity, althoughthe absolutewa-
ter vapourcontentis exceedinglylow. The ability of air to
hold waterdecreasesrapidly with temperature,so muchso
thatevencommercialdry nitrogenhasa relative humidity of
100%at temperaturesbelow about� 60� C. Roomtempera-
turedesiccantssuchassilicagel,areentirelyuseless,andwill
bea sourceof moistureratherthana sink.Aggressive desic-
cantssuchascalciumhydridedocontinueto work atAntarc-
tic temperatures,but requirecarein handlingandpackaging.

4.1.4.Electrostaticdamage

Although the ambientair may be closeto 100% humidity,
onceit is warmedup insidea building it dropsto a few per-
centor less.A consequenceof this is thatelectrostaticdam-
ageto electroniccomponentsis very common,andrigorous
precautions,suchasanti-staticworkbenchesandwrist straps,
needto betaken.

4.1.5.Icing of optics

Therearetwo distinctproblemsaffectingopticalsurfaces:ic-
ing of a surfaceexposedto ambientconditions,andicing of
a surfacewithin aninstrument.Theformeris besttackledby
heatingthesurfaceby 5� C or soabove ambient(this canbe
convenientlydoneto a reasonableapproximationby usinga
�x ed heatinput), andalso ensuringthat thereare no sharp
edgesor stronglyconcaveareasthatcanexacerbateiceaccu-
mulation.If thesurfacecannotbeheated,thena mechanical
methodmight beneededto periodicallycleanthesurface.

Interior surfacescan ice-up if the optical elementis at
a temperaturebelow the dew-point, which can easily hap-
penif thetemperatureof theinstrumentdropsandeventrace
amountsof waterarepresent.Warmingtheopticshelpshere,
asdoessealingthe instrumentandusing a powerful desic-
cant(not silica gel). Of course,a sealedinstrumentmay be
destroyed by differential pressurecausedby ambientpres-
sure/temperature�uctuations.Onesolutionto this is to usea
bi-directionalblow-off valve thanopensif a pressurediffer-
enceis exceeded.

4.1.6.Engineexhaust

Exhaustfrom engineswill containalargepercentageof water
vapour, andthe moisturewill almostinstantaneouslyfreeze
whenit reachestheambientair. If theexhaustvelocity is in-
suf�cient, the moisturecanstart forming an ice structureat
thepointwherethetemperatureis 0� C. In extremecases,the
ice cangrow in extentuntil it threatensto block theexhaust,
or chunksof ice may fall into the exhaust,melt, andcause
problems.Onesolutionto theproblemis to keeptheexhaust
ashot aspracticaland to maintaina high exhaustvelocity,
by restrictingtheoutletpipediameter. A simpleuninsulated
coppertubehasworked well for the AASTINO at DomeC
(Lawrenceet al 2003, 2004f).

4.1.7.“Diamond dust”

“Diamond dust” is the name for micron-sizecrystals of
ice that are the most commonform of precipitationon the
plateau.Theparticlescanpenetrateany tiny cracksin an in-
strumentwith surprisingease,andthen�ll-up internalspaces.
In the worst case,if the spaceis heated,the ice can melt
and/orrefreeze.Thesolutionis to stoptheparticlesfrom en-
tering,andto avoid concave surfacesandsharpedgeswhere
theparticlescanaccumulate.

4.1.8.Burial by wind-blown snow

Althoughtheannualprecipitationin theform of snow (almost
always as “diamond dust”, not as �ak es) may be 10cm or
less,wind-blown ice particlescanrapidly bury experiments,
particularlyat locationsawayfrom theDomes,suchasSouth
Pole,wherehigherwindsaremorecommon.Themechanism
for burial is thaticeparticlesentrainedin thewind dropto the
groundin the turbulentwake downstreamof structures.One
techniquefor reducingtheproblemis to put theexperiment
on stilts, preferablywith a methodfor raising the platform
everyyearor so.

4.1.9.Telescopefoundations

With solid rock being 3km below the surface, it is neces-
saryto mount the telescopeon the ice. Thereis experience
with this issuein theUS AntarcticProgram.The7.5mtower
shown in Figure4 tilted by about20 arcsecondsper month
(Dempsey et al 2004a).
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4 DESIGNINGA ROBOTIC ANTARCTIC TELESCOPE 4.2 Humanissues

Fig.4. The7.5mhigh G-Tower supportinga 500kglow-power tele-
scopemountat SouthPoleStation.

4.1.10.Easeof maintenance

Equipmentwill almostcertainly requirerepair on occasion
during wintertimewhenthe external temperaturesareoften
below � 60� C.At thesetemperatures,theability of humansto
manipulatesmall fastenerssuchasnutsandbolts is severely
limited. It is thereforecrucial to designexperimentsso that
majorcomponentscanbeeasilyremovedandtakento awarm
environmentfor further disassembly. It is good practiceto
standardizeon as few different nut sizesas possible,and
to useover-sizedfastenersthat be easily manipulatedwith
heavy gloves,with theminimumnumberof differenttools.

4.1.11.Testingin a fridge

As muchaspossible,it is invaluableto testcomponentsof an
instrumentin a low-temperaturefridge. Commercialfridges
that reach� 80� are available,and are an essentialpart of
preparinganinstrumentfor Antarctica.Not all aspectsof the
sitecanbeduplicated,e.g.diamonddust.

4.1.12.No needfor weatherprotection

A major issue with mid-latitude observatories is protect-
ing telescopesfrom rain, wind, and dust.On the Antarctic
plateau,with no rain, light winds,andno dust,it is entirely
practicalto leave a telescopeexposedto the weatherat all
times.Theonly reasonfor having anenclosureis to provide

Fig.5. Telescopesshouldbedesignedfor maintenanceat low tem-
peratures.

awind breakto makeit morecomfortablefor peopleto carry
out repairs.

4.2. Human issues

For the forseeablefuture humanswill be an essentialcom-
ponentin building, operatingandmaintainingtelescopesin
Antarctica.Thereis agreatdealof experiencewithin thevar-
iousnationalAntarcticprogramsof the issuesinvolvedwith
humaninteractionsand performancein the extremecondi-
tions in Antarctica.For an interestingsummary, seeBurton
2004.

4.3. Robotic telescopedesign—generalcomments

4.3.1.Computer control

At UNSW our philosophyhasbeento minimize the num-
berof computersusedto control an experiment,even to the
extent of using a single computerto control the telescope,
CCD camera,datareduction,thermalmanagement,etc.This
simpli�es issuesof interprocesscommunication,andgreatly
increasesreliability.

4.3.2.Software

At UNSWwe have followedthe“UNIX philosophy”of pro-
vidingmodulartoolsto performsimplefunctions.Thesetools
canthenbeembeddedin any scriptinglanguagethat theas-
tronomeris familiar with. This has given us a great deal
of �e xibility with telescopecontrol. For example,the Au-
tomatedPatrol Telescopeat Siding SpringObservatory can
beoperatedfrom within IRAF scripts,makingit possibleto
adaptively alter the observingprogramon the basisof real-
timeanalysisof thedata.

For telescopecontrol systems,we have had great suc-
cesswith thePortableTelescopeControlSystem(PTCS)de-
scribedby Bailey andPrestage1997.
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4.3.3.Watchdogs

A robotic telescopeneedsto have a well thought-outstrat-
egy for copingwith systemfailures.Hardwareandsoftware
watchdogsneedto be carefully constructed.Oneof thema-
jor issuesis restartinga systemthathasbeenallowedto cool
down to ambient,perhapsthrougha power failure.

5. Conclusion

While therearesomechallengesto workingin Antarctica,the
advantagesfor astronomyareoverwhelminglycompelling.

Therewill bepeoplewhoarguethatAntarcticais toodif-
�cult, andthentherewill bepeoplewho go aheadandbuild
a telescopethere.
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