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Robotic telescope®n the Antar ctic plateau
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Abstract. The high plateauthat covers half of the continentof Antarcticacontainsthe bestastronomicabbservingsites
on Earth. The infraredsky backgrounds low, the precipitablewatervapouris low, the sub-millimetresky opacityis low,

the winds are low, the atmospherés exceedinglyclearand stable,it never rains,thereis no dust, it is geologicalstable,
andthe seeingat somesites,notablyDomeC, is superb Theturbulencepro le in the atmospherés bene cial for adaptve
optics,with fewer actuatorsandfewer deformablemirrors beingrequired,andwith signi cant correctionbeingpossibleat
visible wavelengths For projectsthat requirecontinuousmonitoring,e.g.,planetdetectionthroughmicro-lensing.a single
robotic telescopen Antarcticacanreplacea network of 4—6 telescopeplacedaroundthe world at mid-latitudesites.For
mary projectsrequiring large aperturesa given sizetelescopen Antarcticawill outperforma telescopeof 2—3 timesthe
apertureat a mid-latitudesite. We review whatis knowvn aboutthe site conditions,andoutline someof the issuesnvolved
with designingrobotictelescope$o work in Antarctica.
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1. Intr oduction

The possibleadvantagesf the Antarctic plateaufor astro-
nomicalobsenationshave beenspeculatedboutfor over 30
years(e.g., TownesandMelnick 199Q Gillingham 1991, and
seelndermuehleet al 2004 for earlierreferences)but it is
only recentlythatsufcient site-testingnformationhasbeen
obtainedto make de niti ve comparisonsvith mid-latitude
obsenatories.

First, we needto be clearthatwe arediscussinghe high
plateauregionsin the centerof Antarctica, not the coastal
regions. On the plateauthere are no high mountainpeaks,
justgentle(1:1000)slopesrising to aridge wheretherearea
few local high points,suchasDome C (3260m),Dome Ar-
gus(4084m),andDomeFuji (3810m).Katabaticwindsorig-
inatefrom thedomesand o w radially outward,accelerating
asthey go. The domes therefore, are naturalplacesfor ob-
senatories,not only becausehey arelocal high-points,but
moreimportantlysincethe low surfacewinds causelessat-
mospheridurbulencein thegroundlayer.

The US AmundsenScott South Pole Stationis some-
whataway from the ridge of domes,andso doesexperience
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strongerwinds, averaging6m/s. Thesewinds stir ground-
layerturbulencewhich resultsin disappointingevels of op-
tical seeing:a medianof 1.7 arcsecondat 500nm(Loewen-
steinetal 1998 Travouillon etal 2003. A telescopelaced
ona200-300mrtowerwould beabosetheboundaryayer, and
would experiencemedianseeingof 0.3 arcsecondéMarkset
al 1999 Marks 2002 Travouillon etal 20033. Suchatower
shouldnot be dismissedut of hand,giventhe considerable
infrastructurealreadyinvestedat the SouthPole.

In whatfollows, however, we will concentraten Dome
C,theonly domesitefor whichsite-testindnascurrentlybeen
performed.

2. Antar ctic advantages

2.1. Superbseeing

The rst summertimeseeingmeasurementdfom Dome C
wereobtainedoy Aristidi etal 2003 Theearlymeasurements
wereto someextentaffectedby local turbulencein the tele-
scopeanddatatakenduring2003-04shovedperiodsof see-
ing belav 0.2arcsecondduringsummertimgE. Aristidi and
E. Fossatpersonabommunication).
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The rst wintertime measurementsvere obtained by
Lawrenceet al 2004aduring March—May2004,andshowv a
medianseeingf 0.27arcsecondsndbelov 0.15arcseconds
for 25%of thetime.

It is worth notingthatthe full-width at half-maximumof
astarimagemeasuredvith alargetelescopgwheretheaper
ture is much greaterthan the Fried parameter)canbe less
thanpredictedrom, e.g.,DifferentiallmageMotion Monitor
(DIMM) measurementsjncethepredictionsassumeanin -
nite outerscaleof turbulence.Tokovinin 2002discusseshis
pointin detail.

2.2. Wide isoplanatic angle,long coherencetime

The isoplanticangleat Dome C is 2—-3 timeslarger thanat
good mid-latitudesites (Lawrenceet al 20043. The coher
encetimeis alsolonger

Lloyd etal 2002estimatedhatfor narrav-angledifferen-
tial astrometryasmightbeappliedto detectextra-solamplan-
ets,a mid-IR interferometeat Dome C would be 300times
fasterthanoneatMaunaKea.Lawrence2004bandLawrence
etal 2004dshovedthatadaptve opticsat DomeC would re-
quire fewer deformablemirrors, fewer actuatorsfew if ary
laserguide stars,andwould achiese usefullevels of correc-
tion in thevisible. Travouillon etal 2004discusghepotential
for groundlayeradaptie optics(GLAO) in Antarctica.

2.3. Greatly reducedtelescopecosts

Naively onewouldthink thatatelescop@esignedor Antarc-
tic conditionswould be more expensve thana mid-latitude
design.While thisis truefor smallaperturesywhenonecon-
siderstelescopesf 2mor greatetin aperturgheperformance
improvementsavailablein Antarcticaequateo alargertele-
scopeata mid-latitudesite. Giventhatthe costof atelescope
goesasroughly d%®, the Antarctic option rapidly becomes
costeffective. The costdifferentialis even greaterwhenin-
strumentsarefactoredin: aninstrumentfor a 30mtelescope
is anexceedinglycostlyproject;if alOmtelescopén Antarc-
ticahadequialentperformancetheoverall savingswould be
immense.

Anotheraspecto considelfor largetelescopess thatthe
averageand maximumwind speedsare low on the plateau,
which greatly simpli es the telescopedesign, particularly
sincethe force on a structureis proportionalto the square
of thewind speedThelack of seismicactivity is anotheifac-
tor that reduceghe costof structuresTelescopeenclosures
canberelatively inexpensve, lightweight designsdueto the
low winds, lack of rain,andlow snav precipitation.So,even
for the sameaperture an Antarctic telescopecould well be
cheaperAnd for extremelylargetelescopeg¢ELTSs), thewind
issuealonemay make Antarcticatheonly viable option.

Angel et al 2003describesa proposaffor a21mELT in
Antarctica.

2.4.Longer mirr or coating lifetimes

Mirror coatingstendto be destryed by the accumulatiorof
airbornedust particles,coupledwith humidity from the air,

which chemicallyattackthe coating.In Antarctica,the com-
pletelack of dust,andthe low watervapourcontentof the
air, are expectedto lead to dramaticallyincreasedcoating
lifetimes. The costsavingsfor telescopesf ELT proportions
couldoutweighthe additionalcostof building andoperating
acoatingplantin Antarctica.More work needdo bedoneon
theissueof coatingperformancen Antarctica.

2.5.Incr easedsky coverage,for someprojects

While sites in Antarctica see less overall sky than mid-
latitude sites, for obsenations such as interferometryand
adaptve opticsimagingthatrequirebrightreferencestarsthe
largerisoplanatigpatchavailablefrom, e.g.,DomeC, leadsto
amary-fold increasen thetotal usablesky coverage.

2.6. Low precipitable water vapour

The Atacamadeserthas less annualprecipitationthan the
Antarcticplateauput the gure of meritthatis importantfor

astronomerss nottheprecipitation put thecolumnof precip-
itablewatervapour(PWV). All the plateausitesaresuperior
to Atacamapothin absolutePWV and,perhapsnoreimpor-

tantly, in the stability of the PWV on timescalef minutes
to hours.

Thelow PWV hastwo effects:it opensup new windows,
e.g.,200 m, andit makesexisting windows from the UV to
the sub-mmand beyond wider and more stable(Lawrence
20049.

2.7.Low infrar ed background

The sky at the SouthPoleis at leasta factor of 10 lower
in emissionthan MaunaKeathroughoutthe nearand mid-
infrared (Smith and Harper 1998 Chamberlainet al 200Q
Hidasetal 2000. At 2.35 m thereis a naturalgapbetween
theairglow emissionandthe steeplyrising thermalemission
thatleadsto afactorof 100improvement(Ashley etal 1996
Nguyenetal 1996 Phillipsetal 1999 Lawrenceetal 2002.

2.8.Low telescopgemperatures

Longwardsof about2 m, the lower telescopetemperature
(seeFigure 1) signi cantly reduceshe backgroundThis is
particularlyimportantfor applicationssuchasinterferometry
or adaptve opticsthatinvolve mary re ections, eachoneof
which addsa smallbackgroundsignal.

2.9. Lower scintillation

Atmosphericscintillation resultsin a temporalvariationin
stellar ux andis animportantparametefor mary astronom-
ical applicationgequiringhighphotometricaccurag, suchas
astroseismologymicro-lensing,and planetarytransitobser
vations.The degreeof intensityscintillationfor alarge aper
ture telescopdg> 15 cm) at ary site scalesasthe integral of
the turbulencestrength(given by the refractive index struc-
ture constant)multiplied by the squareof the altitude. It is
thusstronglydependenonturbulencein highaltitudelayers.
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Fig. 1. The distribution of ambienttemperaturesluring the coldest
months(May throughAugust)at DomeC. This plot wasgenerated
from datafrom the AutomaticWeatherStationat DomeC Il, using
10 minutedatasampledrom Decembed 995to July 2004.

Sites,suchasDomeC, wherethereis little high altitudetur-
bulencewill thushave low scintillation. Datatakenfrom the
DomeC MASS (Lawrenceetal 2004a 2004¢ suggestshat
for a giventelescopesizethe scintillationindex (the ratio of
the RMS intensity variationto the averagestellar intensity)
will be afactor4-5lower thanfound at typical mid-latitude
sites(suchasMaunaKeaandCerroParanal).Thiswill result
in a signi cant increasen photometricprecisionfor a given
integrationtime.

2.10.Reducedairmassvariations

From Antarctica,objectsexperiencdessvariationin airmass
astheir hour anglechangeswhich reduceghis contribution
to theerrorbudgetfor high-precisiorphotometry

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

2.11.No aerosolsor dust particles

Thealmostcompletdack of aerosolsanddustparticlesleads
to a highly transparenandstableatmosphereAt SouthPole
or DomeC obscuringhesunwith asmallobjectheldatarm's
lengthrevealsno clue from the sky brightnessgradientthat
thesunis hidden.Thereducedscatterings bene cial for so-
lar work andobsenationsrequiringextremecontrastratios.

2.12.Good fraction of cloud-freedays

Determiningthefractionof cloud-freedaysatDomeC is sur

prisingly dif cult, sincesatellitescannotreliably distinguish
betweercloudandtheice below. Ashley etal 2003ranacam-
erafor ayearatDomeC in 2001,andfound74%clearskies.
As yetunpublishedstatisticsfrom the AASTINO (Lawrence
et al 2003 webcamerdor 2003/4shav in excessof 90%
clearskies.More work needgo be doneto quantify the dis-
tribution of cloud-freedays.

2.13.Long periods of continuous obsewvations

The lack of diurnal aliasing can be a major advantagefor
someprojects,e.g., suneys for transiting hot-Jupiterplan-
etswith periodsmeasuredn days.From the known cloud
statistics,objectscan often be monitoredcontinuouslyfor
a week at a time, possibly extendingto months.The mid-
latitudealternatie is to have a network of 4—6 telescopesit
differentlongitudeswhich is an expensve proposition,and
produceslataof lower quality dueto the variationin instru-
ments/telescope/sites.

2.14.Low windspeedsand stablewind dir ections

Theaveragewind speedat DomeC is 3 m/s,comparedwvith

4.4 m/sat MaunaLoa and6.6 m/s at La Palmaand Paranal
(seeAristidi et al 2004 for a detaileddiscussion)Figure 2

shavs the distribution of wind speedst DomeC, andFigure
3 shawvsthedistribution of wind directions.The highestwind

speedever recordedn 23 yearsof monitoringat DomeC is

20m/s,amerebreezecomparedo theviolent stormsthatare
known to occasionalljfashall otherobsenatorysites.
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Fig. 2. Thedistribution of wind velocitiesduringthe coldestmonths
(May through August) at Dome C. The datawere obtainedfrom
AWS measuremeniasperFigurel.

2.15.No earthquakes

Thereis no seismicactiity onthe plateauthatwould berel-
evantto the designof atelescope.

2.16.No lightning

Lightning is amajorconcernat mid-latitudeobsenatories It
is absenbnthe Antarcticplateau.

2.17.No land usageissues

There are no endangeredpeciesor land usagesensitvi-
ties that could in uence the constructionof a telescopeOf
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Fig. 3. Thedistribution of wind directionsduringthecoldesimonths
(May throughAugust)at DomeC, for windsthatexceedthe median
of 2.7 m/s. Thedatawereobtainedrom AWS measurementasper
Figurel.

course,strict ervironmentalprotocolsmustbe obsered, as
atary site.

3. Antar ctic disadvantages

3.1. Practical dif culties

Winterizingatelescopaequiresengineeringskills andexpe-

riencethatis not commonlyavailable.lt is dif cult to repair
telescopesuring mid-winter. Transportinglarge structures
to DomeC incursayear's delayat Dumontd'Urville station.
There can be large temperatureexcursions(> 20 C) even

after sunset.The low relative humidity increaseghe risk of

staticdamageo electroniccomponents.

3.2. Astronomical dif culties

Thenetamountof darktime is lessthanat mid-latitudesites.
Thereis lessoverall sky coverage(althoughimportantre-
gionssuchastheGalacticCentertheMagellanicClouds,and
the SouthGalacticPole,areall visible). Auroraeareyetto be
fully quanti ed asa problemfor visible operationsat Dome
C (Dempsg et al 20048, althoughDome C is in the cen-
ter of the auroraloval, which is the optimumlocationon the
plateau.

3.3. Remaining unknowns

More work needgo be doneon someaspectf site-testing,
mostnotablycloud statisticsauroraeandthe sub-mmtrans-
pareng at200 m. A long time-seriesof atmospherid¢urbu-

lencemeasurementseedsto be made—thereshouldbe oc-

casionalperiodsof high altitude turbulenceasthe windsin

the polarvortex circulateover DomeC.

4. Designinga robotic Antar ctic telescope

We now addressomeof the practicalissuesassociatedvith
building a telescopeo operatein Antarctica. The telescope
shouldberobotic,anddesignedo reduceto a minimumthe
complementf staf requiredto serviceit. Theincreasedni-
tial costof a robotic telescopds repaidhandsomelyby in-
creasedbservingime andgreaterreliability.

4.1. Environmentalissues
4.1.1.High altitude

The equialentpressurealtitude on the Antarctic plateauis
typically between3000and4500m,andis someavhathigher
thanthephysicalaltitudedueto thethinneratmospherabove
Antarctica. In commonwith mid-latitude obseratories at
suchaltitudes,care must be taken with instrumentcooling
(since heatremoval through corvection and fan-forcing is
lesseffective) andwith harddisk drives(thesesuffer anin-
creasedailureratedueto thedecreasedistancebetweerthe
readheadsandthedisk platters;heatremoval is alsoa prob-
lem).

Thealtitudealso, of course affectsthe reasoningability
of humanswho areworking on the equipmentSoit is wise
to planon complicatedaskstakinglongerthanat sealevel.

4.1.2.Low temperature

Somevhat paradoxically a signi cant sourceof instrument

failurein Antarcticais overheating sincedesignerdendto

pay great attentionto thermally insulating the equipment

to protectagainst 80 C ambienttemperaturedeaving the

possibility of overheatingwhen the temperaturesoarsto
30 C attheheightof summer

Batterieslose capacity at low temperaturesand may
crackandleakacidif subjectedo temperaturebelov about
50 C. Connectingbarsbetweercellsneedo beableto e x.

It is wise to testbatteriesin a fridge. A fully-chargedlead-
acid cell will freezeat a lower temperaturghana partially-
chagedone.Lithium thionyl chloridebatterieperformwell,
andretaina usablecapacityevenwhenburiedbelow the sur
faceat Dome C wherethe averagetemperaturas 57 C,
althoughtheir terminal voltage declineswith temperature,
leadingto potentialfailurein, e.g.,computemreal-time-clock
backupcircuits, which have a small safety mamgin even at
room temperatureFor such applicationsit is worth using
a regulatedbattery supply ratherthanrelying on the open-
circuit batteryvoltage.
Vacuumsystemaeedcarefulconsiderationparticularly
if o-rings are used.Nitrile o-rings should probably be re-
placedwith uorosilicone o-rings,which maintaintheir e x-
ibility atmuchlowertemperaturesalthoughthey have worse
abrasiorresistancewhich will beanissuefor moving seals.
Pumpsandclosed-gcle coolersarelikely to be damagedf
startedatlow temperature§perhaps< 20 C), soappropri-
atesafegguardsneedto bein placeto heatthesecomponents,
andnotto startthemfrom cold following a power-failure.
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Electronic componentoften work at much lower tem-
peratureghanfor which they arespeci ed. For example,we
have useda Watec 902-HSvideo cameraat 80 C, anda
DSP DesignPC/104computerfor several yearsat 57 C.
On the otherhand,a solid-statedisk that wasrateddown to

40 C consistentlyfailedif takenbelov about 10 C. It is
bestto testall componentén alow-temperaturdridge.

Marny plasticsbecomeunusablybrittle at low tempera-
tures.Te on is anexception,andall wiring exposedto am-
bient conditionsshouldbe te on insulated.Te on o ws if
pressedagainsta sharpedge,leadingto insulation break-
down.

Differential thermal expansion,while an obvious prob-
lemwhencoolinganinstrumentfrom alaboratoryat20 Cto
an ambienttemperatureaslow as 80 C, needsto bethor
oughly consideredlnvar canbe a usefulchoice.Nutsshould
beretainedwith springwashers.

Somesteelsbhecomebrittle andhardto work at low tem-
peraturesDrilling holesat 60 C canbedif cult.

Grubb scravs can be a major causeof problems.Even
for roomtemperaturepplicationsgrubbscrevs oftencome
looseovertime afterrepeatedibration. At low temperatures,
andwith frequenthermalcycling, thedifferentialthermalex-
pansionof the scrav, shaft,andcollar leadto almostcertain
failure.

4.1.3.Relative humidity, desiccants

The ambientair on the Antarctic plateauis almostalways
closeto 100% relative humidity, althoughthe absolutewa-
ter vapourcontentis exceedinglylow. The ability of air to
hold water decreasesapidly with temperatureso muchso
thatevencommercialdry nitrogenhasa relative humidity of
100% at temperaturedelon about 60 C. Roomtempera-
turedesiccantsuchassilicagel,areentirelyuselessandwill
be a sourceof moistureratherthana sink. Aggressve desic-
cantssuchascalciumhydridedo continueto work at Antarc-
tic temperaturedyut 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 consequencef this is thatelectrostatiadam-
ageto electroniccomponentss very common,andrigorous
precautionssuchasanti-statioworkbenchesndwrist straps,
needto betaken.

4.1.5.Icing of optics

Therearetwo distinctproblemsaffectingopticalsurfacesic-
ing of a surfaceexposedto ambientconditions,andicing of
asurfacewithin aninstrumentTheformeris besttackledby
heatingthe surfaceby 5 C or so abose ambient(this canbe
corvenientlydoneto a reasonable@pproximatiorby usinga
x ed heatinput), and also ensuringthat thereare no sharp
edgewr stronglyconcae areaghatcanexacerbatéce accu-
mulation.If the surfacecannot be heatedthena mechanical
methodmight be neededo periodicallycleanthe surface.

Interior surfacescanice-upif the optical elementis at
a temperaturebelon the dew-point, which can easily hap-
penif thetemperaturef theinstrumentdropsandeventrace
amountsof waterarepresentWarmingtheopticshelpshere,
as doessealingthe instrumentand using a powerful desic-
cant(not silica gel). Of course a sealedinstrumentmay be
destrged by differential pressurecausedby ambientpres-
sure/temperatureictuations. Onesolutionto thisis to usea
bi-directionalblow-off valve thanopensif a pressureiffer-
enceis exceeded.

4.1.6.Engine exhaust

Exhausfrom engineswill containalargepercentagef water
vapour andthe moisturewill almostinstantaneouslyreeze
whenit reacheghe ambientair. If the exhaustvelocity is in-

sufcient, the moisturecan startforming an ice structureat

thepointwherethetemperaturés 0 C. In extremecasesthe
ice cangrow in extentuntil it threatengo block the exhaust,
or chunksof ice may fall into the exhaust,melt, and cause
problemsOnesolutionto the problemis to keepthe exhaust
ashot as practicaland to maintaina high exhaustvelocity,

by restrictingthe outlet pipe diameter A simpleuninsulated
coppertube hasworked well for the AASTINO at DomeC

(Lawrenceetal 2003 20041).

4.1.7."Diamond dust”

“Diamond dust” is the name for micron-size crystals of
ice that are the most commonform of precipitationon the
plateau.The particlescanpenetratery tiny cracksin anin-
strumentvith surprisingeaseandthen ll-up internalspaces.
In the worst case,if the spaceis heated,the ice can melt
and/orrefreezeThesolutionis to stopthe particlesfrom en-
tering,andto avoid concave surfacesandsharpedgeswvhere
theparticlescanaccumulate.

4.1.8.Burial by wind-blown snow

Althoughtheannuabrecipitationin theform of snav (almost
always as “diamond dust”, not as ak es) may be 10cm or
less,wind-blown ice particlescanrapidly bury experiments,
particularlyatlocationsaway from the Domes suchasSouth
Pole,wherehigherwindsaremorecommon.Themechanism
for burial is thatice particlesentrainedn thewind dropto the
groundin the turbulentwake downstreamof structuresOne
techniquefor reducingthe problemis to put the experiment
on stilts, preferablywith a methodfor raising the platform
everyyearor so.

4.1.9.Telescopdoundations

With solid rock being 3km belawv the surface, it is neces-
saryto mountthe telescopeon the ice. Thereis experience
with thisissuein the US AntarcticProgram.The 7.5mtower
shavn in Figure4 tilted by about20 arcsecondger month
(Dempsg etal 20043.
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Fig. 4. The7.5mhigh G-Tower supportinga 500kglow-power tele-
scopemountat SouthPoleStation.

4.1.10.Easeof maintenance

Equipmentwill almostcertainly requirerepairon occasion
during wintertime whenthe externaltemperaturesre often
belov 60 C.At theseemperaturegheability of humango

manipulatesmallfastenersuchasnutsandboltsis severely
limited. It is thereforecrucial to designexperimentsso that
majorcomponentsanbeeasilyremovedandtakento awarm

ervironmentfor further disassemblylt is good practiceto

standardizeon as few different nut sizesas possible,and
to useoversizedfastenerdhat be easily manipulatedwith

heavry gloves,with the minimum numberof differenttools.

4.1.11.Testingin afridge

As muchaspossiblejt is invaluableto testcomponentsf an
instrumentin a low-temperaturdridge. Commercialfridges
thatreach 80 are available,and are an essentialpart of
preparinganinstrumentor Antarctica.Not all aspect®of the
sitecanbeduplicatede.g.diamonddust.

4.1.12.No needfor weather protection

A major issue with mid-latitude obsenatoriesis protect-
ing telescopedrom rain, wind, and dust. On the Antarctic
plateauwith no rain, light winds, andno dust, it is entirely
practicalto leave a telescopeaxposedto the weatherat all
times.Theonly reasorfor having anenclosurés to provide

Fig.5. Telescopeshouldbe designedor maintenancet low tem-
peratures.

awind breakto make it morecomfortablefor peopleto carry
outrepairs.

4.2. Human issues

For the forseeablduture humanswill be an essentiacom-
ponentin building, operatingand maintainingtelescopesn
Antarctica.Thereis a greatdealof experiencewithin thevar
ious nationalAntarctic programsof the issuesnvolvedwith
humaninteractionsand performancen the extreme condi-
tionsin Antarctica.For aninterestingsummary seeBurton
2004

4.3. Robotic telescopedesign—generacomments
4.3.1.Computer control

At UNSW our philosophyhasbeento minimize the num-

berof computerausedto control an experiment,evento the

extent of using a single computerto control the telescope,
CCD cameragdatareduction thermalmanagemengtc. This

simpli es issuesf interprocesg€ommunicationandgreatly

increaseseliability.

4.3.2.Software

At UNSW we have followedthe “UNIX philosophy”of pro-
viding modulartoolsto performsimplefunctions.Theseools
canthenbe embeddedn ary scriptinglanguagethatthe as-
tronomeris familiar with. This has given us a greatdeal
of exibility with telescopecontrol. For example,the Au-
tomatedPatrol Telescopeat Siding Spring Obsenatory can
be operatedrom within IRAF scripts,makingit possibleto
adaptvely alter the observingprogramon the basisof real-
time analysisof thedata.

For telescopecontrol systemswe have had greatsuc-
cesswith the PortableTelescopeControl System(PTCS)de-
scribedby Bailey andPrestagd 997.
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4.3.3.Watchdogs

A robotic telescopeneedsto have a well thought-outstrat-
egy for copingwith systemfailures.Hardwareandsoftware
watchdogseedto be carefully constructedOne of the ma-
jor issuesds restartinga systemthathasbeenallowedto cool
down to ambient perhapgshrougha power failure.

5. Conclusion

While therearesomechallengeso workingin Antarcticathe
adwantagedgor astronomyareoverwhelminglycompelling.
Therewill be peoplewhoarguethatAntarcticais too dif-
cult, andthentherewill be peoplewho go aheadandbuild
atelescopéhere.
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