History of Robotic and Remotely Operated Telescopes
The Fairborn Observatory 19791989

Russell M. Genet
California Polytechnic State University
4995 Santa Margarita Lake Road, Santa Margarita, CA, USA 93453

ABSTRACT

Automated instrument sequencers wengployed on solar eclipse expeditions in the late 18®0®wvever it was not

until the 1960s that Art Code and associates at Wisconsin used-8 mDiRomputerwith 4 K of RAM to automate an

8-inch photometric telescopelt took reliable microcomputerto initiate the modern era of robotic telescopes. Louis

Boyd andthe author (Russ Genedpplied single board microcomputers with 64K of RAM and floppy disk drives to
telescope automation at the Fairborn Observatory, achieving reliable, fully robatitiapén 1983 that has continued
uninterrupted for 28 years. In 1985 the Smithsonian Institution provided us with a suburb operating location on Mt.
Hopkins in southern Arizona, while the National Science Foundation funded additional telescopes. |Remate

access to our multiple robotic telescopes at the Fairborn Observatory began in the late 1980s. By 1989 the Fairborn
Observatory, with its seven fully robotic telescopes, unmanemmbtelyaccessednountaintop observatory, and part

time staff of wo, had illustrated the potentiaf automation to providebservationsat heretoforeunachievabldow

operating and maintenance costs. As the information capacity of the Internet exploded, observational modes beyond
simple differential photometry openeg, bringing us to the current era of rale access$o remote observatories and

global observatory networks. Although initially confined to smaller telescopes, robotic operation and remote access are
now spreading to larger telescopesadsscopes fim afarincreasinglypecomes the normal mode of operation.
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1. PROLOGUE: EARLY ROBOTIC TELE SCOPES

David Todd (18551939), an astronomer at Atst College, developedctusterof automated camerasd small

telescopesvhich he placedn an English equatorial mount. A container of sand was topped with a heavy weight and
pierced at the bottom so that a uniform flow of sand allowed a counterweidgiftp and power the slow movement of

the assembly. Camera shutters were fired and plate holders were shifted in a precise sequence controlled by a pneumatic
system using parts from a pedal organ. Todd's first attempt at automation on Dez2nii889 took place during a

solareclipse expedition to West Africa. Althoughierything workedhe wasclouded out David persisted and dris

third expedition (to Tripoli) he made the first successful observations with a robotic telescope on May 28, 21900

Around 1965 a smattomputerc ont r ol | ed t el escope was put into operatio
Observatory to provide retime measurementsf extinction coefficients. This-Bich, f/4, off-axis, UBV photometric

telescope waa spinoff from the spadelescopgrogram being actively pursued at Wiscor{§in4. The system was

controlled bythe very first production (Serial #1) DEC PBPninicomputemwhich featured a magnetmmre memory of

4096 12bit words contained within 4inch-on-a-side cube. The system wagdiable enough to operate 3 or 4 nights in

a row without the need for human inptthe Wisconsir8 should, | feel, be credited for being the first robotic telescope

in the modern sense of the word.

About the samérhe, several remotely locatéelescopesvere controlled by linking them todistantmain-frame
computer. A 5@nch Boller & Chivens telescope installed at Kitt Peak National Observatory was controlled remotely
from a mainframe computer in Tucson some rhiles away%$]. Although automation was achieved, the system was
not reliable enough for continued operation and the telescope was modified to support manual observations.
Interestingly, after over four decades of manual operation, this telescopecemtiyr convertetbackto fully automatic
operation albeitcontrolledwith an onsite microcomputerSterling Colgate also linked a remote robotic telescope to a
main-frame computein Socorro, New Mexicand similarly found that reliable operation coulat be achieved.



Somewhat more reliable operation was achieved with asitenBM-1800 by Greg Henry, Kenneth Kissell, and
associates at a US Air Force telescope in Cloudcroft, New Mexico in the. 1@Hadwasreallyrequired for reliable,
affordablemountaintopobservatory automatigmowever was amicrocomputer

The firstsuccessfutobotic telescope observations were made with a pneumatically controlled array of telescopes
and cameras on May 2800 inWestAfrica (left). In 1965,Art Code and his associates at Uraversityof

Wisconsin achieveduccessfutomputercontrolledrobotic operation with a PD#8 minicomputer with 4 K of

RAM (right).

2. FAIRBORN OBSERVATORY ORIGINS

In late 198, | was aresearch supervisor at WrigRatterson Air Force Base near Dayton Ohi¢hile attending

graduate schodlt the Air Force Institute of Technolagylooked into what basic scientific research | could conduct on
my own with modest personal fundingquickly narrowed my search to astronoarnydspentiunch hours foa week at

the I nstitutebs | ibrary | oo Kstrongmicaldauroall glancet &t eachpartidey i o u s
asking could | have conducted similar research and writtsimilar papef Although Idid nothave the background for
purelytheoretical investigationsrealizedmy background in electrical engineeriwguld behelpful forinstrumented
observations. While marof the papers reportasbservationsnade withlargetelescoped not practical for mymall
backyard on a limited buddgethere were8 papers reportinghotoelectric observations of variable staiade with
telescopes with apertures of 16 inches or less.

Drawing the obvious conclusion, | ordered@inch Cassegrain mirror set from Coulter Optit8 and 2-inch worm

gears from Thomas Mathikwashis first customer), a 1P21 RCA photomultiplianda strip chart recorderA TRS-80
microcomputemas purchased fatata reductionvhich, except for data entrwasfully automated from the outsfd].
Inearly1979h i | e wai ting for the ground to thaw sdtthe coul d
telescope and photometand familiarized myself with the TR8 and BASIC programmingMy observatory was

named aftethenearbytown of FairbornOhio.

Initial photometric observations were of eclipsing binary stars suspected of having large dark spots on one of the stars.

As the star spots moved about or got larger or smaller, the shtpepifotometric eclipse light curve reflected these
changes. This cooperative program between about a dozen small observatories was coordinated by Douglas Hall, an
astronomer at Vanderbilt University.



Russ Jr(1979)centes a st ar at the Fair bor nTheQiB¥ ghotomaterdCy 6s first t
amplifier, high voltage power supplgndstrip chart recordesire visible A Radio Shack TR80 microcomputer
(right) was usedbr data reduction Also shownarea thermal printer, modem, and (upper left) a floppy drive.

In order to meet Doug Hall and other photometrists in person, | organized a small workshop which was held at the
Dayton (Ohig) Museum of Natural History in June 1988ttendeedDouglas Hall, Arne Hetlen, Ronald Kaithuck, Ken
Kissell, Jerry Pershand | all went on to plagn active role in the development of early robotic telescopes after this

initial meeting. Doug stayed on after the meeting and we launched the International AvRetéassional Ptoelectric
Photometry (IAPPP) organizati¢d], together editing the first issues of dgisarterlypublication, thd APPP
Communicationsyhich continued for over two decades with over 1000 subscribers from 40 countries. | suggested
meetings also be hetih the west coasand IAPPP West began its annual conferences in 1981 and has held them every
year since then. IAPPP West was recently renamed the Society for Astronomical Sciences.

The first of a series of annuebnferencefRuss organized (left) was held in June 1980 at the Dayton Museum of
Natural History. By 1984 the annual conference had grown to a substantiassizan be seen tiye many
attendeegright) posng in front of the Fairborn Observatorjicrocomputers irAstronomy[8] and
Microcomputers in Astronomy [9] werebookproceedingdrom these early conferences

Making photometric observations was time consuming, tedious, and boring. Stars had to be found and centered, filters
changed, and the strip chartoeger turned on and @fthe same thing over and oyéour after hour On cloudy nights

the strip chart resultsad to be painstakinglypeasured with a ruler and the numbers typed into the 8RBr final

reduction which, gratefully, was totally autonteT o make the process less tedious and more efficient, | developed an
interface between the photometer and F8R3hatnot onlylogged the data directlyut also changed the filevia a

stepper motor As the computer had to beld what was being loged, | wrote aBASIC program that lecheas the

observer through sequence of variable, comparison, and check star and sky observations in U, B, and V filters. The
instructions were displayed on a remote monitor in the observatoiyresponded by follwing the instructions and

el



making choices on a remote keygad]. As each 1&econd integration proceeded, the changing signal was plotted on

BN

theremote monitédra fApaperl ess strip chart recordero of sorts.
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Doug Hal and Russ Genet wrote a photometry guide in 19&ithat was issued as a secphdrdbacledition
[12] in 1988 (left). Data logging and control circuits attendanprograms for th@RS-80 were published in
1982in what appears to be the fister ok onreal time control with microcomputef3]. This book led to
many other control applications of the TR includingthoseatthe rat and pigeolaboratoy of B.F. Skinner,
thefamousbehavioral psychologist at Harvard.

The computer was noim chage, doing everything except finding and centering the étavhich it delegated to me.

Now | wastotally bored My wife was complaining about my late hours, whaté¢he laboratoryhere | was a branch
chiefthedirector wondered why | was falling asleepstaff meetings.Obviouslythe computeneeded tdake over

finding and centering st athgsrestaringharital blisslamt thg good widl of pnphidss ni ght

3. AUTOMATION AT THE FA IRBORN OBSERVATORY

In 19810 while visiting a siter Air Forcelaboratorydivision in Mesa, Arizond an amateur astronomeleff Hopkins

kindly introduced me to a number Bhoenixareaphotometrists, including Louis Boyd. Lou had been helping Richard
and Helen Lines with photoelectric equipment atlthie n @bsefvatory in Mayer, Arizona. Richard operated the
telescope, while Helen recorded the observations. Lou kept suggesting how various portions of the process could be
automated. Content with their smooth tpersonmanualoperation, Helen told Lothat they were not interested, and if
Lou wanted an automated system he shgalbuild his own, which Lou set out to délaving a common goal of full
automation, Lou and | joined forces under the rubric of the Fairborn Observatory (east and west).

Whatwe developed wasimplelow-costautomatic photoelectric telescopes (APiFsjtdid noteven have (expensive
for ug position encoders. Each axis was driven Bjeppemotor under computer control. The photometer not only
measured the brightnesssbérs butvia the Hunt and Lock routinesre devisedwas ableo find and center starA
symmetrical sequendkat involved 10 slews arsbme 33 individualO-secondbbservations wasiade ofthevariable,
comparisonand check stars and a sky backgibum a  fiogbtainuiffedential photometric magnitudes in three
colors The entire sequence, which involvaghdreds of smatklescope movements, took about 11 rtésuo
complete. In a typical winteright, about 50 groups could be observed, ving the finding and centering of over 400
stars. Thawo initial Fairborn Observatory robotic telescoéee Phoenix 10 and Fairborn I@)ntinued to operate for
over two decades, each finding and centering about 3 millios atal making over 8 midh 10-secondntegrations.
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The Hunt and Lock routinassed the photometer itsétf find and centethestars. A symmetrical geence of
some 33 individual O-secondbbservations were made of variable, comparison, and cheeskestd sky
background (termed a figroupo) through Johnson U, B, and V

Initial automatic operation was achieved at the Fairborn Observatory (west)tinddb er 1 9 8PhoemilG h Lou d s
telescope located in his backyard in Phoenix, Arizdrechieved automatioperation at Fairborn Observatory (east)
some six months latevith the Fairborn 1(14, 15, 16]

Russ, Louand the Phoenix 10 robotic telescd@dt) pose before its first full night of automatic operation o
October 13, 1983Russ assembled the Fairborn 10 robotic telescope (right) from a DFM Engineering mount,
Meade 16nch Schmidt Cassegrain optics, and an Optec4&8RI photometer.

In 1983, Perry Remaklus ®#illmann-Bell asked me to write a book d¢ime microcomputer control of telescopeswas

not very farinto this book when a large packageeed in the mad afanf ol ded pr i ntouton of a Mast
Telescope Contrakritten by Mark Truebloodt the University of Maryland Mark wondered if itvould serve as the

basis for a book. | assured hihat it would andnvited him to behefirst author. Our bogkMicrocomputer Control of
Telescopegublished in 1985, was widely ref’]. Mark and | wrote a second version a dozen years|Egr

Ohio, unlike Arizonawasnot a good location for automated photometry. Not only was it often cloudy, but the weather
would change, rather unpredictably, during the night. | began sleeping out on a cot with the telescope on clear nights,
hoping that ifit clouded up and started raining | would wake up in time to close theffotbof before the telescope was
completelydrenched While | could have installed weather sensors and roof control and fully automated the
observatory, a better solution soaregented itself.



Microcomputer Control
of Telescopes
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Mar k Truebl ood and Ru1985sre19979rGke merocdnsputer voatroltofaetekespes were
quite influential not only with respect to telescope contrat alsahe full automation otelescopes Mark (right)
has workedor many yeargs an instrumentation engineer for the National Optical Astronomical Observatories.

4. THE AUTOMATIC PHOTOE LECTRIC TELESCOPE SERVICE

In 1985 | attendedhewinter meetingof the American Astronomical Socieltyeld that yeam Tucson, Arizona One
afternoon during the meeting, Sallie Baliudaa astronomer at the HarvaBmithsonian Center for Astrophysics
took Lou and | on a tour of the Smithsonian Astrophysical Obsegvatat the Multiple Mirror Telescope, both on Mt.
Hopkins south of Tucson about half way to the Mexican bordés fatefully drove past ia unusedoll-off-roof

building that Sallie explained to us had been used for satellite tracking with a laser rahBaclar Nunn camera.

M&!g-

For 10 yearstte Automatic Photoelectric Telescope (APT) Service on Mt. Hopkins was a joint operation between
the Fairborn Observatory and the Smithsonian Astrophysical Obser{/H2e28]. Locatel at 8010 feet elevation

on the top of a ridgdft) between the Multiple Mirror Telescope and the Fred L. \pkipbservatory, the

Fairborn Observatory telescopes were housed in-affaibof (center). Sallie Baliunas (right)as the keyAPT
Serviceparticipantfrom the HarvareSmithsonian Center for Astrophysics

Although it was shirtsleeve weather in Arizona, it w28 F in Ohig and my wife mentioned thaur water pipes had
frozen solid. Recognizing a unique opportunity, | suggested that we tm@vizona Sx months later we bought a
house in Mes@Arizona where | had been assigned to our sisiteFrocelaboratory as a Branch Chief. A few months
later | visited David Lathanthe Director of the Smithsonian Astrophysical Observatory. ag#feed that the unused
satellite tracking station would make an excellent home for our robotic telescdpesyear agreementvasdrafted

The Smithsonian Institutiowould providethe facilities, utilities, and use ofwheel drive vehicles to negotiatee steep
dirt access road. The Fairborn Observateoyld provideand operate the robotic telescopy Fairborn10

telescope, movetb Arizonafrom Ohig wouldbe devoted to SalliBaliunu®  s-type atar research program to

provide photometric VRineasurement® compliment her spectroscopic observations being made with the historic 60



inch telescope on Mt. WilsonWhen Dave notified us that tisecretaryf the Smithsonian Institution hagprovedhe
agreement, Lou anchiadmy Fairborn10 roboic telescopéolted downto the floorof the observatory in less than 24
hours. Dave was very impressefibon we moved the laser ranger out of the wayadsub ol t ed Lo10b6s Phoen

telescope to the floor.

My Fairban 10 robotic telescope (left) was the first to be installed at the Automatic Photoelectric Telescope
(APT) Service on Mt. Hopkins in 1985. Left to right (back row): Russ, Don Hayes, Doug Hall, and Ken Kissell.
Front row Russ Jr. and Judith Kissdlloué BPhoenix 10 wathe second telescope on Mt. Hopkins, while the
Vanderbilt 16 (shown with Doudall, right) was funded by the National Science Foundation.

After | gave a talk on our robotic telescopes to the Astronomy Division at the National Sciendatiuthey
suggested we submit a proposal for a third robotic telescdfeeteamed upvith Doug Hall to propose a liéch
telescope that wasoonbuilt by DFM Engineering The Fairborn Observatory providdite control system.

The weather sensors (left) included a rain sensor (left side of pole) and cloud detector (right side Ahpole).
observatory control computer was added to our-malinted lineup of control systenghpwnat the right with

Lou Boyd).

For overa year Lou and | spent most of our weekends and vacations on Mt. Hopkins. We operated the robotic
telescopes while we were there and worked on automating the observatory itself so weonmaNg to continue



making the long, fouhour drive from Phoerito our observatory. We designed and built the weather sensors ourselves,
modified the northern wall of the observatory to tilt dothus givingour telescopes access to the northern skies, and
installed a large bank of batteries in our control roomatwer the closure of the fiv®n roof when commercial power

failed (which was not unusual). A microcomputer was dedicated to reading the weather, skeskiisg the roof and

t el e slienib gwigclhes, controlling the rolbff roof and tiltdown wall,and authorizing the robotic telescopes to

observe or commanding them to park. The observatory control computer also kept a lapwirtteands it issued,

weather sensor readingsydthe status of each telescope.

On weekendsvhen we were on the mountaine enabled the observatory to run itself. Finally, after reasonably reliable
autonomous operation for many weélksl beerachieved, we drove off one morning without disabling the observatory,

leaving itto runwithout any human supervision or oversiglitatsoever. It was a ne&wrackingmoment. Should the

telescopes fail to park properly, thelow+ollf f r oof coul d fidecapitateo,tthe teles
could rain or snow on the telescopes. For many months we motdelsist,now and then, calling the night operators at

the other (manual) telescopes on the mountain and asking them to take a peek in our observatory. Were the telescopes

still operating okay? One day we got a call from one of the Multiple Mirror Telescopestaynembers who informed

us that as he drove by our observatory he noted that the roof rolled open, thenitroltedclesb en it . r ol | ed o
While our telescopes normalbperatedeliably, not really knowing what was happening at our observatomnbiey

drive us nuts!

5. REMOTE ACCESS

To reduce our worries, we devised what we calléilarning Reportd Every morningafter theobservatoryontrol
computeradparked the telescopes and closed the iibofitiated an Internetcall to usand downloaded summaryf

the previous niglt s o p & temns of weather, observatory conttommandsand how successful each telescope

had beerin making its observations. This greatly reduced our worry faalibrough the repastwereoccasionally
inconclusie. For instance, we once receivemi@ningreport that the previous night had been clear but that it had been
rainingd same thing the nexeport Puzzledwe called one of the night telescope operators who informed us it had been
clear both nights. Arilve to the observatory revealed that aliiad used our raisensoras a toilet facilitythus

producing thesrroneousain indicatiors.

By 1987 we had a smoothnning operation. Once a list of program stars (and the attendant comparison antbhcheck s

and sky locatiorthat formed aroup was loaded on a telescope along with group observational igsowhether or

notthey should be observedth respect to the moon being up, etc., the telescope would itself dcheggseups to

observe Varios r ul es such as fAfirst t o s euldbdassodateccwittwohgoup) and A
thus this was not a rigid observational sequence I|ist b
Aintell i getemopeswas linnited byhhe slow speed and small size of our computers).

Infrequenttybadi ng t he st ar sfAldprograneananage mserviationgorkednwgll far felatively fixed

observing programssuch@sa | | i e dSBlartyde staronsng FairborllO,or Gr eg Henry and Doug
eclipsing binary program on the Vanderhi&. It did not work so webbnL o u B Phoehi&l® telescope which had a

mix of often shortdurationobservational requests from multiple observersiinmro fisémtr 6 pr ogr am wher e
(33 separate observations takatptal ofabout 11 minutes) were made for & group. It was timeonsuming to

keep up with the changing requests artdrface with the multipl®hoenix10 users We did, after &4l havean

observatory to run, not to mention fulltime jobs. This difficulty wesolved byassignincta A Pr i nci pl e Astr or
(PA) to each telescope. Mike Seeds kindly volunteered to beAtfer thetroublesomd?hoenix10 telescope He

handlel the interface with all of its many users, resaabservational conflicts, provideus with theconsolidated

observational program, providéhe multiple users with uniform data reductikaptan eye on the quality of the data,

and colleotdthe modest $2 fefor eachgroup successfully observ§@4, 25] This worked welindeed,and every

telescope from then on was always assigned to a $iglélike was the PA for the Phoent0 for over two decades,

serving dozens of users, including many studertenajo contribution to automated astronomy.

Four times a year we mailed a floppy disk with a quarte
some equipment degradation that subtly ruined the data would not be discovered until the PAtmediatad While

this never happened, it did inspire us to devise a procedure and high level I@nthexgetomatic Telescope

Instruction Set (ATIS) that allowed the PAs to sendabservationaprograns via the Internet and, each morniafger



observatoryshutdown, have t he pr evi automaticailygdntttodtremadhe ineemeloaimmediates
reduction if they so desird@6, 27, 2§. Bandwidth requirements for aperture differential photometry were modest
(unlike imaging observationgindwere readilyhandled by the Internet in its early days.
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The robotic telescopes at the Fairborn Observatory on Mt. Hopkins were managed remotely by Principle

Astronomers (PAs). Mike Seeds, Sallie Baliunag, @reg Henry (shown above in his office at Tennessee State

University) were early PAs. Gregzhohas managed multiple remote telescopes at the Fairborn Observatory for

over a quarterofacentyry i s t he planetédés most eaexperienced user of rob

Although the precision of our automated photometry was good, it was not as good as the very best manual photometry
such as that produced by Wes Lockwood at Lowell Observatdoy to be outdone byerehuman observers, |

organi zed t wo ecsiorAtenratedPhotomatty Unéerthe guidance ofAndy Young a photanetry

expert at California StatUniversity, San Diegaye thoroughlydiscussedll the possible errors that migiffectthe

precision and accuracy of differential photometric mezsents We then considerdtbw we might minimize these

error sources through photometer design, automated observations of standard stars throughout the night, and automated
but humaamonitored quality control analysj29, 3Q. Lou Boyd designed a preitia photometer, and Greg Heragd

Lou developed the quality control procedures and analysis pro@Bn33. The result was photometry of the highest
precision and accuragybetter tharwhathumanobserversould produce

Thethreeoriginal robotic telescopes at the rear of Hairborn servatory are almost obscured by the four 0.8
meter telescopes that were subsequently d@ldedhpletely filling up the available space. These seven robotic
telescopes observed tager harmoniously every clear night on Mt. Hopkins for many years.

As word of our successful operation spread, additional telescopes were funded by the National Science Foundation and
others. We designed a compactM8ter (32inch) telescope specifidglfor automated photometry. We were able



after the BackeNunn camerdad beememoved;o fishoehorn four of these telescopes within the remaining space

under our roHoff roof. These telescopegere so close together that thegd to be networked tether so they would

not run into one another. They foll owed a simple fAfirs
Annual winter conferences at the LazyBar Ranch near Tucson, summer workshops, many papers, and a number of

books B3-40] spread the word on what could be donefulhautomation and remote access.

With our building fully occupied, the operations at the Fairborn Observatory on Mt. Hopkins steadied out. | wrote a
book, RoboticObservatorieswith my good friend and asinomer Donald Hayes, that documented much of what been
learned in the pioneering 1971989 decade at the Fairborn Observafdfy. It also considered what might unfold in

the future for robotic and remotely accessed teleséopeie prophetically it tuned out Of course there were many
other related developmenrtisyond the Fairborn Observatdrgtween 1979 and 1989 hese have beatescribedy
Alberto Castrerlirado in hismasterfuhistory of robotic observatorig¢42].

ROBOTIC

OBSERVATORIES

A Handbook of Ressote — Access
Personal — Compater Astronoeny

The publication of the booRoboticObservatoried wrote with Donald Hayes marked the end of the pioneering
19791989 decade of automated telescope and remotely accessed observatory desdopinechairborn
Observatory.Don was istrumental in many developments anebehored a number of books with me.

|l recently asked Lou to summarize filessons |l earnedo fro

The main advantage of automation, as with automation of most tbimges at the point wheethe human is removed

from the normal operating loogdumans are very expensive compared to a computer, and they're not good for even a
50% duty cycle long termlt takes at least two humans to run one-aatomated telescope every night. Computersemak
far fewer stupid mistaked!ve never seen a dyslexic computer which swaps two digits in output data or entering
coordinates.On the other hand a human is much better at recoveygtgms when something unexpected happena like
rat chewing though aoatrol cable.

The operatiorof APTs at Fairborn is at the point where one human operatetetscopes at the observiegd.

It's still averaging about one human per telescope at the selection request prégatatieductiofdata
analysigcollaboratiopublishing end.Greg Henry is the only human | know who handles several telescopes with one
person doing all those functionkle has automated it as much as is practical, but object selection, data analysis,
collaborationandpublishing are still humalabor intensive.

| wouldn't separate remote monitoring from remote data retri@edy both take similar hiirectional bandwidth.

Data retrieval can be batched but few communications systems impose that limitagoimorningreport” is just part
of the data retrievallt has no function in the operatimfthe telescope though it's useful during data reduction.
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