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ABSTRACT

THE DEVELOPMENT AND IMPLEMENTATION OF A REMOTE ROBOIC
TELESCOPE SYSTEM AT APPALACHIAN STATE UNIVERSITY’'S

DARK SKY OBSERVATORY

August 2009
Adam Blythe Smith, B.S., Appalachian State Univgrsi
M.S., Engineering Physics, Appalachian State Usiter

Thesis Chairman: Daniel B. Caton

Robotic telescopes (RTs) are changing the field obkervational astronomy.
Although, in the past observational astronomy sekopmy to be a professional endeavor
using large aperture telescopes has now becomesha advances in computer technology,
a world wide conglomeration of both professionastists and advanced amateurs. As time
has gone on the technologies used to run thessctgle systems has become faster, more
reliable, and more user friendly. A completely abb telescope system saves time and
money all the while streamlining data acquisiti@msl pipelining data reduction processes
that previously took astronomers hours or dayotopiete.

The observatories of Appalachian State Universk$U), in coordination with the

University of North Carolina Gamma-ray Burst (UNCRB) group at the University of



North Carolina at Chapel Hill (UNC-CH), are curidgnintegrating their telescopes onto a
global network of RTs called the Skynet RoboticeBebpe Network. The purpose of the
Skynet Network is to observe the very short-livéterglows caused the little-understood
astrophysical phenomena known as Gamma-ray BugB¢). The network is managed
and controlled by Skynet; a Web-based prioritizadwg scheduling system continuing to be
developed at UNC-CH. Skynet manages astronomixsgroation jobs requested through its
website that run on telescopes during their “idieet, the available telescope time when
GRBs are not being observed.

The primary focus of this thesis is on DSO-14, airth RT at ASU’s Dark Sky
Observatory (DSO), the first of ASU'’s telescopesraxted to the Skynet Robotic Telescope
Network and currently available for use through thleynet website. Discussed is the
development and implementation of DSO-14, detaitimg installation, the instrumentation,
software, modifications we made to an existing doraed the various problems we
encountered.

Also included are results of DSO-14’s first sucéalsdetection of a GRB afterglow,

GRB 090530, observed on the night of 30 May 2009.
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1. INTRODUCTION

1.1. A Brief History of Gamma Ray Burst Astronomy
1.1.1.Vela to BeppoSAX

In 1963, after the United States and the Soviebbsigned a nuclear weapons test
ban treaty the Soviets had a lot of headway in dpace race. So, the United States
government launched the first Vela satellites tdcWafor possible detonation of atomic
weapons by the Soviets in space. At all timesWeta satellites were placed to never leave
an area of the sky unseen. The satellites were tos&riangulate the source of a possible
blast, log the time when the gamma photons hit,ssmdi the information back to the control
room in Los Alamos, New Mexico.

On 2 July 1967, two satellites, Vela 4a and 4b botiged a powerful event although
it did not have the specific characteristics ofedotiation and therefore the data was only
stored away. In 1969 when the data was reviewetdas found that the blast did not come
from anywhere near the Earth, Moon, or the Sun.erQime, several more events, now
called Gamma Ray Bursts (GRBs) registered and ir8 e first GRB publication was
written by Klebesadel et al. (1973), “Observatioh§&samma-Ray Bursts of Cosmic Origin.”

A few years after the first publication announcl@gBs, gamma-ray detectors were
put onto various spacecraft and satellites. luestbwas detected then the devices would
work to triangulate and localize the direction thast came from. The large error in the

triangulation, sometimes as much as a couple afe@sgprevented getting exact locations in



the sky that astronomers could monitor closelye® i there was any object at the position
of the burst origin.

In the 2002 PBS-aired NOVA documentary about GRBSstled “Death Star”
(Sington 2002), Don Lamb, one of the first astroeosrio theorize the origins of the bursts,
was interviewed about that period of time, sayi@né might say it was a golden age of
theories in gamma-ray bursts because the con&triiorh the observations were so sparse,
were so limited, that it gave free reign to the ginations of theorists in this era.” The
further one goes back in journals towards the fingblications about GRBs, it becomes
obvious that the scientists knew that they hadyaifstant lack of understanding about what
was going on because there was little to no obdataéa.

By the late 1980s the two main contesting theoniese that GRBs were created by
the merger of two highly magnetic neutron stariedamagnetars (Lamb 1984), or were
actually cosmological, meaning not originating framithin our own galaxy (Paczynski
1986). The best way to prove either theory wadetermine the origin of each burst. If they
were in the galactic plane the neutron star theayld fit and if they were uniform around
the sky then the cosmological theory would fit tla¢a. But getting the positional data points
was a slow process until the launch of the Comgg@amma Ray Observatory in 1991.
When the data from Compton began to come in, iwsldothat GRBs appeared to be
randomly distributed around the sky. The galaogutron star theory was shelved for a
while as the cosmological theory looked more viable

Compton, equipped with the Burst and Transient GdUExperiment (BATSE),
continued detecting bursts and was able to lodadentmore accurately; however, the

telescope was slow to slew to the coordinates #ethpt a direct observation of the GRB.



When a GRB was detected, it took several hourgveral days to locate and give accurate
coordinates for ground-based astronomers to obser@anonitor. The BeppoSAX satellite
was launched in early 1996 with the purpose toldyipoint to a detected burst, and then
inform a team of astronomers to start observinf@toordinates of the suspected GRB. On
28 February 1997, the BeppoSAX observed a burstrelaged the coordinates to a team of
astronomers who later detected the first optictdrglow of a GRB (Groot et al. 1997). A
few weeks later, using the Hubble Space Telescthgg, found a faint galaxy where the
afterglow was previously seeni¢Fl). After measuring its redshift, astronomersdained
the burst originated from a supernova (Reichart9]98 a galaxy which was nine billion

light years away (Djorgovski et al. 1999).

Gamma Ray . T Sy _ HST - STIS
Burst 3 ; " “Source
GRB 970228 S R D e

A

/../-
. Host

PRC97-30 * ST Scl OPO » September 16, 1997 » A. Fruchter (ST Scl) and NASA

FiG. 1. An image taken by the Hubble Space Teleschpeisg the optical afterglow of GRB 970228 along
with its suspected host galaxy. (STSclI/NASA)



After the success and excitement following the gmg of GRB 970228 the
BeppoSax team decided to make the sky positiontheofoursts detected by the satellite
available to the public so that astronomers ardimedworld could have the opportunity to
observe and measure the afterglows (Schiling 20§90 1®3). Jan van Paradijs, an
astronomer with NASA’s Burst and Transient Sourgpdfiment Team (BASTE), was able
to get “override proposals” from several small anddium sized telescopes, allowing his
team to interrupt observations on these telescappes a GRB was detected (Schiling 2000

pg. 107).



1.1.2. Swift and Beyond

NASA'’s Swift satellite was launched in late 2004lats impact on the field has been
revolutionary. In comparison to previous GRB spaa# Swift localizes GRBs an order of
magnitude more often, more accurately, and morektui In addition to observing GRBs at
gamma-ray wavelengths, Swift observes GRB afterglaiv X-ray, UV, and blue optical
wavelengths beginning only 20 to 70 seconds a#teh durst.

Using data from Swift, UC Santa Cruz’s Stan Woosleg Andrew McFadyen used a
supercomputer to model a collapsar (McFadyen & Wgy04999), a super massive star
collapsing into a black hole, a process many timese powerful than a normal supernova.
When the super massive star collapses the steitarial starts to expand and surrounds the
forming black hole with an accretion disk. The em&l swirls around, injecting energy into
the central engine. The immense forces that ctéatdlack hole also throw energy (in the
form of x-rays and gamma-rays) and matter out ftoentwo poles of the collapsing star at
relativistic speeds. As proposed by the GRB fillelbadel, that energy and matter is ejected
from the poles of collapsar in the form of jetsviling at relativistic speeds, 99.999% of the
speed of light (Molinari et al. 2007), instead sbtropically exploding from the star in all
directions, as a typical supernova does. Whenegematter collides with matter that has
slowed down ahead of it, the collision createsflhigh of gamma-rays initially observed by
satellites (Fox & Mészaros 2006). As the mattatticmies to travel out from the collapsar it
eventually collides with the interstellar mediumrrsunding the star, becoming superheated
and creating the radio and optical afterglows (BoMészaros 2006) that we are able to

observe on Earth (& 2).



The Fireball Model of a Gamma-Ray Burst

Xerays,
Visible Light,

Jet Collid ith
groliges Rda_io Waves

Interstellar Medium
(External Shock Wave)

Gamma Rays
Blobs Collide

(Internal Shock Wave)

Slower Blob
Faster Blob

Collapsa

Preburst

Gamma-Ray Emission

Afterglow

FiG. 2. Diagram of the GRB Fireball model.
(C. Gordon;after Sci. Am. 2002)

Redshifts have been measured for many GRBs andityglied isotropic-equivalent
luminosities show them to be the biggest bangsediine Big Bang itself, beating supernovae
by six to nine orders of magnitude. Sometimeghefirst few seconds to minutes after the
burst, the optical and near infrared afterglows exttemely bright. A GRB on 19 March
2008, GRB 080319B, had an afterglow that was brgiaugh to see with binoculars despite

a redshift that placed it three-quarters of the wenpss the observable universe. Given the

' A Fated Galactic Death Star and its RelativistiogBiall of Epic Mass Destructior009, Chase Gordon,
Pixelfab Studios, Charlotte, NC; http://www.pixdifudios.com



expected high rate of occurrence and because GRBshad the highest redshifts that have
been measured for any astrophysical object, GR8svately expected to be the next great
probe of the early universe; when the first galsxiere being formed after the Big Bang.

A GRB is detected about once a day. However, whidgpears that every GRB is
unique when compared to another, there appear tndbgeneral types of GRBs, the long
“classical” GRB and the short GRB. The long GRBe hlasts lasting from about two
seconds to several minutes and are primarily th8$Rith afterglow counterparts. The
short GRBs appear to have a stronger initial bofrgnergy although they last less than one
or two seconds and are very difficult to observioteetheir afterglow fades away.

This all leads to the need for much larger and miagter networks of robotic
telescopes. With a large enough global networkobtbtic telescopes no GRB, with the
exception of GRBs that come from the directionhef Sun, could escape observation. This
is the main reason why the Skynet Robotic Telesddpavork were developed by the
University of North Carolina at Chapel Hill (UNC-GHand one reason why we here at
Appalachian State University (ASU) decided to imédg our telescopes into their global

robotic telescope network.



1.2.PROMPT and The Skynet Robotic Telescope Network

UNC-CH has built and is continuing to develop thenéhromatic Robotic Optical
Monitoring and Polarimetry Telescopes (PROMPT) ar@ Tololo, a mountain in Chile.
An array of six 16-inch RTs (& 3), PROMPT's primary objective is rapid and siranéous
multi-wavelength observations of GRB afterglowsnsowhen they are only tens of seconds
old. The University of North Carolina Gamma-rayr&u(UNC GRB) group uses images
taken with PROMPT to measure redshifts by the dubpblight at short wavelengths, early-
time spectral flux distribution (SFD), and extimcticurves of sufficiently bright afterglows

in unprecedented detalil.

Fic. 3. PROMPT telescopes 5, 4, and 1 on top of Ceotold, Chile.
(D. Reichart/UNC GRB)



The UNC GRB group also facilitates quick responbseovations at the 13.5-foot
diameter Southern Astrophysical Research (SOAR) 268-foot diameter Gemini South
telescopes. When not chasing GRBs, the PROMPY aaaies out non-GRB programs,
including a survey of RR Lyrae intrinsic variabléars in support of NASA’'s Space
Interferometry Misson (SIM Lite), automatic supevae searches by the CHilean Automatic
Supernova sEarch (CHASE), and serves as a plafimrmandergraduate, high school, and
public education and outreach throughout the stbidorth Carolina.

The PROMPT array is integrated into the Skynet Ricbdelescope Network, a
global consortium of RTs coordinated by the UNC GirBup and available for use through
observing jobs requested on the Skynet weBsites. in the case of the PROMPT system, far
less than half the telescope time is needed forésponse to GRBs (a few per week at
maximum). For the rest of the available obsenting the telescopes on the Skynet Robotic
Telescope Network are in an idle mode taking dataaf consortium of North Carolina
institutions, providing research telescope time lfoth faculty and their students. These
observations are automatically interrupted whensystem is commanded to a GRB target.
It should be noted that this provides access tostheghern sky, targets not viewable from
North Carolina’s northern latitude. Thus PROMPTeexls our access but does not offer
observing of northern hemisphere targets (includRB events) that can be viewed with the
instrument, DSO-14, described in this thesis.

The Skynet Robotic Telescope Network uses a progiammed Skynet for controlling
jobs on their telescopes. Skynet (discussed fuith®8) is written in LabView and runs on a
computer at UNC-CH’s Morehead Observatory. Skyntdracts with MySQL databases

and commands dumb-by-design “Terminator” progratresaah telescope, which control the

" The Skynet Robotic Telescope Network: http:/skyme.edu



hardware. Images are automatically transferred ba@ 6.5-terabyte RAID 5 server with
tape backup at Morehead Observatory, making useowfmunication libraries that they
wrote for remote use of SOAR. Users can submis jafd retrieve data from any location
via a PHP-enabled web server that interacts wighMySQL databases. However, GRBs
receive top priority and are automatically addetheoqueue via a socket connection.

The Skynet Robotic Telescope Network continues rmwvgand develop as more
telescopes are integrated to the network. Thatiote of the UNC GRB group is to continue
to keep increasing the number of available Skynet telescopes such that the network
becomes large enough to be able to observe anyahn@RB afterglows. Therefore,
Terminator was written very generally, such that sglescope mount that can be controlled
by TheSky6 (software discussed in 87.3.3), any carti@t can be controlled by Maxim DL
(software discussed in 87.4.1), or mounts and casribiat are ASCOM compliant (discussed

in 82.6), can easily be integrated to work with &ty
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2.REMOTE AND ROBOTIC TELESCOPES
2.1.Introduction

Since the first astronomical telescope was builGajileo in 1608, astronomers have
made larger and more precise instruments to helm tim unlocking and understanding the
hidden secrets of the universe. In the 1980s ctenpuecame cheaper and more reliable.
With the publication of Trueblood and Genet’'s bddicrocomputer Control of Telescopes
in 1985, personal computers became common plaobsarvatories, accurately controlling
the telescope’s tracking motors and/or storing datbe processed and analyzed at a later
date.

At the time of the introduction of charge couplesliide (CCD) cameras to telescope
systems, astronomers could control their instrumeampletely by computers. As time has
gone on the technologies used to run these telessgptems has become faster, more
reliable, and more user friendly. Now, with eame,amateur astronomer can take as good
scientific and publishable data as professionabastmers. A completely robotic telescope
(RT) saves time and money all the while stream¢§jnamd pipelining data processes that
previously took astronomers hours or days to gaedolrhe number of telescopes capable of
taking data of scientific quality is continually @he rise and the prospects that come with

this new era of astronomy are tantalizing the astnaical community.
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2.2.Problems with Current Networks

As the use of space observatories, like the Huldpace Telescope (HST), the
Spitzer Space Telescope (SST), and the Chandray XOkservatory (CXO) has become
more common in obtaining data, many astronomers baen forced to request observations
by submitting their jobs into a queue scheduledh®yobservatory. The observations must
be planned far in advance and then proposed taeta that runs the requested satellite.
However, astronomers who schedule time and obsengabn satellite facilities may have a
hard time getting simultaneous optical and neaanefd observations with ground based
telescopes. A quantitative analysis found that@pmately 60% of observations made with
the EXOSAT space telescope required coordinatediigineous data with ground based
telescopes. Although time on large telescoped) bpace and ground based, is scheduled
long in advance, only one quarter of the jobs onOBAT successfully obtained
simultaneous ground data, primarily due to schedulifficulties (Cordova et al. 1985).

The PROMPT array in Chile will soon have an addilotelescope; a 32-inch near-
infrared (NIR) telescope. Because PROMPT did rebteha telescope that was able to
observe in NIR, they had to rely on other telesspgach as SOAR, for images in the NIR
spectrum. However, because those telescopes amolmttic, it took tens of minutes to
interrupt a job there and begin imaging; during chhtime the GRB afterglows faded so
much that they were often not able to be obserReichart 2009). Due to the enormous cost
of large telescopes, there is pressure from astmer®to operate the newest generation of
ground based telescopes in a job queuing modeder a0 get the requested observational

jobs done in an efficient manner (Steele 2001).
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Both of the problems that EXOSAT and PROMPT hadpmo®f of an obvious need
for continuing to develop ground based networkstedéscopes, especially networks of
robotic telescopes that run in priority queue moaes could allow higher priority jobs, like

GRBs, to interrupt previously queued jobs at a mufeeotice.

13



2.3.About Robotic Telescopes

In a paper by Francois and Monique Querci (2008gytgive the following
definitions which are useful for understanding tie¢d of instrumentation:
“Automated Telescopes (ATdpllow a prescribed set of procedures and perfaime
indicated tasks.Robotic (or automatic) Telescopes (Rdgerate without human help at all.

They offer a remote operation capability, howevdully robotic telescope is not supervised
either locally or remotely during its routine opéian.”

There are several very distinct advantages to usibgtic telescopes (Gomboc et al. 2004).
These include:
* Rapid response to targets of opportunity and teatsievents.
» Efficiency in systematic and long-term monitorinfy light-varying objects on any
time scale.
» Simultaneous and coordinated observations withrothelities, either ground, or
space-based.
* Observations that require specific and dependakye cenditions such as stable
weather and excellent seeing (minimal effects dusrmospheric turbulence).

* Small scale surveys and routine tasks

There are several reasons why sky surveys areswié#id for RTs. Firstly, they often
require special conditions like the flexible schedof an RT and the excellent seeing
conditions that are available at many RT sitescoB8dly, the nature of robotic observing
means that survey data are taken in a reliablesist@mt fashion. This makes data reduction

easier and ensures that the final data set seéhetobserver is as homogeneous as possible.
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Finally, the fact that sky survey work is not nessgdy dependent on the time the
observation is taken assists the telescope schedodicause surveys can be scheduled to fit
into any time slot available and rescheduled ifessary. This can also make use of
otherwise idle time on a telescope.

The more useful, and perhaps most important, aggdRTs is that they are ideal for
objects that require rapid response. Several pepular realms of astronomy require this
function. GRBs, X-Ray Flares (XRF), and other siants are some of the least understood
astronomical phenomena in part due to their natdirquickly fading away before most
instruments can lock on and image them. By usilfig iR combination with NASA’s Swift
satellite, more information about GRBs has beetectd and analyzed than ever before.
This is, in part, because of the Gamma-ray bursir@ination Network (GCN) set up by
NASA to alert RT networks of GRBs through the usénotices.” These notices can be sent
by email, cell phone, pager, and internet socKets 4). Because the GCN notices get sent
worldwide within 40 seconds of the spacecraft atliyi detecting the burst, many modern
RTs and RT networks are being used to hunt for GR&glows.

RTs have a main station or computer that acts esfbrmation hub through which
data is sent and received. Access to the conysies and data archive must be made
through the Internet. While a robotic telescopeidsally a closed-loop system, the

controlling programs must be accessible and madisée for debugging and upgrading.
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FiG. 4. Diagram of the GCN network. The burst is digd by the satellites and its location is ser@@N.
That information is then sent via internet to netveal observing sites.
(GCN/GSFC/NASA)
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2.4 Equipment for RTs

The necessary equipment for setting up an obsegvaith a RT:

A telescope. The type and aperture size of tlesdtelpe is not crucial (although a 12-
inch diameter mirror or larger is better) as losgtds of scientific quality and works
properly.

A fast slewing telescope mount is important foridagsponse. But, while speed is
important for programs with transient objects, margortant are an accurately
pointing mount and stable telescope setup. Noeatable errors, like mirror flop
and gear backlash, destroy pointing models and meliable data runs extremely
difficult.

An automatic dome or roll-off roof. Not only dotgs protect the telescope during
the daytime from heat and humidity but in the evantveather conditions changing
for the worse the system must be able to cover @notect the telescope and
equipment as quickly as possible. Also good iast fracking dome that allows for
quick telescope slews to transients.

High-speed instruments. A CCD camera able to doadlimages at high-speeds
(USB 2.0 or better), a fast changing color filtehegl, and automatic focuser are
extremely important. The faster the equipmentntioge objects can be observed and
jobs efficiently completed during a night.

A fast computer system that is able to effectivahd efficiently run the system
programs. The dome, telescope, focuser, filteralyland camera should typically all

be run from one computer.
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* Alarge hard drive is required to handle and stbeeenormous amounts of data taken
during observation runs.

* High-speed Internet for receiving jobs to queue semtling out data.

* A weather station that monitors the conditionshat observatory. Rain, humidity,
precipitation, wind, seeing, and cloud cover must fonitored real time and
information made available to the observers sottiey can see if they would like to
cancel their program or queued jobs for that nighihe weather sensors are used to
close the dome in case of bad weather or otheritahd® sky conditions.

* All-sky and dome webcams to allow observers and sianagers to monitor sky

conditions and the conditions of the telescopalm$ne dome.
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2.5.Developments in RTs and RT Networks

In the astronomical world, the past 20 years haa segreat advancement in amateur
astronomy. The availability of scientific gradesems made for amateur use, combined
with their low production cost, has given rise tonew wave of astronomical interest.
Incredibly large numbers of retiring members of tBaby Boomer Generation” with a large
disposable income are increasingly buying high-eqdipment and building “backyard
observatories”(Murphy 2007). If one takes into account that auatastronomers
considerably outnumber professional astronomerBl$&& Berendsen 2007) the number of
casual observers with instruments could soon outeurthe number of formal, scientific and
professional astronomical telescopes. This leadant interesting prospect that can help
shape how astronomical research can be done fattire.

Two developments have resulted in a renaissansmail telescope use and science.
First, advances in computer and sensor technolage hmade it possible to control
telescopes over the Internet and make even a sit@lglscope robotic with only a moderate
budget. Second, there are many interesting stieptojects which can only be carried out
by networking a large number of telescopes. Thsresulted in an explosion of the number
of remote and robotic telescopes.

Improvements in technology have made constructipgraonal observatory in one’s
backyard a viable option. Smaller and faster pakscomputers combined with software
compatibility through standard drivers allows fonateurs to have a professional observatory

available to them, thereby making it possible fam to take scientific astronomical data.
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Several companies that made very precise “out®ibx” scientific cameras during
the advent of CCDs stopped production for the camepecifically designed for astronomy.
Photometrics was a company that was started byneegs from Kitt Peak Observatory.
They offered high grade astronomical cameras thatewesilient and reliable to the
relatively small niche of medium aperture telessopsn primarily by universities without
large resources. However, as CCDs were shown & geeat use in other fields of science,
like geology, chemistry, and biology, they begandgsign their CCDs more for the lab
setting and less for the harsher environments iictwhstronomical work is required to be
done. From then on, Photometrics has only made @C&meras for bio-imaging and
microscopy applications. Thus, the market for gasttonomical CCDs was not filled until
the 1990s when the Santa Barbara Instrument Gf8Bf5) and Apogee Instruments began
designing CCD cameras for amateur astronomers weaé¢ both low-cost and of high
scientific quality.

It is very common for very large telescopes rurubiversities to have custom control
systems designed specifically for one telescopt daanot be used with any other system.
Large telescopes are typically custom designedttamdarger the telescope, the more unique
the project, and the more “away from standard” dbsign becomes. Telescopes, cameras,
filters and filter wheels are often custom madentgnufacturers and therefore the control
system must then force equipment to work with ottenponents that were not necessarily
designed for use with each other.

Often, the RT control system and software at aemsity observatory are primarily
designed and created by students. After the studbio created the system leaves the

school, and as time passes and technology chahgesystem becomes increasingly difficult
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to maintain, debug, and upgrade until it finall}cbmes obsolete. Recently, there has been a
push for professionals to use standard technolagycammon open source software to allow
equipment and software to be more easily integrdtags making system transitions less

painful.
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2.6.Standard Drivers for RTs

All RTs and RT networks were created for the saeason: there is some person or
persons who want to make observations but aredddar away from an available telescope
suited for their purposes. Often they cannot nthkse observations remotely due to a lack
of familiarity with the telescope’s control systemrhus the need has arisen for some
standard protocol in telescope control.

Astronomy Common Object Model (ASCOM) is a softwatandard for telescope
control (Pennypacker 2002) for use with any compoperating system. An ASCOM driver
acts as a plug-and-play driver between astronorsigffivare and instruments. This is done
by using a list of common commands that all braoida type of instrument uses, i.e. for
dome control, “park dome” or “open dome shutteflese then act as universal drivers that
can recognize and be able to control the instrumértiis makes all ASCOM supported
devices compatible with each other and able to drgralled by any ASCOM-supported
control software allowing for maximum functionalignd system integration. Almost all
astronomical equipment and software used by anmteday utilizes ASCOM drivers and
are generally available at the ASCOM web&iteASCOM makes RT systems easier to set
up. Even if one telescope on the RT network isaxaictly the same as the others, it can still

be controlled and used by a properly written ASC@dapliant program.

" ASCOM Website: http://ascom-standards.org/
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2.7.RT Data Reduction Pipelines

Lately, the importance of computer pipelines foe thata reduction of astronomical
images (explained in 86.1) has been realized (Kapl07). RTs have provided significant
discoveries and sky survey programs are considameohg the most important projects in
observational astronomy today. The sheer numbenafes, and thus the immense amount
of data, is staggering. Within the next few yetrs 27.6-foot diameter Large Synoptic
Survey Telescope (LSST) will be completed and wiidrt its process of repeatedly taking
15-second exposures of 10-degrees of the nighats&ytime. It will finish imaging the entire
night sky in three days and repeat the processanover again. The LSST will create 30-
terabytes of data per night over 10 years thatbmmombed through for any number of
different projects (Borne et al. 2008). Currentlyere are other smaller surveys going on
such as the Sloan Digital Sky Survey (SDSS) thaelsamilar goals but even more similar
problems with data reduction (Shamir & Nemiroff 3D0

Human identifications of astronomical objects tiglouhousands of images a night is
practically impossible. Computer algorithms arengeput to work in RT networks to
process the images taken. These algorithms at#tasreduction pipelines that automatically
reduce the images almost immediately after theytalten and before they are available to
the user. However, even though every astronomews&rthat data-reduction is necessary,
almost every astronomer has their own individuathoé for image reduction (Hege et al.
2003).

There is no standard software or method for dathuateon, and this leads to
complications for users of various RT networks. c&8ese of this, even though it is not an

efficient use of data and is almost contradictarytite nature of a robotic telescope, it is
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essential that RTs take the required dark framdsflanhfields (again, explained in 86.1) for
image error reductions and make them availablesewsuwho prefer to have the raw images

and process the data themselves.
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2.8.0bservational Projects Suited for RTs

Networks of RTs allow for novel research capale$iti While most RTs have been
conceived as single instruments for special sdiemrojects and have modest apertures, it is
clear that they have tremendous potential fomfijlthe niche left empty by large telescope’s
service queue modes. What they lack in apertwe thiey could more than make up with
reliable observation time available each night.

There are many types of observational astronomygrpros that require monitoring
on time scales greater than a week. It is oftéficdit to conventionally schedule and then
carry out such a program. RTs offer the abilityotzserve an object on a variety of time
scales; anywhere from one week to one year or mérevorldwide network of telescopes
can make a target observable and available to oro@#4 hours a day giving an almost
limitless time scale. The hunt for the period gfraviously undiscovered eclipsing binary
star system can be cut down to a matter of day®s fmomatter of months. This makes
networked RTs ideal for constantly varying objeaisch as asteroids, quasars, and
cataclysmic variable stars.

Ideally, research in stellar variability requiresntnuous observations. The study of
these objects often does not need large telescopemteur class telescopes are very good
for gathering such data. In fact, amateurs arg &etive in observing variable stars and are
consistently being published. Both the Americarsdesation of Variable Star Observers
(AAVSO) and the Association of Lunar & Planetary 8bvers (ALPO) are made up of
advanced amateur astronomers. The data their grpuplish has proven very useful in

scientific research.
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The power of simple telescope networking becomes enore obvious when its use
is extended from merely doing scientific resea@lalso assisting with public outreach and
education. Made available to schools and advanosateur astronomers, RT networks can
not only make valuable contributions to the scfentiommunity but can also give the public
a feeling and understanding of the scientific psscdy letting them be part of an

international collaboration.
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2.9.Future of RTs

As the Hubble Space Telescope is left to eventudiy in orbit, and before the
launching of a new James Webb Space Telescoped(deldefor 2012) there will be a need
for coordinated projects on optical telescopesbdiio telescopes and the networks that link
them to the common user at their home computertlaeefuture of astronomy. The
technology to run RTs is still advancing and thewdedge we learn will continue to grow.
The information being obtained through the use ©§ Rnd RT networks is both invaluable

and forever changing the field of observationalasimy.
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3. THE DSO-14 REMOTE ROBOTIC TELESCOPE PROJECT

3.1.The Dark Sky Observatory and Rankin Science Obsewa

This thesis project has been developed at ASU'& B&y Observatory (DSO). This
facility is located about 20 miles from Boone, be Blue Ridge beyond Deep Gap. Located
at an elevation of 3,028 feet, the facility hasrfdomes and telescopes distributed over its
120-acre site. DSO is over a hundred miles frongelairban sources of light pollution. An
optical fiber data network connects all domes dredhouse, and is connected to the Internet
via DSL. Four webcams mounted outside the comtvoms of the 18-inch and 14-inch
telescopes are positioned to send daytime imagsisyafonditions in all directions.

DSO was established in 1981 with its first teles;dpe 18-inch reflector. Since then
a pair of 16-inch telescopes were added, and, @ ,1he DFM Engineering 32-inch (DSO-
32). Following the completion of the new wing o&rikin Science Building, the DFM
Engineering 16-inch telescope (RSO-16) was movedk ba Rankin Science Observatory
(RSO), the on-campus observatory for astronomy ngndduates.

The RSO-16 is now ready to be put onto the SkyrwioRc Telescope Network; a
dome shutter control system not unlike DSO-14's texently been installed. A weather
station and infrared skycam will be installed anbdsequent Web pages developed for users
to monitor the current sky conditions above the Rieé@he. The DSO-32 (& 5) is ready to
be put onto the Skynet Network as well; a new Apogdta CCD camera and DFM

Engineering filter wheel have recently been insththnd are now in routine use. The DSO’s
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18-inch telescope (DSO-18) has recently been eqdippth a DFM Engineering control

system and could also be integrated onto the SKokbtic Telescope Network.

FIG. 5. The 32" telescope dome (DSO-32) at AppalacBiate University’'s Dark Sky Observatory (DSO).
(T. Bush/D. Caton)
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3.2.Research Opportunities on DSO-14

While GRBs are the primary objective of the projeébeir unpredictable occurrence
leaves much idle time that is available for othemearch. In this section, several projects are
described that can and are being accomplished 3$@-14. Because the camera should
never be taken off of a robotic telescope thattSmise of DSO-14 to primarily CCD

photometric projects.
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3.2.1.Gamma-Ray Burst Research

Observations of GRB afterglows are one of the prnnetience goals for DSO-14
and the very reason PROMPT and the Skynet Robetestope Network were created. The
biggest problem with observing GRBs is that theadatvery hard to come by due to the
unpredictability of both their occurrence and lomatin the sky, the speed at which their
afterglows fade away, and their magnitude oftenbeang bright enough for ground-based
telescopes to observe. However, the Swift saalibws networks of telescopes to slew and
start obtaining data within 30 seconds of theahiburst notice.

DSO-14’s northern latitude offers the UNC GRB grdaopreased coverage of the
night sky and therefore more chance that they dmemwe a GRB. Additionally, it offers
easily comparable data and greater time resolati@m afterglow that is visible to both DSO
and PROMPT. We hope that within the next year lffi©-32 and RSO-16 are going to be
connected to Skynet giving the UNC GRB group annebetter chance to image an
afterglow. The randomness in occurrence, andabethat no GRB event is identical to
another, guarantees that we will have unique ang ivgportant data for continued research
into the physical properties of GRBs.

On 4 September 2005, Skynet imaged the most digtgoibsion in the universe
known at that time. The GRB, numbered GRB 050984ged with both PROMPT and the
SOAR telescope (& 6), was determined to have a redshift of 6.3. Thdshift
corresponded to an event that happened 12.8 bylkamns ago, when the universe was 6% of

its current age (Haislip et al. 2006).
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FiG. 6. Images of GRB 050904 which at that time thetddstant object known in the universe. The discp
image (left panel) was taken with SOAR in the indchand right is a visible image was taken by PROMP
The light from the GRB has redshifted so much mIf that it does not appear in images of visilgktl (D.
Reichart)

PROMPT also observed a GRB on 19 March 2008 nickwlatime “Naked-Eye” GRB
(Fie. 7), within 15 seconds of notification from the 8vgatellite. The GRB almost reached
5" magnitude even though it originated 7.5 billioghli years away from the Earth; more

than halfway across the universe.

FIG. 7. Image of GRB 080319 taken with PROMPT. Thewpoints to the GRB nicknamed the “Naked-Eye
GRB” because it became bright enough{afagnitude) to be visible without the use of arstinments.
(D. Reichart)
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3.2.2.Eclipsing Binary Star Systems

Many if not most of the stars in our galaxy arer@aiup in binary star systems.
These stars orbit around each other in ellipticaticcular orbits. For binaries which have
their orbital plane nearly edge on to us the gtass in front of each other from our view,
causing eclipses that dim the observed light, agvehn the figure below. Because the stars
are so far away we can not resolve them as tworaEpatars, so we see them only as one
point of light. The primary eclipse is the eclipsih the time of minimum light and occurs
when the hotter star is blocked. The secondaripsl(cooler star eclipsed by hotter),
happens about half a period later. In the lightveun Fe. 8 shows the brightness of the

binary system is plotted as a function of time.

LIGHT

jiiimeeme O hilal period sr—e——)

FIG. 8. The relation between the orbital motion antitligurve of an eclipsing binary star system.
(http://www.physics.uc.edu/~hanson/astro/lecturesi/02/Lec6/pagel.html)

Eclipsing binary systems are some of the easiegctsbfor small telescopes to
observe and research. The period can be foundsurexh and monitored and if given
enough observation time the total light curve can dbtained. In coordination with

spectroscopic telescopes to obtain radial velamityes, solving the physical parameters of
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the binary system gets easier. Orbital mechanick ralativity can cause the period to
change over time and in addition to old or inactautames of minimum previously published
by astronomers, the eclipse can get “lost.” Rédifig the period of a system can be difficult
without a telescope that guarantees continual mong of the system.

Appalachian State University has a history of mhohg the times of minimum light
of neglected binary star systems (Smith & Caton72@aton & Smith 2005a) and also
occasionally publishing period corrections (Caton Snith 2005b). In addition to
monitoring old systems, we have also found preiousdiscovered binary star systems

which we continue to monitor and use software o to develop physical models.
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3.2.3.Exoplanets in Binary Star Systems

As discovering exoplanets has become more comname ph astronomy today, only
a very few exoplanets have been found in binanysststems. Two different orbital models
show planet formation in binaries to be possibléhe first model is the P-type model
(Dvorak 1986) which has the planet orbiting arotimel outside of both stars. The second,
the S-type model (Holman & Wiegert 1999), has a@larbiting one star as they both orbit

around another star. They are showniin %

P-type

FiG. 9. Model of exoplanets in a binary star systéhtwo stars were at positions;rand m the white areas
around it would be the stable orbits for S-typ&ke shaded region is where an exoplanet’s orbiiavoe
unstable. Outside around the edges are whereePeiyjits would be stable. (Dvorak et al. 1989)

The only exoplanets in binary systems to have genldiscovered are of the S-type;
none of the P-type. This could be explained byféioe that the orbital period of a P-type is
much larger than the period of an S-type. This esa®-type planets easier to find because
eclipses occur more frequently and a suspicioustevas a better chance to be seen again

and proven.
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Arranging observation time on large telescopes W@ubve worthless unless we had
a large enough number of suspicious events to atsupredict when another eclipse would
occur. Because large telescopes are oversubsdhbgdare not used for time-consuming,
long-shot projects such as this. However, DSO-44 the chance to devote more of its

telescope time to monitoring systems than any ltgscope normally would or could.
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3.2.4.Asteroids

Both the PROMPT and DSO-14 have been, and contmbe, used for observing the
changing brightness of asteroids as they tumblespimdin their orbit (f6. 10). Observations
have included binary asteroids and Near Earth Agter(NEAS). It is possible to determine
the three dimensional shape of an asteroid by mng the light curve as the light reflects
off of the irregularly shaped features on the astier Determining the shape requires
obtaining multiple light curves taken over sevemdrs so that the asteroid may be examined

from numerous different viewing angles.

FIG. 10. A 40-seond exposure taken on PROMPT of ast@@d9 DD45.
(J. Pollock / D. Reichart)
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Because of the extreme latitude difference betw28®-14 and PROMPT (~66°) it
is possible to view the parallax of an asteroi¢@mmet. Astronomy labs can use two images
of the object taken at the same time, one from [8@nd one from PROMPT, to measure
the parallax angle and determine the distancedmbject. On 27 June 2009, a day before
asteroid 2001 FE90 passed within 6.99 lunar dissrftD) to the Earth, the author took
several series of images of the asteroid using b&0-14 and PROMPT and made a mosaic

combining the image series from both telescopes 1E).

FiG. 11. The above mosaic, using images from DSO-t4PAROMPT taken on 27 June 2009, shows the
parallax (~8 arcminutes) of asteroid 2001 FE9Oyaladore it passed within 6.99 LD to Earth. Theeesd is
also spinning and periodically varying in brighteegAuthor)
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3.2.5.Supernovae Survey

PROMPT has already had success with users doingrrsayae searches. On 15
April 2009, the PROMPT 4 telescope was used indiseovery of Supernova 2009dl (SN
2009dl) by CHASE. It was later determined that 30609dl (kc. 12) was a Type-la

supernova located in a galaxy almost two billiaghti years away from us (Pignata et al.

2009).

Fic. 12. Using PROMPT, Project CHASE discovered SN2DQwhere the lines meet). It was later
determined that this Type la supernova occurredgalaxy two billion light years away.
(G. Pignata/D. Reichart)
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3.2.6.Long-Period Monitoring

Because DSO-14 is part of a global network ofsiges, it could be used for long-
period monitoring. Long period monitoring of oljeds very useful in researching variable
objects. The length one can continuously observelgect is, of course limited by the
number of hours without sunlight at a location. B$O, the longest nights are 14 hours
long, on the night of the winter solstice. It danvery beneficial to an observer’s research to
have the ability to continue getting data after st@ sets at their location by placing a
request on a telescope at a location where théssiast rising.

The periods of eclipsing binary star systems rédnga less than an hour to weeks in
length. Therefore, it sometimes takes weeks, enawonths, of nights observing the system
to determine the period of a newly discovered salig binary or to obtain data for an entire
light curve. If the job were to be placed on salelifferent telescopes located in different
time zones around the Earth, and barring any pnableith weather or equipment, it could
be possible to monitor the system for as long esuple of days. Not only would this cut
down on the number of nights a system would nedzktobserved it would efficiently make
use of the time available on the telescope.

Our Sun goes through an 11-year solar cycle whathhe peak, has increased solar
activity of sunspots and massive solar flares. eDlagions made in May 2006 using DSO-32
showed an increase in the rate of observed stBilers (Nelson & Caton 2007) giving
evidence that the eclipsing binary star system Cfd might also go through a solar cycle
(Fie. 13). However, more continuous observations arde@ to confirm this; therefore
DSO-14 is currently using much of its availableeitime to continuously monitor the star

CM Dra for stellar flares. These observations a@bjustarted as a search for transits of
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exoplanets in the CM Dra system, as reported byl e group (Schneider & Doyle 1995,

Deeg et al. 1998).
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FIG. 13. Chart showing the number of observed CM Caee8l per year. (T. Nelson)
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4. MOUNT AND TELESCOPE HARDWARE
4.1. Software Bisque’s Paramount ME

The Paramount ME™, designed by Software Bisque,"lii€ a highly precise
German-Equatorial mount that easily integrates yagh about any small telescope setup. At
65 Ibs it can hold over twice its weight (up to 1B%). Its 11-inch, 576-tooth, right
ascension gear delivers accurate tracking withak-@peak periodic error of 5-arcseconds
or less. With through-the-mount wiring, auto-guideput, parallel or serial CCD camera
control, and the availability of control for two meodevices, the mount shows that it has been
designed with the serious amateur astronomer il.min

The Paramount ME telescope mount was recommendes! by the PROMPT group
as they had had great success installing thened®ROMPT array at CTIO in Chile. While
we waited for ours to come in we were loaned aroRhAramount GT-1100S for our initial
testing. When our Paramount ME arrived it turnatito be much simpler to install than the
older model.

The very first thing we did before installing tharBmount was to make sure that all
the necessary equipment came with the mount artdptiatos of the mount in the user
manual matched the mount itself. We had plannedrt$trument setup before attaching any
instruments or even installing the mount. The Weigf the instruments, the amount of
clearance the instruments have without hittingpiee and the clearance of the counterweight

bar with other objects in the room were all estedaso that we could determine the correct

" Software Bisque, Inc., 912 12th St., Golden, C@0 http://www.bisque.com
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height and position of the mount. Because we liest@ur Paramount ME (& 14) on a pier
that we had fabricated for the DFM 16-inch than®v at RSO, a new base plate was

fabricated to adapt the mount to the pier.

FIG. 14. The author adjusting the altitude on the Paret ME after installing it in the DSO-14 domé. (
Caton)

The Instrument Panel ¢ 15) on the Paramount ME has connections for b&R3R
and USB 2.0. Since the control computer is nah&same room as the mount USB signal
dropouts between the mount and the computer cazddro We decided that we would use
RS232 as an extra security precaution to make sh&emount-to-PC connection works

reliably.
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FIG. 15. The instrument panel of the Paramount MEutlGAr)

On the ME’s adapter paneli¢F16) are two auxiliary power connections, Aux 1 and
Aux 2, that have through-mount wiring to the instent panel at the back of the Versa-Plate.
This feature is very handy in that it decreasestiraber of cables the site manager needs to
feed through the mount. Over time, from weight &msion of the cables and the constant
movement of the telescope, power cables can slippbtheir connectors, but these ports
prevent that from happening. Each port connectgpires a special 2.1mm DC power plug
with a “lock ring” that keeps the cable in placelaonnected. Some cable modification was

necessary to solder the wires to the plug.
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FiG. 16. The adapter panel at the back of the ParatMbis Versa-Plate. The filter wheel power is |kdok
“A” and the CCD camera power is labeled “B.” (Autho

Software Bisque warns, however, that the port miggh2.5mm as the Adapter Panel
of the ME is made by a third party and some MEsehasen shipped with the wrong port,
but they offer instructions on how to check thetmize. The 2.1mm and 2.5mm plugss(F

17) can be ordered online from Mouser Electrohasd are listed as Part# 171-7391 and

Part# 171-7395, respectively.

FIG. 17. A close up of the DC power plugs with “locgirings.” (Author)

¥ Mouser Electronics®, 1000 North Main Street, Maaldf TX, 76063-1514; http://www.mouser.com
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The assembly and installation instructions in tBerwguide that come with the ME
are thorough, filled with figures and diagrams tresdlly made the installation less tedious.
As is the case with all assembly instructions, aswery important to make sure to do each
step properly as it can become very difficult tdoeteps. For instance, after everything was
set-up we needed to run another cable through thentn However, several screws on the
side panel that need to be opened up to get toahke conduit are typically hidden behind
the altitude wedge until the altitude is adjustedhéarly the highest position. This required
us to raise the altitude but because the weighhefstill attached optical tube assembly
(OTA) and instruments it was a very difficult anery slow process.

Some important things we did before attaching tHiEA@nd instruments were to
adjust the Paramount’s altitude wedge to the compesition and to level the Paramount’s
base plate using the installed bubble levels. mudvery setup procedure, especially when
attaching the OTA and instruments to the mount,wbem gears were entirely engaged to

prevent the mount from moving and possibly damagneggear teeth.
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4.2.Celestron 14-inch Schmidt-Cassegrain Telescope

The C-14, a 14-inch diameter Schmidt-Cassegra@sdepe by Celestrohwas first
produced in the mid-70s and until 1994, with theaduction of the Meade 16-inch LX200,
was the largest catadioptic telescope in produdi@rhen 2009). The quality of its design
and mass production has made the C-14 a widely tededcope by both amateur and
professional astronomers alike. The aluminum tdestruction has a 14-inch (355.6 mm)
diameter mirror with a 3910mm focal length, resgtin an overall focal ratio of f/11.
Specially designed StarBright™ mirror and corregifate coatings decrease the amount of
light lost when reflecting off of the mirrors.

Our C-14 (k. 18) was purchased in 1988 using funds from an W®Erd" for
development of an observatory for undergraduatesiphyand astronomy majors enrolled in
Observational Astronomy at RSO. It was used thergl 2002 when Rankin Science
Building was redesigned and the old astronomy kiooy and observatory demolished.
During that time the C-14 was stored away and Qlasi@nal Astronomy Lab students used
the newly acquired DFM Engineering 16-inch telescdRSO-16) in the dome at DSO
where DSO-14 currently resides. After Rankin’'s newng, with a new dome, was

completed RSO-16 was moved back to campus leakiendame empty for this project.

¥ Celestron, LLC., 2835 Columbia St, Torrance, CA®8) http://www.celestron.com
" NSF award 8852993
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FIG. 18. The C-14 OTA before modification and withmgtruments attached. (Author)

The C-14 was disassembled to provide the OTAH pproject. The Paramount ME
replaced the Celestron mount, which suffers frorargoacking and no automatic pointing

capability. The OTA was attached to the Paramauttt special mounting rings.
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4.3. OTA Mounting Rings

The weight of the OTA and the amount of equipmeatl was very dangerous with
the original setup we tried. The Paramount ME comvéh what Software Bisque calls a
Versa-Plate. The Versa-Plate is designed to halibus setups of OTAs including the
Homeyer OTA cradle, OTA mounting rings, and the rhaady™ dovetail system. Each
method has its advantages, as well as disadvantagdseach is described on Software
Bisque’s Paramount ME Information Sité.

The C-14’s dovetail was held in place with only fdbreaded knobs that applied
tension to the dovetail to keep it from slippin@nce, when testing the balance of the OTA
at a near vertical position the OTA began to slipaf the Versa-Plate. Quickly we caught it
and put bolts in the Versa-Plate to rest the OTretll against, preventing it from slipping
further back. Adding to the unreliability of thewktail setup is that, due to the dovetail not
being held securely, it was possible for the weighthe OTA and instruments to create a
non-repeatable error, allowing the OTA to slip aadk from side to side when crossing the
pier.

It was recommended by Software Bisque’s Daniefasthat we buy a set of OTA
mounting rings that can be directly bolted into 8ePlate. We installed the 15.3" OD
Tubes, designed primarily for C-14s, from Parallastruments, In& The rings (fe. 19)
clamp around the entire OTA and are tightly andisdyg bolted into the Paramount’s Versa-

Plate preventing non-repeatable errors causedppirsy or rocking.

VIl http://www. bisque.com/help/ParamountME/attachirtg_to_Versa-Plate.htm
* Parallax Instruments, Inc, PO Box 327, YoungsyM€ 27596; http://www.parallaxinstruments.com/
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FiG. 19. The Parallax Instrument OTA rings holding @4 to the Versa-Plate. (Author)

We did, however, have to modify the C-14 OTA do¢he declination counterweight
bar being in the way of the rings. Therefore, vesigned, fabricated, and installed a new
counterweight bar that lifted the counterweightghler and out of the way of the OTA rings

(Fie. 20).

50



FiG. 20. Newly fabricated and installed declinatiommi@rweight bar. (Author)
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4.4.0OTA Lens Shade and Dew Shield

The OTA lens shade, item #94015 from Celestraspecifically designed for C-14s
and is attached to the front end of the OTA.(B1) reducing dew and dust build up on the
corrector plate. Because the telescope setup vib@d#tswvhen the air temperature in the dome
is the same as outdoors, a heated dew shield sinotilde used. The heat can cause air
disturbances in front of the corrector plate, disg the CCD images. It is also possible that
a heated dew shield might heat up the aluminum @®&Asing it to thermally expand,

significantly altering the focus.

Fic. 21. Celestron C-14 Lens Shade/Dew Shield prevasisand dust from accumulating on the corrector
plate and improves image contrast by keeping oay $ight. (Author)
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4.5. Collimation Thumbscrews

As described later in 87.6, although we did inigiadollimate the telescope without
the instruments attached to the back of the OTA determined that it was in vain as the
addition of the instruments changed the alignmérnhe® mirrors. Therefore, in preparation
for when we would eventually need to re-collimate wstalled thumbscrews in place of the
secondary mirror allen screwsi¢F22). The thumbscrews, specially designed by Bob’s
Knobs; allow for much easier collimation by simply turgithe screws by hand rather than

fumbling with a small allen wrench in the darkness.

FIG. 22. The collimation thumbscrews on the secondarsor make collimation a much easier task. (Aujhor

* Morrow Technical Services, 6976 Kempton Rd., Ceiiite, IN 47330; http://www.bobsknobs.com
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4.6.C-14 Mirror Flop-Stoppers

The C-14 was designed by Celestron to be focugethdwing the primary mirror
back or forward to the desired focus. For amatsironomers who observe through an
eyepiece and do not use CCD cameras, this is fitmevever, because the mirror is moveable
it has a tendency to shift position when crossimgier causing the image to become out of
focus or even out of proper optical alignment. rdlirflop, as the condition is called, can be
prevented by locking the mirror in place with boltdowever, bolting the mirror puts tension
on and stresses the mirror which can cause a “pigtiof the optics or can even cause
damage to the mirror itself.

The C-14 Flop-Stopper V2, from Ironwood Obserwatbtocks the mirror in place,
but without stressing the mirror. A solid and #ded mirror guide shaft screws into the
mirror bolt holes and sticks out through the batkhe OTA (Fe. 23). The guide shaft is
then tightly held in place by thumbscrews. Thisve®the tension of holding the mirror in
place onto the thumbscrews holding the guide shaftace and not on the mirror itself. The

primary focus knob remains in place as a supporthi® mirror.

X lronwood Pier Power Products, PO Box 265, Kahttiu96731; http://www.ironwoodobservatory.com
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FiG. 23. One of the two C-14 Flopstoppers holdingghimary mirror in place. (Author)
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4.7.DFM Filter Wheel and Bessell Filters

After bolting the OTA rings to the Versa-Plate gndting the C-14 on the mount, we
then attached the rest of the instruments to tlk bhthe telescope. Attached to the back of
the C-14 is a DFM Engineerifigfilter wheel (Fe. 24). We chose the FW-82 filter wheel by
DFM Engineering because of its high quality engimgg use at other DSO and RSO

telescopes, and compatibility with both Skynet atieer generic ASCOM controllers.

(

-

ENG\NEER\NC, INC.
\ SERIAL PORT

Fm

y MAN CONTROL

FiG. 24. The DFM Engineering FW-82 filter wheel. (Aath

XI' DFM Engineering Inc, 1035 Delaware Ave, Unit Dnigmont, CO, 80501; http://www.dfmengineering.com
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The wheel has eight available 50mm diameter fptesitions. The DFM Engineering
filter wheel is very beneficial if the site managgrplanning on mounting several different
instruments to the back of the OTA because its pharfile and low weight of 4 Ibs lessen the
strain on the telescope and make it easier to balanThe filter wheel has custom bolt
patterns that we provided to DFM Engineering touessproper attachment of all the
instruments to it.

The FW-82 was equipped with a Bessel astronomittal set (Part# XBSSL/50R)
from Omega Optical, IN&" The set includes five 50mm diameter filters foe ultraviolet
(U), blue (B), green/visible (V), red (R), and né&arared (I) bandpasses i¢F25). The

filters are designed for use in photometric clasaiion.

100

80 £~ / \

. AWAN [ N\

o N NN

o LV N\ II \
I

A W A | W

l
oL
l

% Transmission

\
\ \
\ NN S

300 400 0 700 800 900 1000 1100

Wavelength (nm)

FIG. 25. Transmission curve of Omega Optical’'s Bed#tdl set.
(R. Johnson/Omega Optical Inc.)

“ Omega Optical, Inc, Delta Campus, 21 Omega DBvattleboro, VT, 05301; https://www.omegafiltersito
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The Bessell filter set has been widely used for CGQ¥BRI photometry since its
development (Bessell 1990). The broad passbartieofilters allows imaging of fainter
objects while the effective wavelength of eactefildllows for accurate UBVRI photometry.
The Sloan Digital Sky Survey (SDSS) broad-baneéit(Fukugita et al. 1996j, g’, ', I’,
andz’, are used in the PROMPT telescopes. The shagffeun the transmission curves
between each SDSS filter make it so that the §ilter not overlap like Bessell filters. This
allows easier conversions between magnitude andefhergy. Because we have two open
spaces in the filter wheel, we considering addimg ar z’ filter in the future to better match

data taken with the PROMPT telescopes.
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4.8.IMI Motorized Focuser

The ability to automatically, or at least remotedgntrol focus is a very crucial part
of a robotic telescope. Because a robotic telescm@s not require on-site intervention by
the site manager, a motorized focuser that cardjusted by computer software is required.
Typically, the telescope’s focus would need to banged from night to night, or even
during the night, depending on the night’s temperthanges.

Attached behind the filter wheel is a JMI Motodz&ocuser. The focuser we
installed from JMI Telescop®s is the NGF-XTcM, which has a 3-inch black-anodized

drawtube and is designed specifically to be usel large Cassegrain telescopes.(E6).

FiG. 26. The JMI Motorized Focuser allows focusingltme remotely or automatically as part of a scdpte
routine. (Author)

XV Jim's Mobile Incorporated, 8550 West 14th Averiskewood, CO, 80215; http://www.jimsmobile.com
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The C-14 OTA has significant expansion and conmaaiue to temperature changes
and as a result the most extreme focus positiotwele® summer and winter are nearly at
opposite ends of the focuser’s travel. Initiallyridg late summer, we set the set focus
position at the center of the travel but when wirt@me the focus position we needed was
beyond the end of the travel. Therefore, we halbdsen the C-14 Flopstoppers and move
the primary mirror so that the winter’s focus pimsitwould be in the same range as the
summer position, thus preventing us from havingchh@nge the primary mirror position

again.
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4.9. Apogee Alta U47 CCD Camera

Behind the focuser, on the end of the instrumetaicls” is an Apogee Alta U47 CCD
camera. The Alta series of CCD cameras, by Apdgstuments) are designed for
astronomical use and offer low prices that appealboth professional and amateur
astronomers. DSO-14 uses the Alta U4ié.(#7), which has a back-illuminated 1024 x 1024
pixel array with high signal-to-noise ratio, dynamange, and quantum efficiency. It has a
very sturdy housing and four three-speed progranterfabns that limit vibration. The CCD
chip can be cooled to 55°C below ambient tempegatiiihe U47 is interfaced with USB 2.0
allowing fast readout and can be controlled by &@D imaging software that uses
ActiveX™ drivers and scripting. Because the U4@u8SB 2.0, USB boosters are needed

to make sure a strong signal arrives at the TCSaten in the control room.

FIG. 27. Apogee’s Alta U47 CCD camera. (Apogee Instnts)

* Apogee Instruments Inc., 1020 Sundown Way, Suitg Roseville, CA, 95661; http://www.ccd.com
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We had to send the camera back for repairs on éparate occasions. First, when
we were testing it upon arrival, a spring in thetsdr broke and the shutter got stuck open.
The second time was when the temperature sensdeitize camera failed. We became
aware of this when the current CCD temperature digplayed as -58°C causing the
software to turn off the cooler. Additionally, t&CD cooler status continually read “Cooler
Regulating” without changing to the typical statlisplay of the percentage of maximum
power being used to cool the CCD chip. The tentpegaegulator problem was also quickly
repaired by the manufacturer.

The CCD camera had to be properly rotated so lea€CCD image was square on all
sides with the equatorial grid of the sky. The metwe used to check the CCD rotation is
discussed later in 87.8. It should be noted that@GCD camera was attached to the focuser
with a small nylon thumbscrew that applied moderatesion to the focuser drawtube.
Because of that, the camera could be very eadifya® accidentally. Therefore, we replaced
that thumbscrew with a larger brass thumbscrew gplyamore tension and lessen the

possibility that the camera position can get aatialey changed.
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4.10.Balancing the Telescope

Balancing a telescope is one of the most imporgeqs in setting up a telescope. If
the telescope is not balanced, then one side détescope will exert more force on the gears
and cause the drives to perform incorrectly or jpbg®ven damage the gears themselves.
As shown in ke. 28, the filter wheel is not on axis or centeredhvthe back of the OTA.
Therefore, we had to add a weight to the side efJTA to counteract the weight of the
filter wheel, as it caused an irregularity in baanwith both the declination and right

ascension axis.

FIG. 28. Image showing the counterweight (steel weaghtight side of image) used to negate the wefigim
the filter wheel (bottom left) being off axis. (#&uwor)
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5. DOME HARDWARE AND PERIPHERALS
5.1.Ash Dome

DSO-14's dome (B. 29) is a 14.5-foot diameter steel dome made by Abk
Manufacturing Comparfy} and installed at DSO in 1986. The shutter isdidiinto two
sections: an upper shutter that is controlled Hy2@ VAC geared motor and a lower, drop
out shutter that is lowered by a hand crank. Tie@ dut shutter is soon to be motorized but
in the mean time is left closed during observatioddthough this means that the bottom
shutter covers 30° of sky above the horizon we Haued this to be acceptable for now due
to the treetops to the south of the dome reaclongdt about the top of the bottom shutter
anyway. Setting software horizon limits within Big/6 thus prevents the telescope from

slewing to a position lower than 30° in altitude.

I Ash Manufacturing Company, PO Box 312, Plainfi¢ld,60544; http://www.ashdome.com
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FIG. 29. DSO-14's Ash dome. The bottom of the shultteps down by use of hand crank. However, weshop
to have that motorized in the near future. (Author
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5.2.0bserva-DOME Control Hardware

The dome is controlled by two control systems tmwed by Observa-DOME
Laboratories¥" They are made to work with not only with domesigeed by Observa-
DOME Laboratories (ODL) but also with a wide vayieff pre-existing domes. As shown in
Fic. 30, the dome controllers are linked to the telpsamntrol system (TCS) computer. The
computer sends signals via radio frequency (RFnfem Aerocomm ConnexLink 4490
provided by ODL to the controllers telling them tthil@e computer is connected to them. The

controllers also relay their positions back to &S computer.

i Observa-DOME Laboratories, 371 Commerce Park Ddsekson, MS, 39213; http://observa-dome.com
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FiG. 30. The dome is controlled by two separate comiarules. They connect to the TCS computer thnoug
an RF link. (Observa-DOME Laboratories website)
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The Azimuth Control Module (& 31) uses a motor with an encoder driven off the
dome rotation motor track to determine dome azimubiition. The “Home” azimuth
position is set by a magnetic home position seasamg the base ring of the dome which
detects the reference home magnet that moves aldthgthe dome. After these are
calibrated, the position is determined using theoder and the “home position offset,” the
difference in degrees between the home positiortrarednorth, is set in ODL’s dome control
software (discussed further in 87.3.1). For DSQihé home offset is 112°; the method to

set the home offset is described in Appendix A.

Fic. 31. The dome azimuth control module. (Author)
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The Shutter Control Module opens and closes th#teshusing two limit switches
that determine if it is fully open or closed. Thmdule will automatically close the dome,
not only if the emergency close switch is activateat also if after five minutes the module
has not received a signal from the TCS computdris prevents the dome from being left

open if the computer unexpectedly crashes. As seBn. 32 the Shutter Control Module is

mounted to the inside of the dome and receivgsoiger via batteries.

FiGc. 32. The dome shutter control module (A), the powweerter (B), and the batteries (C) that stoee¢harge
created by the solar panels. (Author)
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5.3.Solar Panel Powered Shutter

Due to the size of DSO-14’s dome, mounting poveds rinside along the base ring
would have created several problems. Becausewfthe floor is setup inside the dome it
not only poses a risk of accidently getting shoglseineone standing next to the power rings
could get snagged by the ring mounting hardwatleefdome unexpectedly moved. Instead,
four KC40T model solar panels by KYOCERA Solar it have been mounted outside of
the dome to provide power to the Observa-DOME ®&huontrol Module. With the dome
shutter pointing due north they are mounted froi®°2@ 310° azimuth. The panelsdR33)
are tilted 15° from vertical to obtain the bestfpemance during the winter. They are wired

to two 12-volt, deep-cycle marine batteries thatesthe charge.

Fic. 33. The Kyocera solar panels mounted on the @itz the DSO-14 dome. (Author)

il K YOCERA Solar Inc, 7812 East Acoma Drive, ScottedaAZ 85260; http://americas.kyocera.com
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5.4. Power Inverter

The DC voltage from the batteries powers a PROW@B0 Power Inverter by
Xantrex Technology In& to produce the AC output power needed to run tinéter control
module (ke. 32). We used an inverter to avoid replacing tieeksdome shutter AC motor
with a DC motor. The inverter draws 0.5 amps while dome is idle, while the dome
shutter control module draws an additional 0.5 am@3ur battery bank has about 200
Amp/Hours of reserve. Thus, if it is cloudy over extended period of time (8 to 14 days)
we have to manually recharge the batteries withteeky charger due to the limited charging
capacity of the solar panels on cloudy days. Aom@joblem we encountered with the

inverter “overloading” during the winter is discesgsin §10.2.

XX Xantrex Technology Inc., 8999 Nelson Way, Burnb&§, Canada; http://www.xantrex.com
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6. CCD IMAGING
6.1. Types of CCD Images
6.1.1.Lights

A “light” image is the typical image taken with ti&D camera containing the object
that is being observed. Light images are the imaigat are taken while a job is running on a
telescope. They vary in exposure length from wlpb as per the requested exposure time
when the job is submitted. A light image is a dpapl interpretation of the value for each
pixel in the CCD chip’s pixel array. Each pixeltramly contains the charge due to photons
coming in from the field being observed, but aldmrge from the noise that was there
initially before the image was taken and noise edusy thermally generated electrons. The
thermally generated noise increases the longezxpesure.

Light images are termed “raw” because the noisels\¢e be subtracted from the
image so all that is left is the signal causedhgydbjects in the field. To get rid of the noise
in a light image additional types of images needéaaken with the CCD camera. Those
images are then mathematically applied to the rigit limage in a process called data

reduction. The final image is called the reducedde (ke. 34).
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FiG. 34. M66 observed on DSO-14. The left image ésrtw image, the right the reduced image.
(Author)
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6.1.2.Biases

Bias images, or “biases,” are images taken witlo 2x¢posure time with a closed
shutter (ke. 35). The pixel values in a bias image are inddpenhof exposure length or
thermal noise. A bias shows pixel readout noisg e DC offset voltage of the CCD
before an exposure is taken. If a pixel's poténtiall has trouble dumping all its charge
before taking an exposure then this image will shibesamount of charge and amount of
dark current that is initially present as an im&géeing taken. In the case of the Apogee

cameras, the “bias” is really a minimal exposur@enaith the shutter closed (0.02 seconds).

FiG. 35. A bias image shows the DC offset on the CBIp before any exposure is taken. (Author)
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6.1.3.Darks

Dark images, or “darks,” are images taken withghetter closed with the exact same
exposure length as a normal images.(B6). Darks can also be scaled to match the exposur
time of a normal image. Astronomers routinely takeequence of images with the same
exposure time so that they can combine and stak thgether resulting in a better quality
image. Because the dark current builds a chargfeeipotential wells over time, longer dark
exposures have more noise. Because the noisadsma astronomers make a master dark
image that uses the median dark value of each figel a series of dark images taken
through the night. The values for each pixel & thain image are subtracted by the value of

the corresponding pixel in the master dark.

FiG. 36. A dark image shows the thermal noise on {88 €hip. The noise increases linearly with longer
exposures. (Author)
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6.1.4.Flats

Flat images are images taken of a field that isakg@and evenly lit (ls. 37). With
DSO-14 the flats are taken when the Sun reachedefjfees below the horizon. These
images, much brighter than normal images, are epés an amount of time that nearly
saturates the CCD chip in order to obtain a laigeas to noise ratio. Flat fields show the
problems in the illumination of the chip, such agnetting, the variations between pixels,

and dust motes on the filters and CCD window thatkbsome of the incoming light.

Fic. 37. Aflatimage on DSO-14. The "donuts" are @uibcus dust motes on the clear filter or on @D
chip window. (Author)
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A master flat is made by combining and taking thedian value of five flat images
and then normalizing the master flat to a scalér shat the pixel values range from zero to
one (one being the brightest). If, for examplednst mote is in the way of a pixel in the flat
it has a value of one whereas pixel that has thd®h of a dust mote cast on it has a value of
0.5, meaning it gets half the brightness of thé eéthe pixels. Then, when performing data
reduction, the bias and dark subtracted light imadbken divided by the master flat (Howell
2000 pg. 60), and the pixel that received halfliplet in the flat field, has its value in the

final light image doubled. Flat field correctioarpletes the data reduction process.
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6.2. Apogee Alta Series’ Residual Bulk Image Problem

One problem that we see in our Apogee Alta imaged,those of PROMPT, is that
of “residual bulk images” (RBIs). The result of RBappears as a “ghost” of an object that
was exposed in the previous images.(B8). This is due to electrons that were trapped i
the interfacing at the bottom of a pixel well inpeevious exposure becoming thermally
excited, loosening from the interfacing, and enigiinto the pixel’'s charge collection region
appearing as additional signal (Rest et al. 200Bhe effect of electrons getting trapped
predominantly happens with longer exposures of dongyavelengths (leads to larger
penetration depth by electrons in the pixel welljl as dependent on temperature and the
incoming flux the pixel receives. Therefore, btigihjects remain and the image cannot be

corrected with dark subtraction or field fielding

FiGc. 38. Two images showing Residual Bulk Images (lRBTEhe left is an overexposed image of a bright. st
The right is a dark taken immediately after the¢ ilfage was taken. (Author)
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In addition to how aesthetically unpleasing RBIpegr they can also be problematic
when doing aperture photometry. For instancejabarun on DSO-14 observing Jupiter or a
bright star like Vega was taken with too long ofexposure length, a measurable residual of
Jupiter or the star could remain in the imagesrduthe next job. If the residual appears
during the next job’s images in the same place @sgarison or target star used in aperture
photometry, the added measurable signal and itgaydeculd give false values and alter the
results of the photometry.

Most CCD cameras, including Apogee’s Alta seriepeap to have this problem;
however a few of Apogee’s cameras now have builhear-IR pre-flash systems used to
uniformly fill in all of the CCD’s deep pixel wellbefore taking an image, thus minimizing

the residual “ghost image.”
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7. TELESCOPE CONTROL SYSTEM AND SOFTWARE
7.1. TCS Computer

The Telescope Control System (TCS) computer iseh Optiplex GX270 running
Microsoft Windows® XP Pro Service Pack 3 at 2.8 Giih 2 GB of RAM. A separate
280 GB hard drive is used to store the imagestallesl in the TCS are an extra video card
(for dual monitors) and two PCI cards with dual R32erial ports. This gives a maximum
of five possible serial connections to the compufBhe CCD camera is the only instrument
we control with USB 2.0; the others are controNed serial ports. The computer is set up
with a minimum of processes at startup and the “dddogin is protected with a password
shared only with the few people who maintain DSO-14

Windows Automatic Updates are turned off so thatenare automatically installed,
or even downloaded, preventing unwanted restartsserof network bandwidth. However,
Windows updates are manually done on a regulasb&oftware updates, like new versions
of NET™ or Java, are only installed when the depets at Skynet say that it will not cause
problems with their scripted programs.

The computer time is set for the global time sgaddf Universal Time Coordinated
(UTC). To synchronize the computer clock we havstalled Dimension 4, a freeware
program developed by Rob Chambers at Thinking Maftw@reX* Using Dimension 4, the
clock is synchronized every 15 minutes to a publite server at Research Triangle Park,

North Carolina: 192.101.21.1: ncnoc.ncren.net.

* Dimension 4, 2004, Rob Chambers, Thinking Manwgarfé ;http://www.thinkman.com/dimension4/
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To reduce the amount of processing the computest dw the X10 Control Modules,
Boltwood Cloud Sensor, and SBIG AllSkyCam (eacltussed in 89) are not controlled by
the TCS computer. Only the essential equipmenttdlescope, dome, camera, filter wheel,

and focuser, are controlled using the TCS compier39).

FIG. 39. The TCS computer inside of DSO-14’s contoaim. (Author)
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7.2.Tom’s Corner

For several sections, we reference and highly recemd that the Tom’s Corner
pagé” on Software Bisque’s website be used to set upctimerol software on the TCS
computer. Tom’s Corner has many different categoof “how-to’s” involving Software
Bisque products, each with graphics, explanatiand,very simple step-by-step instructions.
This site was extremely useful and helped to seexeral problems that occurred during the
set up of DSO-14. However, the primary documeantato be used should be the actual
installation instructions provided by the softwavigh Tom’s Corner as support. Both the

user manuals and Tom’s Corner should be read tigblpbefore beginning an installation.

I hitp://www.bisque.com/Tom/tom.asp
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7.3.Configuring Telescope and Dome Control

When setting up the control software, all programese installed and updated to the
latest versions. The latest ASCOM platform andeais were also downloaded and installed
from the ASCOME websit&" along with the plug-ins for the instruments usedthe
telescope set up. We downloaded and installedStmartFocus Focuser and TheSky6

Controlled Telescope drivers as well as the The¥§6&OM Telescope plug-in.

*I ASCOM Website: http://ascom-standards.org/
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7.3.1.0DL Dome Control

As described previously in 85.2, the dome is ailed using two control modules;
the azimuth module mounted on the dome wall andsthster control module mounted on
the dome itself. These are linked to the compugean RF communication device wired to
a serial port on the TCS; the RF device is alresetyup by ODL when the equipment is
shipped.

ODL has its own dome control software to set i gpdbme (fe. 40). After following
the instructions given in ODL’s user manual, therfte offset position” and the “park
position” are both saved to the azimuth module’sVRNow, when a dome control program
tells it to “park dome”, it does not have to give absolute azimuthal position; the dome
rotates until the encoder value matches the vahenwpark position was set and then sends a
“dome parked” signal back to the computer.

Because the dome control uses a baud rate of 1828Mot the default 9600, the
baud rate of the COM port used by the dome cohtxelto be changed. This can be done by
opening XP’s Control Panel menu and selecting 8ysté€lick the Hardware tab and the
Device Manager button and scroll down to Portspdex Ports, right click on the COM port
used by the dome control, and select Propertidek Gn the Port Settings tab and the baud
rate can be changed using the drop down menu.

The park position for the dome is at 325° azintotiposition the solar panels, which
give the dome shutter control module power, towar88SW position. At that position they
can receive the most amount of sunlight duringdhg, ensuring that the batteries have a

good charge.
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€ Dome Control System ) - 10l x|

+1.03

Observa-DomME

LABORATORIES, INC.

— Connection Settings

COM Port: |III?--15 vI
Port Settings: 19200 8M1 Dizconnect |

Azimuth Control -

Azimuth: 3439 Halted Inpt: Im

¥ Enable Set Home | Set Park | Set Azimuth |

Fird Home | Park Dome | Gutuﬁ.zimuthl.

Fotate Left | Fotate Hightl Halt Dome |

= Shutter Control
Shutter: Closed

W Ernable Open Cloze Halt Shutter

FIG. 40. The control software that comes with Obséd)@ME Laboratories’ control hardware.
(Author)
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7.3.2.AutomaDome™

AutomaDome is a dome control programs(B1) developed by Software Bisdie
for use with their telescope control software, ThgS The setup instructions that are
available in the help menu of the program did r@ns sufficient. It is very important that a
site manager installing AutomaDome go to the AutDorae section in Tom’s Corn&¥ as
it is very helpful and also addresses a few of khewn issues and bugs that sometimes

appear after installation.

"E"Aul:umaDumE !E[ E
File | Dome Help
SEtUL Emergency Stop
i [ 3
_ 53 Aart
Az i Ta... 4|

Par Cpen 3lit 0[]
Cloze 5lit

Sync

Find Home
Fark

abork

FIG. 41. AutomaDome's main window. (Author)

In order for the dome to properly talk to Automab® the DomeAPI.dll file was
installed from the Observa-DOME installation CD andt from Software Bisque's
AutomaDome installation. The way we checked that ¢orrect DomeAPI.dll was being

used was by doing a file search for the name ofilie Observa-DOME’s DomeAPI.dll file

i AutomaDome™, 2009, Software Bisque, Inc., Golde®; http://www.bisque.com
¥V http://www.bisque.com/Tom/DomePage/domepage.asp
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is 544KB in size. The Software Bisque DomeAPIfdd was not the same size and so we

replaced it with the file from Observa-DOME'’s intéion CD.

In the Setup menu (Dome | Setup) the COM portked] rate must be the same as

used by the ODL software (F42). The Security settings (Dome | Setup | Sichbritton)

should all be allowed and check marked with the salception of “Allow Sync.”

Setup

COM Fart; |COME -
Baud Rate: | 13200 iF.

ACL Address: |2

13
P

Update perind: {1000

¥ Elevation not significant

7]
ok,

Cancel

Geametny. ..

Security, .,

FIG. 42. AutomaDome's Setup window. (Author)

The most confusing part, and also the most impgrtaf AutomaDome are the

Geometry Settings (Dome | Setup | Geometry buttoff)ese settings allow the dome to

rotate to the proper position for any kind of telgse setup (B. 43). The definitions are

somewhat complicated to understand and even TornoseC refers the reader to the

AutomaDome documentation rather than explainingntioa the site. Appendix B contains

dome geometry term definitions and also suggestmMren determining values for the terms.
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Geomektry ﬂ E

Faoll axiz elewvation: k.

Dome radius: |2'| 336

Cancel

— Off=et of mount from dome
I ||:| e |-'|-'1|:| Zme |-273

= [Dffzet of telezcope fram mount

A |-4T-"E.25 rt; |EI
[ffzet of optical axis from telescope: IEI

- Testing

Hour angle; 15-5435 Declination: 55-551 5

Crome Azimuth:
Crome Elevation:

Compute |

FiG. 43. AutomaDome's Geometry window. Definitiongtod terms are described in Appendix B. (Author)
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7.3.3. TheSky6™ Professional Edition

The Professional Edition of Software Bisque’s Tk&is the only editioff' that
supports the Paramount ME and dome control thrdugiomaDome. It also comes with
both the UCAC2 and the USNOB subset stellar casatbgt can be displayed on the main
screen (6. 44). However, when DSO-14 is being controlled 3kynet it only receives

celestial coordinates and not object names oragtalimbers.

w5 ‘Mormal.sky - TheSkyb =l

File Edit Yiew Orientation Data Tools Telescope  Help
| DEE BR8N [ +8e2 |20 (0| ama|li % W
Bolcl@@vnalca sa®m | al- vx2ed

BEE L A

th[realtime] ;I A 4 = |—p;| -:?;E ‘

395 pointy

& Sun-

A Moon” d
; -

For Help, press F1 [R& 18k 0m 43,3z |Dec +27°50047" ILS' 4

FIG. 44. TheSkyé6 is used to control the telescopee drbsshair left of middle is the postion where the
telescope is pointing. The meridian cuts downrtiigdle of the screen. The large white trapazoiddline is
the position the dome slit is pointing. (Author)

¥ TheSky6™ Professional Edition, 2009, Software Besdnc., Golden, CO; http://www.bisque.com
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As with each installation, the user manual needset read to become familiar with
the setup. The first thing after installing TheBkyas to set the location of the observatory
by going to Data | Location and making a User-Dadisite (ks. 45). Using the terrain and
topographic maps provided by the free online mapgirogram ACME Mappé&f 2.0 we
determined the latitude, longitude, and elevatiorD80-14's dome. These values were
double checked and accurately confirmed with tleeaisa handheld GPS system.

“Time Zone” is the offset of the number of houfge tcomputer is from UTC.
Because the computer clock is set for UTC, it iyywportant that Time Zone be set to zero
and that Daylight Savings be set as “not observedtiditionally, the elevation is also very
important for TheSky6 to get accurate coordinatas$ should be properly set with units of

meters.

Location

Predefined List i warld Map  User-Defined |

Crescripkion:

1~ Longitude

Degrees: !81 5: Degrees: |36 E:
Minutes: i24 E: Minukes: |15 3:
Seconds: !52.3 3: Seconds: |9.1 aﬁ

" West  East & porth € South

Time zone: ID.IZI 3:
Elevation {m): |923.D ;“_—ﬂ

Davlight saving option: !Not observed L' ‘Add to Predefined List

Ok i Cancel l Arinly | Help i

FIG. 45. TheSky6's site location menu. (Author)

VI hitp://mapper.acme.com/
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We turn off all of the Real Mode viewing optionsiéw | Real Mode Options), like
Moon halo and sky background as they add overhdahwpdating the screen. We also
turn off reference lines (View | Reference Linesthvihe few exceptions shown incF46.

Additionally, we turn off all labels except the pkts’ and keep the view set centered at the

zenith.

Reference Lines E |
~General lines ~ Telescope limit lines
:_:. E::ZEE: e [ visble Edit Decination Linit... |
p m::t: Ei ESE;;E:' Edit Alitude Limit... |
—Constellation————— | ~Horizon-based lines
[ Boundaties ¥ Lines I aid ~Lacal harizan Fil
r-r-;Dr.é:;Tlgﬁz.ar SCreen cepter KA ; ;ransl:'arent
v Lacal S

—Equatorial ines
I Refracted

¥ Grid
v Morth/East indicator I Show in Pole Up arientation
Spacing: i.ﬁ.utumatic - \Wide _:! Edit Local Harizon. .. |

Fa spacing tdegsy | 1.0

DEC, Spating (degs); I [ I
r, spatng (deg 1.0 K Zancel |

FIG. 46. TheSky6's Reference Lines menu. (Author)

If an observatory is on top of a mountain or in thieldle of a field it is unlikely that
they will need to modify their local horizon limitsDSO-14 has trees to the east and south
that can get in the way of observing near the loorizAlso, the lower portion of our dome
slit is a drop-down shutter which can only be los¢eby hand crank. It is being left shut until
we install equipment that can automatically lowes slit. Therefore, the drop-down shutter

covers up a portion of sky, and the trees, view#tileugh the slit; from the horizon up to an
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altitude of 30°. To prevent the telescope fronmigyto observe below the drop-down shutter
we set the limits in the Horizon Editor (View | Regnce Lines | Edit local horizon button) to

30° in every direction (B. 47).

Horizon Editor - Mormal.hrz [Local]

Cpen,., | Save Save fs.., | Copy | Ok, l
Diescription: I DS0-14 Limit (lower shutter closed)| Paste | Cancel |

takch Horizon Image I

Q02
B0
702
B0°
50°
40°
30°
20°
1o=

T T T e o T e T T T T oo T Py o o T T o Lt T T Ty T T
o= 40° g0 1z0* 1e0® 2000 240°  Z30*  Je0e 3Ree

Alkitude: 90:00° Azimuth; 3352

FIG. 47. TheSky6's local horizon editor. (Author)

The user manual for TheSky6 does a good job ita@xpg the setups for the dome
and telescope, although additional help can bedainfom’s Corner. When connected to
the dome a white box, representing the dome glgears on the screen. The dome slit width
may be changed by modifying a couple of AutomaDamedistry settings. The method to
do this is described at the Software Bisque weBiterhile keeping in mind that the default
values should be in decimal base format. The washeck this is by looking at the number

that is in parenthesis under the Data column;ithidite decimal value (& 48).

Vi hitp://www.bisque.com/help/AutomaDome/domewidtmht
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., Narmal. eskyb o ] 4 I

File . Edit Crlentation Diata Tools Telescope  Help

DEH B28(8|2R|[ 182290 abmLE
|pelv@etnalcals@®&| a6 vxeud
|¢|**q Jﬂ%ﬂ < T - [l Jl'lx[realt\me] v|lA2 M 4« B l|—b_b_

Registry Editor

e Edit Yiew Favorites Help

B {1 Policies ;I | Mame || pata

E‘D RealvhC m(DeFauIt) (value not set)

(] Rexio [RH]ENatSignificant  0x00000001 (1)

(] Safer Networking Limited [ slitBattom 0%00000000 (0)

-] SimonTatham (8] Sl st 0%00000000 (0)

=0 Software Bisque [RE)slitRight 0:0000001e (30
SRR R4 slitTop 0x0000005a (90

[@¥]updatereriod  Ox000003e8 (1000)

B CCDSoft

ED PrecisionPEC

(] Theskys

{1 TPoint
]--{:I Software Bisgue Instance 2
£-(] StarTraiviewsr -
Bl | _Pl_I ol | |
|My Computer\HKEY _CURRENT_USER|Software)Software BisquelAutomalomne)DOME

S

o
IE:
e
IE:

For Help, press F1 |B&:22h 18m 31 1s |Dec::+29"07I 7

FIG. 48. Changing the width of the dome slit displayed@heSky6 requires changing one of AutomaDome’s
entries in the Registry Editor. The value in pdnests is decimal based.
(Author)
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7.3.4.0DL’s TheSky Link

ODL offers a program they designed that tracksdibrae with the telescope position.
Neither AutomaDome nor TheSky6 offer dome trackinbhe program starts up with the
computer but in order to activate it one must rigltk the icon and select the option to
“Track Dome with TheSky.” Additionally, the defaulpdate Interval of 30 seconds is far
too often to move the dome only a few degrees ohath. When we have it, we set the
Update Interval to 500 seconds.

The bigger issue with TheSky Link is that the pesgrcannot be controlled through
scripting. Although Terminator parks the dome amoves the mount to separate places in
the morning, the dome continues to move with thest®pe to a position that does not allow
the solar panels to get good Sun exposure. Howéwoes not appear to be a problem to
run Terminator without TheSky Link because mostrigkyjobs do not often last the eight
minutes before TheSky Link updates again. Alsogetidependent observations of variable
stars are typically broken up into separate jobsrder to regularly re-center on the observed

star field to overcome track rate errors.
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7.4.Configuring CCD, Filter Wheel, and Focus Control

7.4.1.Maxim DL

Maxim DL, the imaging software created by Diffiact Limited™" not only
controls the CCD camera but also controls therfiltbeel and, if needed, the autofocuser
and telescope. In addition to controlling instrumsat can also be used for image processing
and data reduction (@& 49). Although Diffraction Limited has releasedrsien 5 of Maxim
DL, we still continue to use Version 4 until we dast and confirm that it is supported by

Skynet and Terminator

MauIm DL 4 - mB6nathan_250910_Clear_000.fits.

- Fle Edit  Wiew Analyze Process  Fiker  Color PlugHine Window  Help

EH o MEE e & Qs o] K

CCOD Image 70 méénathan 250910 - Clear 000, fits |

T A d )
~I" MaxIm CCD

Exposel Settings’ Sequence! Fujcusl Inspectl Guide Setup |

— Main CCD Camera———— 1~ Filter Wheel
':\.'_—.':upl Apogee Ala ‘ Setup | | DFM Pud-g2
Cooler iz off
Codler| |Setpoint -20.0 Temp -13.4
Cooler On I I C
annect

— Autoguider -
Sl li'I Mo Autoguider Wwharm Up I
I;c.:'_.ierl I Coler Off Dizconnect |

||.\\l‘i

FIG. 49. MaxIlm DL's Setup tab in the CCD Control windo(Author)

il Maxlm DL v4, 2008, Diffraction Limited, Ottawa, @ada; http://www.cyanogen.com
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When we installed Maxim DL we also had to instlépecial driver for Apogee’s
Alta camera series that we received with the camékée also had to add, in the Settings
menu (File | Settings), specific FITS Header valiies 50) containing information about the
site and telescope optics; information and valtas were also set in the Site and Optics tab

of the Settings menu.

Settings E

Gereral | Filez  FITS Header | Site and I:Ipticsl Andible .-i‘-.larmsl

F.evword | Value =

OBJECT

TELESCOP Celestron 14" on Paramount ME

IMSTRUME

OBSERYER o

MOTES

TIME-OBS hh:mm:zz [DATE-OBS containg date only] vi
]

4
Key | x| Type [Inteoer | Gt I
Walue ! [Irzet I

¥ Set OBJELCT from Telescope Contral's catalog |0 if available
v Set INSTRUME from camera plug-in [recommended)
[T Use IRSF convention far IMAGE TP values

k. Cancel P[]

FIG. 50. FITS Header tab in MaxIlm DL's Settings. S&eere changed from the defaults to add additional
information to each image taken with the CCD caméfauthor)
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7.4.2.Smart Focus

The JMI motorized focuser that we use is contdolising the JMI-developed Smart
Focus 232 PC focusing system. Although the foarshe controlled using the buttons on
the front of the control unit, the Smart Focus w#o uses an RS232 port to communicate
with the TCS computer and receive its instructioifie commands are then sent from the
Smart Focus unit (& 51) to the focuser assembly on the mount via a@nductor flat cable

that we fed through the Paramount.

120DC  Focuser
OFF @ ON

3 L £
071 , In
Manual Focus

JMI SMART FOCUS 232

e irlya, e v

FiG. 51. JMI's Smart Focus controller. The contrat aan move the focuser independent from any coerput
control. However, to use the Smart Focus remdtelys software must connect to the focuser. (Agtho
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The focuser control software that comes with aljed JMI Smart Focus, is used to
configure the settings of the focuser's EEPROMteA€Eonfiguring the program for use with
the NGF-XTcM model focuser we have, we set the pagition (the starting position past
which the focuser will not move) to a little befdree edge of the focus housing touched the
edge of the camera adapter. If it is not se§ jdassible for the motors to continue pulling the
drawtube even though it cannot physically moves ttiamaging the drawtube and the motor
gears.

We do not focus using this program, however. eadf we use Maxim DL to move
the focuser to the desired position. As a Skyabtruns we connect Maxim DL with the
focuser using the Telescope Control window and ntbeedrawtube in little increments until
the stars in the image have the lowest full-widthlf-max (FWHM) we can obtain for that
night. This procedure is explained in Appendix Because this can be a long process we
only focus every couple of weeks or after thera isignificant temperature change in the

weather.
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7.5.First Use and Rough Polar Alignment of DSO-14

It was at this point when Tom’s Corner on the SafevBisque website truly showed
how invaluable it is for setting up the telescopghe ‘Out of the Box' sectidi* explains
setting up the Paramount and performing a rougarmignment in great detail. However,
unlike Tom’s Corner, we found that the final aliggmhshould notbe made using Software
Bisque’s TPoint software.

It was important that the polar alignment be doreperly and with great care or the
telescope would not be able to accurately pointtremk a star correctly. We adjusted the
polar alignment of the telescope several timesgugifierent methods until we were satisfied
with the results; which is why we did not use TRdor polar alignment. TPoint’s polar
alignment corrections vary depending on the terhes dite manager uses when fitting a
pointing model and as a result, if the manager da¢dully know how to properly use the
terms to fit a model, the adjustments TPoint recemas can be incorrect. Also, it takes
longer to use this method as the manager must ragkeinting model, apply the fitting
terms, adjust the mount, and repeat until the tesalle satisfactory. The method and

software program we used for the final polar aligntrare discussed in 87.7.

XX hitp://www.bisque.com/Tom/Paramount/outofbox.asp
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7.6.Collimation

Images taken on a telescope without proper opatghment of the mirrors have
much less quality than telescopes with good cotimma Collimation requires putting a
bright star out of focus and then turning the oadition thumbscrews on the front of the C-
14’s corrector plate until the dark middle of theele of light is perfectly centered.

Initially, we collimated the telescope, once usamgeyepiece and once using a video
camera, before we attached the instruments. Hawéve telescope had to be refocused
when the instruments were attached and that retjuiving the primary mirror. Changing
the primary mirror’'s position also changed the iomdition. We re-collimated using short
exposures of a bright, unfocused star taken o€®B camera.

We used a program called CCDInspector by CCDWdre check and confirm that
the light shown across the CCD chip was evenlyapi@nd that the curvature of field of
field was small. Although CCDInspector has thdiggbio accurately check the telescope’s

collimation, we chose not to use it.

*X CCD Inspector v2, 2008, Paul Kanevsky and distebuby CCDWare; http://www.ccdware.com
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7.7.Precise Polar Alignment with PEMPro

PEMPro, created by CCDWar&' is a program designed for adjusting the trackihg o
a mount. The program includes corrections forqakci error correction (PEC), backlash,
and has a handy Polar Alignment Wizard. PEMPros ube “drift method” of polar
alignment, which uses the amount a star drifts sipgnseveral images to calculate the
corrections in altitude and azimuth needed to liheetelescope accurately aligned. It is of
the utmost importance that PEC and the ProTradkifes in TheSky6 are turned off when
using PEMPro. If they are not turned off TheSkyi attempt to make minor corrections to
the tracking and cause errors while PEMPro makiesilesions.

A telescope’s image scale is an extremely importattie that every Skynet site
manager should know during setup of the telescgpem as it is a value that used often in
both software and hardware configurations. Thegignscale is a number of arcseconds per
pixel in images taken by the CCD camera. That remmb required for many of the
programs used for setting up the telescope andamsyused by Skynet and Terminator. An
estimation of the image scale can be easily mauhg @s image and a star chart. PEMPro,
however, can calculate it when setting up the @agfor the mount. DSO-14’s image scale
is 0.63 arcseconds per pixel.

The user manual for PEMPro is long and involved, ibis thorough and explains
many of the features available. Although PolagAihent Wizard (le. 52) is extremely user
friendly, it is again important to carefully reatet manual before starting any of the
procedures. This is especially true for the procesl that correct backlashdF53) and PEC

as there are many options for a variety of telescopnfigurations available (almost any

X PEMPro V2.5, 2008, Sirius-Imaging, distributed®@DWare; http://www.ccdware.com
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mount or telescope is compatible with PEMPro) whideft unchanged might conflict with
the present telescope setup. The settings folPdramount ME are well detailed in the

PEMPro Help documentation.

B pEnprov2.0 g@@‘

Fle Setings Took Uizards telp

PEC | Polar Aign Wizard | Star Finder | Backlash

Measure Azimuth Error § %;
Step 5o 9 s

[] View Cther Axs DRIFT (arc-secs) vs. TIME (minutes)

%

Adjust Counter-clockwise(West) 3.7 Arc-mins

Drift Scale
(arc-secs)

Interval 5+
(mins) —

1600 3| [] Show adjustment in arcseconds
Attude

Azmuth

% im
“ W [ 18020
/

Scope: Comnected | Camera: Comnected

FIG. 52. A screenshot of PEMPro while using the PAlagnment Wizard.
(PEMPro Documentation by CCDWare)

In order to have good tracking and remain lookihtha same star field is necessary
to have a good PEC curveigF4). PEMPro not only creates very good PEC cubegst

also has a specialized set up for Paramount MEs.
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OVER-CORRECTED BACKLASH

PROPERLY CORRECTED BACKLASH

FIG. 53. Backlash is caused by the mount's motor gdigsing when changing directions. PEMPro cap als
correct this. (PEMPro Documentation by CCDWare)

e
File:
Graph Tepe Drift Fitting
RMSEnar [ osg
[Periodic Exrar =] [tinear | 0,508
Graph of Data and Fitted PE Curve Perindic: Enrar +1.841.3
w07
sors
J N — 2nl
FFT Waveform Analysis
Fundamental Freq [oycles/worm period] Amplitude [arc-seconds) Phase [degrees]
0.219 3.2
3333 0.027 1212

Data Paoints R Axis % h

Mum | Time | Cycle | Phase | Certoid | FitValue [ Enor | -

1 .00:00.000 1 00,0000 2567 1,668 0.913 =
2 .0008.000 1 00,08.000 2209 1.665 0.325
3 00010343 1 0010.343 1.946 1.905 0.040
4 0.00:12687 1 0012887 1678 1.915 -0.238
5 0:00:15.000 1 00:15.000 2158 1.917 0.241
6 000:17.343 1 00:17.343 1,697 1.915 -0.218
7 00019625 1 0013625 2431 1.910 0521
8 0.00:21.988 1 00.21.968 2213 1.904 0310 =l
Initial Yorm Fhase  Image Foll [degrees]
03734 182,38 [ Tuo w/oim Periads Close Export Data
Image Scale
Worm Period fsecs) Deciination frossecrival

[ 14383 [ om [ 1em Create Paramount PEC File

FIG. 54. A screenshot of PEMPro while making a PE@etior the telescope.
(PEMPro Documentation by CCDWare)
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7.8.TheSky6’s Image Link

TheSky6 has a feature called Image Link that camded to precisely determine the
field at which the telescope is pointing. Usingimage taken from Maxim DL, Image Link
compares the position of the stars near where Ty&B&lieves the telescope is pointing to
the stars in the image of the field where the teps is actually pointed, and determines the
exact field at which the telescope is pointing.e Thethod on how to do this is discussed at
length at Tom’s Cornéet™

When an Image Link is successfully completed $pliiys the image scale value as
well as rotation of the field. The rotation of theld should be zero. We used this on several
occasions to make sure that our camera was propeeiyted.

This is also the preferred method to synchronizetdlescope position and should
only be done before performing an automapping antpa routine. Image Link is used by
several programs in their automapping routines.toAapping is a method of refining the
telescope pointing by going to specific fields atetermining the difference between the
expected and actual positions of the telescopees@mumbers can then be interpreted in

statistical algorithms to improve the pointing béttelescope.

i htp://www.bisque.com/Tom/ImageLink/ImageLink.asp
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7.9. Telescope Pointing with TPoint

TPoint is a program developed by Software Biéﬁ(ﬂeto improve the pointing
accuracy of the telescope using various statistitcethods. TPoint uses mathematical terms
to model the error in pointing caused by thingshsas flexure in the OTA, misalignment in
optical collimation, gear errors, and errors in pladar alignment. These and other suggested
mathematical terms can be used, or not, to makatiagteal “net” over the sky that applies
corrections to the telescope when slewing to paiatfield.

At first TPoint can seem pretty daunting, but ass itsed more it becomes easier to
understand the numerous ways to adjust telescojpgimp The default view that TPoint
uses is the scatter diagrame(5). This view is good for determining initiakes, but we
also used two different views. The “DeclinationD#sclination” and “Hour Angle vs. EW of
the Sky” graph views were very helpful for determghwhich polynomial and harmonic
terms that TPoint suggests were better to use dorfib TPoint also suggests that TPoint
models on the Paramount ME have a term called “DA&&clination flexure term
recommended for German-equatorial mounts like tr@fAount) be used in the fit. The fit
we use as of this writing uses 389 points, ap@iegerms, and gives an RMS value of 24
arcseconds. With this fit DSO-14 nearly alwayssgat object within 1 arcminute of the

center of the 10-arcminute wide CCD chip’s view.

il Tpoint Telescope Pointing Analysis, 2009, SoftwBisgue, Inc., Golden, CO; http://www.bisque.com
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= TPoint - TPoint Model in Normal.sky
Flz View Model Data Window Help
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FIG. 55. Screenshot of TPoint while fitting a pointimgdel. This model contains 396 points and haRMS
accuracy of 24 arcseconds. (Author)
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8. SKYNET AND TERMINATOR CONTROL
8.1.Description of Skynet and Terminator

Skynet is an automated system that schedules gadines the observations made on
its global network of robotic telescopes. Ten tabtelescopes (including DSO-14) ranging
over three continents are currently integrated th® Skynet Robotic Telescope Network.
Many of the telescope owners who put their telessam the network have done so and no
longer need to be present and watch over the tgdesat night; also because they now,
having joined Skynet, are able to observe usinigmdint, and possibly better, telescopes than
their own. Since 27 January 2006, the Skynet Rod@lescope Network has taken over 1.7
million exposures (ie. 56) for over 30,000 users, many of whom are membgethe general

public (Reichart 2009).

Total number of images (lights/darks/flats) taken with Skunet
2,000,000 -
1,800,000 -—
1,600,000 -—
1,400,000 -—
1,200,000 N
1,000,000 -—

800,000 -—
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400,000 -

200,000 -

0
$ &
S &

e F F & &
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Or‘\t(é"ss:\cf}qé’f

FiG. 56. Graph of the number of images taken by Sky(ekynet website/K. lvarsen)
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The software itself is made up of three differerdgpams: the master Skynet server
application, the Terminator node, and the Data Man@nt System (DMS). Skynet runs on
a computer at the UNC-CH and receives its job gsefrom a local Web server that
maintains the website, http://skynet.unc.edu, withich users submit their requests for
observations. Skynet controls a telescope by sgndbmmands to the Terminator nodes
running on the telescope’s local control compufBine DMS runs on a machine dedicated to
storing data within its 6.5 TB RAID 5 disk arraydaretrieves images from the Terminator
nodes as the images are captured and stored gitglseTCS computer.

A Terminator software node itself is dumb, meartimgt it makes no decisions of its
own. It processes the commands from Skynet, pgsgérforming an action, and sends a
response back to Skynet. Skynet makes all ofaedl decisions (to open the dome, to take
flats or darks, etc.) based off of the status uggland responses that Terminator sends. The

state transition diagram is shown ie./57.
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IDLE State
ﬂ MODE_X Command
CANCEL Transition
[
SLEWING =
@ Transition
CANCEL
' r WAITING
CANCEL ﬂ EXPOSE
2 f EXPOSING | CLEAR
CLEAR_DITHER CLEAR / \
COMPLETE CANCELED

FIG. 57. Terminator state transition diagram. Commsaedeived from the Skynet server are listed i bol
MODE_ X refers to three possible commands; MODE_LTQaH take light images, MODE_DARK to take
darks, and MODE_FLAT to take flats. (K. Ivarsen)
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8.2. Skynet Website

The Skynet website (& 58), at http://skynet.unc.edu, is available foe by anyone
who has an account or has a telescope networkedd tvé Skynet Robotic Telescope

Network.

Welcome to

|Home | My Account | Our Scopes | Observation Manager | Site Manager | Error Log| GRB Manager |

Exiernal groups can now apply for time on PROMPT

The F.obert Martin Ayers Science Fund is sponsoring 100 hours of observations with the PROMPT
telescopes for researchers and students not at PROMPT Collaboration institutions

Learn how to apply for time

asmith

Tul 14 .
Announcements
Prompt 2 offline for lunar dark time

Tl andTir Pzampt 2 will be offline starting tonight for specialized use during lunar dark time. The Lelescnpe will return to
= Sicrmet control on July 30th,

Frompi 4 filier wheel problem Posted onJul B, 2009 by

S ometime last, night, (Tuly $th), a set sorew came loose inside Prompt 4's filter wheel. A5 a result, the wheel was
stuck on an usnknown filtes for pat of the night. Colos-dependent observations from Prompt 4 should not be
trusted

e hope to have the wheel repaited today and back online tonight.
Update - July 10, 2009

The filter wheel was repaited in time for last night's (Tuly Mh) ohservations, We will keep an eye on it for the next
fewr days to make sure it continues to operate correctly.

Prompi 3 shutter problem Pasted on Jun 24

& problem has developed with the camera on Prompt 3. We have found that the shutter is pama]ly open before and|
after some exposures. This causes vertical streaks to extend from bright stars near the center of the image. See this
imags for an example of the problem,

17 will ship a replacement camera to Prompt, but in the meantime we will leave Prompt 3 operating as-is. Pleass be
awrare of this problem if your project could be affected by it

View news archives...

About

SKYNET is a distributed network of robotic telescopes controlled by a central server operated by students
and faculty at the' Umversny of Morlh Carcﬂmzi at Chapel Hill. In January 2006, the first siw telescopes
(FROMPT) ufﬁcaalty hegan operation. Two more telescopes (TTT and GORT) jnined during the firet year,
anid many more are scheduled to come online i the year to comel

FiG. 58. Screenshot of Skynet's main page at httgri&tkunc.edu. From here people who have time gn&k
can submit jobs on telescopes and site managergraahpermission for their telescope to be usatritght.
(Skynet website/K. Ivarsen)

With Skynet the observer can schedule observatignaicking on the Observation
Manager link and then the “Add Observation” buttgnat the top (k. 59). Skynet can look
up coordinates by the common name, or the obs@rpat the RA and DEC coordinates of

the object the observer wishes to image. At thboof the screen is a graph which shows
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the altitude of the object, as viewed from each aitailable for use, for the next 24 hours.
The desired filters can then be selected and mbeschosen. After that the observer can
input the number and length of exposures they wbkidto take and the job is submitted to

the Skynet queue with a unique ID number.

TITIT .

CTIO

Hune:

Os0
Dolomiti |

Fic. 59. A screen shot of the page used to submittjplSkynet integrated telescopes.
(Skynet website/K. Ivarsen)
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While the job is running the images are continlypgent back to the Skynet server
and made available for the user to view as either FPEG or FITS image file formatdF60
& 61). The images can be downloaded as a lossteapressed file and are also available by

File Transfer Protocol (FTP).

TITS ,]PEGHea a5 2009-06-20 02:43:49 After 613 1733:12

) Archived _
" |FIT3 JPEG Header)
Archived
FITS JPEG Header| |
Archived !
FITZ JPEG Header
Archived _
PH‘SPEG Header

2008-06-20 0244:18 After 63 17:33:12

2009-06-20 02:44:47 After 63 17:33:12

2009-06-20 024517 After 6/3 17:33:12

2009-06-20 02:4546 After 6/3 17:33:12

Fic. 60. The images for this job have successfullynlia&en. They are archived on the Skynet seready to
be downloaded by FTP or in a .zip file. (Skynebsite/K. Ivarsen)
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‘Observation 250910: m66nathan
Exp 2: 25 sec Clear, DSO-14
. |

FiG. 61. A raw image from a job viewed as a JPEG.yii8kwebsite/K. lvarsen)

The website also allows an observer to see théheea@onditions at CTIO where
PROMPT is located and see which telescopes aréablafor use via Skynet Live (@ 62).
Additionally, the most recent light images can wed as well as the total image count and

telescope activity plot for each site.
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Skynet Live

Telescope|Sun elev| Dome |Mount|Weather RA Dec Camera Exp Progress % |ObsID|Obs|ExplD
Dalamiti 5012 - - - - - -l ]| - - - -
D30-14 54.892|CLOSED| IDLE | GOOD [13:33:15.12| 51:48:08.64| READY || J|0% -1
GORT 72,580 - i = E £ 3 [ ]| - = = %
Prampt2 21063|CLOSED| IDLE | BAD |04:24:14.87|-82:51:27.36| READY |l J|0% -1
FPrompt3 21063|CLOSED| IDLE | BAD |04:33:35.46|-82:39:33.12| READY || J|0% -1
Promptd 21063|CLOSED| IDLE | BAD |04:33:05.08|-82:41:35.52 | READY || J|0% -1
Prampts 21063|CLOSED| IDLE | BAD |04:19:54.05|-82:41:52.08| READY || J|0% -1
0.005755901336671

FIG. 62. Skynet Live shows, in real time, the statua site, where the telescope is pointing, anddhéeing
run. (Skynet website/K. Ivarsen)
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8.3. Terminator Control

Terminator monitors all the equipment that is neaeg in creating a remote
observatory and robotic telescope. The statuhefcamera, mount, and dome are each
polled for their current conditions. Additionallthe weather conditions and local overrides
at an observatory are monitored. Each Terminatderhas specific limits created by the site
manager that owns or maintains the observatory.insStance, a site manager might not want
observations to be made if it is too humid or wirtdyside during the night. Therefore, the
manager can set the percent humidity and wind spaege allowed for observations to
values they prefer. If those conditions are not aneare outside of the accepted range, then
Terminator tells Skynet that it is not ready to efye and waits for conditions to change.
Weather monitoring has not yet been implemented ®$0-14, although plans are to have
it done in late August 2009.

Even if all the hardware and software conditiores met for Skynet to be allowed to
run jobs on the telescopes, the site manager leadirtal say by locally turning off the
“Allow Dome To Open” button on the Terminator naamning on the site’s TCS computer
(Fic. 63). The manager can also select “Deny” from dnep-down menu underneath
“Permissions” in the Site Manager section on then8k website. If the dome is open
denying permissions will immediately close the doing the telescope and Terminator will
be in idle mode, camera still cooling and readpegin observing again. It will remain like
that until daylight comes and Terminator parks doene and telescope as it usually does.
Regardless of whether or not permissions are atloyethe site manager, if Terminator is
running on the TCS computer it will take darks gveight and prepare the telescope for

when permission is finally allowed.
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# Terminator - 7/05,/2009

Configuration

Weather | Errorlog | Manual Contral | Activity Log

System State Observing Made ObsID GRE ID ExplD 245503128317 1D

IDLE Undefined -1 -1 -1
09:08:55.6 L5T

Exp Pragress Gz Elersto 18:47:45,559 Petriission
I 0 of 80 seconds 67,4367 7i18{2009 Timestamp

Operating mode

Camera State  Cooler Tem
Diarne Status RA P Skynet - I
READ -13.19

CLOSED 12:38:35.1

Mounk State Dec . Coaler on

IDLE +51950'53,536"
@ cooler ot setpoint o Skynet Connected

Focus Status Azimuth
READY +49057'40, 448"

) Site Permission

i Good Weather
Focus Position  Elevation Filter -

i] +50014'41, 543" ) Scope parked [ ) Allaw dome o open

2009/07/18 18:47:33.605: Tracked from 12635013 to 12,640637 (-303.7") in 20,062000 seconds
2009/07/15 18:47:13.542: Tracked from 12629459 to 12.635013 (-300,0") in 20,031000 seconds
2009)07/18 15:46:53.512! Tracked from 12.623529 to 12629459 (-304.0")in 20,141000 seconds
2009/07/15 18:46:33,370: Tracked from 12.618282 to 12,623629 (-299,5") in 20,031000 seconds
2009/07/18 18:46:21.823; Connection error; (56) TCP Read in TCP Read with Size.vi-=PCL_Server 2.vi
2009/07/18 18:46:19.776: Connection error: (56) TCP Read in TCP Read with Size. vi-=PCL_Server 2.vi
2009/07/18 18:46:13,33%: Tracked from 12612665 to 12.618282 (-303.3") in 20,016000 seconds
2009/07/15 18:45:53,323 Tracked from 12607047 ko 12.612665 (-303,3") in 20,187000 seconds
2009/07/18 18:45:33.137: Tracked From 12,601470 to 12,607047 (-301.2") in 20,203000 seconds

FIG. 63. The main window of Terminator. Terminatoceiwes and acts on commands sent from Skynet &s wel
as monitors weather conditions at the telescojie’s €. Ivarsen)

When to open the dome at night, when to close ¢imeedin the morning, and when to
park the Paramount are all determined by Sun etevatiggers for the site (& 64). The
manager can set the elevation triggers for theisepkatory within Terminator’s
configuration window. Terminator, using the cutrdate, time, and location, calculates the
Sun elevation and when one of the triggers is mdt3kynet gives permission, it proceeds
with the command. The procedures on how to charggeninator configurations are in
Appendix A. We also use timer triggers for X10 mles (discussed in 89.2) so the dome
lights and A/C are turned off and dome fan turnedan hour before sunset. The X10 timer

triggers controlled by a separate program and ar@ function of Skynet.

116



Manual Contral | Activity Lag

Server Setup | Sun Tr_iggers Location | ‘Weather

C:) Park scope?

?E"-_i._s_-—‘ Park:sun elevation
¥,

Permission
Timestamp

.’—j{SD Park Altitude

EE%D Park Azimuth

%15,041 Rl Tracking Rate (DFM mounts only)

2009/07/1

2009/07/1 Configuration options - You ate sither seeing this because this is

1 2009{07/1 wour first time starting the Terminator or you requested a change
11

2009071
A 20091071 Update Cancel
| 2009/07/1
1 2009/07/1
{2009/07/1

FIG. 64. Terminator's configuration window. Here sitanagers can manage the Sun elevation triggers tha
start darks, open the dome, start flats, etc.I\(#rsen)

As shown in k. 65, darks and biases are taken when the Sun isaf20je the
horizon when the dome is closed. Given that pesions has been granted by the site
manager, the dome opens when the Sun is on theohaaind flats begin exposing when the
Sun is 3° below the horizon. Light exposures cagirb when the Sun is 6° below the
horizon if a job has been requested to time imagisat time. If the dome was closed when
twilight flats were supposed to be taken Skynet il to take them again in the morning

when the Sun is again 6° below the horizon.
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20° DARKS

0° HORIZON

-3°  FLATS

-6° LIGHTS

FiG. 65. The default Sun elevation trigger the Termdnanodule monitors at a site.
(Author/K. lvarsen)
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8.4. Skynet Priorities

Observing jobs are given a number representingptiogity that job has over other
jobs. The lower the job’s priority number, the leg level priority the job has. GRB events
are given Level O priorities as they are the prinarserving goal for Skynet; Level O is only
available for members of the UNC GRB group. Level are the highest priority levels a
research group like ASU can have. We typicallyyonse these when observing time
dependent objects like fast moving asteroids dabée stars.

Levels 3-4 are for non-time dependent research ligb supernova searches. Levels
5-7 and below are typically only used by groupsndopublic outreach or by astronomy
classes for lab research. Levels 8 and lower aregdiests that are not guaranteed their
observations will be completed.

When a telescope is available, Skynet selects jalsed on their priority and forms
its own queue for the telescope. If a job is chtt®r if a new job is requested for that
telescope, Skynet will change its queue order basethe priorities of the new job and the

previous jobs still queued to run.
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8.5.GRB Alerts

When a GRB is detected by any of the instrumemntshe Swift and/or Integral
spacecrafts a notice is relayed to NASA from aix@og station. That notice is then sent out
by GCN via internet socket packet. The Skyneteseiy constantly listening to TCP port
5720 for connections from a GCN server. The conmes transmit information in a format
designed by GCN. Every minute the GCN sends aralfi@” packet to ensure that the
connection is still up. When a GRB happens GCNisenut the packet type, designed to
relay information from the specific instrument trdstected the burst, which includes the
estimated coordinates of the burst.

When Skynet receives the packet the informatiorstmed in its database and
replaced with a new packet when refined data igived. Skynet then checks and sees
which telescopes are able to see the burst, camgedsever job is running on them, and
creates a new job (Priority Level 0) which is theent to available telescopes. The
telescopes slew to position and then begin to expgbe field using the filter Skynet

designated for use for GRBs.
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8.6. Terminator Error Notices

Site managers are able to get messages via ensibdrmessage service (SMS)/ text
message of any errors that occur while Terminataontrolling the telescope, e.g. the mount
disconnects, camera shutter stays open, filter Wieesstion is stuck, or dome shutter cannot
close. Each Terminator node running on a TCS coenplias several subsystem loops
running simultaneously for each major componenthef telescope (mount, camera, dome,
weather monitoring, etc). Each loop is managedhleymain Terminator event loop. If an
unrecoverable error occurs in any of the sub logpaerts the main event loop which then
sends a socket packet to the Skynet server naggifyiof an error. When Skynet receives the
error it looks at the telescope’s site managerhbdata to see who should be notified. Site
managers list their email address and/or cell phamabers in their account preferences.
Skynet then sends out a message via email to #efigol address notifying the site manager
of the type of error that occurred. If a cell pparumber is listed, Skynet sends an SMS of

the error alert via email as well.
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9. MAKING DSO-14 A REMOTE ROBOTIC OBSERVATORY

As outlined in 82.4 a remote robotic observatouiees additional special hardware
and software, as well as weather and cloud mongq(fic. 66), for safe and effective use of
the telescope. Discussed in this section are #thaods how, using hardware not normally

used by astronomers, we made DSO-14 a fully renottetic observatory.

FiGc. 66. From left to right, the sky webcams, Boltwaboud sensor, and SBIG AllISky/Meteor Camera. All
are mounted outside of DSO-14's control room. KAt
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9.1.Dome and Sky Webcams

Four webcams are used to send images of sky ecamglitiuring daylight. Split up,
they are mounted on the roofs outside of the 1B-iand 14-inch control rooms inside
plexiglass domes each monitoring a different dioecof the sky. Another camerai¢F67)
is mounted inside the dome pointing at DSO-14. 8) thereby allowing us to continually
monitor the condition of the telescope. This taro@t to be particularly important when we
began having tracking errors (described in 810.5All of DSO’s webcams use
Webcam32*" which takes and then FTPs the images to DSO'’s amhgage™’ As of

September 2006, Webcam32 is no longer sold oregtsupported by Surveyor.

——— T
- -
-
-

FIG. 67. The webcam mounted inside of the DSO-14 daliog/s site managers and Skynet users to check the
condition of the dome and telescope. (Author)

XV \Webcam32, 2000, Surveyor Corporation, San Luis@hiCA; http://www.surveyor.com
X' DSO Webcam Page: http://www.dancaton.physics.appetlu/Observatories/DSO/WebCam/
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14-inch
Telescope

The irmage at
right shows
the 14-inch
telescope and
part of the
dome and its
slit.

This
telescope is
to join the
Skynet
Gamma Ray
Burst
response
network when
completed
aver the end
of this
summer.. This
project
funded by
Morth Caroling
Space Grant
and the
Mational
Science
Foundation

FiG. 68. The DSO webcam page for DSO-14. (D. Catotiién)

124




9.2. ActiveHome X10 Modules

The dome lights, Paramount, CCD camera, air camdit, and dome fan are all able
to be remotely and/or automatically turned on afidising X10 modules (B. 69). X1¢™"!
is an industry standard of communication betwe&ttednic devices that uses household
electrical wiring to send digital data. The data @ncoded onto the 60 Hz AC waveform and
decoded by all of the X10 modules connected to ploater line. Each module has its own
individual address code. If the digital signalresponds to that module, then it receives and

acts on that command.

)

T
g
i
€

Fic. 69. The X10 module for the dome azimuth contmt.bX10 allows us to cycle the power to any
instrument plugged into an X10 module. (Author)

i %10 Wireless Technologies Inc, Renton, WA; httpwiv.x10.com
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We use ActiveHom&"" to control the X10 modules. Timers are set fa lights
and air conditioning to turn off, and the dome fartiurn on one hour before sunset(F0).
That gives the dome time to start equalizing tisédien temperature to the outside temperature
while turning off the lights in preparation for Teinator to take darks and flats. One hour
after sunrise, timers activate the X10 modulesrgdarning the lights and air conditioning

on, and fan off.

EIEX

All Lights On in All Rooms
All Units OFf in All Rooms

7/17/2009 19:14:56 Al

FiG. 70. ActiveHome Professional is the software thatuse to control the X10 modules. With it we hage
timers to automatically turn off the lights two hieubefore sunset (to allow for darks to be takea darkened
dome) and to turn on at sunrise. (Author)

Some problems have been encountered, however, dwking a module up to an
uninterruptible power supply (UPS). The UPS does let the altered AC waveform
through, losing the encoded digital signal, andthiie module does not get the command to
turn on or off. While we would like to have ther®aount on a UPS, we need to be able to

remotely cycle the mount power in case any probleomse up. Furthermore, the UPS units

X ActiveHome Professional™, 2008, X10 Wireless Tadbgies Inc, Renton, WA; http://www.x10.com
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have special X10 filters installed between them @iedmain power to prevent the UPS from
filtering a signal that passes by on the way an Kitf@lule further down the line. The filter
intercepts the X10 signal and passes it down tie inot allowing the signal to “see” the

filter circuitry in the UPS.
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9.3. Davis Vantage Pro Weather Station

Near the 18-inch dome at DSO we have installedraless Vantage PRO weather
station (Fc. 71) made by Davis Instrumenrt&™ It comes with a rain collector, temperature
and humidity sensors (powered by a solar panet) aananemometer to measure wind speed

and direction. It also comes with an ultraviold¥] sensor that measures solar radiation.

Fic. 71. DSO's Davis Vantage Pro weather station tislessly connected to the monitoring computer é th
18-inch telescope's control room. (Author)

il Davis Instruments, 3465 Diablo Ave., Hayward, ®A545; http://www.davisnet.com
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The readings are relayed to a computer in the &é8-oontrol room and then sent to
the DSO Weather Websitei¢F72)*** When the UNC GRB group has finished integrating
Terminator’s weather monitor to work with our setdpe weather data will be used to

determine if the conditions at DSO are acceptabkdlow the dome to open.

Appalachian State University D50 Weather Conditions
The araphic st laft givas curent
Dark Sky Observatory weather conditions 3t our Dark Sky
Obsarvatory, Thess data are updated
Phillips Gap avery 10 minutes. The charts balow give
weather data for the past several hours.
TH58/09 12:12pm If the time or date are old BSO may be
i experiencing a network problem.
1 3 CURRENT ALMANAC
g0- 1 Humidity: B5% Sunrise;  S21am Solar Radiation [watts/sq m]
502 Dew Point.  63.5° Sunset  744pm
i HeatIndes:  78.5° Moonrise: 11:53pm
205 Barometer:  30.20in Moonset  1:12pm
e e S 7 BARA Moaon Day: 22
DE Rain Today:  0.00in
20= : 0.00in
Umph Haurly: ) m
Monthily A4in
76.1°2  WSW (250°) _ :
Total 22.22in 51%
2.28%hr Gust Imph
966 o
Temperature ['F, past 24 hrs) Houry Rain [in/hr past 12 hrs)

Dew Paint [°F. past 24 hrs)

Inzide Relative Huridity [%, past 24 houwrg]

ide Fielative Humidity %, past 24 howrs] Inside Temperature [°F, past 48 hrs]

Wind Gust (mph past 24 hrs) Solar Radiation [Watts/2q. m past 48 hourg]

FiG. 72. The weather data is posted on DSO's weatbepage. (D. Caton/Author)

*xx DSO Weather Page: http://www.dancaton.physicstappedu/Observatories/DSO/Weather/
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9.4.Boltwood Cloud Sensor

For our weather station at DSO-14 we installed dtvBmd Cloud Sensdf,
distributed by Diffraction Limited. This sensoridF73) detects cloud conditions at DSO.
Terminator will use the readings from the Boltwdoddetermine whether or not to open the
dome, or in the event of bad weather or non-optiskgl conditions, close the dome. The
Boltwood detects clouds by using a thermopile tadréhe amount of infrared radiation
directly above the sensor. That reading is thempaved to the current ambient air
temperature below the sensor. The comparison mopeeatures is used to determine the
amount of cloud cover above the sensor. The csemdor user manual states that a clear sky
is measured to be at least 20°C colder than theestndir temperature while a sky with thick
cloud covering is measured at about the same tatyseras the ambient air (Boltwood
Systems Co. 2005). The Boltwood also has a meisgansor to alert the site manager of

precipitation and is able to close the dome vialWare located on the adapter assembly.

FiGc. 73. The Boltwood cloud sensor uses infrared sertsadetermine cloud conditions at DSO. (Author)

X Boltwood Cloud Sensor, 2008, Diffraction Limite@tawa, Canada; http://www.cyanogen.com
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The Clarity software program that comes with tl@tBood sensor reads the values
and gives a measurement for the amount of cloudrdoy putting it in one of three different
categories: Clear, Cloudy, and Very Cloudy. Thegholds values for the cloud categories
can be changed to allow for personal preferenceale @ DSO’s tendency to have fast
changing weather conditions, this is a very imparggart for DSO-14 setup. Terminator
monitors the Clarity program so that in the evdrbard weather Terminator closes the dome
without being prompted by the site manager.

Additionally, we installed software developed bysRell Croman at RC-Astro.com
that makes a real-time graph of the cloud measuresned JPEG image of the graph is then
uploaded onto the DSO weather station webpage aut ravailable to the publici@=74).
However, RC-Astro does not offer this software aayerbecause a graphing program is now
standard in the software that comes with the n@udckensor model offered by Diffraction

Limited, the Boltwood Cloud Sensor II.

FiG. 74. The cloud conditions are graphed and postetieéDSO weather website.
(RCAstro/Author)
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9.5.Clear Sky Chart

In addition to the weather and cloud data on DS&¥ather website, we also have a
Clear Sky Chart generated by Attilla Danko on hebsite CIearDarkSky.cof‘ﬁ. The Clear
Sky Chart (k&. 75) uses weather forecasts from the Canadian M#bgpcal Center to
generate a chart that plots the predicted clou@rcdrkansparency, seeing, and dark time at a
given latitude and longitude. Although this is mged by any remote systems to control the
observatory in any manner in combination with tgak satellite and radar charts it can be
used by astronomers to decide if they would likelieerve that night. This data is available

to any Skynet user to determine if they would li&esubmit a job to DSO-14 that night.

ASU Dark Sky Obserwvatory Cle
M Y

b R e

=
=]

]
y: BRSNS .
rature: HHNHEEENE i[gnlsysinlm) | [els

1089 A . Danko. Created with data from: Erfironnfent

FIG. 75. The Clear Sky Chart is a prediction, usingthver models, to make an hourly forecast as tekie
conditions above the site. (A. Danko/Author)

X' DSO Clear Sky Chart: http://cleardarksky.com/dASONCkey.html
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9.6.SBIG AllSky / Meteor Camera

In 2007 we installed an infrared-sensitive AllSWgteor Camera from SBI® to
monitor sky conditions above DSO-14. Although @ted not see the complete sky, the
camera has a 90 x 140 degree field of view. pravided in a weatherproof housing and is
mounted outside of the control room. The cameranisin-cooled, shutter-less version of
SBIG’s ST-402ME and is mounted with a 2.6-mm fdealgth /1.6 lens. The window on
the top of the housing is heated to prevent coratemsand contains a red filter to reduce
light pollution.

Because the camera is not cooled the images hamg thot” pixels that appear due
to thermal noise on the CCD chip. Because the manseshutter-less it cannot take the
necessary darks to subtract the noise out of tlagem Thus, the noise remains in the image
and the hot pixels appear as though they are bstgtionary stars. When making a series of
animations of several nights’ images, this probigas circumvented by using a 2x2 kernel
mask to average a pixel based off the pixels sadimg it. While this significantly reduced
the apparent noise, the image quality was muchadiegr.

The camera is controlled using the SBIG develdp&DOPS software therefore the
images are only taken in the TIFF image file formBecause we do not want to continually
upload an image to our website we need to writergptsto take, kernel, compress, and
convert the image to JPEG in order to make it wsédslanimations or websites.

Lastly, this model of SBIG’s AllSky/Meteor Caméet4,the second version by SBIG,
is now discontinued due to a manufacturer stopgraguction of the lens used in the

camera. The new model camera, one of which we hopmstall at RSO, has many

I Santa Barbara Instrument Groag7-A Castilian DriveSanta Barbara, CA 93117; http://www.sbig.com
X http://www.sbig.com/products/allsky.htm
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improved features, including a fisheye lens, omlogolor CCD, and the ability to

automatically save the images as an AVI videoféedistribution on the internet (& 76).

FiG. 76. An image taken by SBIG's AllSky/MeteorCamheTlimage has had a 2x2 kernel filter to get rithef
dark noise. The date and label in the bottom rigiher were added later with a different progra#uthor)
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9.7.Remote Desktop and RealVNC Access

Each of the previously discussed programs is mheir own individual computer,
separate from the TCS computer. Because all thguaters are linked to the internet, we
can easily access them and use them as though reeplvgsically in the control room with
them. We make use of this through Window's Rendesktop and VNCG" Remote
Desktop is what the Skynet administrators typicale to access DSO-14’s computers.
With it we can open TheSky6 and MaxIim DL, or begarminator, the program that Skynet
uses to control the telescope. Only the TCS coenpigt available for use with Remote
Desktop.

Occasionally we need to turn a light off or on le tdome, begin imaging with the
AlISkyCam, or update the cloud sensor graph; tlaesell on separate computers from TCS.
Therefore, a Skynet administrator must use VNC ftben TCS computer to gain access to
the other control room computers. When an admatst uses Remote Desktop they log out
whoever was using the computer at that time. VN@sdnot log off the current user

allowing two people to be on the same computenaéo

XV RealVNC, 2009, RealVNC Ltd, Cambridge, UK; httpmMiw.realvnc.com
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10. PROBLEMS ENCOUNTERED
10.1.UPS Issues / Power Glitches

Due to DSO'’s location on the eastern edge of the Ridge Mountains it is often
subject to storms and other bad weather conditibat lead to power outages. For this
reason, we like to have our systems on UPSs. umfately, we have found out that X10
modules often do not work if connected to a UPK fol instance, we needed to restart the
Paramount by cycling its power, the signal thaseat through the analog lines to the X10
modules sometimes gets lost when going throughut8, due to the UPS filtering out the
X10 signals as “noise.”

Because we need to have this capability we choséormt the Paramount or any of
the other instruments on a UPS. Therefore, DSCidrdthe time being, is still subject to
power glitches due to nearby storms. The dometahgbntrol, as it runs on batteries
charged by solar power, is not affected by powdages because it can still close the dome

if the computer is suddenly turned off.
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10.2.Dome Shutter Stuck Open When Cold

During the winter, after we first brought DSO-14line with Skynet, we began
having a very troubling situation in that the domas still open the morning after we had
been observing using Skynet. We quickly discoveiadtl this was because the TCS had lost
communication with the dome shutter control. Thetter control is supposed to have a
failsafe in that it will close the dome if it is hoonnected to the computer for longer than
five minutes. But, the failsafe only works if thlutter control is powered on.

We determined that the inverter had shut off with iadication light that read
“overload.” When the inverter was power cycledwiirked again. The inverter read the
voltage off the batteries to be normal, so we tizedr that it might to be due to a power
spike. We did note, however, that this only ocedrduring some of the coldest nights that
had some of the most drastic temperature dropseofvinter. Soon, spring came around and
we were not able to troubleshoot it further becaukas not happened since. The issue turns
out to be a major problem because it requiresgbatebody physically cycle the inverter’s
power switch before the dome is able to be closed.

If this is an issue with the temperature of thedyags and inverter it is possible that
we could solve the problem by insulating the ineednd batteries, and covering over the
inverter’s cooling fan and heat exhaust vent duwmgter. If the problem cannot be solved
and continues to be a hindrance, we could alwaysve the solar panels and use power bars
to supply the power to the dome shutter control m®eénd motor. To continue having the
dome shutter failsafe in the event of a power |tss,power bars would be connected to a

UPS.
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10.3.RF Power Supply Meltdown

One evening Skynet alerted us of a dome error \@adtried to investigate by
remotely logging into the TCS computer. The probleoked similar to the issue of the
dome shutter control losing power when temperatwee cold. However, the computer
could not connect to the shutter control or themath control. Additionally, the dome was
closed and we determined that the shutter contnald out and closed the shutter. When the
problem could not be resolved through remote logi@,made a trip out to DSO to find out
that the AC power adapter for the dome’s RF controtiule had literally burned out. The
power supply had melted along the side and wagsdtte touch. When the faulty power

supply was replaced normal function returned.
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10.4.Bad Computer for Boltwood

One way that we are able to monitor power glitchesat DSO is by looking at the
Boltwood’s cloud sensor graph. At times when ther@ power outage we see that there was
no logging of sky conditions at the time and ocaaally all data from before the glitch and
during the computer’s restart had been erased. eMeny the computer had a tendency of
restarting on its own without a power glitch. Amgnally, the computer often could not
detect the webcam used to monitor the telescopeeires the dome. This led us to believe

that the computer itself had a malfunction.
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10.5.Tracking Problem

Occasionally, we have had the mount tracking tmmnunexpectedly. When not
noticed in time the telescope tracks into its lgvat which point the mount has to be power
cycled before it will slew to a new position. Keuvarsen, the head Skynet programmer,
determined that this was because of two separaie iouTheSky6. The first bug is with
ProTrack, a feature of TheSky6 that makes adjudsnenthe drive rates to improve the
tracking accuracy. Even when the tracking is tdro# ProTrack still makes adjustments to
the mount position. The second programming buthas if any command is sent to the
mount that adjusts the RA position by more thare fencoder counts (about 0.5625
arcseconds), the tracking automatically turns on.

When ProTrack has been running for a few hours, atjustments it applies get
larger, especially as the telescope starts poirdioger the horizon. If any of the ProTrack
adjustments move the RA motor more than 5 encodents, the tracking gets turned on.
Kevin has discussed this with Software Bisque withicates that it will be fixed in update
6.0.0.63 of TheSky6. As that update has not yehlreleased, we have changed the park
position of the telescope by going into the confégion menu in Terminator and setting the
mount park position to Alt. 50°, Az. 50° which ptanthe telescope towards the eastern
horizon. However, if the tracking turns on or ibPrack adjustments track the telescope to
the meridian, the telescope will not cross the pret continue on its way, rather it will reach
the meridian limit and turn off the tracking. Wiboth situations are unwanted, the

temporary solution we have seems to be working.
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An additional problem has been that if the dome ridtl open the night before and
was in its park position the entire night when Beamount parked, the dome slewed with
the telescope and ended up pointing in the wrongjtipn. However, Terminator still
believed that the dome was parked and did nobtpatk it again, leaving the dome pointing
the solar panels in the wrong direction. While i8&ydevelopers are fixing this problem we
are able park the dome in the correct positionsiggiMicrosoft Remote Desktop to log into
the TCS computer and tell TheSky6’s dome contrdbiepark the dome. The “park dome”

command is independent from both Terminator andSkii@ and causes no errors.
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10.6.Unable to Initialize Filter Wheel

Since fall of 2008 MaxIm DL has occasionally noebeable to connect to the CCD
camera due to a failure that it quotes as “Unablénitialize to Filter Wheel.” While the
direct cause has not been determined it seems dor achen Maxlm DL connects and
disconnects from the camera and filter wheel sévémes within relatively quick
succession. Sometimes after the error occurs,ssage bubble appears from the task bar
saying that the USB device (the camera) cannoee properly. This error can sometimes
be corrected by power cycling the mount, filter elh@nd camera (as described in Appendix

A) a number of times, leaving them in the off positionup to a minute each time.
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11. CONCLUSION
11.1.Results with DSO-14

As of printing, DSO-14 has attempted to observe GiR8rglows on several different
occasions, the most recent of which was the atenpbservation of GRB 090813. The
Swift satellite detected the initial burst on 13ghst 2009 at 04:10:43 UT originating from
15h 08m 04s RA and +88° 34’ 21” Dec (Cummings e2@09). DSO-14 slewed to the burst
position and began imaging at 04:11:21 UT, only88onds after Swift initially detected the
GRB. The reduced images revealed no visible caelidr the afterglow of the GRB.

DSO-14's first image of a GRB afterglow happenedhanight of 30 May 2009. At
03:18:18 UT Swift detected GRB 090530 at 11h 57n6gl(RA and +26° 35’ 34" Dec
(Cannizzo et al. 2009) with an afterglow of 17.4agmitude (Schady & Cannizzo 2009).
Problems with the dome lights prevented DSO-14 froaging until 04:20:06 UT (Smith et
al. 2009), one hour after the initial burst triggeinen the afterglow was quickly fading.
Twenty-two 80-second images were reduced and tiaicKed” on top of each other creating
an image (f. 77) that is, in essence, one 30-minute long exgosiihis allowed us to see
faint stars not normally seen in the individual gea. Although the detected object is
extremely faint, after creating a false color pir&p of the area around the GRBc(F8)
we determined that the imaged object is not randome. When compared to a separate
image taken by a different group (Nissinen & Heetur2009) the object is at the exact
coordinates of their detected GRB. Later calcafegishowed that the burst originated from

a galaxy about 10 billion light years away from Eexrth (Cannizzo et al. 2009).
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FIG. 77. The above red arrow points to the detectsitipn of the first GRB afterglow imaged by DSO;14
that of GRB 090530. This inverted image is constfief twenty-two 80-second images taken with tHit&
one hour after the initial burst trigger from thaifs satellite. (Author/ Skynet)

FiG. 78. The inverted image on the left is a closemwof the area around the afterglow icF77. The red
arrow points to the detected position. On righd false color image map of the pixels within theck box in
the left image which shows that the detected olfftthe right) is well above the average backgdonwise.

(Author/ Skynet)
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11.2.Future Plans with DSO

We expect that within the next few months we wiéive DSO-14 integrated with
Terminator’'s weather monitor. Additionally, we gsanning to motorize the lower drop-
down section of the dome shutter. We are alsombtaa 17-inch mirror diameter telescope
to install into the dome next to DSO-14 and intégranto the Skynet Robotic Telescope
Network. Both RSO-16 and DSO-32 are ready to lbegmated with Skynet as well.
Because DSO-32's aperture size is much larger Eis0@-14’'s we expect that it will greatly

increase our ability to detect GRB afterglows.
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11.3.Future Plans with the Skynet Robotic Telescope dt&tw

Soon all images will be able to be processed amiced through the Skynet
website’s automatic data reduction pipeline. Thegn also be reduced using the
astronomical image processing program that UNC G&MBeveloping called Afterglow.
Afterglow (Fc. 79), a web based program, is being designed s$attban be easily used by
students and teachers in the classroom. It isadyrébeing used at UNC-CH in their

introductory astronomy laboratories.

File Process

CBE R A

*Otion Nebula_ 176049 _Open_0O.fite

o

-

Photometry

Apartura | 1p # X hd Aperture | Magnitude

oog 426,49 333,47 10.0 11,89 +/- 0,02
Annulus Radius  1g

001 | 330,74 | 330,48 | 10.0 10,99 +/- 0,04
Sl Widds s oz |a72.65 | 218.8Z | 10,0 14.04 +f- 0,29
Zero Mag 25 003 | 71118 70341 10.0 13.36 +/- 0,11

Noise Model | poisson v

LV_:' Ignore Duplicate Sources within

i pixels - |

V] Use Centroiding
Centering Box Width 5

Max Center Shift 1

Restore Defaults

telestial Coords Remove  Download Data Batch

FiG. 79. Afterglow, a web-based image processing @mogis being developed by the UNC GRB group for
use with Skynet's automated data reduction pipeliak Haislip)
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The Skynet Robotic Telescope Network is continuioggrow and develop into a

world wide consortium of telescopes; the Dolomist®nomical Observatory in Italy has

recently been integrated and made available forwiie Skynet.

Nine other telescopes

across three continents are integrated, or naatégiated, for use with Skynet, with six more

expected to be integrated soomgLE 1).

In

the future, Skynet hopes to develop a new

array of 16-inch telescopes at the Siding Springeédiatory in Australia which will allow

near continuous observations to be made using &kyne

TABLE 1. The Skynet Robotic Telescope Network

Site Size Name Owner Status
Cerro Tololo Inter-American Observatory, Chile16” Promptl PROMPT/UNC-CH Integrating
16" Prompt2 PROMPT/UNC-CH Integrated
16" Prompt3 PROMPT/UNC-CH Integrated
16" Prompt4 PROMPT/UNC-CH Integrated
16" Prompt5 PROMPT/UNC-CH Integrated
16"  Prompt6 PROMPT/UNC-CH Rebuilding
32"  Prompt7 PROMPT/UNC-CH Building
Morehead Observatory, NC 24"  Morehead UNC-CH Integrated
Dolomiti Astronomical Observatory, Italy 16" Dolothi Carlo Magno Zeledria Hotel  Integrated
Pisgah Astronomical Research Institute, NC 16" PARI PARI Integrated
Coyote Rim Ranch, CO 14.5” TTT Jack Harvey Integplat
Dark Sky Observatory, NC 14" DSO-14  Appalachianté&taniversity  Integrated
327 DS0O-32  Appalachian State University Integrating
Rankin Science Observatory, NC 16" RSO-16  Appakati8tate University Integrating
Hume Observatory, CA 14" GORT Sonoma State Unitersi  Integrated
Guilford College Observatory, NC 16" Guilford Gage Integrating
Hampden-Sydney College Observatory, VA 16" HSC HdempSydney College Integrating
Selu Observatory, VA 14.5” Radford University dgtating
Winer Observatory, AZ 14.5” University of lowa tagrating
Ronald E. McNair Observatory, NC 14" NCA&T fgrating
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The PROMPT array in Chile will soon have an add#io32-inch near-infrared (NIR)
telescope equipped with a LuckyCam, an adaptive®mamera developed by the Lucky
Imaging Team at the University of Cambridge. BeeaBROMPT did not have a telescope
that was able to observe in NIR, they had to relyother telescopes, such as SOAR, for
images. However, because those telescopes anemegbotic nor integrated into the Skynet
Robotic Telescope Network, it took tens of minutesinterrupt a job running on those
telescopes and begin imaging. During that timeGRB afterglows faded so much that they
often were not able to be observed (Reichart 2008 UNC GRB group expects that with
the addition (fe. 80) of the dedicated PROMPT NIR telescope, Pronp&ir success rate

observing GRB afterglows will increase by an orolemagnitude.

OBSERVATORIO INTER-AMERICANGO DE CERROTOLOQLO
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FiG. 80. The red "X" marks the spot of the soon tdbiét Prompt7, a 32" telescope to observe in therne
infrared wavelengths. (NOAO/CTIO/D. Reichart)

Additionally, improved public outreach programstthae Skynet have been planned
and are in the works. The Morehead Planetariu@hapel Hill, NC is being renovated and
will have an improved science center for astron@ahycation. The exhibit will feature a live
observing center where visitors may observe astniced objects in real time using the
proposed telescope array at Siding Spring ObsewvatoAustralia (Reichart 2009). The

addition of a telescope at Siding Springss(B1) would allow Skynet to continuously

monitor an object above 3-airmasses that has adéoh between +40° and -24°.

FiG. 81. A Daylight Map of Earth with several SkynettWorked telescopes. The addition of a proposed
telescope at Siding Springs observatory in Austnatbuld make it possible to continuously monitorosject
for more than 24 hours. (Author)
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The Skynet administrators at UNC-CH are developyfayrSkies.com, a website
from which Skynet telescope owners can sell theirsed observing time to not only amateur
astronomers but to students and the general palitee. This will offer a chance for anyone
to observe using professional-quality telescopeanainexpensive price. Each telescope
owner can set, and adjust, their own rate baseafdiffie quality of equipment they have;
rates may be as low as a one cent per second obapg This gives YourSkies.com the
ability to sell individual exposures.

Planned for public release on 12 March 2010, Ykesscom will be a social
networking site, linkable to other social sitessliMySpace and Facebook. Not only will
there be forums, blogs, and wiki areas for top@sgmng from telescope procedures to
specially developed curricula for teachers, bub galleries to display user created images
taken with Skynet run telescopes.

YourSkies.com is being designed for easy puble; hewever, it will offer interfaces
with additional options for serious researcherslthdugh YourSkies.com will replace the
Skynet website as the scheduling interface for 8kyretworked telescopes, Skynet itself
will not be replaced. It is important to note tHdorth Carolina schools, institutions
collaborating with Skynet, and private owners o¥i@ networked telescopes will still be

guaranteed free use of Skynet telescopes.
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APPENDIX A

Procedures for DSO-14
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This Appendix contains common procedures used tontaia DSO-14 and the
software that controls it. These procedures asgyded for use after logging into DSO-14's
TCS computer with Remote Desktop or RealVNC Viewdfthen first logged in the window

should look like k. 82.
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FiG. 82. This screenshot is what desktop of the T@&#ly looks like when logged into DSO-14 remotely
The open windows are (A) Maxim DL, (B) Maxim DL CQTontrol, (C) AutomaDome, (D) Terminator, (E)
TheSky6, and (F) TheSky6’s Dome Controller. (Aujho

156



PROCEDURE .......ottiiiiiiiii et PAGE

TerMINALON STAM UD ... s e e e e e e e e e e e e e e e e reneas s e e e s e e e e e s e e naaa s 158
Terminator SNUE DOWN ........cuiiiiiiiiiiii i ceeeee et e e e e s eeser e e eeaeeeenaa 159
Recovering From a Terminator EFTOr ...........ccumeeeuuunnnn s s s s e saessnsnenes 159
Turn On/Off Lights/AC/Fan Inside the DOME.... o evveeeiiiiiiiiiiiiiiiiiaemnneees 160
Power Cycling the MoUNt OF CAMETA ............commmerereeeririinneeinrrinenrnenenene——————————— 161
SIEWING the TeIESCOPE ....coeeeeeeeeee e e 162
HOMING the MOUNL ... 162
Parking the MOUNT.........oiiiiiiiiiiiieiie e e 162
Parking the DOIME .......uuieiiiiiiiiiiiiiieiimtmmee et e et e ettt eeeeeeaeeaseeaetsesessasbeeneeeeaeaeeeaeeeaeaeeeaees 163
Re-Synching Dome Azimuth If Not Aligned With Scope............coovvviiiiiiiiiiiiiiiiiiienee. 163
Change/Set Park Position fOr DOME ...t 164
Focusing the Telescope with MaxIm DL.........cooooiiiiiii e, 165
Change/Set Home Offset fOr DOME ........coiiiiiiiiiiiiiiiiiiieeeeeeee ettt 167
Change/Set Park Position for Mount in TheSKy6.............ccccccvvviiiiiiiiiiiice e 168
Change/Set Park Position for Mount in TerminatQr............cooooueieiiiniiniineeeeeee e 169
Changing the CCD Cooler Setpoint Used by Terminator............ccccoevviiiiiiiiniienenenn, 170
Changing the Flats Altitude and AZIMULN ...........ee s 170
Changing When to Turn CCD Camera COOlEr ON ..uceeceeevvvvviurmmmininiiiiinnnnnnnnnnnnnnnnnnnns 171

Changing When the Dome Opens/CIOSES....... . iiiiiiiiieinsissassaseassessssssssssennenes L1711

157



TERMINATOR START UP

1. Start TheSky6. Establish the connection to themhby going to Telescope | Link |

Establish:

#5 Normal.sky - Theskye
File Edit Wiew Orientation Data Tooks | Telescops Help

|DSH bR G|k =
|Belcleals~a

395 pointyg
[

Digital Setting Circles

| |z ‘ @ gy G || Telescopelinedior.., PR ’—';‘QL‘_/ |

Mation Controls. .,

Server Settings...

=l

Jammnes e

v ey |

Alt+11
More Settings..
Focus Contral...

j e
Set Park Position
Find Home

Star Search, .,
PEC 14

ProTrack Status.,, CreHk
Tracking

Abort Slew

[R&:23h 09m 17.95 [Dec+30°28%54" [T 2

2. Home the mount if it has not yet been done by selgdelescope | Options | Find

Home.

3. Start Maxim DL. Open Maxlm's CCD Control Window pgessing <CTRL>+W or

selecting View | CCD Control Window:

#11 MaxIm CCD

— Main CCD' Camera

E:-:pu:usel SEtting$| Sequencei Fcu:usl Inspect! Guids Setup |

5 —:-‘Li|:-| Apogee Alta

Cooler power 50%
Eooleri Setpoint -20.0 Temp -20.0

= Autoguider

Setip I Mo Autoguider
D:-u-!ell

B
Filker wheel —————
’> Grslul:ul IDFM Fif-82 |
I Cooler On Eiat
Wwharm Lp |
Cooler Off | Disconnect

4. Connect to the camera.

5. If everything is working properly start Terminatwy clicking the program icon.

6. If Terminator states an error go to the “Recoverfr@m a Terminator Error”

procedure.
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TERMINATOR SHUT DOWN

1. At the top of the Terminator window select the @&indow button. This window
should come up:

2. Choose the desired options and click OK.
3. When the shutdown procedure is finished selecClbse Window button again.

4. If Terminator is stuck in a loop and not able tatsdown, open Task Manager by
pressing <CTRL>+<ALT>+<DEL> (<CTRL>+<ALT>+END> if using Remote
Desktop) and end the Terminator process in the llégions"” tab (as opposed to the
"Processes" tab). When done this way, Terminatatilisable to shut down cleanly
and release all of its resources:

RECOVERING FROM A TERMINATOR ERROR

1. Follow the steps in the Terminator Shut Down praced
2. Power cycle the mount, filter wheel, or cameragitessary.

3. Follow the steps in the Terminator Start Up procedu
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TURN ON/OFF LIGHTS/AC/FAN INSIDE THE DOME

1. Start VNC Viewer 4 from the icon on the desktop:

Vn Server |§:’¢-‘ﬁ-‘ S j
C Encryption: I.-’J.Iways Ciff ¥

About.; | =.Jif|._‘_pt'iu:|n&:e. | 1[4 I Cancel |

2. Select the IP address for the X10 computer usiagitbp down menu or typing it in.
Click OK.

3. Enter the computer's password. The following stsd®uld come up:

HEE

All Lights On in All Rooms
Al Units Off in All Rooms

Dome Rotation Pow| [A

7/17/2009 19:14:56 7 17]

4. Click the switch ON or OFF for the desired moduld® set it up for day mode
(lights on, A/C on, fan off) click the Run Macrotban on the Morning Setup icon.
For night mode (lights off, A/C off, fan on) clitke Run Macro button on the Night
Setup icon.

5. Click the close window button at the top right loé VNC window.
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POWER CYCLING THE MOUNT OR CAMERA

1. Start VNC Viewer 4 from the icon on the desktop:

Vn Server |§:’¢-‘ﬁ-‘ S j
C Encryption: I.-’J.Iways Ciff ¥

About.; | =.Jif|._‘_pt'iu:|n&:e. | 1[4 I Cancel |

2. Select the IP address for the X10 computer usiagitbp down menu or typing it in.
Click OK.

3. Enter the computer's password. The following stsd®uld come up:

EE
Buy Oniine.

All Lights On in All Rooms
All Units Off in All Rooms

7/17/2009 19:14:56 217

4. Click the switch OFF for the desired module. Theumt and filter wheel are
Scope/FW. The camera is Apogee Alta CCD.

5. Wait 10 seconds and then click the switch ON.

6. Click the close window button at the top right loé VNC window.
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SLEWING THE TELESCOPE

1. Bring the TheSky6 window to front.

2. Right click on or near a star within the green honi boundaries where you would
like to slew the scope. The window should loolke lguch:

Toggle Star
Display Propetties of Star

i Center

Find... Iy

Display Explaoret...

Look L3
Zoom To 3
Move To...

Rotate Toal AR

Full Screen Space Bar
Lok @

Hembye Cdarn oy

Slew

3. Left click on “Slew” and the scope should beginsteg to desired position.

HOMING THE MOUNT

1. From the Telescope menu in TheSky6 select Optiémsd|Home.

PARKING THE MOUNT

Parking the mount with TheSky6 makes it lose cotoeovnith the mount, something that
Terminator does not want to happen.

1. From the Telescope menu in TheSky6 select Opti®asK Position.
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PARKING THE DOME

1. Bring up TheSky6’s Dome Controller window (labeledh Fe. 82):

Dome Controller ==
Filz | Dame

SELLE

Link: L4
: B . Coupled
@akd,..

Cpen Slit
Clase:5lit

Sync

Find Harne
Park,

Abart

2. Under the Dome menu select Find Home.

RE-SYNCHING DOME AZIMUTH IF NOT ALIGNED WITH SCOPE

1. Bring up TheSky6’s Dome Controller window (labeledh Fc. 82).

Dome Controller E EE
File | Dame

SELURE

Link: 3
= . Coupled
Gaokad, ..

Cpen Slit
Clase 5t

Sync

Find Harne
Park,

Abart

2. Under the Dome menu select Find Home.
3. Test by slewing the scope to a random sky position.
4. If still not aligned, turn off Terminator and Hortiee mount
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CHANGE/SET PARK POSITION FOR DOME

1. If TheSky6 and Automadome are connected to the ddimeonnect them by clicking
Dome | Link | Terminate for both the TheSky6 dometwmller and Automadome
controller windows.

2. Open up ODL Dome Control on the desktop:

REE

v1.03

by
-

T

Observa-Dom
LABORATORIES, INC.

Connection Settings

COM Part: IIZ 5 vl
Port Settings: 19200 8M1 Dizconnect |

Azimuth Contral

Azimuth: 3439 Halted Input: IE

¥ Enatle SetHome | SetPak | Setsciuh |

Find Horme | Park. Drome | Gotohzimuthl

Ratate Left | Fiotate Hightl Halt D arme |

Shutter Control
Shutter: Clozed

¥ Enable Open | Cloze | Halt Shutter |

3. Connect to the dome. If the link fails be suret tine COM port number is correct.
The default is COM4. DSO-14 uses COMS.

4. Select the Enable box under Azimuth Control.
5. Type the desired azimuth position into Input. Pi&ssPark.

6. Press Park Dome to see if it is at the position wamt. Repeat Step 5 and 6 until
satisfied.

7. Disconnect from dome and exit ODL Dome Control.
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FOCUSING THE TELESCOPE WITH MAXIM DL

This focusing technique should be used while agabinning on Skynet. Using a program
like FocusMax while Terminator is running causegamarrors that are difficult to recover
from.

1. In Maxim DL, bring up the Telescope Control windbwy pressing <CTRL>+T or by
selecting View | Telescope Control Window:

N Telescope Control E I

TElESCDpEI Eatalu:ugl Eenterl Fu:u:useri Autofocus Setup |

—Telescope—————— 1~ Focuser
ITheSk_l,l-u:u:untru:uIIed telesc;! |.Ih-1| Sriatt Fozus ;!
IN:::t Connected IEDnnecled

Dptionz ﬂ [Dptionz ﬂ
Connect | ! Digconnect ! Connect Dizconnect |

2. In the Setup tab, make sure the JMI Smart Foculistedd in the drop down menu
under Focuser.

3. Click Connect to link to the focuser. If it doestrtonnect click the triangle beside
Options and select Setup. Make sure the corredfl @@t is being used. For DSO-
14 the focuser is on COMS3:

' Telescope Control 2] I

Telescapel Eatalag! Center Focuser |.-’-‘n.uh:|h:|cusl Setup I

= Abzolute -

Incremental——

—Facuser Status
Paosition |‘|81 IMDD ﬁ I25 :;l
Temp I Move To I Move In |
Statuz I.-’-'«bsalute e I Move D'Jtl

[T | Temperature Tracking

4. Click Move In or Move Out to incrementally move tfezuser or type an encoder
position under Absolute and click Move To.

5. Repeat until satisfied with images.

6. If desired, an aperture can be used to scroll avaar in an image taken by Maxim
and determine its FWHM. If this is not neededpghki Step 11.
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7. Open the Information window by pressing <CTRL>+l dyy selecting
View | Information Window.

8. The mode should be set for Aperture and Displayedrcsec should be checked.
Click Calibrate if never used before. Under Sp&@ibration the pixel scale should
be set to the value of the image scale (arcsecpadpixel). If it is not the correct
value click set and adjust the scale.

9. Use the aperture to determine the FWHM of bright st the latest image. Adjust
focus accordingly.

10. Close the Information window.
11.Under the Setup tab in the Telescope Control winabsconnect the focuser.

12.Close the Telescope Control window.
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CHANGE/SET HOME OFFSET FOR DOME

This procedure should never be done unless songethtastrophic happened with the dome
azimuth position (e.g. home position reset). DS@osne Offset Position is 112°. To
correctly do this it has to be done in person atdbme.

1.

If TheSky6 and AutomaDome are connected to the dodisconnect them by
clicking Dome | Link | Terminate for both the ThgBkdome controller and
AutomaDome controller windows.

Open up ODL Dome Control on the desktop:

T=ET
103 Lﬁl‘
LABORATORIES, INC.
Connection Settings
COMPot  [FAHE =]
Port Settings: 19200 8N1 Dizconnect
Azirnuth Cantrol
Azimuth: 3439 Haled et @

P Enatle SetHome | setPak | et beiuh |

Fird Home I Park Dome | Gotquwmuthl

Fiotate Left I Riotate F!ightl Halt Darne |

Shutter Contral
Shutter: Closed

P Ensls gpen | omse | HakShuer |

Connect to the dome. If the link fails be suret tihe COM port number is correct.
The default is COM4. DSO-14 uses COMS.

Select the Enable box under Azimuth Control.

Type 0 in the Input box. Press GoToAzimuth. E titome offset is correct the dome
should be pointing due north. If it does not paloe north, then the home offset is
wrong.

Type the number of degrees from the home sensdu¢onorth. Press Set Home.
Repeat step 5 until the offset is correct.

Disconnect from dome and exit ODL Dome Control.
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CHANGE/SET PARK POSITION FOR MOUNT IN THESKY®6

This sets the mount park position for TheSky6. Wihiee TheSky6 parks the mount, it
automatically disconnects itself from the mounterminator needs to have the mount

continuously connected to TheSky6. To set Terroigpark position for the mount go to
the next procedure.

1. Slew the telescope to the desired park position.

2. From the Telescope menu in TheSky6 select OptiGes Park Position. Click OK to
set park position:

#5 Normal.sky - TheSky6 N [=] 3]

File Edit Yew Orientation Data Tools | Telescope Help

|sd Ba gz = JEBELL T HWE
. = e — e oge

| wlLleeria \ﬁ Digital Setting Circles R ER ‘

| &€ @M || gnou o ;)| Tebscoetne o “« «mrin|al@

395 pointg
L B

ProTrack Status.,, Chr+K
Tracking

Abort Slew

[FAZ3h09m 17.9s [Dec+al 2854 S

3. To test the park position, home the mount. Themmfrthe Telescope menu in
TheSky6 select Options | Park.

168



CHANGE/SET PARK POSITION FOR MOUNT IN TERMINATOR

This sets the park position that Terminator sehdsnount to at the end of each night.

1. Select Configuration from the Terminator menu bdie following screen should
come up:

System S
D

Exp Prog
T

DDDDD

fiso Park Azinuth

115,041 R Tracking Rats (DFM mounts only)

2003071
2o00sj07/1 Configuration sptions - You are ether seeing this bacause thisis
00sj07/1 your Rt time skarting Ehe Terminator or yau requested a changs
20asioz1

00siorfi

1 2009/07/1 Update Cancel

n0sj07/1

20091071
2009071

2. Click the Mount tab.

3. Set the Altitude and Azimuth for the desired padsipon. The Sun elevation at
which the mount will be parked can also be setis Bhould not be changed unless
necessary.

4. Click Update at the bottom of the configuration dom.

5. Restart Terminator to put these changes into effect
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CHANGING THE CCD COOLER SETPOINT USED BY TERMINATOR

1. Select Configuration from the Terminator menu bar:

f15.041  RATracking Rate (OFM mounts only).

Configuraton options - You ae elther seeing tis because this s

Click the Sun Triggers tab.

Select adjust the Cooler Setpoint to the desiregbézature.

A WD

Click Update at the bottom of the configuration dom.

5. Restart Terminator to put these changes into effect

CHANGING THE FLATSALTITUDE AND AZIMUTH

1. Select Configuration from the Terminator menu bar:

FEEEEEEEE]

2. Click the Sun Triggers tab.

Set the Altitude and Azimuth for the desired pasitat which Flats will be taken.

W

Click Update at the bottom of the configuration dom.

5. Restart Terminator to put these changes into effect
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CHANGING WHEN TO TURN CCD CAMERA COOLER ON

1. Select Configuration from the Terminator menu bar:

2. Click the Sun Triggers tab.

3. Set the number of degrees the Sun should be albevédrizon when the camera
cooler turns on.

4. Click Update at the bottom of the configuration domv.

5. Restart Terminator to put these changes into effect

CHANGING WHEN THE DOME OPENS/CLOSES

1. Select Configuration from the Terminator menu bar:

s - You are elther seeing tis because thsis
g the Terminator o you requested a change

ccccc

2. Click the Sun Triggers tab.
3. Set the Sun elevation at which the dome will opemight and close in the morning.

Click Update at the bottom of the configuration dom.

o &

Restart Terminator to put these changes into effect
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APPENDIX B

AutomaDome Geometry
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The telescope should be oriented like in the diagrahown in fe. 83; as if seen
from above the setup. The coordinate system is that a positive X value is East of center
and a negative X value is West of center. A positiwalue is North of center and a negative
Y value is South of center. A positive Z valuaimve the base line, or center, of the dome

while a negative Z value is below. See B4 for reference.

FiG. 83. The geometry layout given in the AutomaDongtpHiocumentation.
(Software Bisque)
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FiG. 84. The AutomaDome geometry terms superimposedmnf a Paramount ME.
(Author)

* Roll Axis Elevation — For an equatorial mount thstin RA and Dec mode (as
opposed to Alt-Az mode) this is just the site’stlate in radians instead of degrees.
It is very important there be four significant frgs after the decimal

* Dome Radius — The radius of the dome

» Offset of Mount from Dome - The position at the tegrof the dome is called “The
Dome”. The point on the RA counterweight bar tiregtets the axis of rotation that
the bar moves around is called “The Mount”

* Xm- The distance from “The Mount” to the N-S certexlof “The Dome”

* Ym- The distance from “The Mount” to the E-W ceritexlof “The Dome”

« Zm- The distance “The Mount” is above or below thséline of the dome
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» Offset of Telescope from Mount — “The Optical Cehis the point where the line
that runs through the RA counterweight bar meets'dptical axis”, the line that runs
through the center of the corrector plate on thé@dwn to the instruments

» Xt - The distance from “The Optical Center” to the&SNenterline of “The Mount”.

* Yt - The distance from “The Optical Center” to th&\Ecenterline of “The Mount”.
This is not shown in the diagrams and is normagipZor typical setups.

» The Offset of the Optical Axis from Telescope —3sThinly applies to setups that have
the OTA not directly over the counterweight barmm éxample of this would be if the
Versa-Plate were mounted on the Paramount sideteagitow for two telescopes on
the same mount.

* The Testing values can be ignored if the geomstdpne correctly.

NOTE: The units of length must all the same. DSQided millimeters.

Test that the dome radius is correct by movingdbme to the azimuth positions in
the cardinal directions: 0° (North), 90° (East)018South), 270° (West). Then go to North
again by moving the dome to 360°. If the Northragih positions are not the same then the
radius might be wrong. Another way to check ikeéep moving to these positions, in order,
and seeing if the dome slit consistently ends upénsame position as before.

Xt should sometimes be a negative value rather tbaitiye. For weeks we could
not determine why the telescope and slit were mopgrly aligned. Support at Software
Bisque recommended that we slew the telescope td 2, Alt. 10 (just West of South and
near the horizon). If the telescope does not aligh the slit then switch the sign ottX

Any other problems encountered with AutomaDome getoyrshould be asked in the

Software Bisque support forums.
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DSO’s AutomaDome Geometry Terms

ROLL AXIS ELEVATION 36.2528° = 0.632726883 rads

DOME RADIUS Ash Specs: 7 feet = 2133.6mm
Measured: 86 inches = 2184.4mm

OFFSET OF MOUNT FROM DOME K=0 Ym=-140mm #n=-273mm
OFFSET OF TELESCOPE FROM MOUNT tX -476.25mm Y=0
OFFSET OF OPTICAL AXIS FROM TELESCOPE 0¥ 0
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APPENDIX C

Site and Telescope Specifics
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SITE

LATITUDE

LONGITUDE

ELEVATION

SCOPE

OPTICAL DESIGN

APERTURE

FOCAL LENGTH

FOCAL RATIO

FINDERSCOPE

OPTICAL TUBE

OPTICAL COATINGS

SEC MIRROR OBSTRUCTION

SEC MIRROR OBSTRUCTION

SEC MIRROR OBSTRUCTION

OPTICAL TUBE LENGTH

OPTICAL TUBE WEIGHT

DOME

TYPE

RADIUS

178

36.25258 or 36°15'9.1"N
-81.41453 or 81°24’52.3"W

923 meters or 3028 feet

Schmidt-Cassegrain
14 inches (355.6 mm)
153.94 inches (3910 mm)

11

9x50

Aluminum
StarBright / XLT
4.51in (114.3 mm)
10 % BY AREA
32 % BY DIAMETER

31in (787.4 mm)

45 Ib (20.41 kg)

14.6’ Ash Dome
Ash Specs: 2133.6 mm (77)

Measured: 2184.4 mm



CCD CAMERA

MODEL u47
ARRAY (PIXELS) 1024 x 1024
PIXEL SIZE 13 x 13 microns
IMAGING AREA 13.3 x 13.3 mm (177.2 nfin
IMAGING DIAGONAL 18.83 mm
LINEAR FULL WELL 100,000 e-
DYNAMIC RANGE >83 dB
PC INTERFACE USB 2.0
COOLING Thermoelectric cooler with forced air
COOLING TEMPERATURE Max 55° below ambient
POWER 40W
SHUTTER Melles Griot 43 mm

FILTER WHEEL

TYPE DFM FW-82
SIZE FILTERS Round 50 mm diameter
FILTER SET Bessell UBVRI and Clear
FOCUSER
TYPE JMI NGF-XTcM with Smart Focus 232
DRAWTUBE LENGTH 3’
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VITA

Adam Blythe Smith was born in Washington, D.C. @April 1983. When he was
growing up in Norfolk, Virginia he became hookedastronomy after his first look through
a telescope and seeing Saturn. By the first gnedeas dragging his father to meetings of
the Tidewater Community College Astronomical SocieMr. Smith renewed his interest in
astronomy while attending high school at The PutBefool, in Putney, VT. There he
helped set up the school’'s observatory with hisspisyteacher, Glen Littledale, taking the
first images with the school’s telescope and CChera.

Mr. Smith came to Appalachian State University @2. In 2004 he began research
of neglected binary star systems with Dr. Danieto@a In the summer of 2006 he was
awarded a PROMPT Research Fellowship to study GaRayaBurst data with Dr. Daniel
Reichart at the University of North Carolina at @akHill.

December 2006, Mr. Smith received his Bacheloraéi&e in Applied Physics, with
a concentration in Astronomy, and a Minor in MaMr. Smith accepted an offer from ASU
to become a Graduate Assistant and began his Maste3cience in Engineering Physics.
He was awarded a second North Carolina Space Goarbraduate Research during the
summer of 2008.

After being awarded his Masters in August 2009, Bmith accepted a position at
ASU as an Adjunct Instructor to continue teachimgaductory astronomy and physics labs,
his binary star research, and maintaining the D8@elescope.

Mr. Smith’s parents are The Rev. Dr. Davis LeGr&mdith Jr. and Mrs. Barbara

Blythe Smith of Topping, Virginia.
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