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1. Introduction

Background

This booklet will help you learn the practical sifeoperating a telescope and observatory by remote
control. It is intended primarily for astronometstae advanced amateur level and for professiomnats
need some orientation to the subject.

We will provide an orientation to computer conteallobserving and discuss the decisions you wiltitee
make as you plan your remote control observatéve cannot give you detailed designs, but we dogomtes
the pros and cons of particular solutions, soybatcan make the best choices.

This book is a companion volume to “At Home in an which discusses different types of
observatories, how to choose among them, and heartstruct and operate the one you design.

Our company is in the business of manufacturingekand remote control systems. Not surprisingéy, w
use our systems as examples in our writing. Wealdimit our discussion to these systems, butthem

as a springboard to discuss the many competingadisey design interests and how they can be bathinc
We emphasize the logic you will need to apply tocged in your own situation.

We do put emphasis on the observatory structuretammontrol, as opposed to controlling the tel@sco
and camera. This is partly our own bias but & jastifiable one because the observatory is whaepts
the equipment. The observatory must have the bkiglegability.

Also, we assume you already have some experienbecasnputers, computer-controlled telescopes and
cameras. We assume yourtdi have experience with a remote observatory or thithking through how
to make all the equipment work together.

You may be tempted to approach remote controlmaplgian exercise in remote software. We urge gou t
change your thinking immediately! In remote coh&tstronomy, you will be operating machinery at a
distance, not just computer software. This isry déferent activity — and one that requires catef
design attention.

Our examples of how to do things and descriptidresvailable technology are geared to astronometts wi
limited budgets and resources. We recognize kigaptofessional observatory with a large reseanclyét
will approach the design problems differently.

But there are enough stars out there for all ofadet’s get on with automating our observatories.
Organization of the Book

As an introduction to the art of remote operatiorChapter 2 we present a “story” that briefly déses
one astronomer’s remote observatory, an evenigefating it and some of the problems that arisk an
how they are solved.

In Chapter 3, we discuss general issues and coasim®s in remote observing. We present several
different classes of remote installations as wellifferent goals they might serve. We pay parécul
attention to nomenclature here. Automated obsgngso new, especially in the advanced amateur
community, that there is not yet a standard s&trofis to describe the different parts of a syst¥ve hope
our suggestions will help reduce confusion.

Chapter 4 focuses on computers and communicatidhe-eans for remote control.
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In Chapters 5-7, we discuss each class of issua®iia detail. Wherever appropriate, even if it is
somewhat repetitive, we draw attention to the tedaradeoffs among the design decisions.

Automated vs. On-Line Remote Control Issues

In this book, we assume that our reference remotervatory is being operated-line (i.e., in real time)
either Nearby or at a Long Distance (e.g., by pHoweeor Internet). That is, we have assumedahat
human is directing the action and is (at leash&oty) monitoring the behavior of the system. $jstem
is designed to execute actions and report resuttset operator. If properly designed, the obseryauill
automatically protect itself and its contents agaareasonably wide range of component or system
failures.

An even more demanding application is a purely mated operation in which the observer prescribes a
series of actions and the remote observatory tkeoutes the actions totally without human oversight
general, such an automated operation will includgséem program that operates the equipment. The
system would follow the observing program presatibg the user. A typical concept would allow aruse
to access the system via the Internet and submdra or less detailed statement (script) for thetrdd
images. The operating system (which might incllodman review) would review the request and
presumably proceed to execute it.

Such automated observing places very stringerahidity requirements on the system hardware and
software, plus introducing additional the needdonvenient software interface to the user. Fonpta,
often one of the goals in designing such a syssetm iminimize human oversight. That is, the ugall is
that the operating system must not only protecetiigpment, but must also automatically conducthed|
operations usually directed by the user. Thus, bt sufficient simply to slew the scope/cameréhe
Orion Nebula and take a 10 minute exposure. Ratimer must also have the capability for the system
recognize that it is cloudy, that the nebula ise@itered, detect and adjust the focus, take derttglats,
take the exposure, recognize when a result is nedde (or not) and decide what to do. Such systmns
be developed; however, it is not a trivial desigmaintenance problem. For those who might wish to
build such a system, it is surely a good first $teponstruct and operate an on-line remote cosyrstiem.
Once this is done, then automation can be intradiirca step-wise fashion with higher probability of
success.
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2. The Story

This brief story presents a typical remote obsegrgession using a ROBO-DOME. This is a small (feet high)
observatory designed solely for remote controleastmy. We are at home. It is early twilight angifer is high in
the west. The kids have gone to bed, except fooltiest named Sally who wants to try taking a G@Bge of the
planet. Her father, Pop, is going to work with tleough the steps.

Pop has a “control room” in his house, where hgg&dgs “User PC". On that computer he has ingdallee Sky®

V.5 telescope control software and a communicagti@gram called PCAnywhere®. Pop’s observatoryudeb

the following equipment:

¢ ROBO-DOME™, which is equipped with Digital Dome Worksdome automation hardware, including a
control box and various sensors

* AnIn-dome PC that is running the software callégitel Dome Workscontrol Program (DDWCP)

« A control room computer that has a matching versioRC Anywhere

* A 10inch Meade LX200 Telescope

¢ ST-5 CCD camera by SBIG, using the third partywafe Maximdl

To place matters in context, Pop’s system is tym€a number of amateur observatories. Althoughgystem
would be the envy of many professional astronoraehg a few decades ago, his total expenditure whsabout
$7-10,000 — less than a motorboat!

The ROBO-DOME is 500 feet from the control roomheTDome PC communicates to the User PC via a local
network connection. The computers and softwarakreinning Windows 9%. The telescope and ROBO-DOME
have already been aligned, and the system hasuseérrecently. Pop method for controlling and camicating
with the Dome PC is PCAnywhere (software that alldwm to simulate being in the dome at the keyboérttie
Dome PC while he is still seated at his own Usey. PC

Pop turns on the control room computer and clickshe icon for his Astronomy Group. He selects the
PCAnywhere icon. PCAnwhere brings up a screensthaivs the observatory as one of the host locafi®og's
computer network has three other computers orH® clicks on Observatory. PCA starts and comnaiagover

E - pcANYWHERE

S E R e

& CAWINDDWSAD esktopiT] Astronomy
Fle Edit “iew Help

L

Cedops™1 L=-200
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TrackMode Focdry TheSky Robo Focus+
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Motepad

H

Astral Serial Mauim DL Digital Sky
Fedirector Yoice

|1 object(s] selected |42B bytes

L=
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the network with the Dome PC where its copy of A€vaiting for a call (it was left in this conditiovhen the
system was last used, and thus will start up i rthode).

The Dome PC responds and the two copies of PCAtaliwto each other. In a few seconds, Pop's coenmareen
blinks, then shows the Dome PC screen (note ther®@Aere heading), with its desktop icons, justf &eiwere

sitting in the ROBO-DOME instead of in the controbm. What has happened is that Pop’s control recmeen is
minimized and the PCAnywhere/Dome PC screen ismiaeid. The screen now shows the Astronomy Group.

Using his mouse, Pop again clicks on the Astron@rogup icon, then on the DDW icon. This startsDhgital

Dome Works Control Program (DDWCP) on the Dome BODWCP then connects to the DDW processor in the
ROBO-DOME. In a few seconds, DDW responds — thenB&C has established a connection with the process
in the DDW control box.

“RDOME - pcANYWHERE

|26 & =& 52| P

& C:AWINDOWSADesktopATI Astronomy

# I
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Trai Hel
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Digital Dome\works iz Online
Initiating Shutter Close.

Clozing Shutter.

Operation Completed.

Goto Horme I GE Mourt Asis Fip————————
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Get Info SHoE idi
|Azwmuth 114 deq. Dome iz Home. —I —I ol Sempeliediiiite
% [Shulter = CLOSED, DSR & Undelied | —ealher | Park Scope| I |Slreltollcescand
Lser Pins Elime ez | & Y AutoShut

Unpark | [ Show Data 4hB3m

Read The5ky Position File—» Scope RA=1, Decl=11. Desired Dome &z= 222 Esit DD |

L=
Teraterm [l

Pop's screen now shows the resulting data: the BRRWCP control screen. It tells him that the séuis closed
(as it should be) and that the dome is in the Hposdtion (also as it should be).

Although Pop and Sally could look out the windovs&e the weather, they decide to check the wesgyisézm
mounted on the dome. He clicks the "weather" Inytichich brings up a screen showing that the wénahly about
6 mph, temperature is 65°F and that it is appareathing. (i.e., the wetness sensor shows actjviBop, of course,
knows that there has been no rain. He decideshbdiirds have again done their thing, but thatwletness
measurement interlock will prevent the dome frorerdpg. He is ready to over-ride the sensor to dpberdome,
but Sally reminds him that the wetness may be ¢kalt of the water falling on the dome from thetesprinkler.
Right she is! After Sally turns off the water, Rigcides it is safe to override the still wet sersw open the
dome.

Comment The lawn sprinkler is a good example of a renadteerving
problem. Unexpected events will occur, and youdrtbe ability to detect
conditions that may affect operation. A good systéthhave protection
built in. The user must be cautious in over ridangtective interlocks.

The wetness sensor was doing the right thingolisg to protect the
contents of the observatory. It is vital thatudytrdefective interlock be
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repaired as soon as possible, so that mistakes@titbccur. Pop's decision
to over-ride the sensor was valid (though he wais quick to do so!).

Pop now clicks on "OPEN". The screen shows thatittme shutter begins to open and about 10 setatedsthat
the shutter is fully open.

Pop will be slaving the dome to the telescope,esolicks on the "Slave" button. DDWCP will now alst the
telescope direction from TheSky® software and ckahg dome position to match.

Comment TheSky and several other telescope control progithat direct
the telescope around the sky will also write thisation to a file in the
Dome PC. DDWCP reads that file every few secoadmt out where the
telescope is pointed. DDWCP carries out sevelaltaions to find the
proper dome direction and commands DDW to moveltree accordingly.

An alternative slaving scheme (good with an LX2@0/pis available. If
DDW is connected directly to that scope, it willdmogate the telescope,
get its direction immediately and then use thigdatcontrol the dome.
This is particularly useful if your telescope cafprogram does not
support the data file or similar method of openatio

With the dome slave function turned on, Pop is ygadurn on the telescope. He remembers thaCe camera
is not running, and that it takes a while to comlvd to be ready for operation. Pop has installeshzote relay
device that allows him to turn items on or off lre tdome by remote control. He selects the Usebui@n on
DDWCP and turns on Channel 1. This connects tdagy tthat turns on the 120VAC power supply for @@&D
camera and the telescope.

<" RDOME - pcANYWHERE

) 4|26 8 B E &% B
B Homatty Tty Aeonomy Salome__——_______________________m=d

File Edit ‘“iew Orientation Data Tools Telescope Help
D|=d| =@ 3| 2% tisle=] 22| o] alals Glo@B@]| B£=]
2 2| elelw BB [Z e oEe

General |Mu|limedia| Lltility | Telescope
Object: IGUmeisa j
Type: Star Magnitude: 2.89
Right Ascenzion: 07h 27m 08.644:  Declination: +08°1713.763"
Azimuth: 107°24'54" Altitude: +32°30'57"

Gomeisa -
540 115456

GSC 764:2774, HIP 36188, PPM 152663, HD 58715, B+03 1774
Flamnsteed-Bayer: 3-Beta Canis Minoris

Spectral: BEVwar

= Data from Hipparcos Catalog ==

Froper motion [masAer): BA = -50.28, Dec = -38.45
Magnitudes BE: 2.79, Y1 2.88

Parallax: 19.160 mas, 521921 pc -
B - K E
- I E R N N =
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Next he uses his mouse to click on TheSky icors tipening a copy of TheSky in the Dome PC. Aftfava
seconds, TheSky planetarium screen shows on Ropins He uses the menu to find Jupiter and, tiadeit, he
centers Jupiter on his screen in a red circle.

Now to run the telescope! He uses the menu tats&escope/Connect. After a few seconds TheBiees shifts
direction, showing a white circle on some stardidating that the telescope is connected, andiiggubthere.

Pop again selects and centers Jupiter in the relé ciHe clicks on Jupiter, which brings up a drdata and menu
box. He selects "Slew To" and the telescope begmégng to point to Jupiter. A small screen shola the
telescope is slewing, and after about 20 secohdswyhite circle creeps over Jupiter.

Comment. Note that Pop did things in the "wrong" ordere-should
have turned on the telescope, then selected Jufites illustrates the
desirability of planning your observation to sawee and irritation. More
importantly, you will want to plan a sequence o$etvations to minimize
time wasted slewing back and forth. You may alsedito plan the
sequence so that the telescope and CCD cables th@cmme tangled or to
avoid the telescope taking the "long way aroundjebto an object. If you
are nearby (as Pop is) fixing mistakes is usuabye If you are 10 or 100
miles away, the solutions are more difficult!

We stated that Pop simply turned on his telescopédact, most remote
telescopes including the LX200 cannot be simplpedroff and on without
additional steps to assure that they are pointeecily. Handling parking
and unparking will be discussed later in this book.

Meanwhile, as the scope is turning, so is the doR@p can see this on the DDWCP screen, which-atipg the
position of the shutter opening as the dome turns.

Pop now has the telescope and dome aimed at Jupieeis ready to operate the CCD camera. Heslick
MaximDL (the third party CCD program that Pop hasgen to use) which, after a few seconds, shows the
MaximDL window on his computer. He uses the menhegin CCD operation.

Sally promptly says, "You did it again, Pop. Whemn turned ON the CCD camera, you should haveestart
MaximDL and started the camera cooling. If you,ithé camera would be ready now!"

Pop groans, but turns on the camera cooling, atkatdt will be five minutes before the cameraadgdc "l was just
testing you,” he grins, glad that she is payingelattention.

Even though the camera is not cool, it can stilubed. Pop selects his exposure setting and takiesage. In a
few seconds, the magic of PCAnywhere brings an @mago his screen. Jupiter is not there! But villiboks to
be just off the CCD chip, a little to one side.pRelects the telescope motion controls in TheSkyave the scope
slightly, then take a new picture. After severgdd, there is Jupiter, almost at the center ofrfege.

Comment CCD cameras are incredible, but the cameradefes
combination is not a "point and click" operatiofhe field of view is small,
and skill and practice are necessary to get gosdltee The sky will still be
there tomorrow and next year: astronomy requiresrawards patience.

With Jupiter centered, Pop asks Sally why she thotlge camera did not show it right away. She satgthat
maybe the telescope is not set up right. Pop, hdtbfinally read the entire instruction manual np®iout that the
telescope pointing accuracy is close, but thatdfswvare allows you constantly to refine its paigti So, using the
telescope controls on TheSky menu, he "synchrohthestelescope to Jupiter.
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Pop suggests that Sally take over now to get a gastdre of Jupiter. She makes a shorter expasiudepiter but
finds that the image is very fuzzy and is obviously of focus. Sally selects the focus controt bagins nudging
the focus (remotely on the telescope) to improeeitiiage. After each focus adjustment, she takesweimage to
see the result. After five minutes, her impatiegaewing; she sees the image improving until Jugiscomes
reasonably focussed. Her determination pays off.

Comment Again, remote control is not point and click. chsing is an
activity that requires some experience to do qyiekid well. The new
digital remote controlled focusers would have m3d#y’s job much
easier, but she should have moved the scope & arsdl focused there,
then moved back to Jupiter. This would be mucleeast is hard to focus
on a planet.

This is an area where a little forethought can @n¢vnost problems.
Usually, focus will stay reasonably accurate frame might to the next.
However, Pop made changes in the dome yesterdéghgévg to a different
set of lenses. He did not refocus the system thbith led to Sally’s
frustration this evening.

It is most efficient to set up each of your mosihaaon optical trains and
record the focus settings for each (e.g., 13 Iitastalockwise on the focus
knob from full counter clockwise). This is not higech, but it is effective!
If you set the focus approximately correctly aftbanging lenses, final

#RDOME - pcANYWHERE

S|S0 g w| ] &% 2
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W Maxlm DL - Jup20a.tif =]

File Edit “iew Process Color MaxEnt “Window Help
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[57-778/3 dual [7] | G| [Fi- e [ 4
™ Cooler On et
[NoFies = M| | Go T Articrt 2
| | ICooIer controller is off
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]

[ lﬁ
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gl Start| TP Microsoft Wierd - Notato. . | 4% posNYWHERE =2
focusing is very easy and quick.

||§B ADOME - pcANYWH_.. B35 414 PM

Pop now helps Sally close the dome. She usesitw DO control to activate a remote TV monitoringnecera and
light inside the dome so that they can see whia&jigpening. Pop shows her how to start the vidptuoain the
Dome PC and they now view images of the dome imteia PCAnywhere.

Page 10



She goes back to the main screen and closes Thifbisyterminating the connection to the telescdpkewise,
she turns off the camera cooling and closes MAXIM8he goes to the DDW screen and selects CLOSBV D
directs the dome to turn to the HOME position, tbhkses the shutter (which they watch on a videaitap.

Pop shows Sally how to transfer her image filesifthe Dome PC to the control room PC and print th&atisfied
with their work, they go to the kitchen for ice ane.

Comment. When she closed TheSky, Sally did not first ieate the
connection to the telescope. Although in this ¢éasaused no problem, it
is far safer to turn off programs in the reversdeoithan they were opened.

Pop and Sally used the video monitor to observelising of the dome.
This is good practice: you should use all the imfation available to
understand what is going on in a remotely operteiity.

But the worst mistake was that Sally neglecteditn bff the drive (or the
power) to the LX200 telescope. As a result, thestmpe would continue to
track Jupiter (its last target) until the wires amapped tightly around the
telescope, and something breaks.

In this case, DDW saved them! Whenever the dommses|, if DDW is
connected to the LX200 it will send a series of owands to the LX200 that
will stop the drive (unless the feature is turnédl oThus, when Pop turns
on the observatory again, the telescope will b&gzhrand ready for the
next session.

After the ice cream, Pop (who is Prof. Von Poptirhis professional life) switches into his roletlas
professor in charge of the Anytown University reeobservatory. The University observatory is a ®D1
ten-foot dome, also running with Digital Dome Waqrks a mountain 75 miles away and 5000 feet higher.
Students use the observatory to patrol for supe@ov he observatory can be operated remotelyei “r
time” (as Pop and Sally did) but most of its wasldone by an automated observing routine. Thismeu
uses “scripting”, a simple method of programmirggguence of actions for different instruments ke ta

Pop uses his computer to log onto the Universitwoek and through the high-speed link to the
observatory. After providing his password, he &isebe night’s activity files. He finds that eviltough
the weather is fine, no pictures have been tak#ith a little more research, he finds that somdeftehe
interlock against windy operation in the observateeather control set to 5 mph (even though theelom
can operate easily to 30mph). With a wind of 10nmptiolation of the interlock setting, the automct
system would not open the dome. Pop resets thdank to 25mph, restarts the automation scripd, an
logs off. He’'ll call back before he goes to bedheck again.

Comment. This example illustrates that amateur and psidesl
astronomers can use the same equipment and softhaxe remote control
products are available and used by both groupsiitduthe line between
the two. Opportunities for cooperative researehgaowing as a result.

But it also shows the importance of human checkinthings can go
wrong in any setting, and a human is usually ne¢ddit them.

Summary
This story illustrates that remote systems ardyfammplex, involving a mixture of mechanical dessgc

electronics and multiple software programs opegasimultaneously. A well-designed system will it
itself from damage. However, if the user is todavhighly successful experience, he must be able t
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identify abnormal or faulty situations and be abldéigure out ways to correct or work around a peahn
This takes experience, knowledge of the system agmubitive sense of adventure and fun.

A question that frequently arises is how much trejra person will need to put together and opeaate
remote controlled observatory. There is no sinapigwer. You cannot reasonably expect to take Hubbl
type pictures by remote control with only a few f®af time invested. This equipment is not “plugla
play’. On the other hand, most of us realize tbatning complex activities takes patience, a mgjliess to
master the practical details and many trials thatsed, as well as many that fail.

A person who wants to develop a remote controlbeilify would do well first to put together and tea
how to use all the instruments in a “hands-on” mat® should consider getting your telescope,
observatory, and CCD camera and computer to wotkmanually, building experience with each
component. This way you gain the background kndgéeneeded to operate remotely with a high
probability of success.

How long does all this take? We have customers lvawve “always wanted to do astronomy”, who jump in
and in less than six months of intense activityadigp the skills and knowledge to be very accomplish
amateur astronomers and astro-photographers. 8btnese customers work alone, and some work with
other, more experienced people. Once having nesthe fundamentals, they build and use more
complex observing and imaging systems, includidigr&mote control observatories. On the other hand
we know of folks who proceed with much less intgneiver a longer period (and just as much enjoyment
who also become proficient in the high tech sidastfonomy.

It is not how fast you do it; but success will deg®n thoroughly mastering the details.
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3. Basic Goals, Issues, and Configurations of thé&te Control
Observatory (RCO)

Introduction

In this chapter we discuss how to design your remcohtrol observatory (RCO).
*  What kinds of things do you need to worry about?

* What are the tradeoffs among the decisions?

*  Why would you want to do remote observing anyway?

Here are some of the many reasons to establisbardte a remote controlled observatory:

* You want many users to have access to a singleimsnt

» Several users, in different locations, need totheebserving instruments
* The observatory must be automated for unattendechtipn in survey-type research
* The astronomer likes gadgets and high tech equipmen

* You like the challenge of constructing complex sys$

* You want to learn more about robotic systems

* You prefer to observe without being exposed tovthrel and cold

» The observatory is located at a very remote site

» Sensitive observations require that there be ng bedt from people

* The system is a teaching tool for robotics andétromomy

* The observatory with its telescope is too smalidcoommodate a human
» The observer is physically handicapped

* You want to be at the cutting edge of astronomy

Obviously, a given project may satisfy multiple oaAnd, of course, the goals will have an impartthe
type of system chosen. Yet, to a surprising degiésystems will have many components in commion.
practice, the goals will have more impact on questisuch as “what quality telescope or mount messt b
installed” rather than the “architecture” of thesym.

Sample Observatory Systems

To help you think about system design, we will dibgcseveral different types of remote observatory
situations. Systems will differ in the DISTANCEtlveen the user and the observatory and on theofype
CONTROL system by which is used.

Distance

* Nearby — A system in which the user can conveniently chtbekobservatory if some problem
occurs. This distance might be ten feet or hursloédgyards or farther.

» Long Distance— In this type of installation, the user is too faam the observatory to check or repair
problems. A Long Distance system must be moralvkdi

Communication and control system

» Direct Link — A control system in which the User PC connegtibdividual cables directly to each
of the major devices in the observatory. Them@iscommunication link between the user and each
device.

*  Multi-Link — A control system in which the User PC connegta Bingle communication link to a
Dome PC, which in turn connects to and control$1edoxservatory component. Now there are
multiple successive links between the user and each deWeewill further break down the Multi-
Link case depending on whether the actual devio&raloprograms are running in the Dome PC
(“Host-Client Control”) or in the User PC (“Dire€ontrol”).
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Distance Can use this
Communication/control
alternative
Direct Link Multi-Link
Nearby Yes Yes
Long distance No Yes
Direct Link/Nearby RCO System
e
=
When the observatory and control room are reasgreddise § EEO
together, you can have multiple communication atrol D@
cables directly between the user computer andlkergatory cavEma
devices. Of course, this also includes the casleeofiser and L
his computer being IN the observatory. This ditigdt system e
is cost effective and allows convenient persortaindibn to -
problems in the observatory. VoS
In the figure, we show an observatory containingl@scope, Direct Link System
camera and remote control equipment. Each compdsen

connected to the user’s control room with a sepaszable. The User PC in the control room runs the
observatory components, moving the telescope,rgrie dome and taking the pictures. A key disiimct
of this system is that the User PC contains angb#lgtruns all the software. Note that even thotigre
are multiple cables, there is ordge communication link between the user and eachunsnt.

This system is particularly well suited when thers in a room adjacent to the observatory, @20
feet away.

Multi-Link/Nearby or Long Distance RCO System

We tend to identify the Multi-link setup with Lorgjstance
even though there is no inherent short or longadist limit
between the user and the observatory. The distzeteeeen
the user and the dome might be 20 feet, 100 fed)@0
miles. The real distinction form the Direct Linjstsem is
the method of communication and control to be ygdtch
of course implies hardware and software differepces

In the Multi-Link figure, we show the same obseorgt
(containing a telescope, camera and remote control

An advantage of the system is that it uses onlyocomeputer and a simple communication system.

A major disadvantage is the lack of a computehendome, which prevents in-dome operation or
testing of the system.

In addition, as the distance to the observatorseiases, the cost and complexity of the cabling can
increase very fast. Distances over a hundredofesd are feasible, but offer rapidly decreasing
benefit.

An important implicit assumption is that the obsgory components are relatively autonomous, i.e.,
sending occasional commands and receiving occdslateacan operate them.

In more complex installations, you may need todenected to additional instruments and sensors.
Then the number of wires rises, your computer nesal® ports and these requirements will have an
impact on system reliability and operation.

MultiLink system

Page 14



equipment) but now also containing a Dome PC. Hsallation ha§wo links in succession: one from

the control room to the Dome PC, the second fraerltbme PC to each instrument. The control room to
Dome PC connection will usually be a Network, Inttr or phone connection. The Dome PC connects by
individual cables to the observing equipment usingrt RS232 or parallel port links, as in the Ditgok
system.

This setup is useful at any distance. The pricehis flexibility of being able to use a single
communication link (vs. many) is the cost of a setoomputer (Dome PC) and a more complex set of
communication hardware and software. Becausddatoflexible communication, this system is
particularly suitable for access by multiple ugerse at a time). Many people use this Multi-Liystem
even when near the observatory because it is egtyeffexible for normal operations, maintenance, or
checking equipment setup changes.

Direct Link Nearby

4 )

b

10-300 feet

Multiple Link

Nearby

Control System Variations-Direct Link vs. Multi-Lkn
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Communication and Control

As you can see, the DirectLink and MultiLink systediffer in Communication and Control. Let us look
at how these control issues interact with the dista

In the Nearby/Direct Link case, you are sittingret computer running the programs that control each
observatory component (telescope, camera and aisey\control). In general, each type of equipment
has its own software created by the manufacturath{@ party) which controls the component and
provides feedback. Your computer sends commaneadi component as necessary (e.g., tells the aamer
to take a 2 second exposure) and receives data(eackthe computer file of a picture that wastak

In the Multi-Link case, no matter whether it is K@a(100 feet) or Long Distance (100 miles), younwi
use the Dome PC to operate the observatory degiesthough you are not in the observatory. Hollv wi
you command that computer to move the telescopexample, and to inform you when the movement is
complete?

Question: Is the program controlling a device ragrin the User PC or is it running in the Dome PC?

Answer: Most installations install the standardtcolnsoftware in the Dome PC, and then use a remote
computer operation program in the User PC to reiypotntrol the dome PC. This is the configuratibat
we will use in our reference observatory systeraudised in this book. However, other software and
control arrangements are possible, and these scagdied in the next chapter.

Designing a Prototype Remote Control Observatory

To help make your thinking in the remainder of thigk more concrete, let's design a Long Distance
Remote Control observatory to use as a refereratersyin our later discussions. We choose the Long
Distance case because it is the most difficult\aiidhus demonstrate the issues in the simpleesas
Because it is Long distance, we will have to mdiedystem as reliable and as self-protective asbiea
This is not unrealistic. Many amateurs and instits are already using similar systems.

We start with a brief description of each itemhe system and its importance. The examples shosvn a
commercially available products. In many casesetlare equally good alternatives available. terla
chapters, we will discuss these items in more HeTdiis listing of the items and some of the issiseto
give you an over view.

Here are the components of our observatory:

*  Observatory dome (motorized)

» Digital Dome Works remote control system
» Communication/Control software

e Telescope on computer controllable mount
» Software to control this mount

e CCD camera

» Software to control this camera

e Dome PC

» Uninterruptible power supply (UPS)

e UPS management system

* Video monitor

* Remote power control system

* Remote focusing System
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Observatory. We will assume a ten-foot diameter Pro-Dome nlagery. Although a smaller or larger
observatory could be used, the ten-foot size gel@nough for you to be in the observatory withryou
equipment, which makes the job of setting up astirtg much easier. The dome is equipped with motors
to operate rotation and the shutter.

An alternative is a roll-off roof observatory ohet design. These can also operate well. They are
somewhat easier to automate than a dome. Sh#ipte automation of a rolloff is not a trivial ntat.
Issues include quality of construction, reliabilitymotor systems, vandal and weather resistance, e
There can be more subtle issues as well. Mampftdlare constructed to minimize size and costthW
the resulting lower height walls and clearanceis, ey require that scopes be properly parkedldoval
clearance for the roof to move. If a telescopmoisparked correctly, closing the roof (either lsyrenand
or under an automatic closing process) may resulaimage to a telescope. This is not an issuerired
observatory as they seldom have interference issues

Digital Dome Works. This is set of the hardware and software thatrots the movement of the shutter
and rotation. Having its own processor (i.e., tependent on the PC), DDW is a “smart” system. sTHu
can operate by hand without a computer, or remetialgomputer, or autonomously by taking over dome
closure and other actions even if the Dome PC failsashes. Features include its ability to handl
unforeseen events, degree of feedback to usedexilility in different applications.

Telescope, Focusing System, and Telescope Moufithe telescope is the optical tube (lenses and
mirrors), including the focusing system. The tetgge mount is the machinery that holds and polrgs t
telescope as desired under computer control. rirestases, the telescope and mount are combinad, as
the Meade LX200 series telescopes. In other cgsasyill get the optical tube from one vendor and
install it on a computer-controlled mount from #&afient manufacturer. The focusing system may be
manual (i.e., hands on), but increasingly, rematrsirequire remotely operated focusers. Althonghy
operate via commands sent through the telescopeotsgstem, dedicated digitally controlled focuser
(e.g., RoboFocus) are now available as an impodasgrvatory component.

We will assume an Astrophysics Mount holding an DB26-inch S-C telescope. A RoboFocus remote
focuser is installed on the telescope.

Issues abound in this area. For example, doeeldsrope mount support useful remote control
commands, including the ability to recalibrate liggg the telescope without a human going to themelpis
the pointing accuracy good enough, does it hanolieep failures well, can it handle telescope imbatan
etc. We will discuss these issues later.

Communication/Control Software. The user is controlling the Dome PC from the UB8r while the
programs to control each device are running orbiime PC. PCAnywhere is the remote computer
control and communication software that we willmpta use.

Telescope Control Software There are many brands of telescope control soéwSome present you

with a “planetarium” screen (star map) that allows to point and click to go to a particular obje&ome
offer voice control (“go to Jupiter”), while othease text based (choose the object from a listan
software packages handle only a limited rangele§t®pe mounts, or offer only a subset of the niede
scope commands. Some are slow in operation, soemguite expensive. Some may not provide important
data to other programs, such as where the telessquénted (needed by the dome control systenfidava
dome slaving).

Let's assume you are using TheSky®, a popular paiven type program.
CCD Camera and software The CCD camera choice depends on your budgeth@ype of images you
will be taking. Cameras differ in size of imageatity of chips and ease of operation. They diffisio in

the type of connection to the control computercdese the data rates are high when the camera
downloads its image, most cameras require an “athconnection to the Dome PC such as a SCSI port,
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parallel port, or USB connection. In addition, ttemtrol computer must process the image data and
convert it to a file and/or monitor image.

Cameras are supplied with manufacturer softwareeer, third party software is increasingly avaliéab
both to control the camera and to process the imaghird party software may offer operating oresth
advantages over the software provided with the yood

We will assume an SBIG ST7 CCD camera and Maxim@D@amera control and image processing
software.

Dome PC In general, the Dome PC does not have to bate-ef-the-art machine. The control and data
handling functions are fairly low level (unlessstitiomputer is to be used for extensive remote pging

of images). The computer should have a large tiave, as you will want to store many images.
Environmental requirements are fairly easy: stash@dfice machines will usually operate from belogra

to above 100deg. F. The computer must obviousfkitteel with the right number and type of ports,
usually including at least three serial ports, el port and network card connection. Other
requirements may include a video card and otheufes. In general, laptops are not very desirasle,
they are more expensive, have limited numbers dépand may not operate well over the range of
temperatures at your site.

We will assume a standard PC, monitor and keyboard.

Uninterruptible Power Supply (UPS) and UPS Managems System For a long distance observatory,
power backup is essential. A UPS prevents a npower interruption from bringing the system down,
and provides backup power so that the system cahutedown and dome closed if the power fails. A
UPS will also help filter out power glitches thaigit disrupt the system. Obviously, the size ef tHPS
must be sufficient to operate the shutdown systednnaust be compatible with it.

Be aware that there is little standardization fatadsignals out of the UPS, so that compatibilithw
shutdown software and hardware is important.

Video Equipment to Monitor the Interior of Observatory. This is a very important tool for remote
operation. A video camera is inexpensive. ltsgesawill be sent directly to a monitor (if nearloy)via

the Dome PC to the user. You use these imagesrify movement of the telescope and dome components
and detect aberrant behavior. For example, yohidgntify a snagged cable or stop the telesceferé

it wraps a cable. The camera is also very usaftaicalibrating a telescope. In general, a btak white
camera is sufficient, and offers greater sensititlian a color camera. Some method of turning

illumination in the observatory on and off is aleguired (see below).

We assume a small wide-angle camera with builigint |

Remote Power Control System You often will want to be able to turn observgtoomponents on and

off from your control room. For example, you miglnt to turn off the mount or camera when it isino
use, or turn on a video camera and its light ortigmvneeded. The selected remote control system DDW
offers two channels of control using an optionadule.

As your equipment evolves in complexity, you magehéo control larger numbers of items in the
observatory and even adjust them to different {®lch as dew zappers). In the near future, thiire
likely be stand alone control systems (perhaps @sdrolling focus and other observatory functions)

We will assume use of the DDW remote power cordeslice.
We now have discussed in general terms the physiealents of a prototype Long Distance remote
control observatory. In later chapters, these aomapts will be discussed in more detail, groupeal in

several categories:
»  Computer, Communication, Control System
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» Telescope and Control System
» Camera and Control System
*  Observatory and Control System

We now turn to a different “filter” through whiclo tlesign the observatory.
Design Goals for a Remote Observatory Program

There are two ways to “slice the design issuesirobbservatory. These are
* The devices and components in the observatorystedjscussed these)
e The goals of the program which will be carried out.

Your program design goals may lead to conflictiegign decisions. Lets look at a typical list oakgo
and consider a few examples of how these goalsafiiegt design decisions.

The purpose of the remote controlled observatoty govide services to a user(s). We can classdy
requirements in several different ways:

Astronomy Services

» Ability to take pictures at a particular field aew, optical speed, resolution, etc.

»  Ability to modify optical system (focus, filtersgfd of view)

»  Ability to view different parts of the sky

» Ability to provide access on a particular respofesg., fast on-line to do gamma bursters or
supernova)

» Ability to operate totally automated vs. on line

User Services

» Access for one or multiple users

e Suitable for use by experts and/or novices

* Image storage and image processing services

System Administrator Needs

» Assurance of minimal need for on-site maintenaecg. (autonomous failure recovery)

» Self protection of equipment

* Internal documentation and logging

» Ability to operate on a schedule (e.g., allocates)i

At this level of detail, the design problem doeslook so difficult. However, the devil is in tlietails as
one tries to get from the objectives to the phygieaices. It will be useful to discuss a few leése items
and the kinds of issues that arise.

As an example, the desired optical goal may bettieaeéquipment can reach a particular magnitude and
resolution in a particular exposure time. This Imidrive the decision to get a 16-inch S-C telesd@oich
as the computer driven LX200 scope, which hasvils mount) or a 16 inch Newtonian which is less
expensive. Because Newtonians do not have budbirollable mounts, one would have to be purathase
However, the Newtonian on its mount may requir@lservatory that is too large for the site. Thalgn
SCT would fit in a smaller dome, but you may wdr ability to point the telescope to a precisiaghler
than that provided in the LX200, thus driving yack to a separate high quality mount, with the
possibility of still using the same optical tube.

Having tentatively chosen the telescope and mguwutwill need to choose the telescope control sarfiew
The software will have to:

» Operate the mount remotely (not an issue if usiogtkClient control)

» Allow remote focusing

* Be compatible with or support optical path chan@isrs, reducers, etc.)

» Beeasytolearn and use

» Protect the telescope and the camera (not aineatuth, not hit the pier or wrap wires, etc.)
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While some of these are not basic consideraticatsatfiect the images, they are very important fbeo
reasons.

The remote equipment used in the optical trainugelfocuser, filter changers, and possibly othercds
(lens covers, auxiliary lenses such as reducery, et this time, only the focuser and filter clggr are
available as remote equipment. However, many nsaalel somewhat unreliable, limited in range of
operation, hard to use, and not well integrated ihé rest of the observatory system. This is beeanost
of them were designed as hands on (or nearby) elevicemote focuser that can't tell you its pasitmay
be very frustrating to use.

Viewing different parts of the sky and the speedesponse needed may dictate the location and
orientation of the observatory but will also helptdte the choice of telescope, mount, and evemwaos.

Whether the RCO will be operated on-line (with aspe remotely controlling it) or in an automated
manner (where exposures are done autonomouslyrbguter) has many implications in software and
hardware choices. In general, the automated sysittine the more complex. It will normally incledhe
ability to operate on-line, but must also includieliional features such as the ability to takdastslof
desired images and schedule them for exposuregméezand recover from all system errors (e.garerr

in image specs, positioning, clouds, equipmentumalion, etc.) A general-purpose automatic system
major challenge to design, construct, and opendarow purpose automated systems are much easier t
design and create as the range of operations (ami)eare fewer in number.

Page 20



4. Computers — Communication and Control

Introduction

In this chapter, we discuss designing and operatiegomputer system for a remote controlled
observatory. There are two computers of intethstDome PC and the User PC.

As you read in Chapter 3, a “Direct link connecti@a remote control observatory in which therguist
one computer, and all the observing equipmentréxctlyy connected to the ports of this one machine.

In a “multiple link connection”, the User PC an@thome PC are separate machines. Therefore, they
must be able to communicate with each other. Tégr BC is in the control room, while the Dome PC is
in or next to the observatory, with its ports carted to the observing equipment.

The “Dome PC” is usually a standard office mach
Although these computers are not designed speltyfica
handle the wide range of environmental conditidvad t
exist in a typical observatory, most people findtttihey
work very well. Industrial computers are availaltiat
their cost is usually 2-5 times higher than a staddPC.
Although the keyboard and monitor are not used in
remote operation, you will need them for setup ngfes
and trouble shooting.

It is possible to use a laptop as the Dome PC. dvew
there are disadvantages:

You can use MaclIntosh or other machines, rather gha
PC. However, the range of programs is smaller, and

The Dome PC — Design Considerations

The display on a laptop may not operate at the low
temperatures

Laptops are more expensive than office machines
It is difficult and/or expensive to add featuresa(s

as additional ports) to laptops

PC in ten foot dome

costs may be higher, especially as you add features

What are some of the features you will want in ypome PC?

Ports. You will want three available serial ports (sdepe, DDW, CCD), and preferably more.
Because most machines only have two serial partsnyay need to add ports using an internal card or
external expansion. You will also need at least printer port — many CCDs use the printer poft. |
you also want to run a printer, you would need @diiteonal printer port, or a switching device. &g
instruments may require a USB port. Internal @ardxternal USB four port expansion devices that
share IRQs are available for $125-250. Searclntieenet for the best deal.

Video input. If you want to use a video camera inside theaatlong Distance, you will need a
video card/frame grabber. Using this device, yan giew the interior of the dome via PCAnywhere

in the Host-Client mode. Some video cameras udg idfuts so this format will probably increase in
popularity, and some cards allow use of more thencamera. If the installation is nearby, you can
run a direct line from the video monitor camerahte display (bypass the computer).

Power On Control. You should try to get a computer that will tunm without needing physically to
push a button each time (see discussion on UP8mgdtelow). One way to handle computer crashes
and lockups is to remotely remove/reapply the pdaéhe computer (“power off reboot”). Some
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computers require a power button to be pushed tftepower has been lost thus preventing you from
being able to perform a power-off reboot remotealyorking around this problem is difficult, and may
require custom wiring inside the computer. Thiansssue primarily for long distance operations.

» Speed and power The Dome PC does not have to be a high perfacenarachine; however, it should
have a large capacity hard drive (to store the niawages). If you are using PCAnywhere or similar
host-client communication control software, theredme speed advantage for machines working
above about 500MHz.

* Network. The computer should include a modem and a nkteand as appropriate. See discussion
on networks, below.

* Monitor. A separate computer monitor is desirable, egfig@uring installation and trouble-
shooting; the monitor would be turned off excepewlin use.

» Keyboard. A standard keyboard and mouse is probably b&shough touch sensitive keyboards (to
eliminate a mouse) may be desirable to save vaduddsk space, using one with gloves on is very
difficult.

* UPS You will normally want the protection of backupvper for the computer.

Environmental Conditions for the Dome PC

Most Dome PCs are left on all the time. Thus thgeovatory is always remotely accessible. The heat
generated helps keep the computer warm enoughet@aigpin the winter and helps to prevent condemsati
from high humidity at other times. Cooling the qmuter is only needed if the ambient temperatuesris
above about 125° F. If the monitor is normally, &dtating it above the computer will help prevent
condensation in it. If you are in an extremelydcehvironment, a simple box to limit airflow thrduthe
computer will keep it warmer.

The User PC — Design Considerations

The User PC can be almost any PC. Because ibe/ilommunicating with the Dome PC over some
communication system, it will need a modem and netward. It should have a large hard drive, aslit
likely store many images.

Speed and power are important issues. You maphe greliminary processing of images in the Dome
PC and but will usually download them to the Us@rfBr later processing. Depending on the types of
image taking and processing, you may place largeimements on the User PC. For example, itis
common to manipulate dozens of images at oncejrmnegularge amounts of RAM (preferably 128Meg or
more). Some processing methods are very compoédiyantensive, thus benefiting from high speed
processing. How fast a computer to have is vergimaujudgement call. Given the rapid developmént o
new computers, if you are cash limited, you ardpbdy better off allocating more money to the
observatory equipment and less to the User PC.

Communication System (Hardware)

The communication system is the physical set oésvand attached devices that allow transmission of
commands and data over one or more links betweengér and the observatory. See Chapter 6 for more
detailed discussions of this issue.

A Direct-Link connection means that the User sits at the DomevRICh is connected to the observatory

components using short RS232 (or parallel) conaest{the Dome PC is either in the dome or nearby).

» If the cables are less than 50 feet or so, theaymable is not very important. If the cables laregger
and/or are outdoors, they should be in plastic etatrconduit (for protection).

* Runs of 100s of feet may require larger condudmreduce voltage drop. In most cases, the padctic
limit for these cables is 300-400 feet (parallettpables over 100 ft are problematic).

A Multiple-Link connection means there is a Dome PC in or cloffgetobservatory with its direct wire

connections to the observatory components. Theidsg a second computer, which may be nearby (100
feet) or long distance (100 miles).
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If nearby, the connection between the User PC and the D&nm&y be a dedicated line, such as a fast
RS232 link. A local network connection betweenttlie or more computers is more common. All use
inexpensive cards in the PC, inexpensive cablésefeiwisted pair or coaxial cables) and offer hégleed
service (e.g., 1 Megabyte per second). If younateknowledgeable about these subjects, educatssidéu
using library books, how-to manuals, computer megesz or Internet resources. Or find a mentor!

If long distance the communication link will usually be some cordiion of the telephone system (via a
modem), local network, Internet, or other publicegs system. In terms of physical wiring, all yaed to
do is make sure the desired links can reach thed&skeDome PCs. However, be aware that once you
connect to a public system such as the Internetwith have to provide some measure of securityyfour
system. Because the control software is so impgriee discuss the special Internet issues beltsy tife
software discussion.

Control System (Software)

In our reference observatory example, we plan tathe device control programs in the Dome PC aad th
user sitting at the User PC; however, other arnargges are possible. Let us look at this issuednem
detail.

The seemingly minor distinction of where the cohfm@grams are running carries major implicationis f
program and system design and operation. As wess®g this design choice can either expand otraon
the types of hardware and software you can usés cimtrol issue is one of the most subtle thatwdl
face in your overall system design.

There are two ways of handling the control progrémnshe observatory devices:

* You can install the control software for each devito theDome PC You then use software on your
control room User PC to “take over” and remotelyptcol the Dome PC where the programs actually
run. We call thidHost-Client Control because the client user is indirectly controllihg programs
via the host computer.

« Alternatively, you can install the control softwdiedesigned for it) for each device into yduser
PC. Your programs then “simply” communicate through Dome PC to each device. The Dome PC
must contain special software to sort out which fadevice) will be activated to execute each
command. We call thiBirect Control because the user is directly controlling the paots on the
User PC

CLIENT HOST-CLIENT CONTROL HOST
User PC Dome PC ~»CCD
Standard -
Device » Scope
Control -
\ Programs *Observatory
Remote . U Remote
Control |- TN N Control

Program Program
T

-

DIRECT CONTROL
User PC Dome PC .CCD

Mulfiple Multiple
Special Special
Remote = Remote
control N oo control
Device LN T PDevice
Programs ) | rregams = Observatory

»Scope

/ \7 RCO2
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Note-Direct Control and Direct Link are not the gsatarms: Direct Control is a software term, Direictk
is a hardware term. Direct Control is used to dbsche use of programs in the User PC to cotiel
devices directly, via the Dome PC. Direct Linkuged to describe direct wiring from the User P@to
devices. In a sense, Direct Link uses specialnarog in the User PC to act as though it were cdedec
Directly to the observatory devices. In contrékist-Client control uses a standard remote control
program in the User PC to control the Dome PC, Wwigconnected directly to the observatory devices.

Host-Client Control is most widely used becausmit be used with all existing hardware and software
Direct Control requires specially written prograntsowever, it may offer faster performance in some
applications.

Before getting into this, be aware that there i@ormous confusion of terminology in this area.
Unfortunately, similar terminology “Server-Client used to distinguish the role of computers in a
network. The term “Host-Client” is, however, udgdthe vendors of remote control computer software.
To make things more confusing, some persons usetieServer-Client for what we call the “Direct
Control” case.

In theDirect Control mode the instrument control programs run on theer PC. Commands and data
are tagged with the component identifiers and eeat the communication channel into the Dome PC.
There they are unsorted, and sent to each instiuméme dome (e.g., CCD camera). Returning data

follows the reverse path. This system is someticadied the “client-server” approach.

For many devices, this is fairly simple to desigrhese are devices that contain a fair amount of
“intelligence”, and can operate autonomously wittysimple, high level commands. Our dome control
system is an example, as the control computer aelgtdsend simple commands (e.g., “OPEN”") and
receive back short data packets.

Other devices, however, may require an intimateeotion to the controlling computer — the typical

CCD camera is a good example. Although commandstrbie relatively simple (“take a four second
exposure”), the returning data (the image) may laege and complex set of data. There may aldaillg
close timing requirements between some of the camdsand the data streams. Thus, the device may be
affected adversely by transmission delays, espgcaér the Internet where delays may be a second o
more. While it is possible to write software tatke this situation (usually involving splittingetfprogram
between the User PC and the Dome PC), therelésdithilable at the present time. Such programs te

be expensive, and may be limited in the range aivaare types they will support. Note that if yoarw to
use a several different control programisthe programs must support Direct Control—you camma

and match.

The alternative (and more common) method of congrtd useHost-Client, which uses a commercial
two-part Remote Control Program (RCP) to contrelllome PC and the device programs that are running
in the Dome PC. To operate in this mode, onessthe RCP (client) on the User PC and connectseto t
Dome PC (via network, phone line, or Internet) vehtre RCP (Host) program is waiting for the call.

Once connected, the user then can sit at his owmolked and monitor and remotely operate the Dome PC
He would start and run any chosen programs, op#ratelescope and camera, etc.

Note that the Dome PC must already be running BB Brogram in a “waiting” mode so that the
programs can connect. If for some reason the RG§ram is not waiting (e.g., Dome PC crash or other
computer or communication problem), then the cotioecannot be made and nothing can be done. One
of the issues in long distance remote control alisgris how to increase the reliability of this pess
(discussed below).

The advantages of this Host-Client system are

»  Flexibility — any mixture of programs can be runtble Dome PC
* ltis easy to add new hardware with new software
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» Network support services are available (see below)
* Inexpensive — only one copy of each of the mangntzory component control program is needed
for the Dome PC (plus one copy of the RCP for esdr).

What is the downside? Operation may appear slalveagraphics (Windows) data are transmitted from
the dome to the user. The actual time to tranargitaphic is not much different from Direct Control
however, all RCP programs seem to have lag timerbefny action starts after any mouse click. Tdgs
occurs in the dome (host) computer and can be aleseconds for each key click. In an experimest, w
found that the lag time can be reduced with adestputer as we saw lag times go from 3-4 sec at
150MHz to about 1 sec at 500MHz. Once the actiarss the time to transmit the screen update dépen
on the amount of data to be sent and the spedtk @dmmunication line. Speed is not very dependent
the user (client) computer. A more typical menlec®n on a program might take an additional sos€s
on a slow line, and one second on a fast netwArfull screen image might take 10-20 seconds over a
slow phone line and 5 seconds over a fast netwBdk.persons accustomed to fast response systeiss, t
will seem slow. However, in practice, most usénd that it is not a major problem.

To gain faster operations, many users go to a nahis6 colors, rather than other higher color sg#i
Color settings are present in the windows deskitop®th computers, as well as in some of the RER5,(
PCAnywhere has its own color settings in both thst land client). All of these settings must matsh,
you may get very poor video performance (ie., powmges transmission). It is also possible thatesom
programs (especially those written in VB) may deaig colors that are not in the 256 set. In thgec
depending on which program window is selected erdibsktop, you may get a variety of psychedelic
colors. There is little to be done about this @tde live with it or set the system for more caldand
slower operation).

You should also be aware that there are many atinflj claims that this or that RCP works well oedo't
work well. In practice, we find that for many pens, any of the programs work well. However, imso
users’ setups one program will work well while dretmay be incredibly slow or may crash often. The
moral is that if you have problems that seem ndtgt@olvable, try a different program. And dorét b
intimidated by those who claim that some prograimigsossible to use under some circumstance!

The RCP usually contains a variety of services ybatwill need, especially if the Dome PC is onublx

communication system. These services should ieclud

» Security/Passwords. The program should providersglevels of password protection. Passwords
should control where in the computer the user aamtpat files can be looked at or moved and what
operations can be carried out.

* Log Files. The program should be capable of réngrdiho is connected, what programs they ran and
other session information.

* Remote Configuration. The RCP should allow theiagstrator to configure the program for different
purposes remotely.

An interesting characteristic of these progranthas you can actually run two at once on a netwaéttr
example, the Dome PC might communicate with onegreusing VNC while another uses PCRemote (an
interesting experience as the two users can intgrac

Because a user may access several different olbseegaon the same night (or even at the same }ime!
avoiding confusion as to which one you are usirigh@ortant. The easiest way to do this is for eaittine
Dome PCs to have very unique wallpaper, i.e., dosttname one OBS1 and the other OBS2!

Because this control issue is new for many peopéehave tested several of the popular program&. Th
results are shown in the table.

What are the relative advantages and disadvantddésst-Client vs. Direct control?

Host-Client control is probably the most widely used optiomhé time. One can choose among several
general purpose, time tested remote control progithat offer quite high reliability, support a \etyi of
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communication systems (phone, network, Internet)tain logging and password protection, etc. Aanaj
advantage of the Host-Client control is that yon gae it to operate any software in the Dome P@nwW
excellent instrument control software programs dbsupport Direct control, but Host-Client control
allows you to use these programs without modifozatiNo inter-program compatibility issues arise, a
each program is running as designed (in a Windows@ment). Another advantage is that each usaer i
multiple user system only needs to have one prognairthe full set of device control programs.

One of the most frequently cited disadvantagesastilient control is the slow response time fa th
User PC. This objection arises with users who atgein a Windows environment and require transiomssi
of a large amount of graphics data. Obviouslys gibblem reduces if the communication baud rate is
high, as is increasingly the case.

Program Pro Con

PCAnywhere This is a common program that has been aroundt is fairly expensive (about
for many years and is in very widespread use. | 1$170). Transmission of full
has very good services (passwords, log file, file screen images is pretty fast, but|i
transfer, chat functions, etc.) and configurahility has about the same irritating lag
It is reasonably easy to use and as robust as angime for even tiny screen change
It can operate on RS232, networks, the Interngt @s other programs.
telephone systems

—

"

PCRemote Functionally, this program is a scaled down The purchase price is about $30,
version of PCAnywhere with a reasonable Speed is about the same as
amount of password, logging, and supervisor | PCAnywhere.

functions and is reasonably configurable.

Timbuktu This is a shareware program available at The purchase price is $129.95.
www.netopia.com/software/tb2/wirit "offers This program seems to update the
users a scaleable, multi-platform solution for usescreen much more slowly than
support, systems management, telecommuting PCAnywhere or VNC.

and collaboration across a LAN, WAN, the
Internet or dial-up connections It has file tramsfe
integration with Windows Network
Neighborhood, intercom and chat capabilities and
an Internet locator service.

VNC (Virtual This is a freeware program available for Its disadvantages are that it is a
Network download fromwww.uk.research.att.com/vndt | control program only, there is ng
Computing) runs on a wide variety of platforms and allows | file transfer capability included.

control of one platform from a viewer running gnit operates only on a network,
a different one. It's small (150K) and simple. IJ: does not include dialup and othe

=

can be run from a floppy (instead of being services, and has no online help|
installed like other remote control programs) and
shareable (meaning one desktop can be viewed
by several viewers at once.) It's free.

Direct control can offer faster response on slow comnaiitio lines because a higher level of data is
being transmitted more of the time. Of courseeomt image is taken, the time to send a copy dfilthis
about the same in both cases.

Disadvantages of Direct control include the needafbthe device control programs to support the
protocol. The programs may be hard to find, and te be expensive. For example, to provide direct
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control for many CCD cameras, there must be a aotiat program component in the Dome PC; i.e. the
Dome PC is not simply a gateway for commands. Tdiges the complexity of the program and its
maintenance. Nevertheless, more such programewveéhtually become available and Direct control wil
become more feasible.

Internet and Network Operations

Many users have a vision of operating the remoteérobobservatory over a local network or the Intgr
There are many ways this can be implemented, andilvexamine several (in order of complexity). &h
advantages of the Internet are sometimes oversaddthis type of use, the Internet simply offens a
alternative communication link which may be chegpeit not necessarily simple).

If the project is satisfied with non-realtime opéra, the user simply submits a request to the mfasery
“site” for particular images to be made. This t&done using a simple form for submission of the
request. The observatory staff would then take¢leest and conduct the operation and the regultes
could be sent to the requestor.

However, Real-time remote control operations areencomplex. In general, the user wishes to opéhate
target computer (DomePC) from a remote locatiohis s not just a matter of logging onto a web aite
downloading files. Rather, it requires actual atien of the target computer (either the DomeP€lfitsr a
computer that can establish a direct or Host-Cliektto the DomePC). In general, this requireat the
target computer must have a complete address angs#r must know that address to be able to atloess
target computer (the address is a multidigit nuntbar uniquely identifies the computer). A computet
hosts its own web site, or one that is on a netvoting a web site, will have such an address ¢gou
get the address from the system administrator).

The target computer would normally be running thsttside of the control software (e.g., PCAnywhere
waiting). The remote user would use the clien¢ sifithe control system (PCAnywhere calling). dsin
the target computer address, the call would be méudther over a local network and/or the Intermet a
the connection established, just as for a diregtdir telephone connection. If the caller and olagtery
are both on the same local network, there is lidflerational complexity. If part of the link isenthe
Internet, the characteristics of the Internet ftaéll come into play, especially the variable tsamission
delays (one of the characteristics the contromMemfe must accommodate).

If the target DomePC computer is on a network hgstis own web site (or if the target is a web)siite

will have a fixed address which the remote usertatold. However, if the DomePC is a web sitera
network served by a web site, the DomePC in theught access the web via a dialup connection to an
Internet service provider which will assign a temgeg address each time the dialup connection issmad
This setup will thus require an action by the Do@e® initiate the connection, and will require athe
Internet “tricks” to make a connection with a pdtelhuser (i.e., calling actions would be requiegdoth
ends of the links). For this reason, this doesappiear to be a practical system—effective remoitérol
requires the observatory to be associated withticpkar web site. Note that it is only the targétose
address must be known. The user can dial up bednternet from anywhere and make connectiondo th
observatory (assuming the correct control softwaasswords, etc.).

Now let’s look at alternative connection scenarios.

* The RCO might have its own modem and be connectadélephone line. The users would call over
the phone system, connect, and use the observatbey system is simple, and easy to administer.
The costs to the host depend on the phone sersak but would normally be no more than the phone
line cost. The user will bear the connection cémtshe session (several hours), and may be
substantial.

* The RCO is on a network having its own domain naifige inside users would simply call over the
network to the observatory, establish a connectiad,operate. Outside users could call their ISP,
connect to the Internet, contact the observatomp&®C, and operate (or the local network might have
an outside inbound modem to allow outsiders in&ltizal network). Inside users achieve fast, easy
service, while outside users have only their Igdaine costs.
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« The RCO is its own domain. Its connection to thterdnet may be a continuous line (phone line, T1,
etc) or it may be only on demand (when an inboumerhet call arrives at the service provider). sThi
is highly flexible, but requires the most “overhgadboth administration and cost.

These alternatives involve various tradeoffs ot emsl flexibility. However, in all cases, once yexpose
the observatory system to the whole world, you wiint to be sure to have extensive password arat oth
protection. Some remote control software such@&riwhere does contain these features; however,
other software does not. If you are using a dicectrol system (i.e., integrated remote contrdtveare),
you will also need to protect the system from idéts. Be aware that some of these systems mdanet
extensive protection, or the writers may not hawuemexperience with it.

These approaches are all ways of using the “nornealibte control methods to operate over the Interne
for at least part of the communication link. Mamabitious is the idea of allowing a user to empoy
browser (e.g., Netscape) to access a site andteggbheaobservatory, i.e., without having to employ
PCAnywhere or an integrated astronomy program. ahvantage, of course, is that users of such agite
not have to have specific software to use the obsery. While such a site that allows operatiothvanly
a browser can be developed, this would be a vegg laffort, especially if it is to be able to ogera wide
variety of observatory equipment. Never the lgasious persons are attempting to develop suclemsst
and they will surely meet with at least some sugces

Computer System Reliability

In the case of a nearby observatory, a problerhércommunication or control system is easily haddle
the user simply goes to the observatory and fitxeslowever, at long distance, a failure of thetays
means there is nothing the user can do until someosomething fixes the problem. To accomplish a
reliable long distance RCO, the designer must demsind eliminate as many sources of failure as is
feasible.

Techniques to increase the physical reliabilityhaf system are discussed in detail in Chapter &, Th
Observatory and Control System.

Computer software reliability issues are the mosamon problems you will encounter. Even though the
Dome PC may be electrically sound, the operatisesy or programs may not be crashproof. Windows
programs are well known to crash or hang up in mbwperation. However, in a remote operation, we
demand that the software run flawlessly for weeaksl be always ready to make a connection with a
remote control program. Many users find that tfabpbility of some type of software failure will
approach 1-3% per day. For a nearby set-up,ghisti a big problem because you can simply godo th
observatory and reboot the machine. However, g tlistance remote site requires a system to detett
correct all types of software failures.

You may experience software failures during corineadr while a program is running. Thus, even when
on line, the system or program may crash or harsgiah a way that you can do nothing.

We have seen the case when the Dome PC prograkesllap. However, PCAnywhere on both ends was
still running so that the user could reboot the [2dPC by remote control. Unfortunately, when therus
rebooted the Dome PC, Windows closed the PCAnywhiexgram in the Dome PC first, but the next
program to close as part of the rebooting processght up a message requiring that the user acletmel

it. Because the PCAnywhere had already closedgtimete user could not even see the message and
system rebooting stopped. Even though the comratiaiclink was still running, the user had no cohtr
and had to go to the dome to hit the Enter kegcidlentally, the dome still would have closed
automatically as a result of protections within DDW

In sum, Windows running on a PC was not designethie type of service and has potential problems i

it. On the other hand, there is an incredibleetsirof inexpensive hardware and software that ssgied
for Windows. Some persons may wish to go to diiféioperating systems or machines to gain more
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reliability. However, even if it is better (ancetle are always new bugs!), most users will not st
option and will instead set up a Windows systent ¢ha handle these types of faults.

The best solution for this problem appears to bgréeide for a rebooting system that will activateen
any part of the Dome PC system fails. This willdbBower Off Reboot, as any lesser Reboot mapeaot
effective and PCs do not provide for an externbbat connection. Because the types of faults ared,
such a system must be carefully designed.

In the case of the DDW dome control system, we lreReboReboot system available as an option.
Briefly, it uses several tests to determine whecutoff power to the Dome PC to perform the PowérOf
Reboot. One test is a type of watchdog: if the DERNnquiry fails to arrive within 8 min. the domdiw
close and the DDW RoboReboot will reboot the corapulNote that the Dome PC must be a type that
restarts when power is applied. Some computergnethat a “Power” button be pushed every time @ow
is applied. In this case, the computer may recaimeodification to allow the RoboReboot to stad th
machine.

Custom Software and Scripting

The designer of the system may evaluate availaiftesare and conclude that none of it has quite the
features he wants. Or he may want to have twaepie€ software work together that were not desigoed
do so. Developing custom software control cansbgimple as writing a several line script to geadeom
one program to another, or it may require a majeestment in program writing. In this section, wié
explore a few of the alternatives.

Most commercial software is “closed”; i.e. the usannot get at the source code to make additions or
changes. This is not true of all software — sonamufiacturers make their source code available. In
addition, there is a fairly large freeware markéeve much of the software is “open source”.

An increasing number of software developers aretndny aware that their users want to be able to
customize applications. Here are four differemirapches in today’'s marketplace.

1. Include Everything. Some of the commerciatwafe companies deal with this desire by attempiing
include every option that everyone wants in theftvgare. Such software is highly integrated antil wi
meet the needs of many users. However, it tente Expensive, large, and complex. If it doesofier
some feature you want, you may not be able to opathof your hardware.

2. Joint Development. Another approach is fougpdier to identify potential benefits from workimgth
software from other developers. This can leaditat jprojects between manufacturers. An examphhisf
is that several telescope control software devetobave incorporated simple changes to export the
telescope direction information so that the domelmslaved to the telescope movements.

3. Interprogram Data Transfer. Other softwaresttgpers provide a means of receiving and senditey da
and commands. For example, a telescope contrgtamomight provide a means for accepting telescope
movement commands, while responding to externaliegiéor telescope position data.

One simple method for doing this is for the progtarmsupport reading and writing simple text fileghus,
an external program might write a text file thatlimes the command “OPEN”. The dome control
program might check this file every few secondsfew entries, would then open the dome and write da
to a similar text file for external programs todear his method is simple and easy to implemerttjthsi

not real time, and cannot offer tight control antkiaction.

4. Scripting. A more complex, but powerful inteiae method is to use a form of “scripting”. Th@sh
common is a highly structured but fairly simpleuse system supported by Windows called ActiveX.
Using ActiveX with programs supporting the systéine user can write scripts that will command difer
programs to execute commands or provide data.sy$tem can allow the user to develop his own

Page 29



complex processes that might operate more quicidyaecurately than “manual” program operations.
Obviously, it is also feasible to use scripting &rtomated operations (see Chapter Seven for nmotte ).

ActiveX has a steep learning curve for the writed & requires that the programs support the deésire
actions. In 1999, a coalition of astronomy vendimegeloped a standard called “ASCOM” (Astronomy
Common Object Model) to make scripting more widehgilable to astronomers. ASCOM is discussed in
a Sky & Telescope article (May 2000). ASCOM alss la web site http://ascom.dc3.com, which includes
substantial discussion of the standard and a gigpWilorary” of scripts.

Summary

Both Nearby and Long Distance remotely controllbdesvatories are entirely feasible. In general uber
will probably have a Dome PC, a communication kmki a User PC. Remote control software allows very
flexible choices for operating programs that cdnéguipment in the observatory. A PC Windows based
Long Distance installation must provide for detestand correction of failures of the software syste
achieve reasonable levels of reliability.
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5. The Telescope and Its Control System

Introduction

In this chapter, we describe how to control thegebpe in a remote observatory and what some of the
problems and solutions might be. We will assuneelthng Distance reference system that uses a
computer-controlled mount on a pier, CCD camerasaitivare running in the Dome PC. The user
controls the system using the Remote Control ProgRCP).

This section is NOT a tutorial on using computentcolled telescopes. We assume that you are famili
with such instruments, how to setup and align tloemh, how to balance the system, how to arrangkesab
so as not to snag, how to establish computer liitk tlie telescope, etc. Our focus is on the specia
problems of operating such a telescope remotebgaally at long distance.

As part of our discussion, we note the featuressfiodtcomings in computer controlled telescopeesyst
now on the market. They are not yet as convemigiihey could be for remote use. To help the sslect
a system (or at least, to know ahead of timentgditions), we include a table of functions that ar
desirable in telescope hardware and software.

General Mount Considerations

In this section, we will discuss telescope mounteimote
control astronomy. The telescope and mount may be
manufactured as a unit or they may be separate itérar
example, the popular LX200 series of S-C telescopes
include the yoke mount as part of the instrumehijerthe
telescope and German Equatorial mount (GEM) for our
reference system are manufactured by different eoeg.

The most basic requirement is that the mount batdampf
computer controlled movement so that it can be telmo
controlled. Nearly all the available mounts usetoa
commands that are similar to the LX200 set for Whfeere
is a fairly large amount of control software.

You should know whether your mount uses servo (smal
DC) motors for their drives, or stepping motorgegping
motors tend to be less expensive; however, theyotlo
have as wide a range of speeds as a servomotdriglit
speeds, their torque decreases significantly. ;T$tepping
motor driven mounts tend to have low slew rate8 (leg

per second), while servo controlled mounts can nabve
about 10 deg per second. Computer controlled GEM and telescop

w

D

The higher speed is an advantage in imaging a faugéer of objects around the sky. High speedstémd
go along with greater power, which allows the mdontarry more weight or a higher moment of inertia
telescope. A mount with a stronger drive can haadjreater imbalance in a telescope setup witlrbue
slippage. It can be difficult to balance a telgsem all directions and it is a real pain to haweebalance
a telescope even for small changes in the optétaps

Issues related to the type of drive include theigren of the position readout, how accuratelytédescope
can be pointed around the sky, and how accurdtelynount will track a celestial object once itasifid.
Although remote control vs. hands-on use doesmpbse any unusual requirements in these areas, it i
especially desirable in remote operation to haeei@te pointing to minimize the recalibration peabk.
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Ironically, in many installations, the inherent piimg accuracy of the mount is likely to be betten the
quality of the alignment operations carried outloy user. With very good setup, one can typically
achieve a pointing accuracy of several arc minateand the sky (a few do better, but many instaltet
do much worse than this).

At the risk of alienating partisans of particulaounts, here is a list of the currently availableums with
some level of remote control. These are relatil@ly priced units — professional level mounts are
available from other suppliers at higher cost.

Mount Description Comment

Combined S-C telescope and Yoke Mounts

Celestron Ultima 8" S-C telescope on yoke mount.May have problems carrying large
About $2-3K. camera. One model very suitable in
wide-angle CCD use.
Meade LX200 8-16 inch SCT on yoke mounts.| Most popular telescope, widely
About $2-16k considered a good value.
Meade ETX Series 3-5 inch SCT on yoke mount. | Not generally suitable as it will not
$500-1000. carry large CCD camera.

Separately available German Equatorial Mounts

Four sizes. High quality,

AstroPhysics 400-1200| telescope size to 16 inch. $3-9K

Bisque Paramount Current model uses stepper Recently improved with servomotors
motors. High quality, telescope | and other changes. Mount requires
size to about 11 inch. $9K PC to access major functions

Vixen Polaris Medium quality, handles smalle
telescopes $1-2K

Meade 750 Medium quality, handles small to
medium telescopes $2-3K

Takahashi High quality.

Parallax Various sizes, uses AstroPhysics
control system on Parallax mount

Pier

Your mount will sit on a pier or a tripod. Whilgrgpod takes up more floor space than is usually
desirable, this matters less in remote operatidmer&the human is not in the observatory. Agamate
control does not impose any particular requirenoanthe pier design. Because no one is in the denesn
observing, the pier can in principle be less splidbunted than in hands-on installations. On thero
hand, in a long distance installation, if the mkifts its alignment (misaligning the telescopeyiil
usually require a personal visit to the site tdaesproper alignment. In general, a solid, staidéallation
is highly desirable.

Mount Physical Alignment

All computer-controlled telescopes provide for egiaration (sometimes called resynchronization)iclivh

is often needed when a telescope is powered upparked at the beginning of a session, and somgtime
during the sessionRe-calibration is distinct from the basic mechaniedignment process by which the
polar axis is aligned along the earth’s axis usingsite adjustments. This is done as part ofritiali
installation of the mount. Many computer-contrdll@ounts include a hardwired capability to heljs thi
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mechanical alignment process, while others prosidsh assistance via software. Of course, onelsan a
align a mount without any computer assistancetmiptocess takes much longer. Once the mount is
aligned, it should remain well aligned for longip€ls, assuming the pier and footings are stable.

Note that some software allows the telescope tacoarately pointed even though the mount is misatlig
to the polar axis. T-Point from Software Bisqua, éxample, “calibrates” on several dozen stafse T
software then measures the error in the mountmlkgr and corrects for that error when sent to tqueer
object. This solves the alignment problem but dusgprevent the residual alignment error from
contributing to field rotation during long time eogures.

The degree of tolerable alignment error dependsoonyou are using the equipment. Many amateurs
successfully operate with alignments off by morenth degree. However, for long time exposures@nd
accurate remote pointing, alignment to a few misatearc is usually necessary. This degree ohaignt
precision is completely feasible, but requires ¢arattain and a stable system to keep.

Even if the mount axis is properly aligned to tlaetle, the optical axis of the telescope may be lngised
with respect to the mount axis. This may arisenfeomechanical misalignment or from the opticasaxi
being shifted relative to the physical axis of thkescope. A misalignment of only .010 inches @4a
inch long mounting plate is 1.5 arc-min, and wilroduce a 1.5 arc-min error in pointing. It isgéo
have 10X this error, especially in any telescomduiding adjustable mirrors.

This is not usually a serious problem in commergi telescopes on fork mounts, as the mount and
telescope are aligned at the factory. Howeveaiitbe a serious problem (called “orthogonalitgt) d
telescope mounted on a German Equatorial mountati@o of the telescope 180° (necessary as a GEM
moves from one side to the other) will introducgeaous pointing error if the telescope opticakaginot
perfectly aligned with the mechanical axis. Theigon involves performing aligning steps with the
telescope flipped in both directions, and adjusthgoptical parts or inserting shims to align dipéical
axis properly. Failure to do this accurately major source of pointing error in GEM systems.

Starting the Telescope : Parking/Unparking

In a typical observing session, you will begin lmpoecting to the Dome PC, start the dome control
program, and open the dome. You will turn on tledcope mount, then start the telescope control
program in the Dome PC. However, before you camentbe telescope, you will need to Unpark it from
whatever position it had been parked. To undedstamparking, we need to understand how Parking is
done.

Before we ddhat, you should be aware that different manufactuapry the term Park/Unpark
differently. We will use it here in the broadeshse — the actions used to allow the telescope tefbfor
a long period of time, but ready for reuse.

Remember that most computer-controlled telescopésreunts were NOT designed for remote operation
and so do not contain the protections or servitasa RCO needs. For example, in most computer-
controlled telescopes and mounts, the drive runirmoously in the sidereal tracking mode. Thaifikeft
alone, the telescope will rotate until somethirapstit (e.g., mount hitting the pier, wires wragparound
the mount, short circuit that burns out the motets,). Simply turning off the telescope is notogtion,
because this will cause most scopes to lose thkbration (knowledge of where they are pointing).
However, if the scope control software can rechedfosition before the power is removed, then wken
powered, the telescope control program can propedglibrate the telescope. Some software products
have these features, and scopes and moutns arfeegjisming to incorporate these features.

There is an alternative to “simply turning off thewer”. Most mounts do have a computer commantd tha
allows you to partially “park” the scope by at leasning off the tracking (usually by commanding a
sidereal rate move to the east). Unfortunatelyafidelescope software (or even hand controllesfl)
support this command. Worse news is that evethfoscopes having this function (such as the LX200)
the power is interrupted and then returns, thestelge will probably again start tracking and wikkh wrap
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its cables and may damage itself. This event egorbvented by deliberately (remotely) turningpdtver
to the scope after parking it.

As you can see, parking is not a simple processbuild a reliable system, the user will probabnivto

assure the following:

» the scope can be directed to a particular parkipasi This may be one of several standard position
or it may be in any direction.

* movement (tracking) can be stopped

e power can be turned off and on remotely

To unpark the telescope, the power would be tubaet on (e.g., via the remote power option in the
DDW). Once turned on, the telescope will usuaga initial calibration information so that theestope
would now know where it is. These data may be Beghfirom the scope control program, auxiliary
program, or parking control hardware. In some sad® mounts will have stored the parking infoiorat
so unparking is simple.

These actions can in principle be carried out eitiseng software (using the scope control programno
auxiliary program) or in hardware (a controllerttisadedicated to assuring parking under all cool).
Each has its advantages and disadvantages.

Let’s look a little closer atvhere the telescope should be when you park it. In g@nmost users want the
telescope parked horizontally to minimize dustlom dbjective. Some directions may be more conwnie
than others. For example, a German Equatorial et has its counterweight straight down (ouhef
way), but if aimed south, the counterweight arrhasizontal (more likely to be in the way). Finalthere
are some operations (e.g., taking flats) in whiehuser may want to park the telescope in non-atand
positions. Although at the moment, parking iswetl provided for in software, this situation isaciging
rapidly.

Software Parking. Software parking/unparking options are few. Onfgw scope control programs
support commands related to parking/unparking,reom support all the commands for more than aeing|
scope. Even if they support the commands, therpnog are not configured for convenient parking and
unparking, especially to allow the power to be @droff. It is feasible to write an auxiliary pregn to
provide parking and unparking, but these are noegaly available.

Hardware Parking. Another Parking/Unparking option that will sooa évailable is a hardware based
system called RoboPark. Using this system, thkipguaction would be triggered by either a software
command from the scope control software or by aradlstion (such as the dome closing). The RoboPark
unit directs the scope to a known park positiom, simuts off the tracking. Power can then be tunféd
When the power is turned on, RoboPark automaticedparks the scope.

A software solution would likely be less expendivan a hardware solution, but would not likely oftiee
same capabilities to provide power off parkingpauatic parking in event of computer crash, etbese
functions, of course, are very important in a resmayeration.

Re-calibration

In any case, once unparked, you can then useldsetpe software to direct the telescope to a known
object (the moon, planet, or a star), and use P &nager to verify that the telescope is aimedgprty.
However, you may find that the telescope calibraitincorrect, thus causing the object not to shpw
when you take the image. The telescope is notipgimvhere you think it is and you are 20 miles pwa
What do you do now?

Unless you have planned ahead, there are only lwwites:

* You can visit the site and re-aim the telescop(@ aile trip?)

* You can attempt to search for a known object. koght be lucky; however, a systematic one degree
search using a typical scope/camera could take2B@exposures (good luck!)
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However, a better solution is to recalibrate retyotd his is feasible, but requires advance plagrind
some experience.

The problem is that even if the mount itself isgady aligned mechanically, the pointing electrenicay
still be confused as to where the telescope isaim&A and Dec, i.e., its “calibration”. When the
telescope calibration is wrong, the telescope #ilnit is looking at a particular RA and DEC, whien
reality it is looking somewhere else. Thus, whemdser directs the telescope to an object and take
image, the object will not be at the center of@@&D camera and may even be completely off the ca@mer

Calibration (pointing) errors of 10 a-min or mornde caused by orthogonality errors (mechanididalp
misalignments). Nonmechanical calibration errarrses include bugs in the design of the parkingygyo
off, power up or un-parking routines, while computck or telescope mount clock errors (changes in
clock errors from previous sessions) will causébcation errors when restarting. Calibration esroray
even be as much as 90 degrees or more, particiflariable snags during a slew motion.

Switching a mount to “lunar” or “solar” or othermsidereal rate during a session can cause a nmunt
lose calibration during a session by a degree aerfthis is rarely documented in the instructiooks). If
such a mount is then parked without having beealitgated, when the mount is unparked its calibrati
will be wrong.

To correct a calibration error, you must be ableito at a known recognizable object (e.g., brigitat er
planet) at a known position in the sky. You thee the telescope control software to order thesctelge to
“change its mind” to accept the new (known corr@atinting direction: this is the calibration or
“synchronization” process. The operational probleto find that known object. If your only tod the
CCD on the scope, its field of view is small andyea will find it virtually impossible to find thebject
even using systematic using search methods.

Let’s look at some of the strategies for solvinig ttroblem by remote control.

A very small calibration error is easy to fix:

* You command the telescope to a particular starchvhppears somewhere on the CCD image (but not
at the center where it should be)

» Command the telescope to move slightly to put thjeat in the center of the image

» Calibrate on the new correct position (i.e., yomaotand the telescope software to send the known star
coordinates to the telescope and tell it “calibatehis”). Some software, such as TheSky, chiks t
“resynchronization”.

* Go to a second object to check that you calibratethe star you thought you had!

Often the calibration error is the result of clagkors or some tracking error that result in thepscbeing
aimed West of where it thinks it is. If this ikdly the case, you can slew the scope to what dHmriba
bright star. You start your CCD in continuous iraadgking, then start the scope moving slowly eastwa
so that you will see the star pass through thd fiéview. When this happens, you reverse directijet
the star, and recalibrate. If the scheme doesvodt and you have not recalibrated, you can dallvsback
to your starting point.

If the object is completely outside the field oéwi but you think it is fairly close (say, withinlha degree
or so) you might point the telescope to somethlrig™like the moon or Andromeda or Orion Nebula.
You could then take an image that will show sorme githe object, figure out where you are, then
roughly center the object by moving the telescagsing the known position of the object, you then
proceed as described above. Having achievedstaeaugh calibration, you would then go to a star
planet, precisely center it, then recalibrate dyact

If you think you are close but do not know whichedtion to move, you might want to conduct a spiral

search pattern. Doing this easily is just wislffihking at this time — virtually no software hamst
feature, so you would have to conduct this searahually.
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The best and most flexible process to recalibraterfoderate pointing errors we have seen is tauseall

wide angle viewfinder equipped with a simple videonera that you can use remotely. Options include:

* Video camera mounted on a wide-angle telescopéwaifinder to gain a larger field of view than the
CCD on the main scope. This will usually giveeldiof only about 1-2 deg, not sufficient if thepe
is far out of calibration.

* You can make (or buy) a simple video viewfindertegming a 2-3 inch fl objective. This will give a
field of view of 6-8 deg or so, a very good compisen

* You can also mount a video camera on the outsidleeafelescope tube. This will give a wide fiefd o
view (50-90 deg.), but this is so wide that youl Wave difficulty aiming the scope accurately enoug
for the main camera.

Thus, if the calibration error is less than thédfief view (e.g., 5-7 deg.) you would use the video
viewfinder to center the telescope on a bright aljstar or planet) and perform a rough calibratidtou
would then refine the calibration using the maiegeope/CCD. Used with a frame grabber card, eovid
viewfinder allows remote recalibration at low expen However, this approach does involve the auiditi
of cables, brackets, etc. onto the moving telescdipgou don’t deal with this in a long distancpevation,
you can easily lose nights of operation due taned to visit the site to recalibrate.

In theory, another method of discovering wheretéescope is pointed is to use star field iderdtfan.
Using the CCD camera, you could take a picturddafit to show a number of stars (say, 20 or more).
Computer programs exist that can compare the C@Dpsttern to computer star maps (a program called
PinPoint is one of these), and thus identify thelskation (the direction of the scope). HoweYer,
successful operation these programs rely on knoaingast the approximated direction of the telpsgo

or a very large scale (covering many degrees of skyou cannot satisfy these conditions (and you
usually cannot in a radically miscalibrated scoff®&d,computer time necessary for the analysis easob
long (many, many hours) that it is not feasible.

What if none of these imaging methods show resinticating that the telescope is seriously out of
calibration (e.g., more than 5-7 degrees away ftomect)? Because you are “flying blind”, you hane
way of knowing whether you are a little off, or wher the scope is 90 deg off! Because you dorstkn
where the telescope is pointed, you may even darsagpething by unknowingly slewing the telescope
into bad positions.

The simplest method to obtain a rough calibratitwilevprotecting equipment is to have a video canrera
the dome (this is discussed in detail in Ch. 73ing this camera, you can look directly at thesebpe and
see very roughly where it is pointed. Watching\lteo image, you can then direct the telescofe to
known direction (e.g., due east) which is accueatgugh for the video viewfinder to take over.

Because of the limited resolution of the video yiet unless you take other steps, you will notlide to

aim the telescope to better than about 20 degs&ksiot enough even for a 5-8 deg. video viewénd

However, there are simple steps that will achieved#&g pointing using the In-dome camera (thuseclos

enough for a video viewfinder to take over). Polsssteps include:

» Install a mirror or other target on the telescopéhait the video camera will show alignment aldmey t
center line of the video camera. This is hardetoup and is subject to being bumped out of
calibration. It is also difficult to know which wdo move the scope to achieve proper aim.

» Install a small laser on the telescope which wdlce a bright dot on the observatory wall in a know
position that can be seen by the video cameras i$Hairly good alternative. The laser can be
powered from the video viewfinder.

» On each axis, install a magnetic or mercury swiitett would activate a small light to be seen by the
video camera. The light could be battery powetkds, no wires), and the switch would be placed so
that the light rarely operates (easier said tharejlo

» Develop two easily recognizable lines at right asgb one another that can be recognized in treovid
viewfinder. These could be reflective tape onittséde of the dome, or they could be the roof and
chimney of a nearby building. If the lines extextdeast 10 deg or so, they can be tracked (eveo if

Page 36



close and out of focus) using the video viewfin@der the intersection will show calibration to viith
several degrees.

» Low Tech/ Good Results: apply highly visible poister tape markers on the axes of the scope that
are visible by the dome camera. These markersngitate when the scope is at a known alt-az
position(not necessarily the normal home parkedipa¥. In most setups, you can easily achieve
better than 5 deg accuracy of pointing. This metiseasy, and not subject to error.

Thus our recommended remote recalibration systefndes

» Use of an in dome video surveillance camera thkisiwow the approximate pointing of the scope

» Avideo viewfinder on the scope with about 5-7 dedjield, and the ability to locate the scope
alignment to within 10 a-min.

» A scope control program will let you make relatmevements in the sky, e.g., 5 deg E or N. If your
program does not support such movements, you aiého point and click on the screen relative to
where the scope thinks it is.

Let’s sum up the process: Assume for example teatdference position to be due East at the harizon

Recalibration would be as follows:

» Use the dome video camera to monitor moving theeto its the its normal park position as
accurately as the pointers on the mount (or otheams) will support.

» At this point you know within 5 deg where the scigpointing. Use your scope program to
recalibrate the scope to this position. For examipl TheSky, this means clicking to the referealte
az point (East on the horizon) and resynchronigiegalibrating) the scope.

* Now, at night, slew the scope to the brightest cthjenvenient (or use a daytime calibrated object).
Use the video viewfinder to center the object (ymay have to do a little searching). This should no
be accurate to within 10 a-min, close enough tavsbio the main scope CCD. Recalibrate the scope
again.

» Finally, use the main CCD to center the scope pedgiand recalibrate.

Yet another approach to recalibration is to finel Ait-Az of the telescope. If you know the alt-gay can
use most scope software to recalibrate the scBpeexample, using TheSky, you can locate a spthen
screen that has the alt-az of the scope (thisrimdition is provided on the screen) and then recbhat
that point on the corresponding RA and Dec.

One way to get the alt-az of the scope is to oles@rsing the CCD or video viewfinder) an objecibiis
through the open observatory (a house, streetlggbt) If you have previously determined the aléthe
object, you can then recalibrate. Of course, wiles target is illuminated, this trick will onlyork in the
daytime. Many telescopes will be too far out afife and have too narrow a FOV for this method tdkwo
well.

A completely different approach is to have eleeairswitches or even mechanical stops at a knowitipos
on the mount (this is a fancier version of thedkilternative above). Some telescopes (e.g.,6kHach
LX200) have such “home” or reference switches. I/tiiis can offer a reasonably precise calibratitois,
at the cost of installing devices and wiring orite moving parts of the mount and usually requires
compatible software to read the resulting data.vitleo camera is still very desirable so you canwgkat
is happening!

In summary, telescope re-calibration must be agfarbur system design. In a nearby applicatiompte
re-calibration techniques may be sufficient. Hoerein a long distance observatory, faulty calilorais a
serious potential trouble source, and your strategyrrect the problems that must be carefullygiex
and tested. Most such systems rely on a video icato&llow a view of the telescope and/or throagh
auxiliary telescopelf properly prepared, even large-scale re-calibraticthe mount is easy in a Long
Distance RCO.
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Focusing

When operating the observatory remotely, how dofgous the camera? Or do you simply focus when
you set up, then leave it alone?

In nearly all astronomical imaging, the focus muestat least very good. To get the best resultsisfo
should be as good as you can get it! Many setulpsivow image degradation if the focusing is off b
even a thousandth of an inch. Focusing is crititils almost never sufficient to focus the tetgse and
camera, then leave them alone indefinitely. In,fa@any installations require focus adjustmentsyefewv
hours. Shifts of focus result from mechanical Eyeesss anywhere in the system: mirrors shift, egepie
tubes bend, etc. and will often show up as thestelge changes its orientation. Temperature chaarges
notorious cause of focus shifts, particularly wC telescopes.

Although there exist several motor-driven focugbet can be operated remotely, they are expensive,
limited in travel motion, and are not “system desid” to operate easily at Long Distance. Some it
carry the physical loads needed from heavy or asgtmicncamera systems with heavy cables. Many are
very difficult to retrofit to existing focusers, gcially on refractors that require long focus lisg Others
will slip when power is removed (not a good ideaaovertical telescope when the power goes off!)
Finally, only a few have digital readout and pasitcontrol, which is almost essential in remoteytouled
astronomy. S-C scopes such as the LX200 can lanpdesmotors added to the focus knob. However,
these motors provide no remote readout, and ajedub backlash and other remote operating praoblem

Before getting into the remote focusing processiember that you will set up the telescope and camer
(and other optical equipment) in a hands-on sessldrat is, you will install a desired mixture efises,
filters, etc., and will then make sure the systemwarking (by operating the system with the Domg.PC
You will perform at least coarse focusing. In maggtems, this is hard to do in the daytime, fqgects
even a mile away may have very different focus fsdirom those at astronomical distances.

Some telescopes will have both a rough and a finesf adjustment. For example, if your SCT is epgib
with a motor driven focuser on the eyepiece, thegghofocusing can be done with the regular focuskno
while the motor driven focuser can be used for fowus.

The remote focussing problem results partly fromttime needed to complete a CCD image before you
can see the result of a focus action. Focusingpise difficult if you focus on a non-point objestdrs are
easy), or use software that does not provide a goerbure of focus (max pixel or FWHM). Focusinghwi
a video camera is easier because it gives instedbick.

In general, you want the best possible focus. This
requires taking a succession of images, compakiew t
and determining the best focus position, returmig,
and verifying the result. In practice, this procisss
difficult because most remote focusers do not have
calibrated movements, or if a focuser has theny;, tinay
have substantial errors (especially depending en th
direction of travel). Some remote focusers wilt move
slowly enough to allow 0.001-inch movements.

Part of the problem is in the hardware, but sofeazan
also make the process difficult. You will normatigive : L b

two different programs running — the CCD program fo Home-built robotic focuser
imaging and the telescope program that usuallyaiosit
the remote focusing control. Some CCD programglarasy in doing the many quick images desired
during a focusing operation. The program may Hotemultiple images to be retained on the scrélens
preventing image comparisons. The telescope fogusiftware may provide little or low quality feextix
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to the user of the focuser position (some useithe df motor operation as a surrogate for positiorpu
will have to develop a strategy that suits youtipalar system.

Indeed, as this is being written, our company késased a digital focusing system (RoboFocus)céat
be attached to almost any existing focuser. Theegy allows remote digital operation, and includes
automatic backlash correction. Use of RoboFocusimilar device will revolutionize how remote
focusing is done.

In fact, it is easy to imagine a system in which thcusing program remotely directs the CCD to take
successive pictures as the focuser changes the fmeler computer control. The program analyzes the
pictures for sharpness and sets the focuser thebieposition. This product may be available efau
read this!

Telescope Parking and Storage

When the observing session is finished, you shpat#t the telescope in a standard location anddffrn
the power, if feasible. Different mounts and saitevprovide for different parking arrangements, as
described above. Within those constraints, thexesaveral issues.

Some mounts provide no parking; some prescribécpéat telescope positions, while others allow jragk

at the user’s discretion. Choose the parking foséfter considering the various alternatives:

» Horizontal telescope and/or dec axis parking allows to use a spirit level to do a rough re-
calibration.

» Horizontal telescope parking tends to reduce dettlireg on the objective

» Parking at one angle vs. another may reduce thecehaf water dripping from the observatory roof
from striking the telescope (we know of a telesciopa competitor's dome whose CCD camera
became encased in ice as a result of a leakingestgatsket).

* Some parking positions allow you easier use of sjrathe dome during visits to the observatory

This is a good point to discuss telescope stor&yee consequence of remote observation is thanibt
usually feasible to provide covering against dostlie telescope when not in use. With a reaserdiot
free observatory and good parking geometry, thitsusually a problem with a closed tube telescope
Every six months or so, the dust should be cleafigthe objective (or corrector for the SCT). Revimy
dust is important, as it can combine with watem(dend damage the glass or coating. If you havepsm
tube telescope (e.g., Newtonian), you will likeBve more of a dust problem.

Another concern is the action of humidity or dewtlea finish of the telescope, internal parts, diasp

Dew can form on any surface when the surface testyer drops below the dew point (when the humidity
of the adjacent air increases to 100%). Humidjtytelf causes few problems — it is the formatadn

dew (liquid water) that causes problems. In faxist telescopes are quite resistant to damagedsam
Dewing is less of a problem inside an observatoantoutside. In extremely humid climates, somesuse
will place a dehumidifier in the dome to reduce de®thers will turn on a light bulb (50w) or simila
heater near and under the telescope to heat textgle a few degrees. Usually, this is all thaeisessary
to prevent dew formation. Using a remote poweltmbnyou can turn off the heater when you observe.

You might think about remotely operated dust covérgese are not generally available, and would
certainly add more complication and potential fiagluln the end, most users find that a telescope i
dome, consistently parked in a safe position andawably cared for, is not seriously affected leyldtk
of a cover.

Summary
Although most computer-controlled telescopes apaloke of extremely good results in remote service,

most were not designed with remote control in milau should be aware that most telescopes and thei
associated programs do not contain extensive auies| error detection, and error or fault corrattio
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routines. Telescope system failures often shownlp when you attempt to take a picture and firel th
object is not there.

We have mentioned that most telescopes, oncedtaaieking, will track forever. In a related prebi,
virtually no telescope or telescope software inekiddjustable motion limits. That is, you canrmogpam
how vertical or how horizontal the telescope cavenio the various directions. At most, some mounts
limit the movement close to vertical or limit movent to above the horizon. Often these limits are
unreliable; they may only limit slew (fast) motionghile tracking is not limited. The limits maytnoe
defeatable, so that if you need to “violate” thmitj you cannot do so. Nevertheless, limits oniamoare
such an obvious need (and easy to build into tefEscontrol software) that they will surely soon be
developed.

The German Equatorial Mount and the Yoke Mount demle their advantages and disadvantages.
However, both mounts have motions or settingsdhatrarely properly identified. For example, as th
telescope on a German Equatorial moves acrossehidian, it will usually be flipped end for end tfesr
manually or automatically). The telescope on a yokeint has an analogous action, which is to pass
through the forks or “go around the long way” tmait a particular point in the sky. The contrdiware
usually does not make it obvious to the user whendvent happens (hence one of the reasons idea v
monitoring camera in the dome).

With either mount, there may be times when you wvtlaattelescope either to do or to avoid certain
sequences of motions as it moves to some paredkir. No present software provides for this fiorct
However, with care (and often with the help of dead camera), you can deliberately take severalirstew
steps to move from one part of the sky to anotheis forcing a particular path to be taken.

In summary, at this time we are somewhat handicghpgehardware and software that does not effegtivel
address remote control issues. This situationswilely change quickly, as more people demand these
functions. Nevertheless, with reasonable care cgpuconduct telescope operations with confidende a
reliability.
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Remote Operations Telescope Control Software Feates

Control Feature

Description

Export telescope direction

Provides data to extggragrams to allow the dome to slave to the
telescope

Alt-Az movement limits

Adjustable limits to contrektremes of movement in both slewing and
tracking modes. Should be easily bypassed.

Wire wrap prevention

Limits on rotation so thategrdo not wrap even if telescope is left
running

Park Functions

Most desirable is for user to paréiny position, leaving power off or
on

Tracking shutoff

Should be easy to stop and restacking

Alt-Az coordinates

Should be able to readout thieAd coordinates of telescope

Alt-Az direction

Should be able to direct telescaope given Alt-Az

Alt-Az recal

Should be able to recalibrate thegetse from a known Alt-Az
position

Programmed move

Should be able to direct movemprigrammed amount in given
direction

Search

Should have convenient facility to do aasgiearch

Power Failure

=

The telescope should tolerate arableto recover from sudden powe
failure

External control

Should include ability to send ecoands to program and receive data
return

n

Show Data Should have the ability for you to typeicommand (which may not be
supported by the software) and to view the respfnose the
telescope (very useful for troubleshooting or fastom
installations)

Ger Eq flip Should support GE flip mode for the mbheing used. Should tell us

112
=

status of flip

Remote focus

Provide remote focus and positionaatad

Ephemeris

Should include the ability to insert bdoinstants for comets or
asteroids, and to insert them into the object detab

Object movement updates

Should include the altditsend repeated GOTOs to the telescope t
track objects such as comets that move relatiteastars

(@)

Low earth satellites

Should include the abilitydtose the telescope to track low earth
satellites. Most telescope mounts will not traagtfenough, but
some will.
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6. Telescope Cameras and Their Control Systems

Introduction

Obtaining images from the camera is the “nittygtibf observing from a remote site. In this sentiwe
discuss aspects of camera design and operatiomthaaffect remote controlled operation.

Types of Cameras and System Architectures

We identify several types of camera systems:
* Video Camera

» CCD camera

e Hybrid camera

A video camera can be placed in your eyepiece httde
produce real time, continuous images. In mosts;ase
images are in standard television format, monoclerom
color, and typically operate at 30 frames per sdcdrhe
cameras we discuss here are standalone cameras (not
combined video camera tape records), and rangedrom =
small $50 general-purpose “board camera” used (ysua Board camera (UL), board camera
without the lens) directly as a sensor (shown atuype), to modified for scope, “buet” camere

a video camera designed for astronomical applicatithe
latter are in the $500 range, and feature manigttmress control, lower noise levels, and wideraigit
range as compared to the board camera. Becaustatidard video camera operates at 30 frames per
second and is uncooled, you are limited in howtfamobject may be detected. In a typical setup,
however, you can easily get excellent images optheets and brighter stars and, of course, thenmoo

The output of nearly all the video cameras is added video feed that can be sent up to about @80 f
Many television sets can accept the feed direotlyhe user might employ a RF modulator to alloes th
signal to feed into the antenna wires of a TV ¢etany case, the TV will then show a live imagéjah
can be observed, used to focus the telescopelitimea or recorded on any video camera or video
recorder.

Images recorded on tape can be selected lateryooeebfor analysis or for image processing. I8 thi
manner, it is easy to take thousands of images ¢Salge moon) and then pick the 10 best for prsices
The recorded images can be used as teaching ®ulela We recently met members of an astronomy
club in Massachusetts who got funding to visit mgsiomes, rehabilitation hospitals, etc. with jsisth a
system, showing the telescopic skies to those whplaysically unable to see them any other wayery
creative project!

Instead of feeding to a TV set, the signals cafedénto a special board called a “frame grabbarb{gnd
$50-150) in the Dome PC. This board will extrace sdeo “frame” at a time and, with the proper
software, will display it on your User PC computesnitor. Depending on the size of the image, yay m
obtain 1-2 pictures per second or as low as ab@setonds per frame. The major limitation in resnot
operations is the limited rate of frames that magént over a computer used in the Host-Client mode

In summary, the video camera used in astronommeisgensive and useful in a variety of applications.

» If used with a VCR, it can take thousands of imggashour for later analysis (e.g., to cull thetémsés
of best seeing more effectively than a CCD camera)

» It can give live feed that is useful for centerbtgects or calibrating the alignment of the telgsro

» It can provide “visual” information in installatisrwhere a person cannot observe (e.g., in a veajl sm
robotic observatory)
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The second type of camera is the astronomical CCD
camera (this is a misnomer, because the video eéamer
also contains a CCD!) This camera is optimized for
astronomical work in that it contains a coolingtsys to
reduce noise and a shutter mechanism to allow long
exposures on the imaging chip. It may contain tamithl
guiding chips to allow frequent (every few seconds)
readout so that star images can be used to guéde th
telescope. Most cameras are monochrome, and eequi
multiple exposures with color filters to providd@o
images, but some cameras can take color imageglgire

Nearly all CCD cameras require a computer to be
connected, usually within a few feet (though sonile w
operate 100 feet away). The computer softwaressend
commands to the camera electronics and accepts the
downloaded image data. The CCD camera tends faithebulky and heavy (3-7 Ib.) and may have
several fairly large electrical cables connecting the computer (thus, smaller telescope mouratg mot
be rigid enough to carry the camera . CCD cama&sastend to be expensive, ranging from $1-8,000.

Most CCD cameras can operate remotely without ndifficulty if the connected Dome PC is close by. |
the operation is Long Distance, then the userprdbably operate the CCD control program in the Bom
PC using remote control software such as PC Anyavhétt the User PC, the user will observe the werio
images and menu controls as in Nearby operatiamgIDistance operation will be slower than Neadsy,
large detailed images can take many seconds tsférato the User PC. CCD files themselves canuite q
large, so that actual file transfer can take seévenautes if sent over standard telephone linethefthan
this slower operation, remote CCD operation preseatparticular problem.

Software for CCD control and image processing isallg provided as part of the camera package. You
also have a growing selection of third party sofevalt may be expensive but can offer substantial
operating benefits (easier operations, faster djpesa better graphics, more file type flexibiligtc.) In
general, software that works better when on-sitealgo be more satisfactory at Long Distance.

The third camera type we have referred to as tgbriti camera”. This new camera type has a design t
combines many of the features of the video and CTBe only example of this at the present timéés t
STV camera (SBIG). The STV with its own display éTV) and control box can be run as a standalone
camera (i.e., without a computer) with real timéaorg exposure capability. It can also be useglide a
telescope using some other camera for imaging. Slihécan be run remotely using the same techniques
used with other cameras.

CCD Imaging Issues

We assume you have a reasonable knowledge of asi@D camera in a hands-on environment, but there
are issues that arise when taking images underteecontrol.

Color Imaging. If your goal is to take color images, you shokmdw that most CCD cameras require
using multiple images taken through different cdibers. The images are then combined using cderpu
imaging software.

Even if you are doing hands-on imaging, it is n@qgtical to take the camera off the telescope, ghdhe
filter, and then return the camera to the telesdopthe next image. Aside from the awkwardnesthef
process, there is a great risk that the telescapbevmoved accidentally. Even worse, when thmeia is
reinstalled, it is very difficult not to change tbgentation of the camera, thus resulting in instat are
more difficult to align (though some software dtids very well).
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Most people who do color CCD imaging use somedditter holder system. While some of these
systems are manual, most use some type of autofii@ichangers. In most cases, you will choose a
filter changer that is compatible with the CCD camsoftware, so that the software will change ther$
automatically as it takes the successive imagesh $lter changers are reasonably reliable, butsasl,
any Long Distance observer should make every effoobtain the most reliable equipment availatitay
particular attention to self-diagnostics: if thitefi changer becomes confused, can you regainatontr
remotely.

File Handling. We mentioned above that CCD files might be largbere will be many of them. It is not
unusual to produce several dozen 500K files invemieg of observing. Obviously, the Dome PC must
have sufficient storage capacity. It is your jolconsider how to store the files — decide your imgnand
dating conventions in advance, use multiple foldets. You must also have a strategy for winnowireg
storage to get rid of old images!

In Long Distance operation, depending on the simkraumber of the files, and the speed of the
communication link, the time to transmit all thieé from the DomePC to the User PC may be subatanti
There are several different strategies

* PreProcess in DomePC. You may choose to perf@ubstantial amount of processing in the Dome
PC. For example, images can easily be dark cedentd flat fielded in the Dome PC.. If you do not
have to inspect each image, you might also conibilages (e.g., combine a succession of short
exposures into one longer one), and then downlohdtbe result.

e Later Download. You may choose to batch downlbeadfiles after the operating session. You can
then process the images at the User PC at youreogmnce.

» Download During Session. When taking a sequendmades, you may be able to configure the
software to save each image directly to the UserleC download each image as it is taken. At the
User PC, you could then examine each image inldatawell as perform preliminary processing. In
unattended operation, communication failure mayedass of images due to a lock up of the imaging
program in the User PC.

Flat Fields. One of the processing steps in many CCD
images is taking a flat field image (i.e., imagang
uniformly illuminated surface) for the purpose of
correcting any CCD image flaws. There is a coritigu
debate about the best flat fielding methods, withipans
of “sky flats” (evening overcast), “dome flats” (form
surface on the observatory) and other techniqlrekong
Distance remote operation, these two methods vatkw
A problem with the sky flat is that the Long Distaruser
does not necessarily know the sky conditions veslf w
enough.

The dome flat is probably the best alternativepidaily,
this is a white Styrofoam board fastened to theimwall
of the observatory. The board is illuminated shadow
free manner. The telescope/CCD camera is aimtabat
board, and suitable images taken for later use.

In remote operation, there are two consideratidfisst, the
dome flat must be illuminated. It is normally most
desirable to maintain the inside of the observatbry low
light level (to avoid adverse effects of any li¢ggeks or
reflections in the optical system). Therefore, yaumally
want the dome flat to be illuminated only when geuthus
requiring a remotely operated light source. If yostalled a remotely operated video monitor canagich
light in the observatory, its light can be usedltoninate the dome flat, or you may have a sepgslight
operating off the same remote control. (Note BR2W observatory control has such remote control

/i y
Interior of dome showing 24inch flat.
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service available). Regardless of how the illuriorais done, it must be uniform and without shad@m
the surface.

The second consideration is that the telescope beuaimed at the dome flat. The flat might be sdve
feet across, so the aiming requirement is not gevelowever, in the case of our reference obseryato
design, the flat would be on the inside of thetintadome, so its location changes as the domes tuim
practice, you want to take the dome flat with tbhené and lighting in a particular orientation (ethe
dome in the HOME position) where you know the Alt-éoordinates of the flat. The problem then is to
direct the telescope to that Alt-Az coordinate. wHeasy this is depends on the telescope (mount)hend
features of the software. Some telescope softmanenot allow you to send the telescope to a giMén
Az position. In other cases, such as planetarioftavare, you can direct the telescope by seledtags in
the “right direction”, verifying the Alt-Az, and #n refining the pointing if needed. In our own
observatory, the flat is at the horizon (relativahe scope), due SouthEast. It is easy to dihecscope to
this direction.

Note that after being sent to the location desineot telescopes will continue to sidereal tralfkou
plan to stay for long on the flat, you should stiop tracking or redirect the telescope back tqptioper
direction. Again, this action may or may not beye# perform in your particular telescope software

Finally, the dome flat may be located below thazwr of the telescope. If your telescope mount or
software blocks slew movements below the horiziis, will prevent your using the flat. In some ase
this interlock can be turned off, in other casets nother placement consideration is that if ydace the
flat very low, the telescope will be in an unacoanséd downward direction. You need to be carefal th
there are no potential problems with snagging cbiteother interference as the telescope movédsgo t
direction.

If you have a video monitor in the observatory, ydll be able to observe that the telescope is @rgp
aimed.

Focusing. Focusing is always an important action when tgkilgh quality CCD images. We have
discussed focusing in the chapter on Telescoper@drdgcause at this time, remote focusing is uguall
part of the telescope control program. In thereitit is possible that focusing will be increasing
integrated with the imaging process. Several usersctively working to integrate certain CCD inmag
software with the digital RoboFocus system to pilevautomated focusing.

Physical Security. The CCD cameras and filter changers can be headynay have several stiff cables
connected to them. Many cameras are not symmé#ietjs, they are not cylindrical and will thugpent
rotational forces on the eyepiece holder. You rbessure that for all scope movements (i.e., nbt thre
various directions, but also the paths to get jhdwe cables loop easily, do not twist and do maigson
anything. This will usually require a series obleaties to various parts of the telescope and moun

The twisting forces may cause the camera to loosdahe holder. The catastrophe, of course, isttieat
camera can fall off the telescope, but a safetjnchiarope can prevent this (but only if you instaid use
it A more likely scenario is that as the camle@sens or rotates on its axis and the focus clgange
prevent this, consider installing additional clamgpscrews (three on each stage of the optical &rain
none too many) and check carefully that all cansetascrews, nose extensions, etc. are tight.

Summary

Remote operation of CCD camera and/or video canveithgheir software presents very few difficult
problems. Reasonable attention to detail will prévor address the problems.
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7. The Observatory and Its Control System

Introduction

In this chapter, we discuss observatory contraluising the features to look for in the controltgys.
What operational problems arise when controllirgdbservatory remotely, and how will you handle
them?

The reference system that we cited assumes a dioseevatory controlled by our own Digital Dome
Works (DDW) system. While this is our basic orggian, we note that most of the issues discussesl he
apply to controlling other observatory building iges, including roll off roofs.

We are not attempting to write a guide to obsemyadesign and choice. Rather, we are focusindiosd
aspects of design that affect remote control.

Our philosophy for designing dome control recogsittet all other parts of the remote observingesyst
can fail — the telescope can slip, the CCD camararefuse to operate and/or the computer can go.dow
In any case, the observatory mabtays close to protect the contents. If for some redkerobservatory
does not close properly, it is essential that $er be aware of the fact. There is a burden on the
observatory designer that is much less forgiviraptfor any other part of the system!

Observatory Building Design Considerations

The purpose of the observatory structure is togotdhe equipment inside from the adverse effefcts o
weather, while providing a suitable observing emwinent when the telescope is in use. In our reéere
case, we assume that the dome has a remotely épshaltter and rotation system (in the case oflaffo
roof, the roof must be remotely operable). Theteleal and mechanical systems must be robustato th
there are minimal problems in operation. The olagery control system must itself be as robust as
possible and must be able to identify failureshef dther systems.

For a Nearby remote application, you have morelibty in what parts of the dome operation will be
under remote control. For example, you may onbdnde ability remotely to rotate the dome. Irsthi
case, a system can be as simple as a set of rgroptiated relays. If you can see the dome, tlagtime
sufficient to tell you the dome azimuth positio@ther options are a simple external video monitor o
electronic device for measuring the dome position.

An obvious refinement is to have the dome slawhéaelescope. There are a variety of ways tddo t

* One can use a non-computer system such as our Daktiat can use infrared to sense whether the
telescope is aligned with the slit and move the @@gecordingly

* One can interrogate the LX200 to obtain its azinpdhition, and operate relays to move the dome
accordingly (DDW has this built in as an alternatfunction)

e One can obtain the telescope direction from thestelpe computer control program and move the
dome accordingly (this is the usual method useBBW and other observatory control systems).
Before you purchase a telescope control prograeglcto be sure that it will support this function.

Note that if the telescope is not located at theareof the dome or, if it is mounted on a German
Equatorial mount, a set of mathematical transfoionatmust be done to convert telescope RA/DEC into
the correct dome azimuth. The telescope azimutitlzendome azimuth may be very different, so this i
not a minor matter (the DDW control program normalandles this function).

Even a simple slaving system requires more thamiassof relays. Rather, it requires at least some

computing capability, either by a dedicated micomgissor or by connecting the relays to a comphégr t
can operate them. Such a system as this prestiatsility and operational issues. For exampléhéf
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dome drive system stalls or fails, what is to presthe rotation motors from being damaged? Ifsystem
fails, how will it notify the user?

A Long Distance operation places the even greaeraghds on reliability and robustness of design. In
spite of careful design, components will fail orcasion. A major design challenge for the obseryato
control system is to be able to identify failurenddions, signal them to the user and then coweetork
around the failure, either by built-in processewvith the assistance of someone on site.

Observatory Wiring Issues

Although this is not a treatise on general obseryanstallation issues, remote operation doesirequ
more attention to electrical installation questioiie most common question we get is “what wiresud
I install?” The answer is, of course, “It deperidblevertheless, a large fraction of installati@as be
served fairly well by the following advice basedaur experience and that of many customers.

Safety. Be sure to follow local electric codes. Mangas
provide for do-it-yourself installations (at leadtthe signal
cables), but in all cases safety is an issue.allatibn of
the 120VAC system is particularly important to gght.

A long extension cord is NOT an acceptable systam f
observatory power.

Burial. Most installations will require cables to be leaki
We use direct burial of both power and signal caiflehe
run is long, conduits (usually plastic pipe) ifdgtshort. If
using conduits, make them big (2 to 3-inch diameiad
leave a pull string so you can add more cables. lat¢he
power and signal wires are in the same trenchadigep
trench, put in the power wires, then 12 inchesinf then the signal wires.

Typical conduit and wiring installation
(in 15 ft dome on wood wa

120VAC Service We usually recommend providing at least one1B20{/AC) service, and preferably
two (wire is cheap). Each circuit should haveits circuit breaker, both in the main box and ie th
observatory. You should have a main disconnetttérobservatory. Grounding MUST be correct fohbot
safety and lightning (transient) protection. Sewksion below.

Signal Cables. The kind of signal and communication cabling $e is a more complex issue because the
cable choice depend on what kinds of activity ymulékely to do and the distance to the observatimyg
runs over 100 ft. may require larger size or stadldable).

If you are using a Direct Link system (direct RS2®82trol of each instrument), you will need a det o
suitable cables. You can use ordinary telephome for runs less than 100 ft, but you may wantdarg
conductors for longer runs. RS232 uses only twalaotors plus a ground, so you can use shielded
twisted pair cables. You may also need a panadiel cable for your camera, which can easily cdstes
foot or more.

If you are using a Multilink system, instead of tiple RS232 lines, you will need a cable to conrteet
User PC to the Dome PC in a local network. Depgndin your type of network, you may use coaxial
cable or special twisted wires (usually what idezhlCategory 5 cable). You may need to talk wihry
computer advisor to decide this issue. Runs 896400 ft are possible with “standard” cables isin
network systems.

In addition to the above cable, you will probablgnt other signal/control cables. These might idela
coaxial cable for a short run video monitor, a ofi#14 w/ground for general purposes and someewaist
pair cables for controlling relays. You may alsanivto run wires for a telephone, an alarm system,
other purposes.
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Finally, although it sounds simple, label both eafiall cables, both in the long runs, and instue t
observatory itself. This is important for signabtes, but it is vital for the many power cablest ttonnect
to the various devices in the observatory. Itdsgible to destroy a CCD camera by plugging in @ngr
polarity power lead!

Lightning. Another issue is often a concern about lightningmost cases, it is not realistic to prevent
nearby lightning strikes (this would usually reguirearby, high, lightning rods). Instead, we uguat to
prevent damage to the electrical systems. Ne&ghtning strikes can induce very high voltages iring
in the observatory or in the underground wires gait.

The first line of defense against damage is torass@ood grounding system. This usually requoresor
more long rods pounded into the ground close tmbservatory at the ends of the cable run at thér@lo
room and at the observatory (better than the rasl@)arge area wire grid buried underground)e fidds
are normally connected to the ground (neutral) paeenection at the observatory power distribution
panel. In addition, the ground would have a sdpdraavy wire connected to the telescope pierand t
other major metallic items in the observatory, inithg the case of the computer (or even better, the
network card itself). All grounds should be asrslas possible, and made with heavy cable (#4rgetq
or braided wire.

Even with good grounding, voltages sufficient tond@e or disrupt electronics either via the poweher
signal wires may be present in event of a neadiring strike. Use a variety of means to redhee t
likelihood of damage:

* Full service transient protection at the obserwasovitch box

* UPS for 120VAC service inside the dome

e Surge protectors on multiple outlet strips

e Lightning/transient protectors on RS232 and netwarknections

To give a sense of how severe the problem isdéake a typical UNPROTECTED observatory including
a remotely operated networked computer that isestibp a couple of moderately severe lightningmtoa
year. Such a system will likely sustain damagsame component every year or so in an area of geera
storm frequency in the Eastern US. The typical aigermight be a network card ($50 plus time to @&gla
or even the scope electronics ($300 typically)reéent bad hit near (not on) a poorly protected
observatory damaged/destroyed the mother boardeetnark cards in two computers, the CCD camera,
and the telescope mount. Based on general experifad the installation been reasonably thoroughly
protected (grounds, protective devices, etc), danmathis case might well have been minor. Onottier
hand, one cannot perfectly protect—a low probabdévere hit can overwhelm almost any protection.

In general, transient protection is desirable dbeables that inter-connect equipment. Thus, ptae

should be placed on connections that enter the atenfor other instruments) from the control ro@s,

well as between components inside the dome (eameDPC to Telescope connection). Many instruments
have NO lightning protection built in, so these always at risk of damage. Contact the manufactore

ask about lightning protection for your equipment.

The problem of protecting RS232 and network conaestis rather frustrating to deal with. As noted,
much of the equipment has no built in protectioD{® does have it so the PC-DDW connection is
protected). The problem then reduces to findirepadte devices that can be inserted into the spathl
that will prevent damaging voltages from passirrgulgh into the electronics. Such devices are nadéhy
available, but they do exist. All devices, to lffieeive, must require you to attach a wire as sher
possible to a good ground—if the device does rmptire that (or if it requires it, but you do nostall it),
it is not able to give much protection.

In summary, be aware that you can greatly redutadieliminate the risk of lightning damage byngsi
good design and installation. If your installatiemot covered by insurance, you need to be peejar
handle the cost of repair. If you want to learrrenabout the details of lightning protection, aedlfor
advice. You can also link teww.lightning-protection.conwhich has downloadable files of technical
papers (see especially application note TAN1007).
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Uninterruptible Power Supply (UPS)

Most observatories should use a UPS, especialyéfmote computer control system is in use. Iretresnt
that the AC line power fails, the UPS automaticédgnsfers the power to an internal battery whictvgxs
the connected system. During this time, the URSpcavide power to

» Close the dome if working inside

» Enable systematic shutdown of equipment

» Enable systematic shutdown of computer programs

In addition, the UPS will provide at least some swa of transient (lightning) protection.

To maximize the duration of the backup power, dreud connect only the essential items to the UPS.
This will generally include the computer, telescop®W, CCD camera, and an emergency light, if
needed. If one is working remotely one might cleoost put the computer monitor on the UPS. However
if the UPS has sufficient peak capacity to hankéerhonitor, we normally recommend that the mortior
connected to the UPS. When working remotely, tbeitor should be off and will not drain the battery
but when working on site, the monitor will be aadile to assist in a manual shutdown.

The UPS issues for the user are (1) to choosenedljowhat UPS to purchase, and (2) to provide rmattc
shutdown of the hardware and software.

UPS Specifications.The major specification is the power load thatWhs will support. This is usually
given in Volt-Amps and/or Watts. The second majoec is the duration of operation. This is a much
“fuzzier” number, and is usually given in minutdsoperation at some fraction of the rated load. In
general, the higher the power rating, the longerdRS will support a given power load. Here apécial
loads in an observatory.

ltem Watts Notes
PC Monitor 100w | Would be off unless in active use
PC computer 100w
Motor Drives (TI DC motors) 100w| Operate only dyyirotation, closure
CCD 50w
Telescope 25w
DDW 25w

For remote operations, the third concern is homase the observatory shutdown properly when the UPS
detects a power failure. Most UPSs present a cookasure when the UPS switches to battery opmrati
due to a power failure. This contact closure camiged directly with DDW to force a dome closuheist
protecting the astronomy equipment. In many itetiah, DDW can also park the telescope during this
process. The power failure signal can also setlited®C where, with the proper programs, it catisit@ a
controlled shutdown of the astronomy programs drttlePC itself.

One problem with choosing a UPS is that althougbtrid®Ss provide the power failure signal, each one
uses different connectors or pins for the functi®ome UPSs even require that you physically push a
button to return the unit to service after the poreturns. Obviously, this is a major problem iremote
application!

Recommendation. We recommend the APC line of UPSs. These are ratalpriced units that meet the

needs of observatory applications.

* For atypical small to medium dome up to ten featndter, we recommend a capacity of about
300watts (e.g., APC Model 500VA).

» For a fifteen-foot dome, we recommend 450 wattsd@h650VA) as the larger dome has more and
larger motors that run longer.
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You can use larger units than these but the adalealcity is not

really needed, and the unit will take up more sgaodssue in the
RoboDome). For most UPSs, the model number reftbet V-A
rating (the wattage rating is about 2/3 of the Va#ing).

We ran a series of tests with the Model 500 imadet dome,
fully equipped, with everything turned on excepnaged below.
In each test, we the UPS had charged for at Ieakb@rs and the
temperature was 70-80deg F. After tripping the gowe
operated the shutter open and closed, then coutitimég how
long the UPS provided power under different loat@lke results
were as follows:

E
i

L i3 o 0 o5 4
"Bullet” type camera on dome

wall
Test PC Monitor PC Computer Duration(minute
1 ON ON 7:30
2 ON ON 7:43
3 OFF ON 15:10

s)

Our conclusion is that this UPS provided sufficipatver and duration even with the monitor on (ndlyna
it would be off). Seven minutes is sufficient, A& minutes is even better and provides a reseyamst

lowered capacity at low temperatures.

Hints: UPSs are normally shipped with the intetvattery disconnected. If your UPS won'’t work, dhec
the battery connections (usually underneath thg.uAiso, most UPSs have several outlets, butastl

one may be a pass through (not backed up). Béutarkich outlets you use!

In-Dome Video Camera(s)

We have made many references to using an In-Dodeo\surveillance camera for monitoring movements
of the dome or telescope. Such a camera is alwexrysuseful in remote operations. It is virtualy
necessity for Long Distance applications. The canadlows the user easily to see what is happeinitige

dome, to verify correct operations, and to deteablems early.

The camera(s) should be capable of operating ovedel
range of light levels (the more sensitive the bgtte
Sensitivity ratings are in LUX and 0.1 LUX is a gbo
sensitivity for this purpose (monochrome camerasw@ore
sensitive than color cameras). Resolution isyfairiportant,
so the camera should have about 400 lines of résolu

The camera should have a wide field of view so ithedn
see most of the interior of the dome and stillrbéotcus (i.e.,
have a large depth of field). For example, in most
applications, the so-called pin hole or wide argglmeras
can view the telescope mount, most of the teleseopehe
inside of the shutter area all at the same time.aléernative
is to install several cameras aimed at differemntspaf the
observatory. Another alternative to the wide angl® use a
remotely aimed and focused camera. This is feadihlt
more costly, and usually not worth the trouble.e Tamera
needs to be mounted on a conveniently adjustabtestable
mount. It should be out of the way so it doesgeit
bumped.

In general, a camera will require additional lighbperate at
night inside the dome. Most video cameras are tea$o

() = 4
Video camera on scope (lower center)
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infrared, making it possible to use infrared indte&visible light. However, most infrared illungtors are
of fairly low intensity and none are suitable i€@or camera is to be used, or if you want to He &bsee
color distinctions properly in a monochrome camdfavhite light is used, it can be either an oatin
incandescent light or a small halogen light. Iy ease, will want to be able to turn the illumioation and
off by remote control so that there is no excegistlin the dome. If properly arranged, the vidgatl
might serve to illuminate the flat field targetvasll.

The camera may have a standard video plug outf@i\ (Rug) or may be a USB compatible system. The
standard video signal can be run up to a hundmttbfeso, and can connect directly to televisids se
having a video input, or to any TV antenna terngnading a RF modulator. or to a video (hon-computer
monitor. If you are at a substantial distances itecessary to send the video signal throughdhgater
link. As we discussed earlier, you can feed tlieeisignal into a frame grabber card installeth@aome
PC. When activated by the software that is inadidéh the card, the frame grabber seizes a fraraeye
second or so, and feeds it to the computer mofatadisplay. Some cards can support up to thresecas,
with any one or all three shown at once. If theeea is USB compatible, you may need a USB port
adapter to use the computer link.

Although we have emphasized the use of a video mmeunted on the interior wall of the observatory,
many users will also place additional cameras éndbme. We show a picture of one installation mclv
the astronomer has a wall camera, plus a secondraamounted on the telescope tube, plus a thireétimm
on a viewfinder telescope.

If you want to use multiple video cameras, you rhayable to use a remote controlled switch to séthexct
desired camera. If you are running the cameran@aaby monitor or TV set, you may also use a foay
split screen device so that you can view all tltypes at the same time. However, an even easigtav
use several cameras one at a time is simply t@ plagr video outputs in parallel using inexpensiver
T-connectors. The output can then be fed intaané grabber for long distance remote use. If yovige
for turning each camera off and on remotely (&iging a remote power control module), you can then
easily select the camera to operate.

The cameras themselves are not expensive, rangimgabout $50-200, but very few are available that
include white light illuminators. We do offer ambined system that includes a camera/light/moudt an
frame grabber that is suitable for use in the olzery. Frame grabber cards cost about $50-150, an
normally come with software.

You might see ads for inexpensive video conferapcemeras. These may work in the dome, depending
on their light sensitivity and field of view. Yawill still need to arrange some sort of lightingssm for
them.

Remote Power Control

You will often want to turn the power for some d=ion or off remotely. For example, you will tuff
the CCD and telescope when they are not in useabthie same time, but you might want to turn on a
small heater on the telescope/pier (to preventeosation). You may want to use the In-Dome video
camera and its illumination periodically during@wserving session.

The observatory control system should allow basieate power control. DDW includes four controkkn
that allow you remotely to control four power otgler other devices via the dome control software.
Comprehensive remote control power systems cambesery complex and there are few systems on the
market. One can imagine an integrated desigmtiradies several peripheral controls in the obseryat

For example, our own remote focussing unit alstuthes four channels of remote power control (which
could be used in addition to those controlled yEDW).

You might also consider purchasing a card for amaer that includes a group of relays that can ivedv

to control equipment in the observatory. Howeyer should be cautious; it is easy to create vesate
systems if you are “cobbling together” 120V contelhys and outlets.
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Control System Architecture for a Remote ControlledObservatory

The Long distance observatory requires that itérobaystem provide these functions:
» Rotation control and feedback, manual and slaving

e Shutter operation and feedback

» Automatic closure in event of system failures

» Feedback to user of system status (including wealhiz)
» Configuration settings —
 System Log N/
» Safe and convenient manual operations :

While the basic rotation and shutter operations agpear
obvious, they are more complex than you might expEor
example, the system should include protectionsnagjai
failure of drive systems (if motors slip, they shibshut
down automatically). The systems must include good
feedback, so that you know what is happening in the
observatory. The system should include means for
calibrating the azimuth and shutter sensors, botera or
end points, and for calibrating the range of mation

Automatic closure operations should include thdtstid
respond to problems such as inadvertently leaviegibme
open (a very common problem), power failure, advers
weather conditions, computer failures and lossmslirme
control. The system should even include a fundtion
attempt repeat closures if the initial closure effails for
some reason.

= AR

V= i :

DDW Observatory Control System
(12V dome power supply abo

Feedback to the user should include constant irdtiam as
to the status of the observatory. A dome contromam should be designed to display dome position,
shutter position, motor current, interlocks, eltcis vital that this information be complete satffault
conditions can be identified. Itis just as impoittthat the system allow the user to bypass otksl and
otherwise attempt to work around any problem thadéntified. A long distance system should inelud
weather instruments (including wind, wind directi6emperature, presence of rainfall or snow, s fhat
the user will know whether it is safe to open tbene.

The system will require some degree of custominatisually done through configuration file settings
These will include telling the program the locasand size of the dome, type and location of tharhim
the dome and numerous other factors required fapearoperation. Weather settings should be pexdjitt
and when there is considerable distance betweetotiiteol room and the observatory, these shouldatge
as interlocks, shutting down the dome if limits exeeeded.

The system should include some process to logitesivwf the observatory. This log provides a rdanf
commands issued and how the system respondedithaélp you identify the cause of events when a
problem occurs.

Safe manual operations are also needed. A pensateithe observatory may suddenly find that thealo
begins to rotate or the shutter to close. Thiskmastartling and may even present a threat taysalene
system should have audible alarms and convenieatgancy stop switches or buttons to permit a person
to stop movement of the observatory.

Convenient manual operations are another issuey Mantrol systems require a Dome PC to operate the

motors, sensors, etc. in either remote or manudlembhis means that a failure of the Dome PC nlyt on
causes the remote operations to fail but also mis@tgnanual operation is impossible unless the
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Computer is brought back on line. In practicés frequently necessary to operate the dome when th
Dome PC is not on line. A dome control systemgtesil with its own “smart” microprocessor is more
convenient and reliable. This is not done in malagervatory control systems because designerst find
easier and cheaper to use the PC.

There are several different phases in operatingbaervatory:
* Awaiting a session

*  Opening the observatory

e Operating the observatory

* Closing the observatory

The operational problems that might occur at edese are discussed next.
Awaiting a Session
The observatory may remain in a closed conditiorhfaurs or weeks, but must be ready for use.

Obviously, during the waiting period, the observatmust provide the safe environment for the
components inside. Because the observatory isamtd, it may be desirable to maintain some ioteri
checking. An internal video monitor camera calrtlfiiis need, as we recommended earlier. Some eopl
also install an alarm system.

Another concern is a very unpleasant one: protectgainst vandalism and theft. The observatorylsho
have at least a reasonable degree of protectiansagigegal entry. We usually define this as gquigement
that an intruder must be willing to use tools idestructive manner to force an entry. Raising lhhis
requires increasingly complex and costly designiasthllation measures (alarm systems, fenceg, etc.
Some protective measures, such as installing teergatory on a relatively inaccessible roof, mayyca
substantial disadvantages with respect to the rastng
to be done (vibration, adverse seeing effects)k [€hel
of protection needed and, ultimately, the levefimdncial
insurance coverage that is desirable, are matters o
individual judgement. Although we have all heard
“horror stories”, our customers’ experience is tinat
actual risk of vandalism and theft is often muctslehan
expected.

In a Long Distance application, you begin an obisgrv
session by accessing the Dome PC. PCs are aipbtent| ”
weak link because they can crash, their software ~ E
programs can hang and they are not designed telbe s Picture of weather sensors on dome
diagnosing or correcting. If one of these eventucs,
you will not be able to make connection with the
observatory system, and cannot run an observirgiosesin most cases, the only sure cure for a cienp
software problem is to perform a Power Off rebdahe computer. Unless you provide a way to dse thi
remotely, someone will have to visit the observatorreboot. A computer crash can happen any time
before or during an observing session, so thiscidtigal issue to resolve (this was discussedherchapter
on Control systems.

Opening the Observatory

Opening a dome shutter (or moving a roll off rasfa major mechanical movement. A properly designe
shutter has a low risk of failure and the contyaltem should identify most failures. However, as n
system is perfect, it is very desirable for youéoable to observe the shutter opening (and ldeishutter
closing) using an in-dome video camera. In thisimea, any unusual event can be identified, andgmerh
corrected.
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Weather. Before opening the observatory, you need tdwérat it is safe to do so. This is true espéygial
for the Long Distance system. The major issuedather: Is the dome covered with snow? (Some domes
are safe to open with snow on them but others atr¢ s it raining? Is the wind too strong? Tystem
should both inform you about these conditions amedgnt unsafe operations, but also allow you to
override the limits as needed.

It is usually not necessary to have highly accuoatéetailed weather information at the observatboy
example, it is easy to design super-sensitivegainsors. However, it is more difficult to desigmsors
that operate for years without maintenance, daaobde, do not provide false positives or negatiead
that are resistant to dirt, mold, algae growth,rbggopic dust, etc. Similarly, it is not necesgaryecord
the total rainfall that has occurred. Rather,gbestion is whether it is raining now! A pragmagcactical
approach is far better than attempting to providerly sophisticated instrumentation.

Even if the weather is safe, the sky may not bar@aough to observe. Humidity detectors in thather
sensing system can detect heavy fog or mist. Eligids or other high phenomena would prevent most
astronomical observations from being successfulth®re is no straightforward way to detect therhis

is an issue for Long Distance operation, wheraugex may not know the weather at the observing site

Various people have proposed or developed spdgiallearness sensors. Some concepts use the
differential cooling rate for a Peltier plate expddo a clear sky on one side and the ground onttier
side. However, these are susceptible to dirt, smoather surface coverings, and will not informmyverell
on many cloud conditions. Another alternativeoidite a laser light pulse upward, then watch far t
reflections from clouds. This is expensive anceptally an interference to other observers.

Simple but effective measures are these:

» Use an external, sensitive video camera that cainbed at the sky. Wide-angle, inexpensive cameras
that can see the bright stars are barely sengtiveigh for this application. Image intensifiersudo
make this a simple task, but they are expensive.

» Use your computer on the Internet to get a rea tinapping of clouds and weather activity at the
observing site. This is a surprisingly powerfulthwel, as the maps are usually less than an hour old
and available 24 hours a day.

» Direct the telescope to several known targets,(stars) in the sky to measure brightness and hence
atmospheric clarity. This, of course, is the fitest of the observing conditions!

In any case, when operating at Long Distance, yostrihave some means to evaluate both the general
weather conditions and the quality of the viewifithe former is handled by the weather station tieit
latter is dependent on knowing your requirementsdeveloping a strategy to provide the necessary
information.

Operating the Observatory

During an observing session, the dome control systeould have little to do. It will provide forteding

the dome (manually or slaved to the telescopehalhdetect fault conditions, etc. It should conie to
monitor weather conditions and warn you (and/oselthe dome) if pre-set limits are exceeded. 8yste
services, such as remote power control to openatentdome video monitor camera, should be conwnie
to use.

Although a dome control program may be runningren@ome PC, it should take a minimum of computer
power so as not to slow down the other progransatearunning. This is one of the reasons to nse a
observatory control system containing a “smart’gessor. In general, the observatory control system
should “stay out of the way” of the other operasigioing on.

Closing the Observatory

At the end of the observing session, you will ndtyni@rn off instruments in a particular order teepent
damage and to make turn-on at the next session gasir. Thus, the CCD cooler will be turned tfén
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CCD power removed (via remote control), then tedpscwill be parked, then power removed, and so on.
At some point, the observatory dome will be retdrteeits Home position, and the shutter will beseld.

As when opening, it is very desirable to verify peo closing by watching the shutter movement as bge
the in-dome video camera.

Finally, when all instruments are in their restsigte, you will terminate the communication linkhe
Dome PC. At this point the Dome PC will reveretavaiting state, ready for the next session.
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Glossary

|

ADC Analog to Digital Converter. Device used toasere an analog voltage and give a digital readihg. 8-bit (256

values) ADC

AZ Azimuth. Measure of direction or angle in therizontal plane. North is zero, and azimuth insesato 360 deg.

clockwise. Note: LX200 telescopes measure AZ ChvhfSouth.

CCD Charge Coupled Device-digital camera usedtimasmy

Comm Port Serial port on PC, usually a 9-pin malenector on PC

CW/CCW Clockwise/Counterclockwise

DDWCP Digital Dome Works Control Program. Prognaravided with DDW that runs in a PC and allows usegontrol

DDW hardware and software remotely.

DIP (switch) Dual Inline Pin. A DIP switch is a athdevice containing 4-8 switches used to setigométions.

Direct/Host- Direct: Installation in which the control programs in the User PC which sends commands to a Ddineliich
client sorts them and sends them to the observatory caenpgnUnder In Direct control the programs ruthien Dome
Control PC under control of the User PC using a RemoterGbRtogram.

Dome PC Computer in or very close to the domehhatdirect wires to control the various observatosyruments

Dome PC The computer in or near the dome thatrisdndirectly to the observatory components. Ireafdy RCO, the user|

may sit at this computer, or may use it via an RCP

DomeTop Dome Top. Refers to the top, rotatingiporof observatory.

DomeWall Dome Wall. Refers to the wall, non-raigtsection of the observatory.

DSR Dome Support Ring-a part of many Home-DomelRwnoie observatories

Firmware The program in the main DDW processorlted firmware because it is loaded once into tloegssor as a

permanent program.

IIL Interlock. A sensor that registers a particuandition and that is used to prevent some dgtiE.g., a wind spee

interlock that prevents operation of the obseryator

LED Light Emitting Diode. Small light emitting dees used as indicators for power, interlock status

Long Distance | Installation in which the observatory is far fronetobserver
Remote

LX200 Common Schmidt-Cassegrain telescope on a atempontrolled yoke mount manufactured by Meadesbt®pes

MODEM Part of computer that transmits digital dater the telephone lines.

Nearby Installation in which the observatory is withinelit wiring distance of the user (e.g., less thahyEdds)

Remote

Observatory Major components in observatory: telescope, cansbservatory control system
Component

PCAnywhere Remote Control Program from Symman#tt &iows a user to control a distant computer

PIC Programmable Interface Controller. This isreb microprocessor with a permanent stored proghancontrols

peripheral devices. Synonymous with CPU.

RCO Remote Control Observatory

RCP Remote Control Program. Allows the user taaieethe Dome PC via a communication link

RS232 A particular convention for the voltages timihg for serial communication. RS232 uses +18vef logic zero,

and -12v for a logic one. Non-RS232 serial comrration between digital devices use +5 for logiozand Ov
for logic one; however, the timing of the data pslss the same.

SBIG Santa Barbara Instrument Group, manufacturpopular CCD cameras.

Serial Serial data is the term for digital datat thecurs on one wire, with pulses in a sequenceesepting the data. Datg

are sent at a particular Baud Rate, usually 9600ygkich is about 1000 char/sec

Signal/Power

"Power" wires are those that carrgteteal energy for the operation of a componenhsag a motor or Control
Unit. These usually have relatively large condrsto reduce voltage drop. "Signal” wires or calalee used to
transmit varying voltages that carry informatios,ma sensor output. All signal wires in DDW alkttions are
6-conductor cables.

TheSky Program from Software Bisque Co. that repressthe sky, and provides for telescope con¥él.provides
interface data suitable for DDW
UPS Uninterruptible Power Supply. This is a batswered 120VAC power supply that takes over wherpower
line is down. The UPS will power the Dome PC araMD (and dome motors) for about 15 minutes.
User PC PC at the user location
Video Camera| Video camera used to monitor the interior of theesbatory. Readout may be direct wired to a nedigplay
Monitor monitor, or using a frame grabber in the DomeP@} eeer the communication system via the compunés|
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Technical Innovations Components

Following are our company’s products mentionecimtext.

Please see our web site or call us for furtherildeta

Item

Description

Home-Dome/Pro-Dome/
RoboDome

These are different models and sizes of observalmmes. These may be
operated manually, electrically, or remotely.

Digital Dome Works

Remote operating controller that allows computesrafion of all

(DDW) observatory functions
DomeTrak InfraRed tracking device that controls dawtation to follow telescope.
Does not use computer, does not provide shutteatipe, etc.
RoboPark Device that automatically parks and urgtré telescope.
RoboReboot Device that automatically reboots tidetme PC if it locks up.

InDome Camera

Camera and light that allows momitpthe interior of the dome, telescopeg
etc.

h

Video Viewfinder

Special video equipped viewfingerticularly useful for remote
recalibration

Remote Power Module

Device used with DDW that al@@mote control of four power outlets

RoboFocus

Device that can be installed on mossdefees that allows remote digital
focusing

Change Table

Date

Change

021101 Added color set discussion to RCP host tctiescussion

Page 57



