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Digital Dome Works
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Version 5.1, DDWCP
May 31, 2008

Congratulations.

You have purchasedizgital Dome Works Model 4 Observatory Automation System, which
will serve you well in the years to come. We argeesyour new system will increase your enjoymentladerving, and
help you be a more active astronomer. You shoeldvare that although the new DDW4 can directNa@pthe earlier
models, it has many changes that must be undergtgod are to operate successfully.

It is essential that you read these instructlmrsause the assembly involves the careful placement
of components, the need to perform mechanical leadrizal assembly, and some electronic testingllo® the
installation and testing steps in the order presntyou will be more successful if you are quitethhodical about it,
rather than inventing your own approach! Alsoshee to use the installation manual that comes ydatir DDW
equipment, not the one that you received earli@maadvance copy. Check the dates to assure gausarg the most
up-to-date version. Note that this revision of BH@W Instruction Manual may be more current (latatej than the Help
Screens in the software. If you find conflictingdrmation, use this Manual as your guide. Not@ 8mives list of
instruction manual changes by date.

We hope and believe that you will be happy wiitis product. We ask that you let us know of
any suggestions or criticisms of our products. hee incorporated many ideas from customers hsd instructions,
and into the DDW design. We thank all who conttdali(and you are the beneficiary!) If, at any tiy@u have
questions, please feel free to give us a call scamehelp you. Our aim is for you to be satisfied!

Jerry Smith
Technical Innovations
| want to give special thanks to Jeff Thrush far piogramming expertise, dedication, and suppathisfproduct.

CAUTION
Technical Innovations, Inc. is not responsibld assumes no liability for any damage or injurgiag from assembly or uge
of this product. While the instructions includaitians and warnings, it is ultimately the customvep must exercise good judgment and care
during assembly and operation to avoid damage tenas or persons, and it is the customer whorasstall risk and liability. Under no
circumstances will Technical Innovations, Inc. bsponsible for consequential damages to persoropefy.

All portions of this instruction manual are cojgjated by Technical Innovations, Inc. 2001. andmrgected under the laws
of the United States. This document may not beodyred without the consent of Technical Innovatjdnc. except for use by the purchase
during assembly.
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Welcome to the World of Remote Observing

This Welcome is a brief story of a typical obsegvgession with Digital Dome Works. Although welasg an
observing session using the Home-Dome, it coultigasasily be a fifteen foot Pro-Dome. While ymstallation
and circumstances may not match our assumptioese thill be enough similarity to help you understahne
capabilities and limitations of the system.

We will assume the following equipment has beerupdbr remote control astronomy:
« Home-Dome HDG6S, using the Digital Dome Works Colnfamgram (DDWCP)

* 10 inch Meade LX200 Telescope using TheSky® V.Gmadsoftware

* ST-2000XM CCD camera by SBIG, using CCDSoft V.5wafe for camera control
* RoboFocus remote focusing system

¢« Windows XP and Remote Desktop

The Home-Dome is 150 feet from the observer's admbom. There is a PC-called the In-Dome Compirtside
the observatory that runs the dome, scope, and &&ftivare. This PC communicates to the User Commusiag
a local network connection. The computers andisoft are all running Windows XP Pro. The scopeldoohe-
Dome have already been aligned, and the systerbdesused recently. The user controls and comratgsavith
the In-dome Computer using Windows Remote DeslktoftWare that allows the user to simulate beinthe
dome at the keyboard of the In-dome Computer).

Some terminology may be unfamiliar to you. Wemafteto use these words in context to give you tebet
understanding the remainder of this manual. Enjoy!

The Story

It is early twilight, and Saturn is high in the we&veryone has gone to bed, except for Chrisfi@hp wants to try
taking a CCD image of the planet), and his oldether Jeremy. Jeremy is the lead person tonight.

Jeremy turns on the control room computer, anccsetee Windows Remote Desktop icon. In a few sdsp
Jeremy's computer screen displays the Remote Oekigon dialog box. Once the correct password as be
entered, the In-dome Computer screen appears @dtisj just as if he was sitting there.

Using his mouse, Jeremy clicks on the DDW iconisBtarts the Digital Dome Works Control ProgranD{BCP)
on the In-dome computer. DDWCP then connectsedW processor in the Home-Dome. In a few seconds
DDW responds — the In-dome computer has establishedection with DDW.

Jeremy's screen then shows the resulting datascom#in DDWCP control screen. This shows that thter is
closed (as it should be), and that the dome ieérHome position (also as it should be).

Although Jeremy could look out the window to seeweather, he decides to check the (Optional) veeaystem
information located on the DDWCP window. The weatimformation shows that the wind is only aboutpBim
temperature is 65°F, and that it is apparentlyimgin.e., the rain sensor shows activity. Jereofigourse, knows
that there has been no rain. He decides that the bave again done their thing, but that the vestmeeasurement
interlock has prevented the dome from opening.isHeady to over-ride the sensor to open the ddueChristian
reminds him that the wetness may be the resuhefmater falling on the dome from the lawn sprinkl€hristian
turns off the water, and Jeremy decides it is tafaverride the still wet sensor and open the dome.
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Comment This illustrates several important issues. Té&erunas the ability to detect a variety of condisiohat
may affect operation. The rain sensor was doiergitfht thing: the system will protect itself (i.the contents of
the observatory). The lawn sprinkler is a goodhaxia of a remote problem. Unexpected events wituo, and
we need to be cautious in over riding protectiveriiocks. It is vital that a truly defective inteck be repaired as
soon as possible, so that mistakes will not ocderemy's decision to over-ride the sensor wasl ydibugh he
was a bit quick to do so!).

Jeremy now clicks on "OPEN" button. The screemahthat the dome shutter begins to open, and &ibut
seconds later, that the shutter is full open.

Jeremy will be slaving the dome to the telescopdyesclicks on the "Slave" button. DDWCP will nowtain the
scope direction from TheSky software, and changeltime position to match.

Comment TheSky and several other scope control prograiths1@t only direct the scope around the sky, bt w
write this direction to a file in the In-dome Conteu DDWCP reads that file every few secondsrd fiut where
the telescope is pointed. DDWCP carries out séeataulations to find the proper dome directiond dhen
commands DDW to move the dome accordingly. Arrad#teve slaving scheme (good for an LX200 only) is
available. If DDW is connected directly to the gepit can interrogate the scope and get its dmed¢mmediately,
and then use this data to control the dome. Ehmmiticularly useful if the scope control progrdogs not support
the data file or similar method of operation.

With the dome slave function turned on, Jeremg&ly to turn on the telescope. But first, he rebmmthat the

CCD camera is not running, and that it takes aevulcool down and be ready for operation. Jereasyinstalled
an optional remote power module that allows hirtuto items on or off in the dome by remote contrde selects
the User Pin button he has named “CCD Camera” oWP, and turns on Channel 1 which is connectetidgo t
relay, which turns on the 120VAC power supply fog €CD camera.

Next he uses his mouse to click on TheSky iconctvioipens a copy of TheSky on the In-dome compuAéer a
few seconds, TheSky planetarium screen shows emy&s screen. He uses the menu to find Saturnseledting
it, he centers Saturn on his screen in a red circle

Now to run the telescope! He uses the menu tes€escope/Connect. After a few seconds, TheBksen
shifts direction, showing a white circle on somarstindicating that the telescope is connected jspointed
there.

Jeremy again selects and centers Saturn in theingd. He clicks on Saturn, which brings up a Bdata and
menu box. He selects "Slew To", and the telesb@gins moving to aim at Saturn. A small screemshihat the
telescope is slewing, and after about 20 secohdsyhite circle creeps over Saturn.

Comment. Note that Jeremy did things in the "wrong" ordeihe should have turned on the telescope, then
selected Saturn. This illustrates the desirabdftplanning your observation to save time anddtion. More
importantly, you will want to plan a sequence ofetvations to minimize time wasted slewing back famth.
You may also need to plan the sequence so that¢ldscope and CCD cables do not become tangled,amoid
the telescope taking the "long way around" to getrt object. If you are nearby (as Jeremy isjp@xmistakes is
usually easy. If you are 100 miles away, the sohstare more difficult!

Meanwhile, as the scope was turning, so was theedalaremy could see this on the DDWCP screenhabic
updated as the dome turned.

Jeremy now has the scope and dome aimed at Sdtiris ready to operate the CCD camera. He chickthe
CCDSoft icon, which after a few seconds shows t@8®8oft control window. He uses the menus to contethe
camera, and position the correct filter. Chrisfmomptly says "you did it again, Jeremy. When gonnected to
the CCD camera, you forgot to enable the camerbngpolf you had, the camera would be ready now&remy
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groans, but turns on the camera cooling, awareitthhall be five minutes before the camera is coltlwas just
testing you,” he grins, glad that Christian is payclose attention.

Even though the camera is not cool, it can stilubed. Jeremy selects the exposure to use, agsl éakimage. In
a few seconds, the magic of Windows Remote Dedbtimgs an image onto his screen. Saturn is noethBut
wait, it looks to be just off the CCD, a little tme side. Jeremy selects the telescope motiomatsrih TheSky,
and moves the scope slightly, then takes a newngictAfter several tries, there is Saturn, alnashe center of
the image.

Comment CCD cameras are incredible, but the cameradefescombination is not a "point and click" operati
The field of view is small, and skill and practi@e necessary to get good results. The sky ilillbst there
tomorrow and next year: astronomy requires and r@svpatience.

With Saturn centered, Jeremy asks Christian whijnbeght the camera did not show it right away. sHggests
that maybe the scope is not set up right. Jererhg,had just finally read the entire instructionmaal, points out
that the scope pointing accuracy is close, butiteaoftware allows you constantly to refine itrging. So, using
the telescope controls on TheSky menu, he "syndeestthe scope to Saturn.

Jeremy suggests that Christian now try to get a giocture of Saturn. Christian takes over. He esak short
exposure of Saturn but, finds it is very fuzzy, iolosly out of focus. Christian starts the RoboRo@antrol
Program and begins nudging the focus (remotelyhert¢lescope) to improve the image. After eachigoc
adjustment, he takes a new image to see the resftér five minutes, he is growing impatient; Hirtally the
image begins getting better, and converges toasftimage. His determination pays off.

Comment Again, remote control is not point and click femg by remote control requires the right equipment
and some fore-thought. Usually, focus will staguaate from one night to the next. In this caseedy has been
into the dome, and had switched to a differenb§é&tnses. Using RoboFocus, Jeremy can simplyiligie
correct focus setting for the new setup, then esfireasily by focusing on a star (much easier thatanet!). He
can even do it automatically using RoboFocus!.

Jeremy now helps Christian close the dome. HetlieeBDW User Pins control to activate a remoterfidhitor
inside the dome, so that they can see what is Imapgpe He starts the video capture in the In-Dom@guter, and
views its output via Windows Remote Desktop. Hmsek TheSky, thus terminating the PC connectidhdo
telescope. He goes to the DDW screen, and seél€SE. DDW directs the dome to turn to the HOMEipon,
and then closes the shutter (which they watch video monitor). He shows Christian how to trans$fisrimage
files from the In-Dome computer to the control roB@ and print them. Satisfied with their work,\thg® to the
kitchen for ice cream.

Comment. When he closed TheSky, Jeremy did not first beate the connection to the scope. Although is thi
case, such a practice caused no problem, it isaf@r to turn off programs in the reverse orden tvas started.
Jeremy did use his available video monitor to oliséhne closing of the dome. Although not necesshiy is

good practice: one should use all the availablerimftion to understand what is going on in a refgaiperated
facility. But his worst mistake was that he nettegned off the drive (or the power) to the LX20@ge. As a
result, the scope would continue to track Satumlést target) until the wires are wrapped tightlgund the scope,
and something breaks. In this case, DDW saved hWhenever the dome closes, if the DDW is connettdte
LX200 it will send a series of commands to the LB2Bat will stop the drive (unless the featureuimed off).
Thus, when Jeremy turns on the observatory adaénscope will be parked, and ready for the ne>dieas

Welcome aboard a new observing experience!
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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 tharizontal plane. North is zero, and azimuth insesato 360 deg.
clockwise. Note: LX200 telescopes measure AZ CovhfSouth.

CCD Charge Coupled Device-digital camera usedtimasmy

Cw/CCwW Clockwise/Counterclockwise

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

DDW Digital Dome Works. DDW may mean the wholetsys, or the controller itself (esp the main chip).

DDWCP DDW Control Program. Program provided with\lV that runs in a PC and allows user to control DDW
hardware and software remotely.

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

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

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

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

Firmware The program in the main DDW processoalied firmware because it is loaded once into tleegssor as a
permanent program.

L Interlock. A sensor that registers a particuandition and that is used to prevent some dgtii.g., a wind
speed interlock that prevents operation of the mfagery.

InDome PC Computer in or very close to the PCltlaatdirect wires to control the various observaitairyuments

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

MODEM Part of computer that transmits digital dat@r the telephone lines.

PIC Programmable Interface Controller. This isnalémicroprocessor with a permanent stored proghan
controls peripheral devices. Synonymous with CPU.

RS232 A particular convention for the voltages aimihg for serial communication. RS232 uses +1dhef logic zero,

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

Serial Serial data is the term for digital data thecurs on one wire, with pulses in a sequenceesepting the data.
Data are sent at a particular Baud Rate, usual98@c, which is about 1000 char/sec
Signal/Power "Power" wires are those that carrgtateal energy for the operation of a componenhsaga motor or Control

Unit. These usually have relatively large condrecto reduce voltage drop. "Signal” wires or calalee used
to transmit varying voltages that carry informatias in a sensor output. All signal wires in thiallation
are 6-conductor cables.

TheSky Program from Software Bisque Co. that repressthe sky, and provides for telescope conWélprovides
interface data suitable for DDW

User PC PC at the user location, connected ta#i®mme PC via network, modem, or other means

UPS Uninteruptible Power Supply. This is a batfgwered 120VAC power supply that takes over wherpower

line is down. The UPS will power the in-dome comepiand DDW (and dome motors) for about 15 minutes.
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CH 1. DDW Description

Digital Dome Works (DDW) is a tool for controllirgn observatory from a nearby or long distance
location. It has the following features:

DDW can remotely operate the observatory shutter.

DDW can remotely operate dome rotation motors,

and can match the dome position to the telescope

position.

DDW provides output data to the operator, including ssusmes
status information on the shutter and the current ﬁ
dome azimuth.
DDW can control the dome with its own software if

you are using a telescope control program thabdis n

designed to communicate with DDW.

If the telescope is an LX200, DDW can read the

scope azimuth from the scope and synchronize the

dome rotation.

Communication between the control software and DIGITAL DOME WORKS

DDW is via a dedicated digital serial line or RS232 DDW1
connection.

The optional Remote Power Module provides softveargrol of 4 electrical circuits (“User Pins”).
You can operate most DDW functions via the handrobrand can even slave the dome to the scope
WITHOUT using a computer connection

Although DDW is designed for a dome observatorwiit also control roll-offs and similar motorized
facilities.

WARNING: The DDW is designed for remote operatignpersons familiar with the system. The system
controls machinery which can damage itself, otlggligment, or even injure persons. Any person using
DDW, or working in or using an observatory to whithas been fitted, must receive proper trainmgs
use. Safety for persons and equipment must bet @fpany observing program.

Terminology

You will want to be familiar with the following ters used in these instructions:

DDW. The physical Digital Dome Works unit in the ob&gory, including its internal firmware
DDWCP. The standard DDW Control Program that runs on & aomputer. DDWCP sends
commands to the DDW, which then executes the cordman

Custom Software. Software designed by the user which substitute®@wWCP (for example, DDW
commands might be built into a custom telescopérobprogram).

Remote Operation. @ntrolling the dome with DDW from a control roonthar than inside the
dome

Local Operation. Controlling the dome with DDW hand controls vehihside the dome.

Nearby Remote Controlling the DDW using a computer eitherlie tome or within about 400 ft.
or less from the observatory

Long Distance Remote.Controlling the DDW using a computer from more tH&® ft., or even
many miles distant from the observatory

Manual Remote The human sending azimuth and shutter contmoincands to the dome from the
DDW software (In contrast to Slave mode).

Standard Control. Software The DDWCP software for remote operation
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» Slave Mode The dome azimuth position will automaticallydkahe telescope position.

» Sensor A device in the dome that provides feedbaclk&dperator. DDW hardware includes two
sensors for the shutter position (open and cloaed)one for the dome rotation.

» Interlock. A device in the dome that has the power to preseme action from occurring if a
dangerous situation is present. For example, e Mditerlock will prevent the dome from rotating if
the Dome Support Ring is open.

* Home Position. The position of the dome in which the shutter maotary be opened or closed
(shutter operation not possible except at Home)\WDdetects the Home position sensing when it
connected to the shutter motor contacts (evereistiutter motor is not being operated).

» Dome Azimuth. The position of the Dome relative to North (incremslockwise CW). (Note that
Meade LX200 azimuth readout starts in the South)

» Power Cable.Cable used to transmit substantial power, asémitines that supply the rotation motors

» Signal Cable.Cable used to transmit signals at very low powsiin the wires connecting the DDW
and the computer.

System Architecture

DDW can function in a variety of hardware and/cditware configurations depending on the needs of the
user and the software programs that are availablefescope control. A key question in decidimg t
configuration is whether the telescope and domkbeikun from the same software, or from separate

USER COMPUTER
TELESCOPE CONTROL X200 ONLY
SOFTWARE
X
— Re222 UK DIGITAL DOME
DISC FHLES
| DISC FIES | X200 WORKS
j: DAPTER R gl_zr CLIY%'N
DDW CONTROL CONTROLLER SHUTTER
T e RELAYS

DOME AZ INFO FROM
SCOPE PROGRAM

DISC FILE DATA TRANSFER

USER COMPUTER

TELESCOPE CONTROL X200 ONLY
SOFTWARE
N
N DIGITAL DOME
X200 WORKS
ey
oo S 7| comous |20
w RELAYS

DOME AZ INFO FROM
COMMPROBE INTO LX200

SCOPE INTERROGATION
DDW SLAVE CONTROL METHODS

DDW2b
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programs.

The most typical setup has the DDW Control Progoa@DWCP (which we provide) running in the user
computer, along with other software desired byuser which will provide telescope and CCD control:
This would be a Local (nearby) Remote operatiohe DDWCP provides the display and control
functions needed by the user. Note that this edidition to the fixed internal program run by bW
processor within the DDW control unit in the obssory.

The operating problem is to get the telescope pajrinformation into the DDWCP so that it can s¢hel

proper commands to the DDW processor to move theedolhere is a variety of solutions:

* Some commercial telescope control software providemternal PC communication of the telescope
position to DDWCP. Note: this “communication” miag accomplished by having the telescope
software (e.g., TheSky6) write the desired azinatRA/DEC to a file, which the DDWCP then
reads. Or the dome may be controlled via DDWCRSEZOM commands issued by the scope
control software.

« DDW can use Robert Denny’s Astronomer’s Controld?@see http://acp.dc3.com) to retrieve the
RA/DEC from the telescope. A fully functional denstration version is included on our software
CD. The included program is a demo version, beluites telescope control (all those available é th
LX200 including the stored planets and object posg), scripting, and voice control. After 20 uses
the features other than telescope control turfwffess you choose to purchase the full program).
However, the scope control features remain opeiatdieare very useful.

« If an LX200 is used, the DDW processor in the dame extract the telescope azimuth directly from
the scope using our LX200 Adapter. The DDW cam thlggn the dome to the telescope. The dome
azimuth will be displayed on the DDWCP screen,rmiton the telescope control software.

e Manual remote direction of the dome azimuth by entethe desired azimuth in the DDWCP.

System Needs-Local Remote

In general, a DDW installation requires a user cotapthat can run under Windows 2000/ME/XP or Windo
Vista. This computer will control the telescop& L, and DDW system.

Communication needs include the communicationsirgb the telescope and CCD. Most often, thestalpe
will be run by its own RS232 connection, while €D may be either USB, RS232 or a printer cableeotion
(you can run a high quality printer cable up to #0@r more without buffering. Longer runs mayuée buffering
amplifiers or an alternative control system (selew®. The DDW will require its own RS232 line.

For runs up to several hundred feet, you can ustdavpairs (CAT5 network cable) for the RS232 amtion.
Runs of more than this length usually require sgénierfaces. We have had success with RS232 cahk over
300 feet using CAT5 cable.

Thus, there may be a need for as many as thré@S332 COM ports on your computer, with two or thrables
going to the observatory. Most computers have tmtyavailable, external COM ports, often with dreng used
for the mouse (the keyboard and modem use intporéd). Thus, there is often only one free RS232 for the
user. Thus, if either two or three are needed,witiilneed to have your computer supplier providgpacial card to
add at least one additional COM port. The costH@ ranges from about $75 to 150 or more. Thd oy
require that interrupt settings be changed in yonachine, which can be done by a qualified technidi#sB to
serial adapters and hubs also work well. Theferiber discussion of this issue in the Appendix.

DDW, of course, requires that the dome shutterratation can be controlled electrically, (hon-Tlsebvatories

can be controlled with custom interfaces). 120\WAGst be available in the observatory (240VAC orcige
order).
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System Needs-Long Distance Remote

If the distance from the user computer to the olzgery is large, the cost of multiple cables mayhlggh.
Furthermore, distances over several hundred fedtrgvossible to service without very expensive way repeater
amplifiers or other techniques. An alternativetegsarchitecture that will handle these situatiisn® have the
user operate a “User computer” communicating teasd “In-Dome computer” in (or very near) the alatory.

You can do this by using remote software (such@arwhere® or Remote Desktop) that allows the user
computer to operate the In-Dome Computer as ththigluser was in the dome. The two computers mainked
using a simple serial line, or by a LAN (Local Amdatwork), or via a telephone line or Internet.

In this system, the In-Dome Computer contains anmdimning the various operating programs (telescopérol,
CCD control, and DDW Control Program), while theusomputer screen shows the same as the Dome @Gampu
and the User’s keyboard operates as though he/steinthe dome. PCAnywhere and similar software i
available from computer dealers or from us. Nb# this architecture will support any standardgpams in the
dome computer (so long as they will run under WimslXP and Vista): special or custom programs ate no
required. Furthermore, only one set of programghé dome computer) are required (though eachasseputer

will require a copy of PCAnywhere).

When the distance to the dome is in the severadlitegfoot range, while too long for multiple cabisshort
enough to run at least a simple direct network ection. Using a LAN (with a simple cable) is appeabecause
network cards are inexpensive, cabling is cheapogeration is fast, and Windows offers relativgdpd support
for it. This option is discussed later on in thianual, and you may call us for more information.

For Internet applications, you may use either t8&Rywhere approach (using standard programs) destri
above, Windows Remote Desktop, or by use of a apadiegrated program that will run on the user pater.
This integrated program can send and receive comisnand data to the In-Dome computer running a apeci
matching program. This program, in turn, oper#tesobservatory components (scope and CCD). Sddtwa
Bisque produces such a program set that can bewited@heSky6 for this purpose. We can supplya@gpam (the
Serial Redirector) that will allow DDW also to opéz in parallel with TheSky6 in this applicatiohhe downside
of this approach, relative to using PCAnywherghét you must use matching software and cannotamiikmatch
programs. The upside is that it may offer somevidster screen updates for the user.

If you are planning to use Very Long Distance ofiera (many miles), you may need, or want additidaatures
in the system. These include remote weather itidicand interlocks, Uninterruptible power supplRS), and
remote TV monitoring of observatory interior. Theomponents are available through us: pleasdéaraletails.

These options are described further in the Appesdic
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CH 2. Installation of Digital Dome Works

Introduction

These instructions are written for installatiorDi®W on a HOME-DOME or PRO-DOME observatory. We
assume the electric shutter and rotation are iest@h the dome and functioning well. If you hareobservatory
made by another company, you may need custom attsfso that DDW can control their motors. Under n
circumstances should you modify DDW to control 12@dtors directly. Contact us for details and advic

We also assume that you will read the “Operatirggrirctions” portion of this manual to gain an ovew of how
DDW functions. Being prepared with this informatiatll make the installation go more smoothly.

A hint: we recommend that you lay out all the pats their connecting wires to assure that yousehdocations
can be connected using the wiring supplied: Findirag a wire is 3 inches too short is very frustigit We urge
that you read App. 2 which gives hints on handinall wires.

DDW installation requires:

» install the rotation azimuth sensor (rotating whessembly)

» install DDW processor unit (steel box on dome wall)

* install end of motion shutter sensors and ShuteayRBox

» install one capacitor on each drive motor (oldetar®only — check with us)
e install Entry Switch (optional)

e connect power, signal, and interlock cables (predjd

* install DDW Control Program in user computer

e testthe system.

» install Optional Devices

Installation should take 4 hours or so, and widjuiee some drilling and cutting.

Azimuth Sensor

The azimuth sensor is a rotating wheel optical dacthat registers motion of the dome at approxé@hgaine-inch
intervals (in some cases, this can be interpolated4”). You will mount it on the underside ofetlbase ring top
flange at a convenient location. In the past,“standard” location is at the right rear of the dowall near the
shutter contacts; however, our domes built afterdd2001include a spare precut hole for this pugp(same as a
support roller hole) on the right hand side ofblase ring. We provide a 12 foot cable for conmgcthe azimuth
sensor to the DDW.

To install, you will need access to the top flanfi¢he base ring. Rotate the dome so that the B8Rgout (or
splice plate) is at the location desired. OpenStvngout to give access to the flange. WARNING it rotate
the dome while the DSR/Splice Plate is open. Hloédsensor under the top flange to determine aroappate
location convenient for bolting the sensor in place

If not precut, cut out a hole of about 1 in. x 3imthe flange for the sensing wheel. You cafi dtarting holes
and use a saber saw or file. When the hole isyrdeadd the sensor in the mounting position with donnection
jack facing IN, and mark the mounting holes. D®i1B2 holes and install the sensor with bolts pieui

Check that the sensing wheel rotates freely. Hagldhe sensing wheel arm down, close and lock tBB.D
Recheck that the sensing wheel rotates easilyeaddme turns.
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DDW Processor

The DDW control unit is enclosed in a steel box thay be mounted direct to the wall. Our “standdwdation is
next to the power supply, so that the power conoestwill be short. Remove the main panel in tbe {screws at
corners). Use the holes in the box to determirartbunting hole locations. Drill 9/32 holes, andtall box with
bolts provided. Remount the DDW panel. If you ysar own screws or bolts, be sure they do notgutdjoo far
into the box.

Note that DDW control unit has a power switch (uaedhe ALL STOP” control) on the outside of thelesure,
and one on the inside. The outside switch alldvesuser easily to turn the unit off or on. BecahsgeDDW
enclosure can be padlocked, the inside switch anttals can be protected from unauthorized use.

The printed circuit (PC) board within the DDW cantunit includes a master power switch with thresipons:
Local/Off/Remote. The board also contains theysethat operate the motors, jacks for signal cdt#) indicator
lights, and switches to configure your setup. Miisall be discussed below. DO NOT OPERATE thB\D until
all parts are installed.

End of Motion Sensors

Your DDW will normally be supplied with magnets alidgnetic Reed Switches, operated Normally Opeat, th
control a Shutter Relay Box. When a sensor a@s;ahe Shutter Relay is opened so that the shutitor stops.
As an alternative, some installations will use miswitch End of Motion Sensors, which are discuseexh
Appendix.

When you open or close the shutter, voltage isiagpb the Shutter Relay, which turns on the ESom(he
polarity of the applied voltage determines whethermotor direction turns to open or close thetenut The
open/close shutter operations continue until theomshuts itself off”. This is accomplished bystalling two
normally open magnetic reed switches on the undersi the rear cover near the shutter motor. Badtch closes
when its companion magnet mounted on the shutteitlisn 2 inches of the reed switch. A key featafeéhe
switches is that the alignment of the activatinggnet on the shutter and its respective switch iritical and
activation is possible without physical contact.

See figure for appropriate installation locatiotdse tape for temporary installation of sensorsrmagnets. Once
installation is set, yomust use screws to hold sensors and magnets in plEue screws are flat heads, so you
must countersink the holes on the white side ofthdter.

As you install the magnets and switches, you mayamsohmmeter to check switch operation vs. magpesating,
or you can use the Shutter Relay box itself toatdtee sensor operation. To do this, temporaiggahnect the
shutter motor. Temporarily connect the DIRECT posugoply leads to the sliding contacts. Dependimghe
polarity you have connected, bringing the magneseito the correct sensor will cause the relayi¢& oudly.

The Open sensingwitch mounts on the blue underside of the rear coveteuthe right end of the lip. The
actuatingmagnetattaches to the blue underside of fiteet shutter. This magnet is custom made and is quite
strong to give good distance activation of the een#\s the shutter slides back and the magnet samithin about
2.5 in. of the sensor, the sensor closes and @etia¢ shutter relay to cut off the shutter moftine shutter coasts
to a stop. Use #22 wire to connect the sensdra&@hutter Relay. Polarity does not matter.

The Closed sensimgitch also mounts on the blue side of the rear covewdad of the rear latch hole. The

actuatingmagnetmounts in the rear (white) latch itself in a dgepove or channel that you cut in the latch (this
may be precut at the factory). This magnet isaaddrd magnet about 3/8 in. diameter.
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Here is a method of putting the magnet into the latah. Cut the groove with a hand drill with @licor router bit,
or by hand with a chisel (removing the top shutt@kes the job much easier). The plastic is vaugliobut fairly
soft and easy to cut. The groove should be deepgimto enclose the magnet, and should be abo6it B&hind
the front (point) of the latch. A clean, neat his@ot needed! When complete, insert the magdst epoxy or
hot glue, screws, or other means to hold the magngace. Be sure the epoxy or other materiabduo® project
above the latch surface.

Temporarily locate the sensor so that it activatesn the shutter comes within 1/2 in. of fully leck Connect
sensor to Shutter Relay as above.

You can mount the Shutter Relay Box next to thetehunotor with a 1/2 in. flat head bolt. Shutpewer from
the contact plates feeds into the Shutter RelaytBdlke marked terminals. A two-foot #14 cableoyided) then
connects to the shutter motor (be sure you havevethany preexisting wiring to the shutter motdfr larger
domes, it may be more convenient to mount the 8h&elay close to the sliding contacts where serwiitl be
easier.

You may test this system using either the usuditehtoggle switch or manual movement of the shstfeot yet
the DDW unit). The shutter should open fully, twhen the magnet is about 2.5 in. from the serssut,coast to a
stop. When closing, the shutter should fully cJdake rear latch should drop into place, and thétshmotor cut
off. Check that the latch is FULLY engaged (if hcttange the location of the close sensor).

Notes if installing DDW after your dome has been fily assembled The bolts that hold the magnet, sensors and
shutter relay box to the rear cover must be flugh the outer surface of the rear cover. If nbgyt might block

your shutter from a smooth opening/closing. Thatly we provide flat head bolts. You must remtheeshutter

to countersink the holes for these bolts. If thinot feasible due to your dome’s height or otlea@son, you can

ask your local building supply store for screws tiave very flat or very low profile heads. Foaele, ask for
“button cap allen head screws” or “socket cap sstew “truss head screws”. You'll need 6-32 scrdarsthe
sensors and ¥-20 screws for the shutter relay box.

DSR Interlock

The DSR Swingout must be closed and locked befuieging the dome away from Home. The positiorhefDSR
is checked by DDW when the dome is in the Hometmrsand has received a command to move away from
Home.. DSR position detection is done by a magnehe Swingout that closes a magnetic reed switcthe
adjacent latch receiver. Detection is via a wira tconnects the magnetic sensor to the DDW thrthgiShutter
Relay box to the sliding contacts. If your HomeDomedel does not have a door/Swingout, you willinetall a
detection switch, but instead connect a short tsveen the DSR terminals inside the Shutter Raetexy See
DSR I/L Figure for details, and read DSR I/L sewothelow for wiring.

Motor Capacitors

On older models of shutter and rotation DC drivear® (pre 2004), you may need to solder a capatovided
when needed) between the motor terminals on eathrmb not already installed, use a good soldgiion or gun
and good solder to assure stable, solid contddiese capacitors help reduce electrical noisentlagtaffect the
DDW operation.

Entry Switch

If you enter your observatory from “underneath”uyao not need an external entry switch. Howevemu enter
your observatory from the outside, you probablyehmstalled your power supply through the outsi@dl vgo that
you have use of the external shutter switch to gpehclose the observatory. In that case, youhespower
supply key switch to turn the power supply on/dBecause the DDW uses the power from the powerlguibye
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power supply and DDW must be left turned on, but ydll normally want unauthorized persons not tcalbde to

operate the shutter. You will need to use andreateentry switch that can be installed in two eli#nt ways:

* You may remove the power supply from facing outwéaudn it inward (where you can leave it on), anstall
the entry switch and light in the vacant holes.u¥an then leave the shutter motor (but not thatiat
motors!) connected to the power supply in paraligh the shutter power wires from DDW. In this neqdf
the power supply and the DDW are energized for sjgpanotions (e.g., shutter to open and closeeaséme
time), the power supply will “see” a short circaitd its circuit breaker will trip, removing all pewfrom the
dome. This is a very unlikely event, and can oanly when someone is doing local power supply cwit
operation at the same time there is a remote comma@he major reason for wiring in this manneristow
entry into the dome using the power supply shubetrol switch, and to allow entry even if the DOB\ofT.

* You may leave the power supply in place leavingkiéneswitch on and key removed. To avoid unautdeati
entry, you would disconnect the shutter wires ftb power supply and use the entry switch and DDW
controls only. You would then install the entryitolr and light in new holes. This alternative engrally
preferred.

After you choose your setup, install the entry stviand pilot light in the outside wall, preferabiyder the shelter
of the front shutter to reduce the risk of wateairgnThe polarity of the wires will be adjustedda

Cable Connections

Refer to the figures for cable connections. Allimg to be connected is low voltage (12 volts @s)e Most cables
and wires are either preexisting and are simplyadower we provide them for you. In general, werdd power
wires or cables that carry relatively high current (sashthose that feed the motors), aighal cables that transmit
low current (such as those carrying commands toftamd the DDW, PC, and telescope. All signal caldee 6-
conductor telephone type cables, with standardsptugeach end.

WARNING: Do not use standard commercial telephoneype adapters or cables.Most of these are not suitable
because they flip wire colors at the terminalstédephone purposes. Our cables require that aflswun straight
through. You can order cables from us, or purclasmexpensive crimping tool, cable, and connac{6C6P)

and do your own. See Appendix 2 for details.

* Main Power. Power for DDW comes off the DIRECTmérals of the power supplfpisconnect the power
supply from the wall outlet while working inside!). This should be at least #14 wire, and a tlioe¢ length
is provided. Minus from the power supply goes touhd (-) of the DDW unit.

* Rotation Motors. Move the rotation wires from fiawver supply (top switch) to the DDW terminals.ydiu
leave the power supply rotation switch in paraiéh the DDW rotation, you will damage the DDW wieser
you operate power supply rotation. We will dealhnwiring polarity later.

e Shutter Motor. Move the shutter wires from the posupply (front switch) to the DDW terminals. ytu
leave the power supply shutter switch in parallehyihe DDW shutter, you can operate safely onkyoif
never operate DDW shutter and power supply shattére same time (if you err, you will put a shartuit
on the power supply). Again, we’ll deal with patgiater.

» End of Travel (EOT) sensors. Connect the smakksvfrom each sensor to the marked terminals istheter
Relay. Polarity does not matter.

» DSR Interlock. See the figure. Using double biagle, attach the DSR magnetic sensor to the latsiver
and route its small wires around the equator flangbe DSR inputs of the Shutter Relay. Attaahitiagnet
to the Swingout. When the Swingout is closed niagnet and sensor should be within 1 in. of ealshrot If
you have no DSR Swingout, insert a shorting wirgrenDSR interlock terminals. Note: failure tatall the
DSR Interlock or shorting wire will result in erroressages to be displayed and will cause DDW dpesat
not to find HOME.
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» Hand Control. The hand control connects to the D8Mg a ten-foot length of 6 conductor cable pdtedi.
» Azimuth Sensor. The sensor connects to DDW ugiegen-foot cable provided.

e LX200. If you are using an LX200, you may use b¥P00 Adapter to connect. Connect a cable fromRfze
(using a PC1/SBC adapter) to the LX200 Adapter,asdcond cable from the LX200 Adapter to the scdpe
you wish to use the DDW scope interrogate mode, @snect the DDW to the LX200 Adapter. Use our
cables only: Do not intermix Meade or other caloleadapters into this system—they are wired difftye

« PC-DDW. Use a PC1/SBC adapter and cable to corined®C to the DDW. This cable provides the
operating connection from your computer to the DDY®B to serial adapters work very well if therenes
port available.

» Emergency Shutter connections. Although unlikitlis theoretically possible for all electronicsdaor power
inside the observatory to fail. In that case,nteethe dome you would need partially to discontlee shutter
cable system. To avoid this, you may want to wseesspare #14 wire to connect the shutter motargair of
the electric shutter mounting bolts that protrualéhie outside. In case of electrical failure, gam then from
the outside apply 12V directly to the motor to agerthe shutter.

» Entry Switch. Connect one side of the entry swltEiD cable to DDW ground, and the other end to the
UNIversal input terminal. Leave switch OFF (CCW)/e’'ll deal with polarity later.

NOTE: We provide nominal 10-ft. signal cables wigkephone plugs to connect your PC to DDW. If yant to
run longer cables, you can request them from asily build and install your own: See App.3 forrmo
discussion. If you are at a substantial distasag, 100 ft or more. you may need to run the cetb#mme type of
conduit underground. See a local electrician ectebnic technician for details and suggestionise dable for the
RS232 can be almost any reasonably low capacitémess (or more) conductor cable, for example, teds
shielded pair. For long runs, use reasonably latige (e.g., 20 gauge conductors). Although weehanovided
adapters for the computer end so you can use w@heplype connectors, you may instead want to uskeistype
connectors as they allow a wide choice of wire $ypl you use the proper gender connectors (@B9, Female on
the computer end of the cable and a DB9 Male obfb#/ end), then you can use the cable and adaptevéded
with DDW to make the connections. The wiring imple: connect pin 2 to pin 2, 3 to 3, and 5 to i fis
ground). Also, connect pins 7 and 8 together eretid to be attached to the PC. Cable and consext®
available at Radio Shack and other outlets.

Note that these directions are valid for cableseating to our equipment. Serial cables for oHteessories,
telescopes, CCD cameras for example, may requditi@chl or different connections for a long cable.

Optional Installation Items

Optional items can be added later, if desired.s Bleiction provides a summary of the available items
Some of the options can be installed using logaibcured parts. All are available from us if yasite.

Remote All Stop. If you have a large dome, or many people preskatsingle All Stop switch on the
DDW and B5 on the hand control may not providegafety you need. You can add as many additional
switches around the dome as you wish. Simply ngegaod toggle switch(es). Wire them in parallel
between the All Stop on the DDW terminal strip gndund. The All Stop LED on the DDW board will
indicate when any of these are activated.

Remote Slave.If you should want a manual slave switch in theayvatory (other than B5 on the hand
control), you can wire a push button or switchhte Slave terminal on the DDW terminal strip to grdu
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Remote Power Module The remote power module allows the user to turor off four 120VAC, (or
240VAC), outlets in the dome on/off remotely usthg User I/O lines. The module comes with its own
installation and use instructions.

Weather Station. The Weather station option allows the user toitoomhe weather at the observatory.
When properly configured, the DDWCP will monittietwind and other functions, and will close the
dome when weather conditions are poor. The weatlation option comes with its own installation and
use instructions.

Remote Reboot The Reboot module uses a signal from the DDV¢boot the InDome PC in event that
the PC crashes. The module comes with its owmliasibn instructions.

Install DDWCP in Computer
The Digital Dome Works control program (DDWCP) r@yide on a CD with other software from
Technical Innovations. See the file “readme.txt” iftstallation instructions. Once installed, yoaoftaare
includes a Help screen, which is a soft versiothisf manual. The latest version of DDWCP can akso b
downloaded as a zip file from http://homedome.cawidoads.

You will normally want to run DDWCP whenever rungiyour telescope and CCD. Therefore, install in a
convenient folder in Windows with other programgaur astronomy group or add an icon to the
DeskTop.

Initial Checkout

To achieve a reliable remote control facility, youst install items carefully, and then test theeysthoroughly to
catch any problems. We strongly recommend thattgsuevery function listed below from inside theree, first
manually, then with software commands using a cdergnside the dome where you can see what is mapge If
you find a problem, review your work, apply readoieadiagnostic procedures, or call us for assigarizo not
operate the DDW system if there is a problem. ¥Widlube much more efficient if you follow a methadil
checkout process!

If a problem develops during testing, be prepaceguickly switch off the DDW using the front parsstitch
and/or power supply--this will stop all motion othtkan that directly controlled by the four handhtrol buttons.
When DDW is switched on again, it will be in a noving mode.

IMPORTANT NOTICE : Before you begin testing and using DDW, you
must understand that there are_two automatic shutdevn modesbuilt into
Digital Dome Works. Read the sections on “Communation Cutoff
Shutdown” and “AutoShut” in the Trouble-shooting/In terlocks section of
Chapter 3. You need to know the conditions for amutomatic shutdown,
and how to activate the “All Stop” command or switt. If you are doing
any work on the dome motors or other moving parts bthe dome, put the
“All Stop” switch on the DDW box in the OFF position.

Before we start, lets review the logic of the inedrDDW power/mode switch. The operating modes are
« DDW OFF. Whenever the main power supply is on, the foatanbuttons on the hand control
WILL still operate. These buttons control the mratectronics and relays directly, and completely
bypass the DDW operation. Therefore, the DSR lot&rdoes not operate when using these buttons.
It is assumed you are in the dome, and know tlebDt8R is open or closed. The four buttons are
powerful: be careful! B5 is inoperative.
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« DDW Local. In Local mode, the DDW processor is on, andrespond to computer requests for
information. However, motion commands via comp(BDWCP) or via the DDW processor
(timeouts, B5, entry switch) are inhibited. Thisabe is primarily for continuing DDW operation
while working in the observatory when one doesvnant the dome to move except under control of
the four motion buttons on the hand control.

« DDW Remote In Remote mode, all motion commands are operatiolf working in the
observatory while someone else is at the compatéf slaving is turned on, the dome MAY
OPERATE WITHOUT WARNING. Be careful, and alwaysdwm how to turn off the DDW (i.e., the
All Stop switch).

Now let us proceed with initial tests with the DDOWF.

DDW OFF Tests

* Review Wiring and Installation. Carefully go over all the installation stepsdameck that they were done
correctly.

*  Wiring Check. Leave the DDW Remote/Off/Local switch OFF. Meill do several tests by using the four
motor buttons on the hand control. These contrelrelays directly even when the DDW is off. listmode,
the DSR Interlock does not function, but the Shugted of travel interlocks do operate. With the\WDff,
plug in the hand control.

Briefly push the CW button. The dome should tuki.CIf it does not, reverse the rotation wireshet t
DDW terminals. When turning clockwise, no relayermate.

Briefly push CCW. When turning CCW, the reverdayeperates.

Briefly push OPEN. Shutter should begin OPENINGIt begins closing, reverse the shutter wirethat
DDW terminals. When opening, only the shutteryelperates.

Briefly push CLOSE. Shutter should begin closiéghen closing, both the shutter and reverse relays
operate.

DDW Local Tests

Perform these tests so that you or an assistarmoaitor the dome action and let you know whatapgening.
You will be working directly with DDW hardware.

Flip the interior DDW switch to LOCAL. The DDW frd panel power switch should turn it on and ofshewn
by the blinking pilot light on the DDW board. Thght on the hand control will blink, indicating L@AL mode.

You will now check that the shutter motion intetsdmagnets and magnetic switches) operate prop&ady will

first check the shutter OPEN (End of Travel) swischjustment:

Q Use the hand control OPEN button to begin opertiegshutter (if the OPEN button makes the shuttesegl
reverse the shutter wires at the DDW or the slidiogtacts).

O As the shutter is opening (but before it is all Wy open), simulate activation of the OPEN magng#tiitch
by having an assistant short across its termindls awvire or clip lead. The motor should stopretleough
the OPEN button is still pressed.

If the motor keeps running, STOP and fix the probld=irst check the wiring: Check that the wiresnfrthe
OPEN magnetic switch in fact are connected to tRER terminals on the shutter relay. Even if theewi
enter the OPEN terminals, you may have the wirsh@d in so far that the wire insulation is undertbntact,
thus preventing proper electrical contact.

If the wiring is ok, try shorting the CLOSE termisavhile opening the shutter. If this causes tlwanto
stop, reverse the wires at the shutter motor teatsifnot at the power supply or sliding contactdpw the
shutter and contacts are wired correctly.
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a Now run the shutter all the way open--the magnetherfront shutter should activate the OPEN switcd
stop the shutter when it is full open. If necegsadjust the switch and/or magnet so that motopsat least 1
in. of travel before shutter hardware strikes #er icover (and stops the shutter).

Now you will check the shutter CLOSED switch adjosnt:

O Use the hand control CLOSE button to begin closiregshutter.

Simulate activation of the CLOSE switch as above.

Q Run the shutter closed--the switch should stogsthdter motor just before full closure and locktlsat it will
coast to a full closed and locked position. Vetifgt the shutter latches drdly engaged (locked) at this
time. Adjust the magnet and/or switch as necedsargorrect operation.

O

Once the switches and magnets are properly adjusiad the locations carefully, then install therpanent
mounting screws. Do not use the dome with onlg tapiding these essential components in place!

Note: Be sure the local tests are satisfied beforemove to the more complex remote operation.
DDW RemoteTests

Now you will check the system first by using B5thie hand control and the entry switch, and therDibgV
software running on a PC or laptop in the dome.
e Flip the interior DDW switch to REMOTE.

You will have noticed that the hand control hasletpight and a fifth button. The pilot light Ietyou know that
the DDW is operational in the Remote mode. Thid fifutton (we call it BS) provides you with a vayief
convenient functions - there is magic in that fifitton! Note that when you push the button, tiADpilot light
on the hand control will go off. Conversely, iktlight is off, then B5 is not available for uskar(safety reasons,
B5 functions will NOT operate in Local mode). Bbdasy to use, but it does work differently fromsirtouttons.

B5 does multiple functions depending on what theelés doing (moving or not) and how you operateltingon.

If the dome or shutter is moving
. STOP. Touching B5 will STOP any motion and cancel angrent movement commands.

If the dome or shutter is NOT moving when you PUSH B5, you are telling DDW that yoa about to issue a
command, then how long you hold B5 determines w2V will do. That is, the actual command is crelaihen
you LET UP on B5, not when you push it.
. HOME : Assuming the dome is not moving and is not haimgu hold B5 you will hear a
beeper from DDW. After about one second, the heeflestop. If you now release B5, the dome
will return home automatically.
. OPEN/CLOSE: If you push and keep holding B5, you will heae first beep, then silence, then
a second beep. If you wait to release B5 duringfiar the second beep, the dome will go home
AND will then close (if full open), or will open fly (if either full or partially closed) the shutte
If the dome is already home, this operation wilpgkast the HOME action. Of course, during any
operation, just touching B5 will stop the motion.
. Slave ON/OFF Assuming the dome is not moving, a quick douafeof B5 will turn the
slaving on or off. You will get two brief beeps falaving on, and one beep for slaving off. Note:
If you find yourself pushing B5 rapidly or multiptanes, DDW may interpret your actions as
turning slaving on or off, and the dome may staming. Just tap B5 to stop the action, then take
your time with your next command. Always wait thrgeconds before another B5 command.

Let’s try out some of the functions. If the DSRclesed, use the CW or CCW button to move the dome
away from HOME (remember-the DSR interlock does NiGxiction when you are using the manual

Digital Dome Works Page 19



rotation buttons). Then operate B5 to make theelgmHOME and close the shutter. During the
operation, operate B5 to prove that it will stop thotion.

The entry switch, (if used), operates in parallghvand identically to B5. That is, turning thetgmswitch
ON, (CW), is like pushing B5, while turning it OFEECW), is like releasing B5. If the entry switishleft
ON, B5 will not work and its pilot will be off: Thentry switch should always be left in the OFF, Y&OC
position.

Before initial testing of the entry switch, checkeather its pilot light is on. If it is not, revershe leads to
the entry switch and light. To test the entry sWijtsimply use it to make one of the same operatyon
used with B5 above.

Note: Be sure the system operates properly wittatitere tests before proceeding.

Now let’s turn to the computer screen and DDWCIHRVIBW the operating instructions (see next chapter)
for the functions of the DDWCP program. Activate DDWCP in your computer. You should see the
control screen as shown in the operating instrasti@hown in the next chapter).

» Check the DSR Interlock. Before we operate thatimb with the computer, we need to check thaiB&
interlock is operational. With the dome at Home ¢he shutter full open or closed, open the DSR
Swingout. Click GOTO on the screen and type imaimuth and hit enter. The dome should refuse to
turn. If it does move (in violation of the proteet interlock), stop immediately and fix this prebi before
operating the observatory. Re-close the DSR.

¢ Assuming the shutter is open, click the “Close"tbnton the screen. The shutter should begin moving
Immediately activate the STOP button. The shueuld stop immediately.

« Click the close button again. The shutter showldogthe end of travel, and the screen should shew
proper information.

e Click the GOTO (rotation) command. Read the doomeent azimuth from the screen and enter a GOTO
that is at least 25 degrees away. The dome shotdte to the desired azimuth, using the shortestiibn.
The screen should show the dome turning. Notevilatave not yet trained the dome, so the GOTO may
not be accurate.

* Activate the HOME command. Dome should rotate ¢orid (even though it has not been trained).

« Activate the ShowData button. This will show a Hreareen displaying recent commands to the DDW and
responses from it. Use GetInfo or operate the dehite watching the data flow. Use this screerutedy
to familiarize yourself with proper operation am fliagnostic purposes.

This completes the basic tests of the DDW.

WARNING: You will still need to train the dome, agll as enter any special configuration informatimeded, as
discussed in the operating instructions that folldwntil the dome is trained properly, HOME commsudl|

work, but all goto functions (including slaving) liMbe incorrect. Training should be the next thjrmy do, but
only after (!) you review the control program fuiocts described in the next chapter so that you havere
complete understanding of what is going on.
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Ch. 3. Operating Instructions

IMPORTANT NOTICE : Before you begin testing and using DDW, you
must understand that there are_two automatic shutdevn modesbuilt into
Digital Dome Works. Read the sections on “Communation Cutoff
Shutdown” and “AutoShut” in the Trouble-shooting/In terlocks section of
Chapter 3. You need to know the conditions for amutomatic shutdown,
and how to activate the “All Stop” command. If youare doing any work
on the dome motors or other moving parts of the dom put the “All Stop”
switch in the OFF position.

This discussion is in several parts:

» Local (non-computer) Operation
* Remote Operation

» Interlocks/Trouble-shooting

Local Operation

If you are outside the dome and want to open th&ahlocally, you will not normally have accesshe hand
control. Simply use the normal external shutteitdwon your power supply to operate the shuttéote that this
wiring for this circuit is in parallel with the DDWhutter circuit. If the remote control commandmse” at the
same time you manually try to “open” the dome, gbever supply will be shorted and the circuit breakal trip
(this would require opening the dome as if it hddiked shutter). As described in the installatabrapter, an
alternative entry method is to install a key switicht operates the same as B5 on the hand corithis. will allow
you to open or close the dome from the outside.

DDW has a power switch (used as the ALL STOP” adhtn the outside of the DDW control unit, and amethe
inside. The outside STOP switch allows the ussilyeto turn the unit off or on. Because the DDWEl®sure can
be padlocked, the inside switch and controls caprbtected from unauthorized use. The inside $wion the PC
board) is a master power switch with three pos#tion

 Off
* Local
e Remote

In theOff position, power (normally from the 12 VDC obsenrgtpower) is not applied to DDW. However,
shutter and rotation power are still available o power relays for rotation and shutter. Oneussnthe shutter
and rotation buttons on the hand control (if theghaALL STOP is not activated), and the motors willerate.
When opening or closing the shutter, the autonstips function. In th®ff position, B5 on the hand control will
not function, because B5 works through the DDW pssor, which is turned off.

Note: if you wantall functions to be off, even including the hand cohtturn OFF the ALL STOP panel switch,
the circuit breaker at the lower right of the citdabard, or the main power supply for the system.

Note: when using the hand control to move the damay from Home, when the DDW is off it cannot chéuoi
DSR Swingout Open/Close status. Be careful tred8R Swingout is closed before turning the dome.
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In theLocal mode, power is applied to the DDW. Remote competenmands will be received by DDW and
software response will be given back to the comptigwever, all movement and slave commands wilgbered.
Timeout functions will be bypassed in local modéde manual hand control buttons function as inQffemode.

Local mode is primarily for when you are in the dgrwant the DDW connection to the computer, buhdowant
DDW motions except for using the four manual motbattons on the hand control.

In theRemoteposition, movement commands from the control caepwill be processed by DDW, while local
(manual) hand control commands will continue toction. We will discuss each Remote mode accorthrtge
source of the movement commands:

* B5 on the hand control and external entry usinddgftc

« DDW interlocks (e.g., if communication timeoutsdsao auto closing)

* Non-computer Slaving (using the interrogation @& fitope)

e Computer Directed Operations using DDWCP and an3R$®nnection

Hand Control Operations

In this section, we summarize the functions avééa the hand control. Comments made for the Bbits pilot
light apply as well to the entry switch and itsopilight.

The Rotation buttons (CW and CCW) operate the setliectly to turn the dome to the right (CW) dit (€CW).
Rotation occurs as long as the button is heldoth buttons are held, the dome turns CCW. Bectues® buttons
do not use the processor, as long as power istoriie DDW (and the ALL STOP panel switch is ndivated),
the rotation buttons will still function even iféi_ocal/Remote switch is off. The DSR interlocleddNOT
function when the hand buttons are used.

The Shutter buttons (open and closed) operatesthgsrto open or close the shutter. Shutter moweoerurs as
long as the buttons are held, or until the shuttaches EOT (end of travel). If both buttons alel hshutter
opens. Because these buttons do not use the poocasdong as power is on into the DDW, the shidtg#tons
will still function even if the Local/Remote swité# off.

Pilot Light (Heart beat)

e Is off when DDW is turned Off, or when B5 is pushadf Entry switch is closed.

* Is on when DDW internal power switch is in Remoteda (Remote allows remote computer operation and B5
actions)

e Dim blinks when DDW is on but inhibited from moti@ommands (Local mode)

« Off when All Stop panel switch activated.

B5 (and the entry switch) controls a variety ofdtians, but because it uses the processor logic|ytoperates
when the DDW is in the Remote mode. B5 does mealtiphctions depending on what the dome is doingv{ngp
or not) and how you operate the button. CauticetaBise of processing time in DDW, wait three sesafiter a
B5 command before trying another. If you don’t, Wxnd you can become confused!

B5 Button

If the dome or shutter is moving
. STOP. Touching B5 will STOP any motion and cancel angrent movement commands.

If the dome or shutter is NOT moving when you PUSH B5, you are telling DDW that yoa about to issue a

command, then how long you hold B5 determines w2V will do. That is, the actual command is crelaihen
you LET UP on B5, not when you push it.
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. HOME : Assuming the dome is not moving and is not hafmgu hold B5 you will hear a
buzzer from DDW. After about one second, the bugdk stop. If you now release B5, the dome
will return home automatically.

. OPEN/CLOSE: If you push and keep holding B5, you will heae first buzz, then silence, then
a second buzz. If you wait to release B5 duringfter the second buzz, the dome will go home
AND will then close (if full open), or will open fly (if either full or partially closed). If theame
is already home, this operation will skip pastH@ME action. Of course, during any operation,
just touching B5 will stop the motion.

. Slave ON/OFFE Assuming the dome is not moving, a quick douafeof B5 will turn the
slaving on or off. You will get two brief beeps felaving on, and five beeps for slaving off.
Note: If you find yourself pushing B5 rapidly or itiple times, DDW may interpret your actions
as turning slaving on or off, and the dome mayt staning. Just tap B5 to stop the action, then
take your time (wait three seconds) with your rigxtcommand.

As discussed in the installation instructions, chefdeg on your installation, although you can opetat
shutter to allow entry either using your normal powupply control of the shutter, the normal wawih
the entry switch using the B5 logic. This switshwired directly in parallel with B5, using the B5
terminal strip connection on the DDW board (seeestwdtic diagram). If the DDW is set to Remote, you
can then leave or enter the dome using the entitgtsw

Entry Note: if you use the entry switch to open ¢hservatory, and do not then start DDWCP to cohnec
to DDW, automatic closure remains NON-activatedraflis, the observatory will stay open. If opened
manually, always either close it manually as sapassible, or activate DDWCP.

Non-computer Slaving Operations

It is possible to operate the dome in the slavedenith an LX200 scop&ithout using a computer to control
DDW. In this case, you would open the dome, anabdish your computer control of the telescope oriyhen
slaving is activated (assuming you have the LX2@d@@ter connected), either from B5 or DDWCP, DDW wil
interrogate the scope to obtain the desired azipautth turn the dome to the correct azimuth. Thislenis not
available in Local mode because local mode bloddB@RW processor motion commands.

This non-computer slaving mode is suitable for seype using the LX200 command set, so long angédtie
dome azimuth to the scope azimuth is sufficierkelep the shutter opening in front of the scopehéfpivot point
of the scope mount is not near the center of timeejdhis method may not accurately keep the domteshin
front of the scope. If so, you may have to useréimeote computer control to do accurate slaving (thll
compensate for off center mounts).

Computer Directed Operations (i.e., remote operatins)

In remote operation, the user can control the alagery via the RS232 serial lines (or over a nekyetc.) using
the User Computer. This requires that the useipcen be relatively close to the dome (several heshdeet). If
longer distances are required or cabling is a @roblyou may have the user computer connected ito dome
computer, which is connected to the observatorypmmants by RS232 cables in the dome.

In any case, the software to control the scopeCG®Ds is the choice of the user. The software tarobDDW is
usually our own DDW Control Program (DDWCP) inclddeith the system, or it may be be designed byter
or purchased from third party sources.

To use the DDWCP, select and run it as you wouidadher Windows program. After a few seconds, shauld

see a screen such as shown below. The screennatschematic of the dome, a “Slave Dome” cheoktb turn
on and off slaving to the telescope, and a DDWustatessage box. This initial display screen waiyded to be
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as compact as possible in order to allow it to iegen on the Windows Desk Top with minimal inezence
with other program screens that are open.

[~ Slave ta Telescope

ﬁDigitaI Domewfarks iz Online. _‘:j

To open the full Main DDW screen, containing datarf the dome, and control buttons for differentat,
simply right click with the mouse anywhere withinig screen display. The “expanded” Main DDW scrisen
below. As we discuss the various functions, we alélo describe how data moves through the systenthen
design considerations of the system. This wilphték user understand the capabilities and thedtioins of the
system.

Main Screen -Schematic of Observatory

ital DomeWorks Yersion 5.1

1~ Dome Control - 1~ Telescope— - User Pins -
Azimuth: 248 deg, Dome is not Home. [reeanslntls f“‘ T I~ UserPFin1
Shutteris Undefined., DSR is & Lt & Certer ¢ Bight I UserFin2
Gata 1 Harme 1 - = I UserFin 2
Scape Paosition & Oyer Asis I lisecond
Open ] Refresh ] [when aimed east)  Under Asis |
ik STOP ¥ Scope flips at Meridian Help: A
s 1 : 1 “?-E-j Eonfigurej About j Train j
- . r : Park Scope Stop Fark l Unpark. l
: L . - ol = AutoShut Exit DD/
I Slave to Telescope Read TheSky Pasition File-» Scope Ré=14; Decl=54, Desired D'ome &z= 309
]Dor‘re. _V_] ;_Query: ?2_ !_.Firn'ﬂwale Wergion: 4.0 :_Dnlln-e_i

The most obvious part of the screen is the schermathe observatory. North is at the top of tbeeen. A green
tic mark will show the HOME position of the doma (his case 16 deg). The dome may be shown atiawar
azimuth angle, and the shutter may be shown asd|agpen, or in between. These data are also shswext in
the area below the schematic.

This data are accurate to the best of DDWCP’s kadgeé because the computer and DDW rely on peripgicies
and responses. There are special circumstandem#iyamake the data incorrect or indeterminater. eixample:

¢ The DDWCP screen will only have data from the taggry for information from DDW in the dome or from
the last action commanded by DDWCP. If someortbénrdome has manually turned the dome, the data
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shown may not be correct. It will become currertt aarrect when the control program information
automatically updates (every hundred secondsf,acommand or GETINFO is sent from DDWCP.

* The shutter and DSR data are only obtained wheddhee is HOME and the shutter is operated. THubgi
DDW has been turned off, then on, the shutter staill remain indeterminate until the dome is sdotne
and the shutter operated (DDW determines the shpigtion by the occurrence of the shutter motdoff
during full open/close operation when the shuttecches end-of-travel (EOT)). In these cases,hthtes and
DSR data are correctly labeled as “Indeterminatéyou see “Undefined”, try opening or closing tsleutter
to obtain updated shutter status data.

About

The “About” button brings up a screen that givesbrsion number and date of the DDWCP. You may
also take note of the date of the version whidiiss given. The specific version of the DDWCPhis t
date of the revision

HELP

The HELP button gives access to a DOC version@friktruction manual. This button starts a copy of
Word Reader, and brings up the manual. This iredualmost the entire manual (including schematic
diagrams), with links to the table of contents, andy word search facility. Because we make feagiu
updates to the manual, this version may not bee@strecent as your official paper instruction nanu
Compare the dates on page 1, and refer to the ‘g&sdrmppendix in the paper version to identify the
differences.

Events Box
This box shows a running list of commands givensdatiware, or events built into the DDW, and the

status of the system response. Clicking on thp down arrow at the right will display the command
history log window.

[~ Slave to Telescope Could not read TheSky Telescope Position File.

Digital Dorme’w/ orks iz Online.

DOME CONTROL

Show Data Check Box

[ Show Data

This check box opens a small window above the reai@en that will show the characters being comnatedt
between the PC and DDW. Using App. 1 as a referefloow Data is useful in diagnosing communicasiod
operational problems. Operate this screen soythabecome familiar with normal operation.
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Outgaing: |EP02 # | Incoming: V4,165,16,3.0,0,1.0,1,6,27 1,128,255 255,265,255 255,255,205.939,1.01 ~
GPOO W4,165,16,3.0.0,1,0,1,6,27 1,128,255 255 265,255 255,255,255, 939.1.01
GPO1 V4,165,16,3.0.0,1,0,1,6,27.0,1238, 255 255,255,255 255,255,255 .939.1.01
GPOO W4,165,16,3.0.0,1,0,1,6,27.0,1238,255 255 255,255 255,255,255 939101
GIMF W4,165,16,3.0.0,1,0,1,6,27.0,1238,255 255 255,255 255,255,255 939101
GIMF W4,165,16,3.0.0,1,0,1,6,27.0,128,255 255 255,255 255,255,255 939101

GIMNF V4, 165,16,3.0.0,1,0,1,6,27.0,1238, 255 255,255,255 255,255,255 .939.1.01
GIMNF w | Clear | |v4,155,16,3,0,0.1.0.1,6.27,0,128,255,255,255,255,255,255,2565,393,1.01 ¥

Some of the information and diagnostics you carirggtide the following:

* Get Info to DDW will result in the information paekin return. You can use the guide in App.1 teripret
the raw data returning from DDW. You can use tldgga to evaluate training and other operations.

* When you train the dome, check the information pachkn this case, the DDW firmware is V4, the dome
165 “ticks” in circumference, home is at tick 16 GWm North, the coast distance is 3, and the auirre
location is tick 131 CW from North. If you saw moumference of zero after training, you will imniatly
know there is a training problem (and why the domoa’'t go where you want!).

*  When rotating the dome by hand control or compuwiu, will see an L or R to show direction, theneséion
of ticks from the azimuth sensor (shown as P1eR2). If you do not see these data, almost sthely
azimuth sensor or cable is at fault. Note that DD&%s AZ ticks and motor current to distinguistation
from shutter movement, so AZ failure can causetshtitks when rotating!

*  When operating the shutter, you will see an “O"©' followed by shutter timing ticks from the DD\8hown
as the letter “S” about once per second.

 A“TEST" button brings back diagnostic data from @D See App 1 for interpretation.

Refresh Button

Clicking on this button tells DDWCP to query the o transmit the most current status information o
the shutter, azimuth position, interlocks, motomrent, etc. Remember that DDWCP automatically
queries for this information about every hundrecbsels. The time remaining before the next query is
shown above the event box. You can change theygatr by the adjacent buttons. We recommend using
the maximum except when shorter times are necefmatyagnostic purposes.

Rotation Control (“Goto” button)

You may command the dome to turn to a particulanath by clicking GOTO and entering the azimuthdegrees
(Clockwise from North). DDW has a dead zone (seDiP switches on the DDW board) to avoid unnecgssa
“jogging” of the dome. Thus, if the dead zoneést® 10 degrees, and the dome is at 175 and yomend 180,
no action will occur. Once motion begins, the domiléturn to the desired azimuth. The Automatiffget, which
would normally cause the dome to rotate past thegedting, is deactivated for GOTO commands.

DDW will beep three times before rotation moves.

When a command orders the dome to rotate to a gizienuth, the dome will begin rotating in the skett
direction to the goal. The motors will cut off sténce before reaching the desired azimuth tavalito coasting.
There are other more subtle details in how DDW rgasdhe rotation which are discussed below.

Stop Button

The STOP button can be used to stop motion atiamey tFor example, the Open button will begin thele of
opening the shutter, which will run until the enfdt@vel cut-off switch stops the motion. At angng during this

cycle, the Stop button will end the process andsthéter opening can resume once the Open butimessed
again. (Or Closed with the Close button). Note thathing B5 during any movement will also stop iih@vement.
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Home Button

You may command the dome to return Home (it wietavhat it believes is the shortest direction).c©®the dome
has started Home, it will seek the contact plabeddpome Switch) which signal the physical Home poai(ie.,
dome training does not affect home seeking). Amsas the dome reaches the contact plate, the dowgestops
and coasts to a halt and will attempt to stop enaénter of the contact plates. If the dome owathHome, the
motors will “jog” forward one time, then backwardsing 0.1-1 sec pulses (up to ten times) to findnielo

Because the shutter sliding contact plates are tosdefine the Home azimuth, the azimuthal lendtthe plates
could contribute to the azimuth error. When youATIRthe dome, DDW will measure the location of eactd of
the contact plates, and will define the HOME azimpibsition at the midpoint, and all azimuth mease®ts are
made from that point.

TELESCOPE CONTROL
Scope In Use

There can be up to four telescopes identified ahected inside the observatory. The position off¢ste
“Configure” entry section later in manual, allowetcalculation and entry of the parameters neeuledriter each
scope as closely as possible in the shutter opehirigg operation and slaving. The operator therpsi selects
the scope in use with the check box option (seéeStmpe” section of DDW Main screen below). In gbatories
with one telescope, the “Center” position is seddct

— Telescope
Scope Inze
= Top
" Left = Center " Right
Scope Pogition % Ower Axis
[when aimed east) ™ Under Axis
v Scope flips at Meridian Help |
Park. Su:u:-pel Stap Fark | Unpark, |

GE Mount Axis Flip Box

G-E Mount Axiz Flip

Scope Position f Over .-'1'-.:-:is.
[when aimed east] ¢ Under Axiz

v Scope flips at Meridian  Help

When using a computer controlled German Equatar@int, the mount motion can bidcking” (following

stars) or Slewind' (executing a GOTO). Depending on the desigrefrhount, the scope may flip automatically
or manually as it passes the meridian, especialiind slew operation. Imagine the scope aimedh¢osiast over
the “top” of the polar axis (as is normal). As theunt tracks, the scope rises toward the vertihah “turns over”
backwards as it rotates around the polar axis.s;T8utnours after you started, as the scope looitsetwvest, the
scope will be underneath the axis (if it did notriguthe pier!).
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Note our naming convention: Although the scopeteataround the polar axis, it did not flip, and canvention is
that it is still in the EAST OVER AXIS mode (thusest under axis is the same as EAST OVER AXIS).

However, most users want the scope on top wheririgaither East or West, implying a flip at the ide&mn.
Some GEMs (e.g., Astrophysics) if started on togmvhimed East, wilrack past the meridian without flipping,
but if slewed with a GOTO command to a point phetreridian will flip automatically during the slevDther
mounts require manual flipping, while still othégsiore the issue altogether.

DDWCP must know whether the scope is above or béhevwaxis, and how the mount behaves, so thahit ca
compute the proper dome azimuth to deal with then@a offsets. How does DDWCP know this? The anssve
it does not, unless you tell it via the GE MouripFox.

» If the scope is on top when aimed East, check Al¥ous. If the scope rotates past the zenith withou
flipping, even though it is underneath and lookivest, we refer to it as EAST OVER AXIS.

» If the scope is on top when aimed West (or unddéhmeaen looking East), then check the Below Axig.bo

» If the scope willnot flip when it crosses the meridian, leave the Bl blank. If the scopeill be flipped
(automatically or manually) when crossing the mianidcheck the Flip box. For example, if the sctips
when slewing and you plan to do so, then you wahlkktk Flip. However, if you plan to track past the
meridian without the scope being flipped, then wuthFlip box.

* Note that if the scope flips at the meridian and flave checked the box as you should, when theespets to
the meridian and executes a flip (or you do it¢ @ver/Under box will automatically switch checknrsg and
the dome azimuth will change to accommodate the sepe location in the dome.

» If you are imaging a series, if you go past merndiad the scope flips differently from what you setthe flip
box, you will discover that your subsequent imagesof the inside of your dome! To recover, justkcthe
actual scope position (over/under) so that the dooneects its azimuth (and fix the flip box).

It is theoretically possible for the actual scopsition (ie, East over/under axis) to be set calyend yet the
internal software may be applying the dome azinagjustment as though the opposite were true. Tdlkahis,
click the HELP button in the GEM box.

Park Scope/Stop Park/Unpark Buttons

Park Scope ripark

These buttons send commands to an LX200 (if coedgtd stop it from tracking, restart trackingtolinhibit a
DDW automatic Park command. See LX200 AdapterRautking description below for details. When opedat
you will hear five beeps for Park or three beepd fopark.

Training the DDW (“Train” button)

When you start DDW for the first time, it uses ddfasalues for the dome diameter, dome azimuth@MHE,
shutter timing, and sensor calibrations. You ntsh the DDW to learn these values for your paittic dome,
and it will remember the new values even after peimned off. You can retrain at any time, butetm@ined, you
should never need to do so again. You can alwasithe current training values by using ShowData

Azimuth Training. Use the hand control to rotate the dome so tresliot is true NORTH (not magnetic north).

This is necessary so that DDW can learn where Hemadative to North. If you have a scope preserthe dome,
you can aim the scope North, and use it as a daidégn the dome shutter quite accurately.
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Before you do anything else, use the ShowData butal review the information packet. You should aeseries
of data such as V4, AAA,BBB,CCC,DDD, etc. These thre default values left in the DDW after our itegpt
AAA is the circumference from your training, BBBtise home azimuth (CW from North), CCC is the coast
distance, and DDD is the currrent azimuth, all meed in ticks (see App. 1\Write down the numbers! After
training, the circumference should be in the huddt® a few thousand (depends on your dome sizetied
factors)—if you have zero or a small number, yoll kviow training was unsuccessful (see Troublesingatable).
The home should be at the right az CW from no@basting is usually 3-20. If training was not ss=ful, then
none of the azimuth commands (except HOME) will kyoroperly. Note that you can reset DDW to intérna
default values using the on-board push buttonlégee in this chapter).

Now click on TRAIN. You will be asked whether yaant to train the dome (azimuth) or the shutter.

When you select dome (azimuth) training, you wdt gn explanatory screen. If you proceed, the deitheotate
CW and will begin measuring the rotation amountdmeed in “ticks” or steps of the movement sensés.it
passes HOME, DDW records the “tick” count. The dotontinues to rotate all the way around to HOM&iag
when it records the “tick” count at each edge ahko It then backs up, to measure the trailing edgerately.
From these data, because the dome started at tie pasition, DDW computes the HOME azimuth,
circumference of the dome, width of the contactgdaand amount of coasting to correct for in mosetm
commands. These data are recorded in non-votaglaory in DDW for use in later sessions.

This completes the training operation. We stromgbommend that you again use ShowData to obsexvgvete
down training data (see App 1 for interpretatio®nce the dome is trained, you can always lookhatSData to
verify that the training data are still good. Hetdata remain valid, retraining the dome is ipoese to operational
problems is never a useful step. However, failnitéally to train the DDW can result in confusiiagd apparently
erratic behavior in the shutter position indicatarjn many of the rotation functions, includinget and GOTO
functions. If you see such behavior AND the tnagndata are way off, try training the dome, otheeryithe
problem is elsewhere than training (see Troubleshgaable).

Shutter Training. When you select shutter training, you will getesplanatory screen. The shutter indication
relies on timing the shutter movement, ie, unlikérauth training, shutter training does not affecy ahutter
operation, only the display in DDWCP. If you sel&ztrain the shutter, the shutter movement showBDWCP
will automatically calibrate when you execute tlexthcommanded shutter movement To do so, opdratshutter
using the OPEN or CLOSE button on the DDWCP sceeethat the shutter moves the full amount without
stopping along the way. Shutter training datanartea part of the information packet.

Shutter Control (“Open” and “Close” buttons)
The shutter may be opened or closed by clickintherproper button.

WARNING: because the shutter operates only in tRdHE position, to close the shutter, an Open or €los
command will first cause the dome to turn to horete the shutter operates. If a person is irdtdrae, always
warn him/her before operating the shutter or rotaiommands. After returning home, the shuttek vébin
opening (closing), and the schematic will show avimg shutter. The amount of movement shown orsthieen is
estimated by DDW from a self-calibration of tim&ea during the first shutter operation after tragnthe dome.

Note that DDW assumes that the shutter has redalezpen/closed when the shutter motor currenpdrtm zero
during a shutter operation. A power interruptiorother problem giving a premature current drop roémic
open/close. In that case, the shutter will nofullg open/closed, even though the DDW reports thet. For this
reason, when the DDW believes that the shutterdeched an end point, it will attempt additionaM@ments in
the same direction to assure that it has in fattred end of travel. The next shutter commandawiitect or
verify the shutter data. If this level of shutpersition reporting reliability is not sufficientfan application, DDW
is not an appropriate system for your use: pleaiais for recommendations for a more sophisticatedrol
system.
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When DDW is turned on, it does not know the shugtatus until an open/close command is executedenV
DDWCP is then turned on, it will read the DDW datad show the shutter and DSR status as undetetmihe
DDWCP shows that these data are undetermined,3@send an open/close command, which will update th
display (if the dome is already opened/closed, isgnan open/close command will result in no movemeat will
generate the desired data). Note that the DSRdote(discussed below) also functions only whem shutter has
been operated to End of Travel (EOT).

This may sound complex, but in practice is not@pem. In practice, you will normally leave DDWred on all
the time. DDW will learn and remember the shustatus unless turned off. Thus, even if you tuBWICP off,
then on, you will see correct, current shutter data

Slave Button

This button turns slaving on/off (the source of ¢teving data (i.e., the telescope position) ameiotonfiguration
data is set in the Configuration/Slave screen)u ¥an turn slaving on/off with this button, or ycan use B5 on
the hand control (two quick presses turns on sggvdne or two turns it off). If slaving is turned, and the
DDWCP is not connected to DDW or if there is nomedata specified in the Configure screen, the DDW
controller will default to attempt to use the LX2D@errogation mode.

When the dome is slaved, the scope will generatlyersome distance before the DDW decides to mavedme.
This dead zone is described below. If the scopecking slowly, the dome will usually move a felegrees every
few minutes. If you slew the scope quickly to ayndifferent part of the sky, the dome may followlifferent
behavior. In general, because the DDW only chétoéscope direction every few seconds, there il torief
delay before the dome starts to follow the scdpéhe scope is moving fast and far in azimuth, doene may not
keep up. Thus, the dome will move some distaneedteh its first reading of the scope directionpstead the
new current scope direction, and then move agahus, the dome may make several successive molewiftg
the scope. In fact, if the scope is moving overzbnith, the dome may start in the “wrong” direstand then
reverse to get to the correct azimuth. This iswadr

In most domes, the dead zone setting is the magof that determines whether the dome will moveegponse to
a given GOTO command (or LX200 interrogation). Heer, some non-Tl domes have large coast values
(determined at the time of training). If the coadiarger than the dead zone, then DDW will natame the
commanded GOTO unless the move is also greatetthigaroast distance (otherwise, the dome wouldstwert
the goal). To provide better slave tracking irsttése, although DDW will not execute the full coamtied move,
it will “bump” the dome for 0.1 sec. each timeéteives a GOTO command less than coast but gtbatedead
zone. This will nudge the dome toward the corsetting. If the coast is very large causing thenpuo overshoot
the mark, the bumps may cause the dome to bourkealna forth. If this occurs, increase the Deade&Zsetting
to stop the effect.

Configure Button

This button brings up a configuration screen, wigles access to several screens for the inpuatef t
configure DDW for slaving and data communicatidrhese data include

» Setting the source of telescope position informmafar use in slaving

» Describing the physical dimensions and type oftéhescope mount for more accurate slaving

» Setting the serial communication port which the pater will use to talk to the DDW

These functions of the Configuration screen(s) bdldiscussed below.

RCA Options
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DDW can obtain telescope pointing data from fileserated from several different sources, or caainbt
the information by interrogating the telescope (DR2r compatible) directly. RCA or Remote Control
Astronomy is our term for the use of a specifie filame (SCOPE.DAT) and structure either to send
direction data (RA and DEC) to DDW, or actuallyseend operating commands to DDW. TREA

option screen allows you to select this option whichstBIDWCP that you intend to provide this file.
Note that you still must set the ConfigureTeles@&ipeing menu to select actual use of RCA. We @vit
you to see the Appendix for information on structgrand using the RCA files as they are very easjot

Telescope Slaving

[ Slave to Telescope

This set of options allows you to select the mettwode used to slave the dome to the scope. Kate t
actually to turn the slaving on or off requiresttiau click on the slave box on the main screemsar BS
on the hand control. Slaving is deactivated in Dénever the DDW is turned off, when a movement
command is made (via the main screen or the hantladh) when DDW loses communication with the
DDWCP, or entering the Configuration screen. Shawetion is turned off in DDWCP whenever you exit
DDWCP. These cutoffs are built in so that theeeray unexpected movements of the dome when
DDWCP or DDW are turned on. Note that configunatsettings are automatically saved when you exit
DDWCP.

Configure Screen - Telescope Slaving

Choosing this option brings up a screen into wiyimh can select telescope slaving options.
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Setup Communications and Interfaces

RCa Optiohs Setup Telescope Slaving
Scope Mount Properties |~

Telescope Slaving

Transparts " Usze Lx-200 B5-232 Port
Weather e Use TheSky Level IV Telezcope Log

|C:hProgram FileshS oftware BizquehTheSkyBhDatatUsert T elezcope Posii -

Uze Astronomer's Contral Program [ACP2)
Uze ASCOM Telezcope

Mo Telescope data is available.

17

B s 005 T lgnore Telezcope Data TimeStamp

Show Scope graphic [Does not accurately reflect G-E mount geometny in zome
orientations)

<

Iw “when zlaving to telezcope, do nat move dome until telezcope has finished moving

ok

Cancel

Note: The next chapter has more specific infornmatin different scope control programs, and howst thhem in
slaving applications.

Use RCA Protocol If RCA was selected above, then this will beelestable option

Use LX-200 RS232 PorThis is the option that will direct the DDW to alint its pointing information
from the telescope (Interrogation mode). For pagsoof discussion, we assume that the user witatpe
an LX200 (or equivalent control) telescope fromtaafe in the user computer. This requires an RS232
serial connection to the telescope. If you alreaalye a working cable and connection for the sctiype
is no need to change your system unless you plalate the dome to the scope using the Scope
Interrogation mode (by which the DDW queries thepscto get its azimuth). If you do plan to use the
Interrogation mode, or if you have no existing seapntrol cable, you can use the LX200 adapter
provided: in any case, in using the scope intetioganode, do NOT intermix cables or adapters ptedi
by Meade (or anyone else) with our components. n€cnthe PC to the scope via our PC1 and LX200
adapters. If you are using the Interrogation medenect the DDW to the LX200 Adapter. The LX200
Adapter allows to separate channels of informafiiow into and out of the LX200.

In this mode, DDW will sample and follow the scagieection about every four seconds. The revisadelo
position will be displayed by DDWCP whenever itfoems a query to DDW. Note that the LX200 uses &g
rather than the standard N=0deg azimuth standBuda on SW6 on the DDW circuit board to make DDW
automatically convert the LX200 Az reading whenitiosing the dome.
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Use TheSky Version 6 TheSky, Version 6, writes a file containing tekescope pointing information.
This is similar to, but not identical, to the SCOBAT file we mentioned above. This button allovly
to select TheSky6 as the data source, and to ggbeifpath to the file.

Use the Astronomer’s Control Panel The ACP (also known as DC3) program is a gergrgiose
LX200 control program. Selecting this button altoyou to use the control panel as the telescoe dat
source. When you press OK, (and when DDW is ddarte¢he future), the ACP program will be
automatically started if it is not already runninfo prevent a lengthy timeout, please ensure your
telescope is on and ready before the ACP is started

No telescope data available This is the alternative indicating that no s@uof data is available on the
computer which can be used by DDW to calculatezamath position (slaving will not operate).

Ignore Telescope Data Time StampwWhen using the RCA SCOPE.DAT or TheSky Telesquption
file, the DDWCP can monitor the file's last modifidate/time to determine whether the program
generating the data is offline. If the date/tinfiehe file becomes more than several minutes @ttive
to the local system time), DDWCP will turn off stamode on the presumption that the program
generating the telescope coordinates is offlineedRing the box disables this feature, allowing DORV
to slave regardless of the file's age. We reconthtleait the box normally be checked so that longista
sessions can operate without requiring new slatee @adates. Please note this option has no affetite
LX-200 Aux Port and Astronomer's Control Panel sttms.

Show Scope GraphicWhen checked on, a telescope graphic is adddéttmain DDW display screen,
positioned inside the dome graphic. Movement arsitipm of the scope will be displayed along witle th
dome and shutter slot. (Does not accurately refldeimount geometry in some orientations).

When slaving to telescope, do not move dome untédlescope has finished movingVhen checked on,
this option allows DDW to calculate the shortestaince and correct direction when rotating to nesps
position. This will prevent the rotation of neaB§0 degrees when a short slew involves a meridiln f
Note: if left in on position, it will cause an apgimate 6 second delay in “normal” movement of the

dome under slaving.

Always On Top

[ Alwapz On Top

Placing a checkmark in this box will cause the DDRMG stay on top of all other windows on the degkto

Configure Screen - Scope Mount Properties
Choosing this option brings up a screen into wliyimh can place data describing your telescope mount.

You can tell DDW whether you use a yoke or Germgudtorial mounting (the LX200 uses a yoke mounting)
The distinction is not important if your scope eptiaxis is always close to the center of the doMewever, if the
scope axis is substantially off center (as is oftencase for German Equatorials), then the dornmeutlz must be
offset from the scope azimuth to have the scopiealpxis centered in the slot opening. If thigasir case, enter
your mount type and measurements into the SetupeSelmunt screen, so that DDW can automatically aaenp
the proper offsets for your setup.

Note: the mount measurements are the positioneoGiEM pivot point (physical intersection of the goaxis and
the declination axis) relative to the dome cenfeadius.
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Setup Communications and: Interfaces

RCA Qptions — Telezcope Mount Properties
"""'E”"EE: Chooze a Telescope Mount : lGerman E quatarial _vj
Tranzports

Weather Dome Hadius [EUT
Tolerance rz-aa_
Latitude W
I™ Alwaps On Top Longitude [3-:1TE|_
Timezane :[5_
¥ Daylight Savings

OfisetEast:[200

Offzet Marth : | -8 50

Offzet Up :122.25

German Offset Center: i‘] Hoo
German Offzet Top: !D.EIEI

Marth Eazt South Wwiest
oK. Left Offset: {non 0,00 {0.00 j0.o0
Right Dffzet : {000 {0.00 {0.00 j0.00
Cancel

The items in the screen are as follows:
Dome Radius Radius of the dome in inches

Tolerance. When slaving is on, the DDWCP continually usesgbope data (from the scope control program) to
compute the scope centerline in space, and thémgtak factors into consideration, computes thsiiddle dome
azimuth. As the scope moves, its centerline maeesss the slot opening. When the scope has nsuwvétht the
difference between the desired and actual (slaeckme) dome azimuth exceeds the “tolerance” vasu€OTO
command is sent to DDW to move the dome. The vafube GOTO command is “inflated” to move the dosoe
that the centerline of the scope will be at thertmhce value toward the other side of the slot imgenThus, the
centerline of the scope will never be more thamhetemce” away from the slot centerline. In genevak sets the
tolerance to a value large enough so that the doomes only when necessary.

Note that the DDW circuit board has four switchesdito set the Dead Zone (1-15 deg). This is éwee setting
that establishes a minimum amount of rotation le®OTO commands will be carried out. The dead i®@aéso
set so that the dome does not move unnecessarnlyexample will show how the settings interactthi tolerance
is set to 4 deg, and the Dead Zone to 7 deg., RUiA®gin issuing azimuth commands when the desiretdal az
error exceeds 4 deg. However, DDW will ignore thesmmands until the error reaches 7 deg (therdafgbe
two). The dome will then turn 7+4 deg. to the rsmiting.
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A simple setup that works for most situations isébthe tolerance to 0 deg, and set the DIP sestoth3 deg. For
most domes of six feet or larger, this will keep ftope/slot error below about two degrees. $stiess than 2-3
deg. may result in dome oscillations (huntingyol see hunting occur, simply increase the dead setting

Latitude. Enter your latitude, e.g., 40.3 or —20.3 (degrees
Longitude. Enter your longitude west of Greenwich, e.g.2degrees)

Time Zone. Enter your time zone west of Greenwich. For examNew York is TZ=5. (Due to a bug in the
DDWCPVS, if you are on daylight saving time, subtrane hour from the TZ, ie, New York is TZ=4). sisning
your Windows is set to automatically adjust theteysclock for daylight savings, the DDWCP prograitt w
always get the correct civil time for its calcutats. If you use GMT on your computer, you shoultte TZ=0

Daylight Savings Enter Daylight Savings on/off as appropriaten{ecstates/locations do not go to DST). Box
needs only be check once at setup. DDW will autazaby adjust based upon the computer clock.

Offset East. This is the distance in inches that the pivohp@@ East of the center of the dome. If the dffse¢o
the west, use negative numbers. Try to measusddtan accuracy of better than one inch for a¢ewgiaving.

Offset North. This is the distance in inches that the pivahpis North of the center of the dome (South is
negative).

Offset Up. This is the distance the pivot point is abowe dlyuatorial plane of the dome (below is negativedhe
dome is not a hemisphere, do the measurement thébectical equatorial plane.

German Offset This is the distance of the telescope opticed flom the mount pivot point. This is always
positive. If two instruments are being used (one¢amof the other), measure the distance for eadreater in the
appropriate field. If several instruments are beiegd, you can measure to the center of the thealretrcle that
would enclose the array.

Left Offset. If two scopes are mounted side-by-side, one cethi@nd the other to the left, a complete set ofetffs
values, (always positive numbers), can be entarethé scope to the left. This will provide data tlee appropriate
corrections when the “left” scope is selected anrttain DDW screen. The best approach is to appérhitrary
value (try 20 to start), then adjust with a fevalriuns.

Right Offset. If two scopes are mounted side-by-side, one cethtzme the other to the right, a complete set of
offset values, (again only positive numbers) caeftered for the scope to the right. Follow the sanmocedure as
discussed in “Left Offset” above. This will provideata for the appropriate corrections when thehtfigcope is
selected on the main DDW screen. A total of foupss can be independently configured and selestétea
instrument in use.

There is one final “complication”. Many users wilberate DDW using LX200 interrogation (without REA
protocol enabled). In that case, the RCA settimgduding the tolerance, will not be used in getielg dome
movement commands because they are being geneviditéd the DDW processor directly. The dead Zoetisg
of the DDW will then establish the size of the efsefore movement occurs. To allow the same tym®otrol
that “tolerance” provides, the DDW board has a slwthat enables auto-offset so that the DDW trirstDead
Zone just as it would tolerance moving the scopst ffee center of the slot opening. The Auto Offseitch
should be OFF when RCA is used, or else the vditizeodead zone will be added to the tolerance whewing
the dome.

For further discussion, see the section of “AdvanRemote Control” below.

Configuration Screen — Transports
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Choosing this option brings up the screen allovitrigcommunications connection options, (Serial
Communications Port).

The user PC that is running DDWCP communicates thighDDW in the dome using an RS232 serial
communications cable. The user must tell the DDW&Pnhumber of the communications port on the PC
that is connected to the DDW. These ports arellyswderred to as COM1, COM2, etc. If you need
information on serial ports, please refer to theémqudix.

B |

RCA Options Tranzport Setup

Scope Mount Properties .
TelescuEe SIavini f+ Serial Port COM1 -
™ Metwork, zer D

Wieather
TCPAP Address: | Part. | Passward:
Encryption:

[~ Always On Top

Ok

Cancel

The Configuration screen provides the method afjagsg the communication port. Assuming use of the
RS232 line, you will normally select “serial poftir the source of the control data, and then sehexct

COM port to be used. If the COM ports are not nared on back of the computer, simply select COM1
(or COM2, etc.) and hit ENTER. Assuming DDW iniareither LOCAL or REMOTE modes, DDWCP

will attempt to connect to the DDW. If successiDWCP will show a completed connection. If noy, t
another COM port (normally COM1-4 are present, waitie or more in use by the modem, mouse, or other
devices. When using a USB to Serial adapter (nfiosttiall work very well with DDW), try COM4 or

COM5 first as XP and Vista normally attempt assigntrat that level.

If you are unable to make the connection, pleafes te the Appendix for troubleshooting suggestions

Network. The Configuration screen allows you to operateuber computer from yet another computer
over a network or the Internet. See the Appendtixdttails on this operation.

Configuration Screen - Weather
If you have purchased the (optional) weather stapiackage, and/or the cloud detection systemstireen is used

to interface that equipment with the DDWCP. The tiveastation will monitor weather events such aswind
velocity and direction, temperature, humidity, dhe presence of rain. The complete instructiongtferset up and
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operation of the weather station configuration egrare included in the optional weather statiorkage. If you
did not purchase your weather station from Technig#vations contact us for a copy of these irngions.

S5etup Communications and Interfaces

RCA Options “Wieather

Scope Mount Praperties v Enable "weather Station ¥ Enable Boltwood Cloud Senzor
Telezcope Slaving

TransEDrts s Daviz o Bu:ultwu:undililu:uud Sensor |
ivantage Pro Ll coM: 1 ™ Bolwood Cloud Sensor |l
i Other:
Wirtual Weather Station D'ata File:

| |

Drarne Closure nterlocks:

v | Dutside Temperature and Dewpoint is within ]2— °

W IE Temperature is less than]D— * or greater than W &

¥ It Temperature is less than |4I:|— *, turn or uger pin |Llser Fir 1 ...:.l
¥ 1f Hurnidity is greater than ]95— =
i
i

[ Always On Top

If Hurnidity iz greater than ]95 X, burmn on user pin |L|SE[ Fir 1 _:J
IF"WWind Speed iz greater than {30

I~ Ifclouds are present

On dorme closure, due to weather or autoshut, autarmatically burn off the follosing user pins:

I UserRin 1
I UserPin2
I UserPin 3
I UserPin 4
0k v On dome closure interlock tip, wait {300 zeconds before automatic dome closure

c | v Upoh opening the shutter. move shutter into wind if speed is greater than 15
ance

The screen has interlock settings that allow th&\[IP to monitor the weather data and to close tlsematory
accordingly. For example, you might set the irtteklfor a wind velocity of 30 mph. If the wind edexls this
amount, the DDWCP will issue a command to closesthéter. This results in a buzzer warning indbene, and
closure after about four minutes. If you wish &mcel the closure command, push AllStop (eithetherscreen or
on the hand control). A repeated weather violatidhproduce another command. To stop commantigather,
turn off the interlock on the weather screen. Nbt the interlock is exercised after DDWCP reeeidata from
DDW. If the dome has been opened manually and®/CP is not operating, the weather interlocks db n
function.

Check boxes allow the identification of User PiReihote Power Module circuits) that will be shut off
automatically upon dome closure. The optional weashations do not have to be installed and adtivéhis
option to work, (for example timeout closure frome tAutoShut timer.

The dome closure delay feature will place a usefiseseconds) delay between a weather interlot&atien and
the actual closure of the dome. This provides thy@oatunity for an interlock to clear before actyallosing the
dome. Rain detection will still close the dome india¢ely upon detection and is not subject to thisrdde pause.

If a wind is detected upon startup of DDW (useiimed wind speed level), the dome can be autométical
instructed to rotate to the point where the shugpaming will be facing the wind immediately aftgrening. This
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feature is very useful in cooling down the insidéhe dome at the start of a viewing session. dpison can be
turned on/off as desired.

AutoShut Button

i, Automatic Shutdown x|

[~ Enable Sezsion Time limit

— AutoShut Duration:
IU hovrs

—AutoShut \Warning

IU hiaurs

AukoS bt aE. | Eancell

The AutoShut button opens a timer box that will@ie a shutdown of the observatory after a predeted (and
user entered), time passes since DDWCP was operthd AutoShut was reset. The purpose of this dse the
observatory if you have forgotten to shut off the\WCP. We normally recommend a setting of, saypérb. You
can always reset this during a session. See #oegsion on Interlocks (below) for details.

User Pins

|Jzer Pinz

[ Uszer Pin #1
[ User Pin fi2
[ User Pin #3
[ User Pin fd

The User Pins button brings up a small screen gigiztess to the four output control lines of the/DDIf you
click on one of the boxes, the DDW will turn on tin@nsistor (in a chip to the left of the main prssor)
connected to the respective wire. The transistthistay turned on until it is switched off, or ulnthe DDW power
is shut off (closing the DDWCP connection does NOfh off the output transistor). The output tramsi is
capable of sinking about 100 ma from about 25v&@ur

The most common use of these lines is to opereteate power module that includes four relays tiiat
120VAC power on/off to four outlets. However, yoan use the control lines for other purposes abk Weis
screen comes up automatically when you close DDWGPhelp you remember to turn equipment off atethe of
a session.

Note that you can change the labels on the colitied using the right button of your mouse. Once gtick on the
description line, it can be “permanently” changedeflect you use. See example below:
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gital DomeWorks Yersion 5.1

 Dome Contral - 1 Telezcope- 1 User Fing -

Azimuth: 248 deg. Dome iz not Home. = oy I~ Scope and Maount

‘shL:lttpE[ is Undefined., DSR iz left (% Center ©~ Right I~ CCD Camera
Goto | Home | = ! [~ Diew Shield

Scope_F’osition & Dver Az [ D ore Vides Carara
Open | Refresh | [when aimed east] 7 Under Axis
Cl STGP v Scope flips at Meridian Hel
i | | —‘-EE‘J iConhigure; About | Train |
. I Shoi Dats Park Scope Eitop Park | Unpark: |
S - L . AutoShut Exit DD
[ Slave to Telescope Fiead TheSky Pozition File--> Scope RA=14, Decl=54, Desired Dome Az= 308
Digital Diometworks iz Online. _V_{ :“Q.uery: 5.1. Firrmware \;';ers.i-ﬁn: 40 .D.r-{line

Log File

Log File (not a button) is an automatic log of teenmands sent from the DDWCP to the DDW and theived
data. This log is very useful when you are diagmgpproblems or otherwise interested in the histifrthe
operation. The log is in simple ASCI format, andludes the date, time, movement commands, andmesmf
the DDW. To save file space, only the first repddBETINFO commands and the number of repetitioas a
recorded. You may inspect the entire file using NEBAD or other text program.

DDW will create up to ten files named DWLOGX in tb®W subdirectory. The file DDWLOGO is the newest
and DDWLOGS is the oldest. Each is about 250K.VIDTP automatically deletes the oldest data andsstidta
into higher number files. Note that the log filme NOT protected against changes, either inadvieote
purposeful. If some type of adverse event ocdtirs desirable to copy the log into another fibe $afekeeping.

Interlocks / Troubleshooting

DDW supports a variety of hardware and softwareriotks and special operations to protect the ehsery and
personnel. Many cases of apparent operating prabéee really cases of the interlocks operatindeasgned, but
not fully understood by the user.

Rotation Motion Sensor and Interlock

The azimuth sensor is used to track rotational mmere of the dome. Besides its use in determiningath, the
motor control software requires that the sensowsthat movement is actually occurring. If not, thetor is shut
off in about two seconds. This is designed to enéa jammed dome or other problem from destrothiegnotor
drives. If you lower the sensor so that it doesfanction and try to turn the dome with the handtcol, you can
see this interlock in action (the motor will pulse/off every few seconds). Anything that prevehts Az sensor
signal from getting into the DDW will cause theativn function to fail. There is no direct motisansor on the
shutter in DDW.

Motor Current Sensor and Interlock

During shutter movement, the DDW monitors the sdruttotor current. When the current drops belowtaf€
level (usually because the shutter reached theEnobtion and the shutter relay cut off the mottng DDW will
shut off the power to the shutter. During shutieeration, software requires at least five secarfiddectric
current before current cessation is presumed tfo# open/close. Thus, to get correct indicatddmn almost
open shutter, you must run it for at least fiveosrts toward closed, then open it fully. An alrefdly
open/closed shutter will show its position withaatual movement.

Motor Duration Watchdog
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The DDW control chip also provides a “watchdog” dtion on the motors. That is, if either the shutterotation
motors operates (as detected by motor currenthfive than about 250 seconds, the watchdog willelahe
movement command, thus shutting off the motorse gilirpose is to prevent a mechanical failure (kgse
sliding contacts that cause the DDW never to firminid) from operating the motors for long periodsyou are
operating remotely and the watchdog operates, yths&e the DDW simply stop what is was doing.

There is a second 10 minute motion timer built itht® Electronic Speed Control (ESC) chip. Thid lirihit
motion if there is a fault in hand control relatklices that would not be stopped by the DDW chip.

DSR Swingout Interlock

This interlock works when the dome is in the Honesiffon and the DDW is about to execute moveméndoes
NOT operate when using the manual rotation coittntdons on the hand control.

Many Home-Dome/Pro-Dome observatories allow exieznry using a hinged portion of the dome suppod
called the DSR Swingout. The Swingout is normkdtghed during use of the dome. If the Swingoutrikxtched
when rotation begins, the dome may expand andaligitall around the wall, possibly causing perdama
equipment damage. To help prevent this, whenéxedbme is to be rotated away from the HOME pasijtiaDW
first checks whether the Swingout is closed by irgrd magnetic sensor on the DSR (the magnet then
Swingout). If the Swingout is open, the dome wik rotate away from home.

Note: this system is NOT foolproof. For exampfdhe Swingout is closed, but not latched, rotatioey start and
the dome may begin expanding. Therefore, thefmity is always to Close and Lock the Swingout, as
recommended in the observatory instructions.

If your observatory does not have a Swingout, syngdve the DSR Interlock wires connected to teatsiin the
shutter relay (or install a shorting wire), andrai install the interlock magnet and sensor. TS&Dnterlock
terminals on the shutter relay MUST have the iotlor a short as the DDW uses this wiring to detiee Home
position.

Communication Cutoff Shutdown Interlock

DDWCP normally queries DDW processor every 100 sdsdo get the dome status (time to the next gisery
shown on the DDWCP screen). If no reply is recgiafter several tries, DDWCP declares DDW off lamal the
schematic on the screen goes dark. Meanwhile, DB\W@htinues to try to connect every 100 secondsjfan
communication is re-established within eight misut®ur minutes in older DDW), the schematic widhee back
on. If the screen schematic does not re-appear aifjht minutes, the dome will close itself (asggpower is on
in the observatory). A common cause of this bedraigi that you turned off the control computer lmsed
DDWCP without closing the dome first.

In the observatory, the DDW processor looks forrpsefrom the DDW Control Program. If it receivesne in
eight minutes, DDW will interpret that as a comnuation failure, and will rotate the dome to HOMIgse the
shutter, and turn off the SLAVE function. Befohastclosure takes place, there is an audible wgrgiven by the
buzzer. Four minutes after the dome is HOME aedstiutter closed, a park command will be sent tatethed
LX-200. During the eight minute timeout, any hamhtrol command will restart the timer from zetgdote that
this interlock also functions to close the dom#hd dome was open when power failed—upon retupoofer, the
DDW will time for four minutes and then close thente automatically. Warning: the DDWCP queries lsan
blocked if the computer is tied up 100% on anoffregram for more than four minutes, for examplefast
sequences of images and long downloads. The anligito introduce breaks (delays) in the operati@n change
program priorities) so that the DDWCP can get itergps to the DDW.

If you are in the observatory and hear this audsieal, it is warning you that motion may takegela If this will

cause a problem, you have time to shutoff the DD¥dgithe switch on its front, or reset the timeckot zero
with the hand control (eg, B5). If you are abautise the power supply switches for operations,sjmuld wait
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until the closing sequence is complete. Afterittigal attempt, DDW will try up to five more tingeto try to close
the dome, and you may hear relays click but no amottill occur.

AutoShut - Timed Shutdown Interlock

If you leave DDWCP running (and connected to DDVithwhe observatory open, the observatory will sipgn
indefinitely (as it should). This can happen bgident if you forget to shutdown at the end of &serving
session. It can also happen if you are using DDWray distance (e.g., using the Internet) and sffutor sign off
or become disconnected) your user computer. Elaigds the DDWCP program in the observatory comstiter
running. The DDW has no way of knowing that yowdnégone away”, and so will NOT close the dome.

To counter this potential problem, the DDWCP had&atoShut function button. When you turn on DDW@P,
begins with an expected duration for an observassi®n. When the time runs out, the button tueB Rhe
DDW minimized icon will blink, and DDWCP begins ia#él countdown sequence at the conclusion of which
DDWCP rotates the dome to home, closes the shattérpptionally parks the telescope.

The user may reset the AutoShut at any time b¥icdligcon it. You can enable/disable this featurd set the
session length/countdown duration by clicking ortg8hut and entering your desired settings. Wemasend a
typical setting of six hours or whatever is morarthhe expected session duration.

Note that this AutoShut function should not be eseid with the communication timeout shutdown. Alnat
operates within DDWCP and closes the dome at tdeoén pre-determined time. In contrast, the comication
failure interlock in the DDW processor closes tloeng whenever it loses contact with DDWCP.

Although you can bypass this protection, we strpngge that you use it. It is amazingly easy t@é& about an
ongoing session or have some other problem thakpts a timely observatory closure. For example, iong
distance remote control application, you might tafityour communication program (PCAnywhere) leavihe
DDWCP running on the user computer. The dome aopgesmight continue to operate indefinitely, damggi
themselves in the process. Autoshut would stopfiegation after several hours. On the bottom efwkather
configuration window, the DDWCP allow user pinss®turned off when an AutoShut of the dome takaselBy
placing a checkmark in the checkbox of a userthiat, pin will be turned off after the AutoShut cormad is
completed. You do not need to enable the weathedaew for this function to work properly. The weatlenable
box should only be checked if you have the optiavedther station installed.

LX200 Adapter and Parking

Many persons use the LX200 telescope or other scihyae use the LX200 command set and connectidgroes
To make remote use of these scopes easier, DDWdeslan LX200 Adapter. If you want to use anyhefltX200
features of the DDW (slaving to the LX200, anti-prand parking), you will use the Adapter to coririke
LX200 to both your PC and the DDW as discussed @bawd as shown in the diagrams.

The LX200 Adapter includes four two color LEDs tlshbw the signal status of the four lines (to aodifthe PC,
and to and from the DDW). Normally, all four lighthould be green, showing that the connectionsacke and
that the com ports are alive (though not necegseoilrect inside the PC). When a signal is semirda wire (e.qg.,
when the PC sends a scope slew command to the DX@OQED will flicker red. Watch carefully—it isery
quick, and therefor faint. The LX200 will respowith a similar brief red flicker. By observing e LEDSs, you
can tell when you have a proper COM port seleatdasther commands are being sent, etc. Take a mdmen
observe these LEDs when the system is workingh@bybu can recognize incorrect operation if ittldddappen.

In polar or A-A tracking mode, the LX200 will trad@rever, and will wrap its wires around itselfhig can

damage the scope, as well as connected equipritéatamazingly easy to forget to turn off a renipontrolled
scope, so this problem is not trivial. Wrapping thires may be prevented by
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» Turn off the scope in any position This works, but requires a trip to the dome amgew alignment process
when turned back on.

»  Turn off the scope in its default position. When you turn ON the LX200, it will come up wiahparticular
RA and Dec where it thinks it is. If you send Hmpe to this RA and Dec at the end of your sesaiohthen
turn the power off the scope, when you turn the gravack on, the scope will know where it is (and start
tracking). This works, but does require rememlgetinmove the scope to the default position. Ddpenon
your equipment, reaching this default position may/be feasible—check your setup before using this
featurel.

» Change the scope modeChange the scope mode to “LAND” which turnstoficking. When you are ready
to use the scope again, switch back to “POLAR”cd&ese the scope remembers the Sidereal Time, its
alignment will still be very good. An alternatii®to change the rate to the negative of the notraaking so
that the scope will “stand still” relative to tharth. The former step requires that you use timel lcantrol in
the dome, while the second alternative is suppdiyehost scope control software, so may be donetelyn
Either requires that you remember to do it at the @& your operating session. Power must remaine@h
when not using the scope.

* Use DDW Parking Function The DDW provides both manual and automatic “Padknmands that cause
the scope to stop tracking

The DDWCP includes a manual control button callPARK”. When clicked, this button sends a successio
commands to the telescope (via the DDW connectiwat)changes the guide rate to minus the sideaga+in
other words, the scope will stop moving. This banverified by observing the RA/DEC on the handtrin

(which will start changing as the sky moves past)ythe AltAz on the hand control (will now shovegeady
reading). While parked in this mode (even for Jatree power must remain ON the telescope (doesimadithe
scope). To restart tracking, send an UNPARK conmthfesm DDW. A GOTO command to the scope via thecha
control will restart tracking, but a GOTO from extal scope control software will not.

When DDW sends a Park command, you will hear fhartsbeeps. An Unpark command will generate 3tshor
beeps.

DDW also has twautomatic Park functions. When the DDW closes the domééeiby command or because the
communication connection was lost and DDW is clgghre dome by itself), DDW begins an eight minusekP
timeout. At the end of the 8 minutes, DDW sendsRlark command to the scope (assuming this isaetvon the
DDW board SW8). Thus, if you forget to turn ofethcope, or even forget to close the dome (butidodff the
computer or exit DDWCP), your scope is protected.

Note that the DDW only issues the Park commancdtiome, after every shutter closure. This allows yowperate
scope tracking in a closed dome (e.qg., for testivit)out having the scope tracking continually ingoff;
however, you do then have to remember to Parkdbpeswhen you leave. If for some reason you wadigable
the Park command during the timeout but beforectitemand is actually sent, you can click the “DisaBark”
command on the DDWCP screen.

The second automatic Park functions after a powtage. If power to the dome is lost, then restotteel LX200
will begin tracking when it powers up. To prevente wrap, DDW will automatically send a Park conmddour
minutes after power up. If during the four minuéesy command or query is received by DDW (fromlth&ons or
from DDWCP), DDW assumes a human is involved amditcels the Park command transmission.

Auto Reboot

DDWV4 includes a capability of detecting and cotieg a computer crash. For example, if you areajiey
remotely and the In-dome computer should crashptbgrams lock up. You can't reboot the computause
you are not there, and your remote control progiegm PCAnywhere) is also locked. DDW will detdut trash
because the communication keep alive every 10nsisowill not appear. DDW will shut the dome afBer
minutes, AND will generate a 2 second signal tlzat lbe used to operate a relay to reboot the comfugeally
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using a power off reboot). Please call for detdilee Windows XP OS can also be configured to reataomputer
if it crashes. Please refer to the Windows XP duentation to configure this option.

DDW Circuit Board Switches and LEDs

The DDW circuit board has several different switchigat set particular configuration items or alleeal control
of some functions. We discuss these options gigaction. Use the diagram in the DDW cabinetuideyou in
identifying the proper components.

Local/Off/Remote Switch The functions of this switch have been discusdsale.
Circuit Breaker

The DDW board has a small circuit breaker at theeloright. This breaker controls all current ithe DDW
EXCEPT the high current through the relays to tloéars. The small red window shows that the break@m.
When the breaker trips, its button moves to the @Fblack position. You should use the circuddeer if you
want to turn the DDW power entirely off (includitige hand control).

Default/TRAIN Button. This button has two functions. If this buttoakiéled on the board) is pushed and held
while the DDW is turned on, the DDW will reset te factory default values for dome diameter, howstpn,

etc. This will wipe out all training values andtgggs made. It does not affect configurationiagt made in
DDWCP.

If the button is pushed AFTER the DDW is turned DBW will promptly start the azimuth training prase(just
as if you clicked on TRAIN in the DDWCP). The paose is to allow the person in the dome to traindbime, if
desired.

All Stop LED. This small lamp will glow when the ALL STOP hasired interlock is active and when DDW is
set to LOCAL.

HB light. The heartbeat LED tells you the DDW processanisand shows several different DDW conditions

(great for quick diagnostics):

e If the LED is dark, the power is probably off

» The LED will blink about 1/sec (like a HeartBeathen the DDW processor program is running properly.

When the dome is away from HOME, the LED will bé, efkcept for brief ON blinks

* When the dome is HOME and the shutter is opendetarminate, the LED will be on, except for brieffO
blinks

* When the dome is home and the shutter closed,Efewill be steady bright with very brief off blinks

» If the LED is steady with no flicker or blink, theocessor is likely faulty or requires restartitgt DDW off,
then on).

PC In and Out LEDs. The PC Board has two LEDs close to the PC imgek.j One LED shows the voltage status
of the incoming line, and one the outgoing lineheTights should normally be green, indicating +h2wminal

RS232 voltage. When data are coming in/out, tepaetive LED will change to red color. Becausedata are

fast, this will be fast and faint, but recognizatieen it happens. Failure to obtain the propeorsohelps diagnose
connection problems.

SW1-4. This set of switches is used to set the DeaccZonDDW (this is not remotely settable). Deadh&ads
the range (plus and minus) of the maximum allowigf@rence (during slaving) between the desired actdal
dome azimuth. The switches set the dead zonealte from 1-15 degrees. In general, a value oftiab degrees
(five inches on a ten foot dome) is a good vallieo small a value may cause the rotation contrsiesy to “hunt”
or oscillate back and forth past the correct sgttii Remote Control Astronomy is in use, you mant to set the
Dead Zone to zero and let Tolerance (in the RCAfi@aration) determine the deadzone and offset djmra
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The switches are set in binary code. All off=0, B@h =1, SW1 and SW2 on = 3, SW3 on =4, etc.
SW5-8. This series of switches sets several configunatia DDW.

SW5 Offset Offset is whether the center of the dome slditmove past the center line of the scope whenraedo
azimuth correction is made. Use of the offset ketbp scope centered more closely in the slot ogenThe

switch turns automatic Offset On/Off. To avoid dopscillation (hunting), the offset is internaliyual to 3/4 of
the dead zone. This switch should normally be ON.

SW6 LX Azimuth. Older LX200 “classics” (incorrectly) measuresnauth starting in the south. When ON, this
switch automatically corrects all readings takemfrthe LX200 for this error. If a scope that ugesLX200
command set but with the correct azimuth is usad, this switch OFF.

SW7 Az Sensor.An AZ sensor may have either one or two internakses. The one sensor model simply detects
motion, while the two sensor model detects bothiomcind direction. The standard DDW includes the-sensor
azimuth detector, normally operated with SW7 OFle RoboDome uses a single sensor azimuth detector
withSW7 ON). When using SW7 ON, user must allowwhihree seconds between rotation commands tw allo
motion to stop.

SW8 AutoPark. If this switch is ON, the DDW will automatically sé park commands to the LX200 (if
connected) four minutes after the shutter is clptfags preventing the scope from wrapping. Reatitim of the
scope can be done by and scope GOTO command,sanioyng the Unpark command from DDWCP.

Electronic Speed Control (ESC)

The lower right hand corner of the DDW board caméathe circuitry for the electronic speed controhe hand
control or DDW processor operate the relays thaatliand reverse the drive power to the rotatioshoitter
motors. The ESC delays the drive power until #lays have moved, and then turns the drive on. dfive is a
variable pulse width modulated system. Adjustaioletrols allow the user to control the initial \agje (0-100%),
the time to ramp up (5-0 sec), and the final vaté@r100%) to be applied to the motors. Recommeseéings
are 25%, 75%, and 100% CW settings of the contrdhis system also offers a special real time ffatsttion
motor speed control mode (see Appendix and ChF#ally, the ESC chip includes a 10 minute timetatt will
cut off motors after ten minutes of operation. fEhis no indicator of this action, and it is relkgturning the
power off/on.

DDW Terminal Strip

GND. This terminal is the system ground. Connect(thef the power supply to this point.

+12V. This terminal is the system power input. Poweanaminally +12V DC. This can be unfiltered, fikie, or
regulated between 12V and 16V. Current requirerferDDW itself is about 500 ma, plus whateveraguired
by the motors connected to the rotation and shteteminals (typically 5-10A). Input power is wirelitectly to the
motor drive relay circuitry. Input power also gabsough the 0.5A circuit breaker on the boardnttieough the
ALL STOP switch (see below) to serve the electramieed control (and hand control buttons) and the
LOCAL/REMOTE switch.

SW1 & SW2. The normally closed ALL STOP switch on the frpainel connects across these two terminals.
Input 12V power flows directly to the motor driverttrol. SW1 is connected directly to +12V. Affessing
through the ALL STOP switch, +12V back into SW2dedhe electronic speed control, DDW processor,zDW
motor control.

ROTation. These terminals feed +/-12V high current torthtation motors.
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SHUtter. These terminals feed +/- high current throughsliding contacts to the shutter motor. The teats
also are used to detect home, the DSR interlotksstand supply charging current to the wirelesather monitor
(if installed)

SHUTDOWN. In Remote mode, a connection to ground will cabeeDDW to initiate immediate shutdown (go
home and close). Only the connection transitioseissed: continued closure is ignored, and oth@rmands may
be executed.

UNIV INPUT . In Remote mode, a connection to ground will esihe DDW to react as if B5 were pushed (this
terminal is in parallel with B5). If the conneatito ground remains, B5 and the entry switch anéited. Only
the connection transition is sensed: continueductoss ignored, and other commands may be executed.

ALL STOP. In Remote mode, a connection to ground will eatlhe DDW immediately to stop any DDW initiated
motion. Manual operation of the four hand conbwettons will not stop. Once this circuit is closéte
observatory cannot be operated and all commandgrawe=d until this connection is opened.

SLAVE. In Remote mode, pulling the terminal low for abone second will cause DDW to slave/unslave ¢o th
telescope. If DDWCP is not online, the slavinglwperated in the interrogation mode on an LX208seope. If
DDWCP is online, slaving will be in the mode seéstin the DDWCP configuration screens.
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DDW Trouble -Shooting Guide
(Note EOT means End of Travel)

Problem

Cause

Cure

General Problems in Operation

Error in connections
Use of improper or faulty connecting cables
Wrong serial port settings
Error in configuration settings
Remote/Local switch set incorrectly

Review in detail the Instruction Manual
for all related parts of system. Isolate
problem area. Substitute different
cables. Write down behaviors. Use
ShowData and Test buttons to get
diagnostic info

Hand Control won’t work at all

Not plugged in orwrong connector
No power to DDW unit
DDW not turned on (check pilot light inside, front
panel interlock switch)
All Stop or external B5 switch activated
On-Board circuit breaker tripped

Install properly
Turn on power
Deactivate All Stop

Reset breaker

Hand Control four buttons work but not B5

DDW won't respond to computer
commands

Hand control pilot light blinks

DDW in Local mode or All Stop activated.
Entry Switch turned on, blocking B5.
System is operating as designed

Change mode, remove All Stop

Hand control pilot light is off

DDW off
Entry switch in ON position (shorts out B5)

Turn on DDW
Always turn entry switch OFF after
commanding DDW action

Computer won’t connect to DDW
(check RS232 LEDs, use ShowData to
check returned data)

Incorrect COM port on computer
RS232 cable not connected or faulty
Corrupted DDWCP files

Change COM port or reset via
Configuration. Check cables.
Reload DDWCP into PC (call TI)

Erratic Operations in rotation

DDW not trained
Intermittent HOME or AZ sensor

Train DDW
Test/observe. (call TI)

Remote motion commands show “operatig
complete” but nothing is actually
happening

nLocal/Remote switch on Local. Note that DDWCP
will still get info for screen

Change to Remote setting

DDW dome won't track scope

Incorrect Configuratsaitings
Not trained
Cables not connected properly
Scope software does not support slave
Intermittent HOME or AZ sensor

Fix configuration

Train DDW

Connect properly/recheck instructions
Call Tl

Test/observe (call TI)

Rotation motors pulse on/off about once/sgc

AZ sefallty or not connected
Dip Sw 7 set incorrectly

Check connections, substitute a differen
cable, review settings

Rotation or Shutter motor operates about
one sec and shuts down

AZ sensor faulty.
Current Sensing circuit (shutter) faulty
Dip Sw 7 set improperly

Check AZ sensor & cable.
Check for current signal (app. 0.5v)
Check setting

Shutter won't go either way using hand
control

Dome not in Home position

Return Home. Note in Remote computg]
control, DDW does move home as pal
of shutter ops

Dome will not rotate away from home

DSR open serintk prevents operation in Remote|
mode

Close and lock DSR Swingout before
operating
DDW in Local mode

DSR Interlock does not function when you|
test it

DSR Interlock only functions when shutter has bee
run to EOT.

To assure DSR Interlocking, always run
shutter to EOT.

Dome does not immediately follow scope

Scope moweess than DeadZone or tolerance
DDW takes up to 8 sec to respond to scope

Review operating theory

Shutter CLOSE/OPEN sometimes does n
give proper shutter condition data

tIf shutter is near (but not at) end of travel, the

minimum travel time may not be satisfied and EO
data are not taken as final (this prevents a glitch
causing a premature shutter stop from giving
inaccurate data)

If reconnecting DDWCP to open dome DDW canno|
know shutter position until a shutter command is
sent

T

Send another CLOSE or OPEN which
should give proper data

Rotation erratic in operation or shows
incorrect azimuth

GOTO commands leave dome at incorreci
azimuth

DDW may need to be trained, check ShowData

DDW is adding auto-offset (equal to dead zone) to
Goto azimuth

LX200 Az correction sense switch incorrectly set

Train DDW

If not desired, turn off auto offset on
DDW PC Board

Review instructions for setting

Rotation shows incorrect azimuth/shutter
shows incorrect position

Although training data are held when DDW turned
off, current position data are lost

Return to home and operate shutter to
update data

When initially connecting shows “Can’t
open port”, no “TCP/IP connection” or
similar item

Wrong port or wrong mode chosen in configuration

le&eConfig and try different settings
(see instructions)

DDW appears to reset itself when

DDW motor watchaesgts if motion lasts more thal

n

Review operdtiegry..
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performing rotation or shutter ops

8 minutes

Dome rotates but will not stop at Home

Circuit thgh shutter wiring is open. Requires DS
Interlock, shutter relay, and shutter motor to be
connected.

R Check connections, contact slider
cleanliness. Check heartbeat indicatd
light on DDW board.

Dome turns or closes when | don't want it

o Comioation timeout triggers Home/Close when
DDWCP is turned off or queries are interrupted
Autostop (Session duration) or other interlock

operating

Leave DDWCP on, switch to Local, or
activate AllStop to prevent motion

Slaving sort of works, but not accurate

See aboweeriect azimuth problems
LX200 Az correction incorrect
Ger Eq direction incorrect
Config mount settings incorrect

Review Instructions.

Review mini-help screen in GEM setting.

DDW won't find Home

May have DSR I/L board or ShutRelay
disconnected from sliding contacts or improperly
mounted

Dirty or poor sliding contacts, bad connection

Correct problem. Note DDW will not fing
home unless DSR I/L and Shutter Relpy
properly installed

DDW won't park scope

May have SW8 on DDW board mect.

Make correct setting.

Slaved dome makes several movements
when following the scope

Operating as designed. DDW computes a new tard
every few seconds as scope moves, so large sco|

movements may cause several dome movements.

eReview Instructions
be

Slaved dome bounces back and forth aroyinBead zone set too small for dome coasting

correct position

characteristics

Increase dead zone setting.

Opened the dome with entry switch, but it
did not close itself

Operating as designed

Automatic closures deper@NCP
being activated. Manually opened
domewill remain open until manually
closed.

Hand control makes dome go but DDWCH
picture shows shutter operating

B5 starts dome home in wrong direction
and/or shutter shows wrong % open

AZ sensor signal disconnected or faulty (DDW useq
signals to know rotation not shutter is occurring)

&Check Az sensor and cables.

Dome rotates but cartoon does not move
goes backwardse

rCheck Show Data. Should show PXX data while
turning. If PXX>circum ticks (see Appl), cartoon
will not work

Ax sensor may be installed backwards and Training
faulty-check ShowData see App 1

Go home to reset Pvalues

Switch DIP7 off and retrain, or reverse
sensor arm or signal wires.

Dome refuses to rotate at all unless prima
power shut off/on

yLikely result of ESC chip 10 minute running interko
operation caused by long move command

Identify source of problem. Most
common is water in hand control.

Dome begins closing when it should not
(with beeping)

DDW requires regular query from DDWCP or it will
shut. If computer is busy with another program,
DDW may timeout.

Reduce computer load, e.g., introduce
breaks in computer activity

Shutter stops partway open or closed

Interruptfashatter current

Check all connections in shutbeuit
Clean sliding contacts

Entry switch sometimes takes two tries
before shutter begins to open

If power to DDW was shutoff, DDW does not know
shutter position. First switch operation will toy
close shutter (default). Once it knows shutter
closed, next switch op will open.

Operating correctly.

Following are possible failures that normally
require factory service or replacement parts.

Hand control B5 or entry switch produces
unusual beeps or actual motions

May have excessive loading on UNI input due totpil
lights or other loads causing susceptibility taéal
slaving commands

Replace hand control, entry LED.
Call for assistance.

Hand control buttons intermittent

Poor contacts

Replace offending buttons

Hand control B5 makes DDW beep but ng
action

B5 may be bad (intermittent open)—triggers beep
fails to remain connected for proper command
(interpreted as stop)

Replace B5

Dome properly starts home CCW then
reverses

Diode array fault

Return for diagnosis/repair

Dome rotates CW as soon as powered on

FET burned out or short through ground

Return for diagnosis/repair

Dome turns only CW
Shutter will not close

Dome turns when shutter command

REYV relays sticking open
REV relays sticking open
SHUTter relays sticking open

Unsnap relay cover and push contactor
clean contacts
Return for diagnosis/relay replacement
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DDW Internal Interlocks

DDW3 has a large number of interlocks of differtgges. These interlocks are designed to protect th

observatory, contents, and users from damage. Mizstocks are entirely within the DDW control tiprocessor;
however, some are shared with DDWCP. Some maypassed by computer commands, switch or othengstti

or not at all. Following is a summary listing bEtinterlocks and where they are activated.

This is an operational interlock list, and is NOTisa of all user controlled settings (e.g., weatimerlocks),
feedback, and system capabilities. This list stidaal read in conjunction with the Instruction Mahua

Interlock Purpose Action & Logic Where (DDW vs DDWL
Motor Slip Protects rotation motor from Cuts off rotation motor if dome Uses sensor in dome, decisions
damaging drive surface if slippage azimuth does not change during within DDW. No user control.
is occurring any two second period. Does no
function under hand control.
Comm Closes dome if contact lost Closes dome if DDWquaried Decisions within DDW. Any control
Timeout within eight minutes. If closure action resets timer or can turn
interupted, will make up to five DDW off/on and operate w/o
attempts to close. computer
AutoPark Protects scope from wire wrap if left Sends park commands to scope Decisions within DDW. DIP switch

running

when shutter closes, or if power
fails then returns.

for autopark. Manual park and
override available in DDWCP

End of Travel

Cut off shutter motors at end of
travel

Special relay on dome turns off
shutter motor at end of travel.
Reduction of current to zero is
detected in DDW, drive voltage
cut off, and EOT defined. Does
function under hand control.

Current sensing in DDW. No user
control.

Shutter Assures that intermittent in shutter | Shutter must move for at least 5 sef.Decision within DDW. No user
Minimum current is not misinterpreted as in new direction before a current control but can always run to EO]
Motion end of travel cutoff is interpreted as end of in reverse, then redo desired

travel. direction

Motor Prevent fault from causing motors | Rotation and shutter motor current| Detection and decision within DDW
Duration from running indefinitely detected and timed for 8 min. then and ESC chips. No user control.

cutoff.

Home Return to home if dome coasts pas| If commantiteego home and Logic within DDW. No user
overshoot dome coasts past home, rotation|  control.

motors will pulse in reverse ten
times to return home.

DSR Swingout

Prevent dome rotation if DSR
Swingout is open

If dome is home and shutter at EOT, Decision within DDW. No user

detects whether DSR is open an
interlocks against rotation

I control but can be wired to satisfy
interlock if no DSR swingout
present

AutoShut Closes dome if session length Times session Decision within DDWCP, sends
exceeded command to DDW. User sets
duration, bypass in DDWCP.
Weather Protect observatory from weather. | Sensors on/near dome send readir] Sensors feed into DDW, transmitted
Compare to settings, send close to DDWCP, compare to settings ip

command

DDWCP, then Close commands
sent to DDW. User settings in

DDWCP.
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Ch. 4. ADVANCED REMOTE CONTROL

Introduction

DDW can be used in a variety of ways for obseryatemote control. For example, there are multiple
ways of slaving the dome to the telescope, anemdifft ways of using the DDW from long distanceisTh
section discusses a variety of issues in moreldbt earlier in the manual. If you need more
information, or want to discuss problems or optionsdescribed in this manual, please feel frezatb

us.

Remote Control Astronomy

Remote Control Astronomy is the term we use fotams external control of the observatory using
movement commands sent to the DDWCP. Some pevgitirseate custom scope software, which will
include direct transmission of commands to the D will handle information returned from the
DDW. Appendix 1 describes the file protocols neettedrite that software.

We have discussed having the scope controllingveoé write the data necessary for DDW slaving to a
data file (called SCOPE.DAT) which the DDWCP reémisthe scope RA and Dec (this is how TheSky V5
operates). DDW then writes the resulting data $ovalar file which the scope control program cae Lif
desired.

We have two other means by which a user can cothtedDDW via DDWCP. The first is the use of an
RCA File interface and the second is the use oivA#t scripting methods. These are briefly desatibe
here, and in more detail in App. 6.

File (RCA) Interface. Instead of simple scope direction informatiokloane control program could send
simple text commands to a control file that is regdhe DDWCP (One can also send movement
commands to DDW via a command file system). Thayou can use file transfer to send commands to
open or close the dome or take other actions. oAiigh slightly slower than sending direct commarmds t
DDW, this approach is much simpler to implememy. extension, we also propose that similar protecol
would be useful for manufacturers of telescope @8 software and hardware. Information necessary t
implement any or all these options is given in Apugig 6.1

ActiveX. ActiveX is a term used for a method of writirggipted commands (and responses) similar to
macros. ActiveX is used with Visual Basic and $amprogramming languages. Using ActiveX scripts,
the user can command the dome to operate (via DDVa@&receive and evaluate response data. We
follow the ASCOM protocols, which you can find dgsin the Internet. Writing a simple script is gas
for a person comfortable with Visual Basic; howewamplex automated operations require a majorrteffo
to handle all possible contingencies and to interfthe various devices (scope, dome, CCD). Thie bas
information on the ActiveX command set is giverAjpp. 6.2

German Equatorial

Because the German Equatorial Mount (GEM) has sica@xis that is offset from the polar axis, he t
telescope is swung side to side (i.e., East or \Wetkte mount) the optic axis swings relative te ttome.
To visualize this effect, assume that the pivonpof the mount (see Drawing) is at the centehef t
dome. Depending on BOTH the declination and R&gtdension of the object, the latitude of the
observatory, AND whether the scope is on the Ea¥¥est side of the mount, the scope will NOT in
general be aligned with the radius of the domeatT$) the scope azimuth will NOT equal the dome
azimuth: slaving the dome requires computationnohzimuth offset so that the scope will aim out the
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center (or other selected part) of the slot openifigis correction may be ignored if the scope sizé
side to side shift are small compared to the gbening.

Note that a yoke mounted scope mounted at the cefitee dome has no required offsets (i.e., equal
zero).

Therefore, whatever slaving method is used, aG&M installation requires that you tell DDW abohiét
geometry of the mount as it is installed in yousetvatory. This is done once by inputting valugs the
RCA menu, which is a part of the Configuration sereas was discussed in the previous chapter.

The accuracy of the slaving depends on the accufaaly the factors used in the calculations. This
obviously includes latitude and longitude, but ut#s other factors as well. These include the B&/ a
NS offsets of the pivot point, the vertical and @an offsets, Time Zone, and dome radius. It iy &as
forget that the system time and the dome trainiiieg, @ccuracy of the Home azimuth) must also be
accurate.

One might be tempted to provide rough values fonesof these parameters; however, if you do, yol wil
find that the slaving is accurate in some directi¢as the errors cancel one another), and quie iar
other directions (as the errors geometrically add)general, the linear measures should be acctwat
better than one inch, and the angles to betterdahardegree. The larger the dome, the largerdbees
and the smaller the slot opening, the more acctinatelata entries should be.

Dome Centering and Custom Slave Settings

Under LX200 Adapter control (no DDWCP), the scopk move (while the dome stands still) until the
difference in the azimuth of its axis and thathe slot opening exceeds the “Dead Zone” (DZ), where
upon DDW will move the dome to correct the errdneTDZ is set by the DIP switches on the DDW
circuit board. The dome will move until it has neava distance equal to the DZ in the other diractee
call this the automatic offset).

When RCA is used, the movement process is more leonyecause the DDWCP has a separate
“Tolerance” parameter. In general, the effectiv@wlill then be whichever is greatest: the “Tolerahor
the DZ set by the DIP switches. Once movemenbkasrred, the automatic offset will still be eqtal
the DZ setting of the DIP switches. Thus, if DZefdand offset=7deg, the azimuth error will incestts
7deg., the dome will then turn to align the cermes, then continue to 5deg on the other side.

In either LX200 or RCA mode, you can turn off the@matic offset using the proper DIP switch. Kth
is done, the dome movement will align the scopesdodcenterlines. Of course, all these movemards
subject to some variation (normally 1-2 deg.) deleg on the dome operating conditions.

Communicating with the Observatory via Network

As noted in Ch. 3, under the Configure screen @meselect to communicate with DDW over a network.
This requires that the user has a computer avaitabhim/her, and that a computer is in or neadtree
that is connected to the network and to DDW. i Appendix on this subject we describe some of the
theory of making this connection. As this systarstill under active development, please feel foeeall
for details and for the latest software and ingtouns.

Using TheSky v5/v6 with DDW
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TheSkyV5 provides a planetarium program (graphstat/planet presentation) as well as remote tepesco
control functions. Depending on the telescope molimeSky may provide only a subset of the avadabl
commands and data services actually provided imnibwent.

As discussed elsewhere in these instructions, Thefkes the scope RA and DEC to a file, which ban

accessed by DDWCP for use in slaving the domeacbomplish this requires several steps.

* In TheSky, turn on the file writing by clicking drelescope/Server and checking the box "log current
telescope position to a file” to start file writing@ ake note of the path to the file, the defaalihgfor
V5 is: C:\Program Files\Softwar e Bisque\TheSky\User\ Tel escope Position.txt
Default path for V6 is:C:\Program Files\ Software Bisque\TheSky6\Data\User\Tel escope Position.txt

» In DDWCP, configuration, you have to be sure thiéhpa the file in DDW Configure/Slaving (which
tells DDW where to look for TheSky file) is the sams the path in TheSky

* Note that TheSky updates the file every few secoandd the DDW reads the file every few seconds
so there is not always an instant response by DDW.

* Be aware that TheSky stops updating the file whieeSKky is not in “focus” (i.e., on top of the other
windows) on the control PC. This is not normallgrablem if you or other equipment do not slew
the scope away from the last RA and DEC selectéthatky; however, manual slewing or slewing of
the scope from other programs will not have the Ré&wand Dec written to the file until TheSky is
clicked.

Also for your information, while most scope commauil TheSky are easy to find, the synch command is
not (synch allows you to tell the scope to resekitowledge of RA and Dec to a particular objeat yo

have identified). Synch is available in the objaébrmation box you get when you select an object.

Click on the double down arrow on the lower parthef box, then on the “telescope” tab item. Yol wi
find the synch command!

Sienna Software Starry Night

This is a planetarium program that provides scaperol via third party “plug-ins”, ie., not from wiin
the program itself (as in TheSky). In fact, thdégtinct components are necessary to use this anofpr
dome control:

e The Starry Night

» Astronomers Control Panel (ACP) which works withyBfo to provide scope control

*  Plug-in for ACP to get scope data for DDWCP

For the convenience of our customers, we providh B&€P and the necessary plug in to allow DDWCP
to work with either the ACP running alone, or wh@P is getting star direction from Starry Night.

We expect that there will be more programs thatateen this mode: please call if the program y@aniv
to use is not covered in this manual.

Using The AP GTO Mounts and DigitalSky Voice

The DigitalSky by Astro-Physics does not at thisdiprovide scope position file information to DDW.CP
Therefor, you cannot use DigitalSky to slave theddo the scope.

In a recent (2001) revision to the AP GTO contgaitem, AP now supports the LX200 get azimuth

command. Therefor, DDW can use the LX200 diretritmgation mode to obtain the azimuth directly
from the mount. To use this, the astronomer vakahto make a simple cable adapter to obtain theepr
wires, and will need to be aware that the geomeffiets will mean the slaving accuracy will nothigh.

For most users, the best means to slave the AP ts@ito use TheSkyV5 to control the telescope,tand
operate the parking functions for remote operation.
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For your information, if you wish to connect the Afdunt to your PC using a telephone cable, do it as
follows. Use a double male DB9 connector at thepecand a an SBC/PC1 adapter to connect to one of
our telephone cables, which in turn plugs into B€& C1 adapter into the serial port.

Fast Dome Tracking Function

Normally, a command to the DDW to rotate will tad@me seconds to accomplish and the result returned.
If you wish to use the dome for fast satellite king, this response may not be sufficient. We have
provided a method of sending virtually real timentoands to the rotation system via DDW so that you
can have a very responsive dome, while still kegpire interlocks and human interface.

The method requires that your scope control progtatarmine the desired dome movement, taking into
account the physical characteristics (speed, megtc.) of the dome. You may also need to tate in
account the anticipated path of the object beiagkied, especially whether it will go over zenitiquiring
fast and/or anticipatory movements of the domeetepkup. This could be written in a Visual Basic or
other program.

The program would then use the commands availakke App. 1) to switch into the fast tracking mode,
and then send real time motion commands to the DBWHntrol the motors (approximately ten updates
per second). The fast tracking commands allow #& almost instantly to control the motor voltage (
the setting of the pulse width drive applied to ti&@n motor transistor switch) while tracking thesjion
(and velocity) of the dome.

A sample program is included in the DDW programveleich allows the user to test the fast tracking
function. The program is open source, so you canit) modify it, or copy it, or use it as the tsafsir

your own dome tracking program. We do requestybatlet us know of your results, and that you make
any resulting program and documentation availablether users.

Please call for further details or assistance ahsan effort.
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Appendix 1 DDW Software Commands & Hardware DesigriNotes

Software Commands

For Direct control, commands are sent to DDW in@amASCII form. This discussion is for the use of
those who may wish to write their own dome consaftware. It may also be useful to those inteckgte
understanding in more detail the operations ofvireous commands. There are two versions of Oigita
DomeWorks firmware, Versions 1 and 2 (Version hi®DWModel 1, recognized by the 28 pin main
processor, while Version 2 is in the DDW Modelsn2l 8, recognized by the 40 pin processor). Since
Version 2 is a superset of Version 1, the commaodsmon to both will be discussed first.

Because the DDW microprocessor used does not ia@utensive buffers of the communication line, if
the DDW is busy when the command is sent, the camdmall be missed. When no movement is
occurring, DDW listens for commands for 1.0 sdwentspends approximately 0.1 sec on other
housekeeping, before listening again. While movarnseoccurring, all commands are ignored (except f
All Stop, see below). In general, if a command hasesponse within 0.1 sec, a retry should be made
1.50 sec later.

All commands and return data are at 9600 baudt, 8 Isitart, 1 stop, no parity. Commands and dega a
normally sent without a carriage return (ASCII cti8) or Line Feed (ASCII 10) and there are no
checksums in the commands or responses. Notd ftat send a carriage return after a movement
command it may be interpreted by the DDW proceasa stop command which will terminate movement
before it begins (see below).

GET INFO. Formis GINF. When received, the DDWIwespond immediately with the following data
record (see next page). Data fields are commaniteli. Movement commands always conclude with
INF packet transmission.

Note that actual azimuth in degrees is 359*(ADAZIDKS). Ticks are the number of counts produced
by the movement sensors (roughly equal to one inch)

Shutter status is derived from the most recentaijmer of the shutter. When the system is turnedoif
a shutter movement is interrupted, the statusdstarminate. After the shutter operates to corgiet
shutter position is considered to be known, arréfiected in the status.

Slave status is the current setting of the SLAVEtad bits in DDW.

DSR Status shows the status of the Swingout DSRH@mne-Dome/Pro-Dome, external entry products,
the DSR must be closed before dome rotation calysbé done. Because the DSR is on the dome,
checking the DSR is only possible (in DDW) when doene is HOME. The specific design of DDW also
requires that the shutter be fully open or closedtie DSR determination to be made. Therefore,
whenever the dome is to be rotated away from th&B@osition and the shutter is in full open/clode
DSR status can be checked before movement is gednit

Slave On. Form is GSLV. This command turns onlfk200 slave mode in DDW so that the azimuth

will be read by DDW from an LX200. Normal time teten azimuth readings is 6 seconds, which gives
an average 3-second delay. (If DDWCP is configdoedeceiving azimuth information from the
telescope control program, a menu item on DDWCPcaiise DDWCP to get the azimuth from the scope
program and transmit GOTO azimuth commands regutarihe DDW- in this case GSLV is not sent).
Response is INF package.
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Slave Off. Form is GVLS. This command turns b slave mode. Response is INF package.

INFO PACKET
DDW3 (DDW1 is Field 1-9 and car ret)

Field Content Note (each datum is separated by comaj

1 V# Denotes Version Data. E.g., V1

2 Dticks DTICKS is dome circumference in tick82767. Value is sent a:
string of characters, e.g., 457. Leading zerodnaosmitted.

3 Homel Azimuth location of the HOME position inks 0-32767

4 Coast Coast value in ticks (0-255)

5 ADAZ Current dome azimuth in Ticks 0-32767

6 Slave Slave Status O=slave off 1=slave on

7 Shutter Shutter status O=indeterminate, 1=cldzedpen

8 DSR status  DSR Status O=indet, 1=closed, 2=open

9 Home Home sensor 0O=home, 1=not home

10 HTICK_CCL Azimuth ticks of counterclockwise edgieHome position

11 HTICK_CLK Azimuth ticks of clockwise edge of Home position

12 UPINS Status of all user digital output pins

13 WEAAGE  Age of weather info in minutes 0 to 225% means expired)

14 WINDDIR 0255 wind direction (use (n/255)*359 to compute attlirection),
subtract dome azimuth if weather module is mountedome top.

15 WINDSPD  Windspeed 0-255 miles per hour

16 TEMP Temperature 0-255, representing -100 todEsfsees F

17 HUMID Humidity 0-100% relative

18 WETNESS Wetness 0 (dry) to 100 (soaking wet)

19 SNOW Snow 0 (none) to 100 (sensor covered)

20 WIND PEAK Windspeed Peak level over session 0-255 miles qar h

21 SCOPEAZ  Scope azimuth from LX-200 (999 if naaitable)

22 INTDZ Internal “deadzone”- angular displacemardund the dome

opening centerline within which desired dome azimzan change
without causing dome movement.

23 INTOFF Internal offset- angular distance DDWaild to the desired
azimuth, causing the dome to preceed the telessguesition when
a slaved goto occurs.

24 car ret

25 car ret

Note, weather data fields 13-20 are only updatedl YOINTI Weather Station, (discontinued in 2006 imstalled. If a TI Weather
Module is not attached, (or not functioning), ag #hge reaches 255, all weather values will becs266 and 0.

GOTO Azimuth. Form is GXXX where XXX is the deddrdome azimuth in degrees. Leading zeros
must be included, e.g., GO73. Minutes and secorasbe transmitted, but are ignored. When the
command is received, DDW begins execution. Ifrdwired change in azimuth is less than the "dead
band" set either by internal logic to 10 deg indfen 1 or by dip switch settings in Version 2, tttane

will not turn. When the dome is turning and apptwes the target azimuth, DDW allows for coastirgy (a
determined in the TRAINing mode) and shuts off ti&or early. When the GOTO begins executing, it
sends an 'R’ or ‘L' to show that it will turn iret€W or CCW direction. Version 1 systems then sefid
character each time there is an azimuth tick (ntyra#out one inch of movement). Version 2 systems
will send a string 'Pnnnn’ where nnnn is the curdeme azimuth tick value (See INF packet) for each

Digital Dome Works Page 54



azimuth tick. When the action is completed, DDWdsean INF packet. Power cutoff will cause loss of
current azimuth data, requiring the user to récate using GHOM. If the power is turned on inhniihe
dome in the HOME position, DDW calibrates itseltlwho movement required (this will normally be
shown in the DDWCP screen). In chips prior to 101,22 GOTO that is within the coast distance (aé we
as the dead zone) will be ignored. In chips 11124 later, the DDW will automatically bump the dom
0.1 seconds toward the proper azimuth (featuredattdenprove slaving of domes with large coast).
Also, all rotations are preceded by three quickokee

GOTO HOME. Form is GHOM. When received, the domilerotate to its HOME position as defined by
the shutter contacts. If the dome is already aMEONo movement will occur. GHOM should be
executed whenever the DDW is turned off, then am{hg off DDW causes it to forget where the dome
is). When DDW executes this command, the domestumil HOME is detected, then the motor shuts

off. If the dome coasts past the HOME position,WWill pulse the dome in reverse up to ten times to
recover the HOME position. 'T' and 'Pnnnn’ resperege same as GOTO, and the operation is concluded
with an INF packet.

Train. Form is GTRN. When received, the dome bégin a training sequence. The starting poirthef
dome is assumed to be NORTH, i.e., the dome sHmuldanually turned to face NORTH before GTRN is
invoked.. The dome will rotate CW to HOME (thudideng HOME azimuth), then continue CW to
HOME a second time (thus defining the circumferénd@DW will then record its HOME, circumference,
and coasting data in non-volatile memory. Respoase same as GOTO. Training data are held in non-
volatile memory, and are not lost in power cutoff.

Shutter Open. Form is GOPN. When received, doiieaturn HOME, then open the shutter.
Shutter Close. Form is GCLS. When received, dosflgeturn HOME, then close the shutter as above.

Shutter opening or closing is performed by DDWrgiging sliding contacts to the shutter motor
with normal or reversed voltage. Shutter opensagdauntil the shutter opened/closed interlock offtthe
motor current. This is interpreted by the DDW mesor as end of travel, which sets the shuttanstat
(O=indeterminate, 1=open, 2=closed). DDW doeshawt relative shutter position sensing, nor isgher
provision for remote partial shutter opening (achaperated "manual” control can be used for this
purpose). During shutter operation, an initial “@™C” is sent, then the character 'S' is trantedit
approximately every 0.1-sec. If the dome is nahimHome position, “Pnnnn” packets are sent duttireg
rotation. After both the rotation and shutter rontstop, an INF is sent.

During manual rotation/shutter movement, both ieers will transmit Pnnn and “S” strings to
reflect the activity. Once action has ceased fpraximately 2 seconds, an INF packet will be sélttis
has subtle implications for the client end softwatrenust be prepared for motion at any time, st jn
response to a command initiated by the user.

All Stop. Form is not defined. When motion is oging, any two or more characters are receivetiwit
one second from the communications line is integat@s an all-stop, which results in all motorsigei
turned off and an INF packet sent. Hint: if yoe aending movement commands, do not also send a
carriage return or line feed.

GSPK - Parks the LX-200. Sending this causes h&/Do direct the LX-200 (or compatible) to switch
to guide rate and slew east. This has the effiestopping the telescope guide motors. DDW
automatically sends this command 4 minutes aftetabt dome command when the dome is both home
and close. This is a safety interlock, preventimgMeade LX-200 from wrapping its cables aboudlits
and breaking them. Meade has claimed this careqgdn, however we twice nearly broke our
declination cable because of this "cable wrap"sg®ease is INF packet.
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GSRK - UnParks the LX-200. Reverses the effectS®PK by switching to guide rate and slewing west,
resuming a tracking motion. Response is INF packet

GSSK - Cancels the 4 minute Scope park timeouts iBlsent to disable the 4 minute countdown uhgl
next dome movement. All dome movements (even manearm this countdown. Response is INF.
GPnn - Manipulates the user output pins. 'nmiterpreted as a hexadecimal number ranging from 00
through FF. Version 2 hardware implements two vs#puts, so only the least significant two bitstod
least significant hex digit have effect. If bit9on, user pin 1 is turned on. Bit 1 controlsrysa 2 in a
similar fashion. The current status of these @Eresvailable from the INF packet. Response is jidEket.

XST - Indicates the 4 minute Scope Park countdoasihitiated.

XSX - Indicates the 4 minute Scope Park countdoastieen reset- but the countdown will not resume
until XST is received.

GTST — This command causes DDW to respond withclgiaf test data for use in diagnostics. The data

response is subject to change. At this time, #uket includes the following data, each presensed a

character followed by numbers on the Show Dataescre

» Bank 1 interpreted reading “bXX” where XX=0-15.

 Bank 1 ADC reading “aXXX” where XXX=0-255

» Bank 2 interpreted reading “BXX” where XX=0-15

e Motor Current ADC reading as “mXXX"” where XXX=0-25%Motor off should read 0 or 1.

* DSR voltage ADC reading “dXXX” where XXX=0-255. Nétome>250, Home & DSR open about
50, Home & DSR closed about 5.

»  Stop code reading showing cause of most recent menestop: 1=reached target, 2=rot time limit
reached, 3, no az sensor (rotation) or no motaeatshutter), 4=AllStop, 5=incoming user
command

GTCK-This command switches the DDW into Fast Tramlde. See detailed discussion below.

Fast Track Mode

The normal (astronomy) mode of DDW provides fordieg a command from PC to DDW, executing the achign
DDW, then transmitting the full INFO packet backih@ PC. Even if no movement is involved, thisgess takes
about one second. If movement is involved, dutirgmovement DDW will transmit tick values, but ather
information until the final INFO packet.

In contrast, the DDW Tracking mode allows a PC paiagto get rapid feedback about a dome's rotasind,send
control signals to change its speed in real tiffie.accomplish this, a special DDW command "GTCKitehes
the DDW chip into tracking mode. The PC then sespmkcial four byte commands for direction and speed
receives back four byte packets (was ten bytediiMModel 3 and prior) providing position informatio This
mode can operate at over 10 command cycles pendéicdesired. Tracking mode can be switched ahath
remotely and modified on the fly. DDW normally ghiwith an open source Visual Basic sample fasktra
program (which includes creation of an automaticfie) on the program CD as a starting pointgosgramming.

GTCK Converts normal DDW mode into Tracking Mode

Command Packet.

CSDR General fast tracking command format. Ederaxcter position is used to transmit particulane@nd
data. All alpha chars must be capitalized

The first character location showed by the C isatvamand character where: .
X - exit tracking mode back to normal
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U - update PWM variables

R - rotate clockwise

L - rotate counterclockwise

S - stop rotation

? - just return current stats
SDR are characters whose value is 0 to 255. Th&IFpdlse width modulation) provides electronic spead
startup control via the ESC chip. Refer to the El®Cumentation for details on what the PWM variabteean.
The three characters are:

S represents the PWM startup voltage, ranging 0e2b5

D represents the PWM ramp delay, ranging 0 to 255

R represents the running PWM, ranging from 0 to 255

Response Packet

The DDW chip receives each 4 byte command, immeljiaixecutes it and responds with a four byte packbe
response packet contains the instantaneous doatérostatus as discussed below:;

Byte Description

0 (isAllstop) represents the AllStop flag (>0 icalies something is asserting stop)
1 (rotDir) rotation direction flag, 0O=no rotatioh-counterclockwise, 2=clockwise
2,3 (drCount) instantaneous dome position in titkx)

Notes

Value calculation. Each field contains 2 bytesg, ithw order first. Thus, to get the current dorosipon
in ticks, the following is needed; ticksPos = b8 * 256) where b2 the 3rd byte, and b3 is the 4t
Note the values of some fields don't require 18.bit

In addition to returning the status packet, sonmaroands sent to the DDW will update the ESC's PWM
variables. The PWM update happens just beforsttites packet is sent back. Note the PWM starting
value is superfluous after rotation is started,duminating it would complicate the algorithms.

The PWM variables range from 0 to 255 as documelnyatie ESC specs, but the user should never send
all 3 as 255 in a single command, as that will sivthe ESC to ADC mode where the ESC chip is readin
the PWM from the adjustments pots. Subsequent @mdmwill switch it back correctly, but manual
rotation started before the next valid PWM valuesteansmitted will use the ADC settings. In ortter
return to normal DDW operation, and properly rehetESC, use the 'X' command byte as above. DDW
then responds with a standard info packet andmetior normal operation. Please note the 'X' contiman
ignores the PWM variables, so they can be lefoatesconvenient default- but they must be included.

When client software wants to start the dome mgata 'R’ or 'L' command byte must be sent. |fdbme

is already rotating, the PWM variables are corgegfldated, but the command byte is ignored. Thentl
software will receive no indication of this conditi. Therefore, the program should perceive thaticn

is occurring (via the rotDir flag) and not sendatodn commands until the stop command has been sent
and the rotDir flag is = 0. If 45 seconds elapsteen commands while rotation is occurring, DDW
unilaterally stops the rotation, but stays in tiagkmode. This is an interlock intended to prewtorhe
runaway in the event of software/hardware failure.

The 'U’' command can be used to update the PWMblasgat any time, without affecting the rotation
direction- or starting any. If, during rotatiohgtrun speed is brought to 0, rotation stopshdf'§’
command isn't sent, DDW still considers the domedeotating, so subsequent rotation commands only
affect the PWM settings. Effectively, the domelwitly rotate in one direction as the PWM run setis
increased from 0, ignoring rotation commands inagpposite direction, until 'S"is sent. It is opthe

client program to be aware of this behavior. Bi€bmmand updates the PWM variables, but stops any
rotation begun by tracking mode commands.
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The *?' command will return a status packet, btiupdate the PWM variables. Like the X' command,
requires the PWM entries contain bytes, but igntimes values.

The client software must retrieve information sashthe dome circumference or home position via a
standard 'GINF' query before entering tracking mo#lgention should also be paid to the DSR stang
shutter position, as those cannot be monitoreaoiralled while tracking mode is in progress.

In Tracking mode, while rotating, DDW will respotmthe AllStop input by immediately stopping
rotation. Rotation commands will be ignored whiléStop remains in effect. The B5 button, Slavel an
Shutdown inputs are ignored in tracking mode. Agpam is free to switch in and out of tracking mede
desired.

Hardware Design Notes

This section is written to help a regular userdratinderstand the DDW system, and to assist in
maintenance. This is NOT an exhaustive discussidhe system, as that would be too complex. For
example, we describe only a few of the design amrations (why things are designed the way they are
nor do we describe much of the inner workings effimware. Rather, we focus on the information
needed to understand the operation of the elecsarid general system behavior.

DDW is a smart system: that is, it is designedgerate autonomously for a variety of functionswa

as to respond to external commands from a variesparces and at varying levels of detail. The tmos
common external command source is the DDWCP opgratia PC, sending commands to the DDW unit.
The DDW processor contains one-time memory intcctvlave have burned the firmware (program) that
runs DDW. This is non-volatile memory, and can lb@tchanged or updated. Changes in the firmware
require a new processor.

The configuration information needed by the DDWagassor includes the dome training data and certain
other information. These data are stored in the@&@H 24LC01B. The data are read whenever the DDW
is turned on, and written whenever the dome isé&ahi

The DIP switches are in two banks of four. Eachkbswitches resistors in a binary code that feed a
voltage into DDW processor ADCs. The processondes the ADC reading to determine the DIP switch
settings.

RS232 data lines to and from the PC (or an attat@®0) are protected by +/-15V snubbers and
resistors. The signals are fed through the MAX2&2 shifts the RS232 +/-12v data to/from TTL Seria
0/5V data.

Lets now go to the motor end of the system. Thatian motors (DC) are connected at all times & th
12V power source. The main FET (on the heat smkprmally off, and thus prevents rotation motor
operation.

If the hand control CW is activated, 12v goes through the emting diode to the ESC. Here the signal
turns on a level shifting transistor circuit, whigpplies 5V to the small ESC PIC. When the progiram
this PIC detects an input signal, it starts geiegad positive pulsed output at about 50Hz. Tlhaetisig
width of the pulses is set by the START potenti@netAs time passes, the width increases at ssedtby
RAMP to a maximum width set by RUN. This pulsenrig again level shifted back to 12v, then applied
to the main FET which turns on from the pulsese Tésult is an increasing voltage applied to thation
motors so that the motors start slowly.
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When the incoming signal to the ESC ceases (renf@v€W button), the ESC immediately stops the
output, dropping the voltage to zero. In practtbe, motor continues to coast for a few seconds.

Meanwhile, as the FET switched on, the currentgmdswn through the FET and through the 0.1 ohm
resistor which generates 0.1v for each ampere.r@sistor is shunted by a Shottky diode which l&ntite
voltage to about 0.2-0.3v (thus reducing the pdags). This voltage measures the presence of dterm
current. It feeds through a 0.2sec. RC into tleeg@ssor ADC. The functions of this reading areedbed
below.

An alternative way to go CW is to send a GOTO comnfiom DDWCP to the DDW. When this
happens, the processor generates a motor signe wigves through steering diodes to the input level
shutter of the ESC circuit where it operates agltgdmanual signal.

The operation is more complex for the CCW actitmthis case, the CCW button not only sends the
motor control signal to the ESC, but it also palésvn the Reverse Relays. These reverse the peaes |
out to the rotation motors, thus reversing direttiGimilarly, a CCW signal from the processor gates
both a motor signal and actuates a transistorttinas on the reverse relays.

A major consideration in the circuit design is ss@are that the relays never move while curreribisihg
through their contacts (this greatly extends thtg). This is assured by delays within the premsas

well as by the delayed current start and the fasteat stop in the ESC (which happens faster than t

relays can drop out).

The shutter operation is more complex. A shuttegtdm (or processor command) will operate the shutt
relays that transfer the output from the rotatiastaons to the shutter motors, as well as the ES@mot
drive circuit. The CLOSE command will also opertite reverse relays. When the shutter reachesnithe
of travel, the current is cutoff by the shuttermsebn the dome, and this current cutoff is detebiethe
DDW processor which then causes it to shut dowrsthter relays and ESC signal.

Hint. The relay covers are transparant allowing g@watch the relays to be sure they are moving
properly.

The azimuth movement sensor uses a rotating whileheles. As the holes pass an infrared senker, t

beam is interrupted, thus producing a signal fer@W processor. The processor knows the distance

moved by the number of “ticks”, and

» It knows that rotation is occurring if there is Rpero motor current plus rotation ticks

» It knows shutter motion is occurring if there iswrmero motor current and no ticks

* It knows direction by whether the reverse relaysamtivated (processor has a sense line to the rela
coil)

Underhand operation, you have direct control of the relayd eotors (ie., the processor is not
controlling, it is only “observing” what is goinghp  The DDW will interpret the signals to infer ath

your hand is doing, and will use these data tdktthe motion and to send data back to DDWCP. Hint.
Failure of some components can lead to bizarrdteesbor example, hand rotation with a failed

azimuth signal will be interpreted by DDW and shoswtnDDWCP as a shutter movement (this makes a
great diagnostic). A processor directed rotatidih & failed azimuth signal will start the domeating,
which will then cut off within 3 seconds due to tiedation interlock.

Underprocessoroperation, things are different. For examplepmmand to rotate will trigger the motor
signal, and the expectation that ticks will beginvéng. If no ticks arrive within 3 seconds, DDW
interprets that as a failure of the dome rotatgmit shuts down the motors. The motor currendiregis
ignored. However, a command to operate the shwiterun the shutter motors until the motor curren
drops to zero (triggered by the shutter relay).
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In all processor initiated motion, DDW tracks tivae of operation and imposes an 8 minute limit.

Another subtle area to understand is the dataddram the rotating dome itself. There are fivstigict
“signals” to and from the dome via the sliding cmts:

»  Power for the shutter motor

» Signal to detect whether the DSR Swingout is opeciased

» Signal to detect when the sliding contacts are eotad, ie., the dome is HOME

» Detect the interruption of motor current at the eftravel

» Power to supply the weather rechargeable battery

Power (as a reversible 12V) is applied up throlghdontacts to operate the shutter relay and tinttesh
motor. The motor is normally disconnected by thetter relay. When the applied power is more than
about 6-8V, the shutter relay will pull in and tteutter motor connected to the sliding contactmalb
signals, less than about 2VP-P will encounter thleAfave rectifier of the shutter relay which prese
high resistance.

A 20k resistor is present across the sliding cdatatall times. The DSR Swingout has a magnet and
switch that closes when closed, which inserts aBg&0resistance. Thus measuring this resistanise tel
whether the DSR is open or closed. The DDW boeed$ 5v onto the sliding contacts through a220K
resistor. Each side of the sliding contact as eeslstor to ground to provide a ground refereheg tan
take the reversed voltage when the shutter is qgmgered. The resulting voltage on the slidingtaots
when the shutter motor is NOT being driven is fethte processor ADC, and thus measures the DSR
status.

When the dome is sent HOME, DDW decides on theshafsis present knowledge of the dome azimuth
which direction is shortest. DDW then sends theeédoward HOME. Other than the rotation motor slip
interlock, it ignores the azimuth readings. WHhem $liding contacts reach the HOME position, theDD
detects that the resistance between the slidégssshan infinity and DDW decides that it has heatcthe
home position and stops the motors. Actually, myitraining, DDW measures the azimuth location of
both ends of the HOME plates, and then measuresuéizifrom the midpoint.

As discussed above, when the shutter relay intesitige shutter motor current (normally 4-7 A), thetor
current detection shows zero, and the DDW assuheesrtd of travel has been reached. There is an
internal requirement that the shutter must haveaipd for at least 1 second before a current dessiat
taken as an EOT.

The optional on-dome weather instruments requivegpdo operate that is provided by a rechargable
battery on the dome. The battery is rechargedérHOME position by a 2V P-P 5kHz signal that is
applied to the sliding contacts from a floatingwstormer. The signal is too small to operate theter
relay, and is sufficiently high frequency to beagad by the DSR and HOME detection circuits and
software discussed above.
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Appendix 2 Signal Cable Construction and Installion

#22 two conductor wire

#22 two conductor wire is supplied in an uncut fotluse in connecting interlocks, switches, arfteotow current
devices. One conductor has a thin white tracédimtification purposes. When making a connectiayput the
wire and cut the ends clean. Strip the instaligtand twist the strands of each conductor togdathprevent
fraying and short circuits. You may want to ussohlering iron to “tin” the wire to make it stiff@nd easier to
handle. If installing the wire into a small terralrstrip, you may also want to double the condubtark onto
itself.

Six conductor Telephone Type wire

Although most of these wires are provided as préectinductor telephone type flat cables (with Rdbtiular
plugs), you may want to cut and install plugs ooryown telephone cables. Measure the length neeaheltrim
the ends clean. You will need a good quality cemfavailable from us or from Radio Shack).

To install a RJ14 connector, follow these steps:

* Provide good light! If you cannot easily see $heallest details of this task, you will make migsland will
not be aware of them. A little extra care in mgkihe connections saves hours of troubleshootieg!la

» Use sharp diagonal cutters to trim the end ottide square. You must not have any metal wiends
sticking out the end.

» Place the cable into the stripping portion of ¢thienp tool (this has an upper and lower knife totbe
insulation.

» Pull the cable away, thus stripping about 5/1@®frthe OUTER insulation (the insulation on eachevghould
remain).

e Orient the cable in your left hand with thiack/white conductors toward thiéght (Depending on the cable
type, the black may be second from the right).e@rthe connector so that the finger latcBGWN
(underneath). Insert the cable end into the connector unéhilires bump the end inside (this is important
because some conductors may in time work theirauyf their insulation--leaving space at the ehthe
conductor may then allow them to short together).

* Insert the connector with wire into the crimp pamtof the tool. Squeeze the handle and checkiteasix
crimp bars are pressing on the crimp conductoth@tonnector. Complete the crimp, squeezing aadl
firm.

* Remove the connector. Using a magnifier if nemgssnspect the connector closely and check thabaof
the crimp conductors were pressed down, and tleawite orientation (black to the right with thuméyk
underneath) is correct.

Note: the wire orientation in the connectoaisolutely critical. Contrary to telephone service, the orientatibn o
wiring in this system must be maintained. Thisasa signal will always travel on the same colaewhrough the
various connectors and cables.

If the connector is not right in any way, simplyt @uwff and apply another one. It is virtually prossible to verify

that a particular connector is good or bad: lable is suspected as bad, cut off both ends atallingw
connectors. If this does not solve the problenkerenew cable.

— WHT
BLU — / — Bk
YEL —— — RED
GRN —— — GRN
RED —— — e
BLK —— — BLU

WHT —;

H/\U

PLUG PLUG CHASSIS JACK

END VIEW

WIRE, PLUG, & JACK COLOR CONVENTIONS
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Appendix 3 Serial Ports and Cables

Introduction

In the following discussion, we use DEVICE to stdodany device with which you are intending to commicate
via RS232. DEVICE may be Digital Dome Works, DoWeard, RoboFocus, or other device.

The communication between the computer and the BEV$ via a "serial" cable connected to a PC seod,
called a COMmunications Port (for purposes of thezussion RS232 and “serial” refer to the samegthi If the
settings for the software do not match the pommainication will not succeed. In this section,liwalk about
COM ports.

A standard PC running a recent version of Windawslternative operating system) frequently hasdtserial
ports numbered COM1-COMS3, which are often assigned

. mouse (usually COM1)
. spare(COM2)
. modem (usually on COM3 in our port assignments)

Some PCs have a separate special input for the M@ &/2 style), which frees the COM1 port for othses.

A remote control observatory may require that thetiml computer have enough serial ports to serve:
. mouse

. modem (optional)

. telescope

. CCD (may be a USB or parallel port rather thamafer
. DEVICE

Task: You will need to assure that your computertha correct number of RS232 ports to serve yeads, and
you will need to have the proper cables to run fy@mur computer to the observatory. In this appende will
discuss both issues.

Serial Cable Options

Regardless of how many conductors the long caldeva only use three for the serial communicatem,(black,
green, yellow on 6-conductor cable).

We provide nominal 12-ft. signal cables to conneetr PC to DEVICE. This will work fine if your coputer is in
or next to the dome. However, if you need to mgker cables, you can order them from us or ebsilg and
install your own. For relatively short runs (rolghp to 100 feet), you can use standard six cotifat
telephone cable with standard six conductor commect

If you are at a substantial distance, say, 100 fhare. you may need to run the cable in some ¢ymonduit
underground, and you may want cable that is phiygisaonger. The cable for the RS232 can be atrang
reasonably low capacitance, three (or more) comdwetble, for example, CAT5 networking twisted $deel pair.
For long runs, use reasonably large wire (e.gg&@ye conductors). We have used a variety of tyjres,
including “thermostat” wire (4 conductor) and eskomex #14 building wire (2 wires plus ground).

The easiest and most flexible way to make the cotines is to use a standard 6 conductor telephacie(female)
with wire leads. You can then simply hook the mnowire color to each of your long wire conductasd then
use our standard (or your own) phone cables fadénthe dome and control room. The colors we usdack
(ground, DB9-5), Yellow (PC in DB9-3), and GreerC(But DB9-2). You can also use various other tygfes
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connectors (eg. DB9, use numbers above plus judB8r7 and 8). See the schematic of connectorsdandar of
this instruction manual for further details.

Parallel Cable Options

As noted, some CCD cameras require parallel cat®ésndard lengths are 10-25 feet. However, youncake or
purchase cables up to 100 or more feet long; howéwvey do get quite expensive. If you are puttimg cable in
conduit, you may not be able to get the connettiarugh the conduit. Thus, you can’t easily instial connectors
ahead of time, test the cable, and then instalTitis can make system checkout more difficult.n§€dt with your
CCD supplier for more information. Note that ifuyacontrol room is far away from the observatorp(enthan
100 ft.), you will probably find it useful to indta computer in the dome, and run the system aslLdistance
Remote” using a local network. This may save mopaay is a more flexible system.

Multiple Serial Ports

As noted above, you may need to provide more spodt in your computer. Many inexpensive "multipeards
are available to add ports, and most of these @esupported by modern Windows versions, (mgptpfes will
support additional ports via PCMCIA cards).. If yate using a computer with multiple USB ports, apdd
additional serial ports, you can also add eitheglsi USB to serial adapters or a USB to serial Hb.can
provide advice on additional ports (see below),thaetactual installation and debugging is up to oaccomplish.

The programs that control each observatory comgddnelude a method of selecting a COM port. Faregle, in
DEVICE, it is done in the Configure. Check thetinstion manual for your telescope and CCD softwarénd
how to set the COM/parallel port setting for thdswices.

Proper operation requires that each component tweeabed to the physical port that has been assiignies
software. Failure to plug into the correct, assiyport will result in a "failure to connect" orrae similar error
message. If the connection is not successfulwilweceive a message to that effect.:

USB

Although we have plans to implement a USB portl@nDigital Dome Works hardware, most if not all URB
Serial converters have been effective in providitepdard RS-232 serial ports. These devices cdthedviver
software that makes the serial converter appesoftovare as a standard COM port. Several consenery be
operated in parallel via a USB Hub to gain multipégial (and/or parallel) ports. Some softwar@eexing to
communicate directly to a serial or parallel poh&gdware, may not be able to exploit a USB comvethis is
dependent upon the software itself. We have testetmunications from Digital Dome Works and TheS\a
an USB to Serial converter and found both to wark Linder Windows XP and Vista. Extensive relidpiiesting
under different mixes of hardware, tasks and nagdking has not been done, so we are not aware @iassible
problems a user may face.

Serial Port Expansion Cards

Newer PCs are supplied with only one (or nonejabkports; a 9-pin male. Depending upon the desvatached
to the PC, you will have particular needs with exggo 1/0 ports. First, the Observatory contnotequires 1
COM port- our standard port is COM2, although all eoftware will support COM1 through COM9. CCD
cameras typically use a LPT (printer) port or UBBt some require a serial port and others requitke.bThe
Telescope mount will consume either another COM poan LPT port depending upon the particular nioun
design.
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Modems can either use an existing port, or canlgupme of their own- depending upon the modem’sgies
Internal modems always supply their own, often @MV3 so as not to conflict with COM1 and COM2 as digul
by the main system board. External modems alwegs & 9 or 25 pin COM port, thereby using one saggly
the main system board or expansion card.

If your system only requires 1 LPT port for the CADCOM port for the Observatory and 1 COM porttfoe
Telescope mount, it may not be possible to sesystem up without requiring additional COM/LPT poatrds, or
USB Adapters/Hubs.

There are many variations of COM/LPT expansion gaoffering a wide array of port combinations, dati@
capabilities and connector styles. In our expegecards which mix 2 or more COM and 1 or more Ilpefts are
the most effective in this application. We havegmased cards in the $40 to $150 price range, famedo
Electronics (www.jameco.com) and JDR (www.jdr.corye select cards which provide additional 9 pid 2B
pin ports, or those with a large cable connectmmfwhich dangle individual, short cables with 9 pimd 25 pin
connectors. The particular UART chips employedtancard are of little concern in this applicatard can be
ignored unless you have special requirementsoufgearch around, you may run into the 4 or moregssial
boards, costing well over a hundred dollars. Thuesds are very capable and are specially designedt
“overconsume” system resources as discussed below.

Windows XP and Vista will support COM ports greatean 4, and usually all that is necessary is td Néw
Hardware, and the operating system will configine device

Serial Communications Troubleshooting

If you have difficulty getting the PC and DEVICE¢ommunicate, there are several areas to investigete
suggestions below start with the easiest first.

System Verification. One of the first steps iv#ify that the basic equipment is working. If yoave a COM
port that works (for example, one that currentlywes the telescope), you may temporarily connec&VICE
(with PC1 adapter) to that port. Set the DEVICEJuort to the same setting that you were usingferport
(e.g., in the telescope control software). If ymw establish connection, you will prove that thatcol program
and the DEVICE are both operating correctly, thelesare good, and that the problem is in configudr
identifying the proper COM port.

If you still do not connect, you may have a badeai connector. Try substituting another cabladapter and
retry the connection.

User of Double Female Device. We can supply a ofgmale adapter that accepts a telephone typeector on
each end. The device includes two small LED lamiped onto our GRN and YEL wires. When connect&d i
the serial line to the DEVICE, these lamps willmaily show GRN. (l.e. both the PC and the DEVICE ar
listening). Each lamp will blink RED when a trarisgion occurs. Thus, if a normal command is g@nich as
GET INFO), one lamp will flicker RED for about anth of a second (look sharp—it’'s quick!). Normally less
than a second, DEVICE will respond and the secantplwill flicker RED showing transmission back hetPC.
Using these indicators, you can determine whereirmmdat direction the communication failure is oging. In
conditions of high ambient light it may be diffitub see the red flicker indicating communicatien-please look
carefully.

If you are unable to produce a usable COM porttierDEVICE, you may require assistance either amge

internal settings in the computer (as discussedear to install internal cards in the PC to pdevadditional
COM ports as discussed above. Please feel freglltas for help.
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Appendix 4. Microswitch End of Motion (EOM) Sensos

When you command DDW to open or close the shutierES motor turns on. The open/close shutteratiogis
continue until the motor “shuts itself off”. Whéime DDW senses this loss of motor current, DDW eresuthat
the shutter is full open/closed and reports thahéouser.

In most installations, EOM sensors are magnetid ssdtches that activate a shutter relay to corntrelshutter
motor. This appendix describes an alternate syttatuses two normally closed microswitches onutigerside
of the rear cover near the shutter motor. Eackcbvdpens when the shutter is at its end of trared, each switch
is provided with a diode that will shunt the operitsh so that reverse motion is possible. Eachichwhas a
spring to allow activation followed by about onetinof travel of the shutter (this prevents damagghé¢ switch).

Each switch installs with screws that allow adjustitn WWe recommend AGAINST using double back tape,

glue, or other attachment means. They do not alldjustment, and are subject to failure. Warnyogt should
install the switches carefully. A switch installedan improper location or one that subsequentlyes or jams
may cause failure of the dome shutter to operaipepty.

See figure for appropriate installation locatioi$ie OPEN switch is installed on the left fronttloé rear cover,
and is tripped by a specially installed post onfthat shutter. Open the shutter to within twotias of full open.
Choose the exact location for the post and switchiastall.

The CLOSED switch is installed on the front certethe rear cover, and is tripped by the rear laglit moves
into its locked position. Close the shutter fuliypd choose the exact location for the switchstalh

You will perform final adjustments later.
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Appendix 5 - Communicating with DDW by Network

Introduction

Digital DomeWorks supports two methods of commutiicabetween DDWCP and the DDW Control Unit. The
most common method is to have a direct serial ottiore (RS232) between the Dome computer and the DDW
controller. The second method is called the Retivode and can be used to control DDW over a nd¢win

this case, the DDWCP runs in the User Computeraasmmiall program called Serial Redirector (that wevigle) is
run in the Dome Computer.

The Redirect Mode operates as follows. When DDW@Rts to send a command via a network to the DDW
controller in the dome, DDWCP sends the command theenetwork using the standard TCP/IP networkqual
(which places destination labels on data packéile Serial Redirector program in the Dome Comprgeognizes
the destination code, receives the command, ariceotsl it out the proper serial COM port to the DEB&Ntrol
Unit. When the DDW Control Unit responds, datasest back over the network to DDWCP in the User Qater
where it is displayed.

What are the pros and cons of running in the Retlimode?

* Because the control program is running in the @Wanputer and only small amounts of command data are
being transmitted over the network, the programpaase will appear to be faster than if PCAnywheegew
being used. In fact, this process can be usedtbednternet, as well. Other devices with lowadat
requirements (such as a telescope control) canuglsohe same method.

» Redirect Mode only operates over a network, wheP&&nywhere will operate over a network, telephone
line, or other communication system.

* This mode requires that the Serial Redirector @ogbe running in the Dome computer. This meartsaiha
must either arrange for Serial Redirector to rueméver the Dome Computer is booted, or that the use
connect using PCAnywhere to start the Serial Retbregprogram.

» Some devices with high data requirements are Viffigudt to operate with this mode. Specificalipost CCD
cameras require a very tight coupling to the hostguter when they are downloading, and so wouldirec
complex program in the Dome Computer to handleotherations there. However, if desired, one couid r
some of the devices using Redirect Mode, even whéeCCD camera is being run with PCAnywhere.

»  System security may be an issue: although this nmombeporates certain encryption and password ptiotes,
the user may require a higher level of securityAR@vhere offers multiple levels of password, loggirand
other security measures).

In summary, there may be situations in which thiglenis useful: it is up to the user to decide.
Notice: We designed this set of programs for useurnycustomers. It is open source, and anyoneusayt at no

charge. If you wish further details to help youtencode for your own application, please call asféirther
information.

Configuration Setting

The configuration at the DDWCP end (in the User @atar) and in the Serial Redirect program at theAD&nd
(in the Dome Computer) must conform to one another.

In the DDWCP, use Config/Transport and choose N&ktwonnection. You have several entries to makeese
entries are stored in the DDW.INI file in the cortgru

e TCP/IP Address. This is the network name of the Dome Computey. (RemoteDome)—this is the same
name that you would use to connect using PCAnywh¥m could also use the multi-digit IP addressthie
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form xxx.xxx.xxx.xxx. See troubleshooting at thedeof this section for address information. If yeili be
reaching the Dome Computer over the Internet, yaatranter the multi-digit numerical address: plezskus
for further information.

« Port. This is a random number that you choose thattifies the port on the target computer. The numbe
must be more than 1024 and less than 16384. Thisequired entry.

» UserID. This is a word that identifies you. This is guied entry.

» Password This is a password that identifies you. This reguired entry.

» Encryption. This is a random series of 4-8 letters thatsisduas the key in the data encryption algorithnis Th
may be left blank if encryption is not required.

The Serial Redirector has two different configwatfiles that require data that match the dathénRDWCP
configuration screen. These files can be openidyWdotepad or similar program (usually by goinghe file in
Explorer and double-clicking). Each file contadigections in making the entries. These directiaresspreceded
with semi-colons. The actual entries appear towlaedend of each file, and appear without semiclddo not
change any part of the file, other than the destretdes.

The Serial Redirector configuration files are nollynehanged only by the system administrator tegpermission
to access the devices connected to the Dome Complite files themselves are not protected or gited; If
security is an issue, they should be write protkoteotherwise prevented from changhke user is responsible for
imposing and maintaining appropriate security; for the directory in which thisfile resides. If the system on which
Serial Redirector runsis compromised, or the config/user files are not secured, an attacker can gain unrestricted
access to the Serial Redirect services, and/or use the userid and password entries to attack other systems. Please
design and follow a coherent security plan before offering any services on any network, particularly the Internet!

CONFIG.CONF

* netaddr. Entry must be the same as you entered in TCRItRess, in the Config/Transport section above.
* netport. Entry must be the same as you entered in PORT.

» service port Entry is the serial port on the Dome Computet th connected to the DDW Control Unit

USERS.CONF

» UserName Password ServiceThese three entries are the same as entered DRWCP Configuration as
UserlD, Password, and the service(s) permittece drtries are put in the order shown with spaces (n
commas) in between. The service(s) permittedhedities of the programs that the User is alloweedccess.

See the comments in these two files for furthesrimiation regarding the various parameters.

Operation

To operate in the Redirector Mode, you must stertSerialRedirector program in the Dome Compulédre user
then starts DDWCP in the User Computer, and sethetsetwork connection with the proper entriesheWthe
user closes the configuration screen in DDWCP ptiogram should immediately make contact with theno
Computer to get the DDW status information, and #fiould be immediately shown on the User Commaeren.

If the user receives error messages or the systes bt work, verify that the settings are corrant] that the
network is functioning.

Troubleshooting
If you have trouble getting Redirect Mode to warkeck the following items:
» Is the network working correctly for other appliceits?

* Is the com port on the host machine in use by anathplication? If so, the other application maestase the
com port before Serial Redirector will be able e iit.
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Double-check the agreement between the settingiei€onfiguration/Transports screen of DDW and the
settings specified in the .CONF files. The follogitems must all agree:

*  Port Number

* User Name

* Password

* Encryption Key

If all the above items are correct, double-cheekTRP/IP address specified in the Configurationi$perts
screen. This can be done using the PING commando @®OS window and type “PINstname” (without
the quotes), whergostname is the name of the machine that's running Sereifector. You should see
responses from the host machine, and a report Ridd& on the average round-trip time of the tesadat
packets.
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Appendix 6. Remote Control Interfaces

Introduction

DDW supports several different means by which aside program can operate the DDW. Obviously, the

external party can send commands to and from th&/DBing RS232 commands. However, most users \vaititw

to operate the DDW via the DDWCP running in contminputer. Simple slaving using the file trangfiestocol

in which the scope control program writes the sgopstion to a file which is read by DDWCP is acdpécase.

We have provided two additional means of detaibddr@al control and data response:

» RCA File interface in which commands are sent ®BDWCP using a simple ASCI text file protocol

» ActiveX scripting (ASCOM) in which commands are semthe DDWCP using standard Microsoft scripting
formats.

For example, we may have three control programa tetescope, CCD camera, and an observatoryratimg
simultaneously under Windows. However, to functiwaperly, some of these programs need informdtimm the
others . For example, the dome control program s\l desired dome azimuth data from the telescopgol
program to allow the dome seamlessly to followt#iescope, while the telescope control program sis@#tnow
if the dome is functioning properly.

This appendix describes the formats for these twthods.

Appendix 6.1 RCA File Protocol

The proposed protocol has a specific mission anadténded to be simple and easy to support. Hadr t
reason, its implementation is also simplistic, andsequently not appropriate for strict real-timatcol. We
consider its primary use to be the communicatiokeyfobservatory/telescope/ccd parameters betwgaications
employing those devices in concert. For exampiggigomated observing system will have a schegutagram
which will send commands to operate the observatdign the telescope and expose pictures on tha.Clhe
authors of the observing system won't want to gegged down in the details of managing all the Eexfe
equipment, they have their own requirements to m€einsequently, this protocol offers a simplisti@rface to
the hardware- it is not intended to be thoroughdmly sufficient.

The interface consists of a subdirectory (couldhered across a network) or just local, its peecis
location and attributes have no significance othan requiring the host file system to support iruder share
type file access and standard read/write/creaetfelebpabilities. Both the filesystem’s shareédtory and all
systems mounting/mapping it should have reasorfabtyand reliable file manipulation capabilities.

The interface assumes a control program for eaotivare item that participates in the protocol.
Normally, this will be the vendor-supplied contpsbgram suitably modified to use this protocol.eTdontrol
programs need not be aware of the other hardwatéf the telescope program is interested in olsteny
information, the protocol is the means by whichitifermation is retrieved. A program does not hveupport
or interact with all files, but only those of inést to it. A system of programs will still functi@ven if only some
of the programs follow this protocol.

There are three types of files in the protocol:

. Output File-each control program write its datét$acown output file which can be read by othergreons

. Command File-any program may write commands toasmaore command files which are read and acted
upon by the target control program(s).

. Stop File-any program may write an emergency stoer which is read and acted upon by all programs

involving physical movement.
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Output Files

The mechanism is as follows; at some appropriaguiency (as suggested below or as determinedeby th
vendor of the control program), each control pragrgill generate an ASCII formatted dump of hardwstrsgus
into a predetermined filename located in the shdiezttory- termed the “output file”. A list ofatdard output
file data formats follows this discussion. Theqgiiency is a tradeoff between minimizing the agtheffile’s data
and needless updating. The control program maydcieose to update with different frequencies fieint
times. The minimum requirement is the file musupedated “reasonably” frequently. Each controlgoamn
should provide some kind of setup mechanism allgwfire user to specify to each program the preoisstion of
the shared directory. The filenames should bentded”, that is, all observatories output to DOMETD
telescopes to SCOPE.DAT, and CCDs to CCD.DAT. Nl filenames longer than the “standard” 8.3 &hoot
be used, as support should exist for file systeotcapable of that feature. By implication, mukiplevices of the
same type will conflict, this is a design choicg wee are trying to implement a simple protocol vahtan
immediately provide easy interoperation- it is imteénded for universal support of all installationdultiple
devices of the same type might be addressed byngaviltiple shared directories, but that gets mtwe
complicated housekeeping and will not be addrekseel

Because the presence of the output file indicatearticular device is present, when the controgpm
starts, it should delete X.* the shared directaryere X is the name of the output file, and crésteutput file as
soon as possible. Further, when the control prograits, it should delete X.* as well. In both esasappropriate
retries should be implemented and the .DAT filewdtidoe deleted FIRST. A control program shouldyatdlete
the files for its device.

So, in the example scenario, we have three fid@sgoupdated at arbitrary frequencies. If anofiregram
(or one of the control programs) becomes intereisidide contents of another device’s output filesiinply opens
the file for shared read, reads all the data witlpawse, closes the file, and then acts on thievett information.
Rapid closure of the file is key, as the file sttbnbt be held open longer than necessary. Asslasnulti-user
scenario, the probabilities of update or read faduare increased, as the various possible conntmisadf reading
and writing indicate. The solution is a retry afierandom wait, where the wait is .5 <= n <= 3osels, expressed
in units of 100 milliseconds or less. After seVeedries fail, the program should revert to a safadition (control
programs stop motion, close the observatory, ednd)if possible, signal its condition in its outfite. Under no
circumstances should a file read/write failure eaalkends, infinite loops or any unexpected operatibthe very
least the control program should fail gracefully.general, it is up to the writer of the controbgram that is
doing the reading to decide how to handle the ateseha needed X.DAT file; i.e., whether and hovenfto retry,
whether to display an error message, whether auicatis to recover from the error upon reappearaoficde
X.DAT file, etc.

This allows an arbitrary number of programs teiese information from whatever devices store data
the shared directory. Additional interfaces obttyipe, or other types between programs are ntitatesl by this
standard, and additional devices can of courseécjjate, and their output filenames should fit ithathe intent of
the standard. A vendor can of course use whafdeaame they choose, but the intent is to prowderoperation
to the simplest and maximum extent possible, seregc “class” name is best in that context.

Command Files

The other half of the protocol allows a progransémd commands to other control programs, causing
them to “do” things, like open the dome or slewtilescope. Similar to the output file, the comohamotocol
uses files in the shared directory. When a progremts to send a command, assume to the domestis@ians the
shared directory for DOME.DAT. If it is presentdaits contents show the dome hardware is readypribgram
scans for DOME.CMD. If DOME.CMD is present, thesebvatory is busy with another command and therprog
should retry after random wait with appropriatei¢o® limit the process. If DOME.CMD is not presetihe
program can attempt to create and open the DOME.GMDor exclusive write. If the create/open &iknother
program has just sneaked in with its own commaledl éir there is some file system error, and inegittase the
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program should retry appropriately. If the filecigated and opens, the program will write its @&scommand
and close the file. A list of standard command®fes this discussion. Other than polling for thdZ file to
disappear, there is no further interaction anddiangéce operation/status/result codes are retrieeeshally from
the output file as discussed previously. ObvioUSDOME” is replaced by the whatever name is appiadp for
the desired hardware.

The control program must periodically scan thesthairectory for its command file if it chooses to
receive file commands. If a device cannot acceptrnands, it should simply delete the command fiha
earliest opportunity. When it finds one, the leould be read and closed (but not deleted unér #ie command
has been executed or failed). The command shaufatdcessed and executed as soon as possiblgrbfailcwith
appropriate codes issued in the output file. Tdrarmand file should be deleted as soon as the haeds/acady to
accept a new command. This implies hardware nifystin operation when the control program resaro®king
for commands. The control program must be preptrgdoperly complete the command it accepted,<aadild
fail any new commands which are inappropriate. elsv, commands such as Stop or Shutdown via then@zom
file should always be accepted and acted upon dégss of what command the control program or harevs
attempting to complete.

Stop Files

Independently from the command and data files,p@ogram may issue an Emergency Stop signal by
creating a file named “STOP.DAT” in the shared diogy. The file’s contents are irrelevant and #ynie zero
length. When any program participating in thistpool detects this file, it should immediately andlaterally
stop all activity- leaving all hardware in whatewtate it happens to be. All commands in progséssild be
terminated and command files deleted. All prograades should also revert to idle, but output fdas continue
to be updated. Under no circumstances should ardware activity be initated until STOP.DAT disappe
Automatic hardware failsafes should be continueperate as configured. The file should not betddlby any
program, instead it is left to the user to deleteyihand. Once it does go away, all programs Ishpiepare for
normal operation. The polling interval for thitefshould be no longer than 5 seconds.

All Command files written while STOP.DAT should peocessed and deleted but all commands which
would cause hardware activity should be failed.

As noted above, the Stop file is intended to ¢ stll motion initiated by programs following theopocol.
Because the mere presence of the STOP.DAT filgkisnt as the command to stop, contents of the STOPfie
are irrelevant. However, it is desirable to idBntihe source and reason for the STOP.DAT command b
something like the following:

DATE=mm/dd/yyyy as known to the control program
TextStatus= A string describing why the stop waseeed.
ProductName=xxxxxxxn XX is ascii text length <= 60, no whitespace arisl @an integer vd

number <= 1000; it is intended to show the produnt version,
use of extended functions as provided by the vendor

Output file entries

File entries can appear in any order. Entrieohtbe form TEXTID=DATA where TEXTID is a text ging the
name of the data, and DATA is the actual data énpitoper format.

General comments on output file entries:
All labels are case-insensitive. All data valaes case-insensitive except where explicitly notByl.

definition, the first equal sign in the line is tladel/data delimiter. The data field may contaity number of
equal signs. Whitespace (spaces and/or tabs) magded around the equal sign operator, but tleefedd
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formats should be treated strictly. “Client” pragrs must be prepared to handle arbitrary whitespAgearticular
label with data can occupy only 1 line and theltleagth (excluding CR/LF) must be 78 chars or leaf lines
must be terminated with a CR/LF.

When a control program overwrites the output filiédefined entries should be written, even when n
appropriate to the device’s condition. A controdgram may choose to add unlimited additional estrbut the
standard entries should always be supported.

Following is a basic set of data that should nolyrtzé written to any program ouput file:

DATE=mm/dd/yyyy as known to the controlggram, not required to be updated evd

TIME=hh:mm:ss.mmm seconds and milliseconds armoalk, 24 hr local time

Status=Ready,Busy,Unavailable,Shy choose one

TextStatus=free text to end of line control’s praogrstatement on what the hardware status is

LastResult=Success,Failure result of last hardwpegation attempted

ProductName=xxxxxxxn XX is ascii text length <= 60, no whitespace arnis @n integer ver
number <= 1000; it is intended to show the produnct version, a
use of extended functions as provided by the vendor

Status codes indicate the following:

Ready - Hardware is functional and waiting foromeand. Doesn’t necessarily mean no movement or
activity is taking place; only that it is prepar@daccept commands.

Busy - Hardware is executing a command.

Unavailable - Hardware is online, but is not baay cannot accept a command at this time. This is
intended to allow for non-fatal pause states; éedbcess door in a dome is open which would preseget
operation. When the condition is cleared, statwents to Ready.

Shutdown - Hardware offline, but the control pragris still running. In this state, the device is
unavailable until the Startup command is procegsed below).

Any files exchanges performed by programs via pinegocol should occur via defined subdirectories
under the shared directory. If this is done, thly ootation necessary to exchange files is theisabtory and
filename. Since each program knows the absolutetpahe shared directory, it is trivial to appehd supplied
subdirectory and filename to obtain a complete meatie. This standard does not define any mechawisupport
file exchanges, so they are considered vendorfpéeatures.

Additional entries for SCOPE.DAT

ScopeRA=hh:mm:ss hours, minutes and secoret® pad each |
appropriately

ScopeDec=+/-dd:mm:ss degrees, minutes, secaedspad each v
appropriately, +/- are mutally exclusive

DesiredObservatoryAzimuth=ddd:mm:ss dome azimutichvthe telescope needs fqr
unobstructed sight

GEMountScopeSide=EAST , WEST For GE mounts, supply east orientation or,
if scope is on east side of mount, west if 0
Omit for non-GE mounts, or if unknown.

IsTracking=Yes,No choose one

IsSlewing=Yes,No choose one

- The telescope control program supplies at |desScopeRA and ScopeDec. The DesiredObservataryAliis
optional, but if known, it should be supplied. fhzilitate more accurate calculation of desired da@mimuth from
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RA/DEC, the GEMontScopeSide entry is very useftithis value is not supplied in a GE scenario, tiser will
have to manually select the orientation in the Dawtrol software.

Additional entries for CCD.DAT

(these are entirely arbitrary- there is no intenspecify or control CCD in this proposal, thisrisluded for
illustrative purposes only)

FilterSetting= Whatever this is

ExposureTimeRemaining=hh:mm:ss time format, zecbggpropriately

IsExposing=Yes,No

IsSavingExposure=Yes,No

Additional entries for DOME.DAT

DomeAz=ddd:mm:ss Dome opening azimuth, zero padded. mm and sspgi@nal. T,
preceeding colon and all subsequent text shoulzhiraitted wh
and/or ss are not supplied. The degrees entry atwslys be su
Non-integer degree components are not allowed.

ShutterPosition=0 thru 100 Percent open, O=closed
IsSlewing=Yes,No
IsSlavedToScope=Yes/No Indicates if the observatory control program isipgl SCOPE.D

telescope alignment data. If Yes, the observatonyrol softwar
silently reject all GotoAz commands.

Command file entries
Only the first nonempty, nonblank line of a Comméiile is read by a program, and only one commamdecést
on aline. There is a set of commands acceptedl lofpvices capable of executing user commands:

General comments on command file entries:

All commands are case-insensitive except as dgfayehe vendor. Any number of additional commands
may be defined, but the standard set should beostggp Although any amount of data could be adddtie
command file, this standard indicates that onlyfite# nonblank,notempty line is processed for camds. Its
length not including CR/LF should be 78 characterkess. Leading or trailing whitespace is trimnibedore
processing.

Stop Stops all motion

Shutdown stop all motion, close/turn off/disable hardward aacept no hal
commands until Startup

Startup Recover from Shutdown to normal operatioglen

Restart Reinitialize control program as if it wepdtedand restarted. TH
optional standard command.

Reset Reset/reconfigure/adign hardware as appropriate back to a “¢
ready condition

Additional commands accepted by Telescopes
<to be defined>>

Additional commands accepted by CCDs
<to be defined>>
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Additional commands accepted by Domes

Shutter open open the shutter/door. If no shytesent, succeed
immediately

Shutter close do the opposite

Home Causes DDW to rotate the observatory to thaeéo
Position.

Slave on Enables Slave mode in accordance with DBWC
Configuration settings.

Slave off Conversely, turns it off

Gotoaz=AZ:ddd:mm:ss slew dome to degrees, minutes or seconds. mm:p4
omitted.

- Note there are 2 cases of the GotoAz commaritk fitst specifies the position via RA & DEC ane tkecond in
absolute azimuth. The observatory control prognaunst maintain variables for the appropriate telpscand
mount properties, and use them to compute the afesakimuth from RA/DEC. It is the user’s respbilgiy to
obtain the correct values for the scope/mountimgerties and supply them to the observatory cosutilvare.

Appendix 6.2 Active X Scripting Interface

This section describes the ActiveX controls avdédab the user. If you do not already have sangpgkills, we
recommend that you read the information availabl¢he subject (eg., in Visual Basic manuals) angyoel the
subject on the Internet. We particularly recommese of the ASCOM site which provides information o
applying scripting to astronomical activities.

In addition to the file interface, the Digital Dorii¢orks Control Program (DDWCP) offers an ActiveXerface.
The interface provides similar remote control feasu functions that rotate the dome, open and c¢lesehutter,
and retrieve status information. It provides atreddy simple means of integrating with various etlapplications
which need to control the observatory. In a techintontext, it allows any Windows programming laage or
application capable of producing ActiveX objectstmnect to DDWCP and interact with the observatdoy
exploit the interface, DDWCP must be installed log host PC. It has been tested only in Windowat9his time,
however it uses standard Microsoft controls antufes, so is likely to run under most circumstan¢ésnust be
noted, however, that ActiveX is a complex and fasnging Windows subsystem. Therefore, idiosyncrati
behavior is possible, and it may be that futurevie{ implementations will differ in some importagétails. For
information about using ActiveX controls, see Misoft's page at
http://lwww.microsoft.com/com/tech/ActiveX.asp . Aher site that contains a lot of links that mayukseful is
http://lwww.shorrock.u-net.com/activex.html . )

At the current time we do not foresee a substaantiahge to the interface itself, although bug fiaed
enhancements to the DDWCP internals continue.

Although we retain the copyrights to the clientta@ire, Technical Innovations releases all our tlgitware
(including DDWCP) as Open Source via the GNU GRLals parties are free to use it. There is no $igamnt
impediment to a third party taking the source arudlifiying it to their exclusive advantage. However hope any
interested people will act in the spirit intended &hare their updates with us.

Interface Specification
The TI Digital Dome Works software exposes an AeXunterface. The interface consists of two parts:

DomeControl and Weatherinfo. DomeControl is diseddsere. Generally, the software is best invokethby
following code or something analogous:
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Di m gl DDW As (bj ect
Set gl DDW = Creat eQbj ect ("TI Di gi t al DomeWor ks. DonmeControl ")

Do Wil e gl DDW st at | sBusy()
DoEvent s
Loop
If gl DDWstatlsOnline() Then
debug. Print "DDWis Online"
El se
debug. Print "DDWis not running."
Endi f

This causes an instance of the Digital Dome Worbst®| Program (DDWCP) to be started, and
allocates a representative object in the clientrse's variable space. Creating the object imntelgia
starts DDWCP, which attempts to connect to thet@igdbome Works (DDW) hardware. Depending on
various conditions it may take a few moments to glete the connection. Sin€ eat eCbj ect always
succeeds, the do-while loop allows the client paiogto wait until DDWCP has successfully connected o
not. Oncest at | sBusy() is falsest at | sOnl i ne() will indicate if DDW is online. If
stat1sOnline() returns false, the client may choose to retryad Ref r eshSt at us() which
attempts to fetch status information from DDW.

gl DDWcan be global or local, but should only be fredegmwthe client no longer needs access to the
dome. The design of the client software should icmrhow the dome is shut down. Specifically, dien
software should not exit without providing an optim close the dome and park the scope. Well-dedign
client software should ensure the observatorydset, scope parked and other equipment turned off o
left in an idle mode. DDW has interlocks intendédeast to prevent the dome from being left open, b
client software should explicitly address the issue

Each member's name leads off with a short mnenrepiesenting the class of function; those starting
with 'act' cause the DDW to do things, 'stat' nesustatus information, 'pos' returns informationwtihe
position of the dome (azimuth/shutter).

Most function entries return either an integer oolkean, but several return double floats. For t@eric
functions, a return value of -1 usually indicates (DDW) hardware is not available (busy, turnefcoof
disconnected). Otherwise, they return a value >Md@ement related 'act’ functions return only -br@,;
1 represents success, 0 for failure or operatigragress. For those functions that return a bookadue,
true means the assertion is tra¢ t | sShut t er Open() returning true means the shutter is fully
open). But false doesn't necessarily mean thetamsés false, as an offline condition also caufsdse to
be returned. The client should incluslieat | sOnl i ne() tests at appropriate points to insure false
returns are acted upon correctly. Thustift | sOnl i ne() is true andst at | sShut t er Qpen() is
false, the client should conclude that the shusgté@m some position other than full open. Furthemndf
statlsShutterd osed() is also false, the client should conclude thetehis neither fully open or
fully closed- and therefore somewhere in betweaswéier, ifst at | sOnl i ne() is false, the client
cannot conclude anything about the shutter poshigrause the DDW hardware is offline.

Action functions directed towards moving the domealautter support two different modes of operation;
blocking and non-blocking. Blocking mode meansfthrection will not return until the action has fihisd
with success or failure. Non-blocking means thecfiom will return immediately after DDW has accepte
and started the command. In non-blocking modeclieat software is responsible for keeping track of
what’s going on and submitting subsequent commantswhen DDW is not busy. Non-blocking mode
is well suited for "real-time" status displays. Thit' entries are continuously updated while afj@ns

are in progress, so the latest information is atnayailable. Since 'stat' functions only return st
recently retrieved status information, they areejefficient.
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The DDWCP ActiveX interface may be configured tovays assert exceptions when errors & problems
occur, or only return an error code. Different plecchoose to handle errors differently, so we dcténe
choice to the user. To make DDWCP generate exaeptset theptAssertErrObjects member to True,
setting it to False causes DDWCP to never assegptions, returning error codes instead.

Shown below are the functions and variables expbgddDWCP for use by client software. They are
referenced in the normal way, e.g.:

gl DDW opt ConmreandBIl ocki nghbde = True
or

if gl DDW act Cl oseShutter() = 1 then
debug. print "shutter closed”
endi f

DomeControl Members:

act Cl oseShut t er %) - Attempts to close the dome. Succeeds if the dgmafeady closed. If the
dome is not at home, sending this command will eaut® be rotated home before the shutter is dose

act OpenShutt er%) - same aact Cl oseShut t er except for opening.

act GoHone% ) - Causes the DDW to rotate the dome to the horsiipn, either clockwise or counter-
clockwise (whichever offers the smallest rotation.)

act Got 0Azi mut h9% byval az% ) - Attempts to rotate dome to a particular azinmefative to
north (O degrees), with degrees incrementing clis&wwooking down on the dome from abo®ea. must
range from 0 to 359. DDW will select the directiwhich requires the minimum rotation.

act Trai nDome% ) - Causes the DDW to perform a full dome rotatitongarn the dome circumference
in encoder ticks, and the clockwise distance ikstitom north to the dome door. Therefore, the dome
should be manually rotated to point north BEFOR#ning is initiated. This command is only needed
when the dome's rotation/azimuth properties aregbe (new encoders, different sized dome, rotaifon
dome base, movement of shutter contacts) .

act Par kScope?% ) - causes the DDW hardware to park a Meade LX-20bmpatible scope. Park is
defined as switching the slew rate to siderealsiading slewing to the east, thus leaving the ecop
stationary with no motors running. Some scope hardwallows the scope to be turned off without Igsin
position information. Consult your scope manuabsdfetails. The park will only occur if the LX-200 o
compatible is connected to DDW via the scope'spaik

act Unpar kScope% ) - causes DDW to unpark the scope by switchingridneking speed to guide rate
and tracking west.

act St opPar kTi neout %) - Disables a four-minute timer that DDW decremeatgero before
automatically sending an automatic scope park. filmeout is reset whenever a dome movement
command is sent (even if no hardware movement bigtaecurred). Info queries DO NOT restart the
timer. The automatic scope park only occurs ifgbepe is not slaved, the dome is home and theestisitt
closed. If a LX-200 or compatible scope is not @xtad to the DDW unit, the timeout and subsequent
command have no effect. All automatic scope parkroands may be disabled by turning off the
Automatic ScopePark DIP switch on the DDW systemrtolf this is done, aux port slaving will still
work, but DDW will never send a scope park unlégsuser sends an explicit scope park/unpark
command.
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act St op%{ ) - Causes the DDWCP to send a stop signal to thé&/iDthe next opportunity while in the
middle of a movement related action command. Tbimroand has no effect upon the DDW manual
controls or the Slave flag. Depending upon the enmntation of the client software and the detdils o
Microsoft's ActiveX subsystem, client software ntaymay not be able to issue aat St op() while in
the midst of a blocking mode command- however éait and does, DDWCP will act upon the stop. An
act St op() asserted while no activity is occurring will have effect.

act User Pi ns% byval pins% ) -sends a bit pattern to DDW specifying which ysies should be
turned off and on. 1 bits turn on outputs, 0 hitsitthem off. Returns 1 if the pins were set, -DW is
unavailable.

act RefreshSt at us() as Bool ean - Queries DDW for new status information. Retufadse if
DDW is not available. If it returns true, statusues may be retrieved from the various statusedlat
functions. DDW does this automatically every 106csels.

firmnvar eVersi on% ) - returns the DDW firmware version. Commands drartsemantics may
change between firmware versions of DDW. The retualne of this function should be used to route
client logic accordingly. The current productionrsien of DDW is 2, and is not expected to changéhé
foreseeable future. Some version 1 hardware isénatl this time, and supports everything illusttdtere
with the exception of the automatic scope parkuiess.

opt ConmandBl ocki nghMbde as Bool ean - is a get/set boolean variable that selects lahgckrue)
or non-blocking mode (false) for all action relatadctions. Blocking mode causes the action fumstio
not to return until the operation has succeeddditad. Non-blocking mode causes action functians t
return immediately once the command is submitted®dV. If in non-blocking mode, the client program
is responsible for monitoring the operation's statu

opt Sl aveMode as Bool ean - is a get/set variable, set to true if DDW shaslive itself to the

scope, false if not. Automatically set to falsaiify action commands (or manual operations) araied.
Depending upon the SlaveType selected, togglirgvhlue may precipitate communications to the DDW.
This happens invisibly, but will entail DDW goingidy for some moments aftept S| aveMde is
changed.

posDormeAzi mut h#() - Returns the dome azimuth in degrees. Fractiealakes are the fraction of a
single degree (not minutes or seconds). The aziwaltle is not rounded in any way, so the clientustho
ensure proper treatment in whatever manner suits.

posDoneShut t er Pct Open#() - returns a percentage between 0 and 1 indicttimg@stimated shutter
position. 1 means full open, 0 is closed. The Rer@pen value returned is not rounded in any wayhe
client should ensure proper treatment in whatevemmer suits. This value is automatically set to 50%
DDW is unaware of the shutter position (for examplecause of a power up away from home azimuth).
Because there is no encoder reading the absoluteesposition, DDW estimates the position by sagdi
simulated shutter encoder ticks whenever the shisttmoving. This works well enough for full-opench
full-close operations because the duration of shuttovement is more or less the same. Howevdreif t
shutter movement is interrupted, DDW has no ideare/lit actually stopped. Therefore, the shutter
position value should not be given the same confideas the dome azimuth value (which is based on an
encoder).

st at DomeDoor %) - returns the status of the dome door: O=undefitiedlosed, 2=open. Undefined is
returned when the DDW is not aware of the statut®fdoor, which is typically only the case whee th
device is first turned on.

st at | sDonmeDoor Cl osed() as Bool ean - true if door is closed, false if not, or if DD/
unavailable.
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st at | sDormreDoor Open() as Bool ean - true if door is open, false if not, or if DDW ismavailable.

st at Donel sHonme() as Bool ean - true if dome is at home azimuth (door lined uthwhutter and
shutter contacts connecting to their respectiveergp false if not, or if DDW is unavailable.

st at Get Sl aveType% ) - returns the source of telescope position infaiomaused when slaving is
enabled. At the current time, the slave type iy adfjustable via the Configure dialogs of DDWCHRlIits

SLAVETYPE_DC3ACP =4 - RA/DEC is retrieved from Rebny's ACP program.

SLAVETYPE_RCASCOPEFILE = 1 - RA/DEC from SCOPE.DAS indicated by the RCA
specs.

SLAVETYPE_THESKYSCOPEFILE = 2 - RA/DEC from SoftveaBisque's TheSKY software
scope file.

SLAVETYPE_LX200AUXPORT = 3 - scope azimuth retrievdirectly from the aux port of a
LX-200 or compatible telescope. If DDW is not cootesl to a scope, this option won't produce
any dome movement.
SLAVETYPE_NONE = 0 - if no scope info source is sified.
stat Get User Pi ns( adcl% adc2% pinval %) as Bool ean - sets byref parameters to the
user adc input values and user I/O pins. Retutresifrvalues were retrieved and stored into paramset

false if not.

statlsBusy() as Bool ean - returns true if DDW is busy doing somethingsgalf not or DDW
unavailable.

stat | sl nScopePar kTi meout () as Bool ean - true if the four-minute scope auto-park timeout
has begun counting. If the auto-park is disableddip-switch setting, this function always retufalse.

statlsOnline() as Bool ean - true if DDW is on, false if not. Does not indieaeadiness for
commands, only that the hardware is online.

st at | sShut down() as Bool ean - true if dome is rotated to home and the shuft@sed, false if
not, or if DDW offline.

statlsShutterC osed() as Bool ean - true if shutter is closed, false if not, or i offline.

stat | sShutterOpen() as Bool ean - true if shutter is fully open, false if not, ®iDDW offline.
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Appendix 7 Parts List

ITEM DESC QUAN
6/10/15*
DDW Controller Steel case, pcb, (4) 1/4-20x3/4 iege bolts 1
Hand Controller Five button (Mod 2) 1
Azimuth Sensor Sensor assembly, with (2) 1/4-2@Gtiage bolts 1

End of Travel Reed Switch Assy  Open Magnet (stramgiounting plate, 6-32/3/4 1 set
screws and Reed Sw, 6-32x3/4 screws

Closed Magnet (strong) and Reed Sw, 6-32x3/4 screwset

Shutter Relay Box, 1/4-20x1/2, w/3 ft #14 wire wfte | 1

DSR Interlock Assembly Magnet, Sensor 1 set
#22 two conductor wire Use for sensor, entry switohd DSR Interlock signal| 16/24/32
wiring (NOT for power wiring)
#14 two conductor wire Spade terminals, 3 ft (Usegower wiring) 1
Telephone Cable, 6 conductor With RJ14 connecidyst. 6
PC1 Adapter (small) PC serial to DDW, PC seridlx200 Adapter 2
LX200 Adapter box Combines Serial from PC and DD\ iLX200 1
Capacitors for DC motors 1 each motor — only ifuested by customer 3/3/6
Entry Switch Assembly Switch, pilot light 1 set
DDW Install Disks/CD WIN95/98/NT/XP/Vista 1 set
Instruction Manual 1

*Quantities for different dome diameters
Note: Adapter labeled PC1 (formerly called SBC/&rgpard computer) adapts our standard “Gray”, r&lactor

RS232 cable to the DB9 serial connector on a P@B-tdSSerial adapters and hubs can be used. LX@daptar
box connects a PC to an LX200 (Meade cables déotiotv our standard colors)
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Appendix 8 List of Figures

Fig# Title File Name
Use of Two Channel LX200 (LX200 Adapter) DDW3e
Magnetic Sensors for End of Travel DDW8
Shutter Relay-Mod 1 SHUTRLY1
DSR Interlock DDW4
German Eq Settings for Rem Ctrl Ast DDW9
Digital Dome Works DDW3 schematic DDW3V6
Adapters, Terminals, Wire Color Conventions DDW10

ITEM
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Appendix 9 New DDW Features & Instruction Manual Changes

Although written for DDWV4, this instruction manueédn be used for DDW versions V2 and later as #ney
functionally very similar. This appendix descrilike various versions, and provides a detailedbfishanges after
the first issuance of this V4 instruction manual.

The following list the major features of the DDWs®ns. However, within each version, there weamyrminor

electronic and functional improvements.

* Model 1. This version used a Basic Stamp as thegzsor, and had substantial hand wiring and thpea
relays. Basic functions were the same as lateioms, but there are many variations due to thiédom
capability of the processor

* Model 2. This version made the first switch t@egker processor. All basic logic is the same &3 Mersions;
however, there was still substantial hand wirind apen relays.

* Model 3. This version is the most prevalent. ddl virtually no hand wiring, and featured enclossdys.

* Model 4. This version number applies to thoseauwitich meet all of these conditions.

+ DDW board version DDWV3V15 or later (number nexiode switch)
¢+ DDW processor dated after 111201
+ DDWCP V4 software (dated after 11/12/01) in thetoonPC

New Board

The new board type is Version DDW3V15 and highemasked on the board in the lower center of thedaad
has been shipped since Spring 2001. The new bbarasan integrated circuit on the board to thedethe main
processor, while the old boards have several tstorsiin that area. The new boards also have ditiauhl
connection jack at the upper left labeled I-L (faterlock). We are continuing to make many minloarges in the
board layout to improve spacing, ease of constacttc.

We have made the following significant changeshimltoard electronics:

* We are providing a new ESC chip called ESC4. Ththe chip that controls the details of the matartup
and running. The new ESC4 chip includes an intaimer that stops any motion (rotation or shuttégt has
continued for more than ten minutes. The timeeset by turning the DDW off/on. At this time, thds no
indicator LED or control notification of the opeiat of this interlock. This protects against untcotied
rotation (e.g., rain water in hand control, etc.)

* Removed most of the discrete transistor switchésraplaced them with a single integrated circuit.

* Removed the two user input ADC channels (very feapgbe were using them). We have added two addition
switched output channels for a total of four. Tiili allow user control of four independent rematmntrol
power channels with optional remote power moddlke old two channel remote power module will still
work. If you have a new board and still want te tise ADC channels contact us for instructions.

* Provided a new Interlock jack allowing easier asdescertain functions. These include access aotheat
and slave which will allow remote hardware sensih®PDW and dome status. We are also making availab
remote/automatic computer reboot when the domesslas a result of a crashed control computer (resjui
optional reboot module).

» Fixed bug in circuit of external slave terminal

Model 4 DDW Chip

The DDW chip to support Model 4 functions is datdd12/01 or later and can be installed by the u§dranges to

the DDW processor firmware include:

*  When going home, will stop close to the middlete sliding contacts (if coast is shorter than Hame)
Formerly would stop at the first point touched, imgkProDome door opening sometimes difficult.

» If the dome goes home but coasts past the enceafdhtacts, the dome will “bump” intelligently upten
times in reverse to regain home. First move gftessing home is another in the same directionlibrate
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short pulse coasting, then will reverse and go laexckforth to try to stop on home. Moves are dioec
biased slightly to help hit home. This is usefui ion-TI domes having laong coast distances.

Support for automatic reboot (if PC locks up, DDWi@Resh ceases, DDW closes dome triggering relay t
reboot computer). Call for details if you are netgted in this. Not available on old boards.

Alarm sounds for all shutter closing conditionst(just when remotely commanded)

Conversion to four remote control channels (delete user ADC inputs). Not available on old boards.
Increase from four to eight minutes for auto shutom failure (makes it easier to take action)

AZ sensing has modified logic to prevent dome roglkduring wind from tripping slaving off. This ainge
does remove the ability of the DDW to sense rotatibthe dome performed outside DDW if in non quad
mode (DIP7 off).

Unless a Stop command is issued, all shutter abostimmands are executed five times (not just dn sel
initiated closing) to assure full closure

Increase averaging time on motor current readingsirzcreased threshold to reduce chance of indtyrec
detecting end of travel

When training rotation, now requires at least t@giafter first home detection before next homectain
(reduces training problems, especially with poartaots).

DDW now issues three quick beeps just before sgeicommanded rotation (to avoid sudden dome
movement from startling the observer)

Repair of subtle bug in home measurement code

Shorter cycle time to improve responsiveness, wdtilehandling non-quad direction change properly
Modified heartbeat pattern to show home and shatésed (99%o0n), home and shutter open(80% on)nahd
home (10% on) (now distinguishes shutter openlesed status).

Finer slaving and GOTO movements. In the past, G@dmmands that are smaller than the full speestcoa
(determined at training) will be ignored. The nesvsion provides a short pulse (about 0.1 sec) afieh
GOTO command (or commanded slave movement) to nilgeome toward the correct location. This
improves slave precision and GOTO for domes withdaoast values.

Weather data processing to support average andwiedkand modified data lifetime logic, as discukse
below

Modify stop logic to require at least two charast@was one) to trigger a stop (reduces incorregt attions,
especially with custom control software or noisynen lines)

Modified Fast Track data packet to provide fasielerates.

Version 5.1 DDWCP

The new version 5.1 control software is dated /Y80 You can see the date of your program in tBOAT
menu item. Changes to DDW Control Program include:

Support for Davis Vantage Pro Weather Station apitW&od Cloud detection system

Showing reduced main display screen with optioretnain on top of Desk Top

Ability to establish multiple scope configuraticinside the dome, with individual offsets for each
Ability to perform weather interlocks based upoptits from either Davis Vantage Pro, Boltwood Cloud
detector or both at the same time. Includes optiomarn before auto closure.

More consistent shutter and rotation display screen

Automatically updates Daylight Savings Time chan@esn computer clock)

User controlled pause feature with weather intédgexcept rain)

Dome “cool down” feature by directing shutter gtito wind upon opening.

Enhancements to ACP interface.

Fixed bugs in the GEM over/under axis designation.

Added additional support for Paramount ME.

Enhancements of User Pin operation
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