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1. Introduction

Introduction

The RoboFocus is a remote focus driver to be ilestan your existing focus mechanism. RoboFocus
provides digital control and feedback of the fopuosition using a stepping motor controlled by a
microprocessor. The user sends commands fronohipater to the RoboFocus to move the focus, and
receives back digital position information. Robo&® can also be used to control four remote 120VAC
power outlets using the optional Remote Power Meddlhe software to control the RoboFocus provales
graphical interface, and is open source VB opegaiimder Windows. It includes full ASCOM scripting
capability. The user may also write code to cdritre focuser.

The RoboFocus is provided with alternative steppiragors and mounting brackets to serve different

focusing devices. We can match almost any driwsled; however, here are the two most common:

* Rack & Pinion. The RoboFocus may be used on any rack and parismilar eyepiece holder that
has an accessible 1/4-inch shaft. In a typicaliegpon, one rotation of the shaft will move thelder
approximately 3/4 inch. Using a 0.1 degree steppintor (3600 steps per rev), this provides
approximately 0.0005 inch steps with a rotatioe @ftabout 30 seconds per shaft revolution (about 2
minutes for the full travel of a typical focuseffhe available torque is about 90 in-oz which igeno
than enough for moving and holding a color filtdragl and CCD camera (when/if the power is turned
off the focuser, the scope should be horizontalMimd focus creep).

e Schmidt-Cassegrain RoboFocus may be used on the LX200 (standarsiyrolar S-C scopes (special
order). These scopes have a large focus knoleibdke plate that has approximately 40 turns. The
stepping motor provided for this application noripalas 0.1 degree per step giving a 5-8 minute full
travel.

* JMINGF-S/DX3. The popular JMI Crayford style focusers use a@vnotor. This can be
removed and replaced with our stepping motor iirectireplacement.

Depending on the application, the RoboFocus usdip alutch or other means to avoid harming theufoc
mechanism in case of over travel. The positiotheffocuser can be recalibrated remotely by runttieg
focuser all the way to one end (inward, consid¢hedHOME position). The RoboFocus remembers its
position even if the power is turned off/on. ThebeFocus includes backlash compensation (defeatable
that enables many inexpensive focusers to give iprarperformance. A standard, non-premium R&P
focuser will typically give repeatable settings ddo about 0.001 inch.

The RoboFocus operates from a 12VDC 0.8A powerlgypluded). The RoboFocus also includes
pushbuttons used for manual operations, for trgitie unit, and for selecting certain operatingditions.

Optional equipment for the RoboFocus includes:

* Remote Power Module Allows user remotely to operate four 120VAC etglto control scopes,
cameras, lights, etc.

* Hand Control. Allows user to control RoboFocus using a smafichcontrol (especially useful if
extensive manual focusing at the eyepiece is tone).

» Second Motor. A second stepping motor can be purchased ardtiarsanother focuser or another
telescope. The RoboFocus control unit can themdpeed to the desired motor.

* Scope Adapter Needed if you use the Pass-through function.

A Little Theory

The RoboFocus Control Program (RFCP) sends comntariie RoboFocus Controller using a serial
COM port connection. The main processor chip endbntroller evaluates the command. If the command
is a query for information (e.g., current positictie controller sends the data back to the RFCE&envitis
displayed. If the command is for a movement (empye 123 steps IN), the controller begins sending
pulses of current to the stepping motor. Eachegpuil move the stepping motor one “microstep”.



Meanwhile, the RFCP has told the controller to amersthat it will take some number (e.qg., four)
microsteps to make one step or count that the RFCBonsider. Thus, the RFCP command to move 123
steps will make the motor move 123x4=492 microstéftse controller counts these steps, and after 492
microsteps will send the current position backte RFCP for display. Note you can change the spked
the motor by changing the “pause/microstep” setting

In general, data concerning the RoboFocus settagides in the controller in nonvolatile memonhus,
the RFCP normally only knows what it can find owinfi the controller. RFCP does not poll the colgrol
on a regular basis—only when the refresh is pushedcommand is issued, or if it receives indigatio
that a manual move has occurred..

Changes in RoboFocus V3.

In V3 software (PC) and firmware (control proce3see have made the changes below. V2 and V3

software can be used with either V2 or V3 firmw@wih some functionality limits).

* Added temperature compensation with a sensor isdgh&oller and appropriate software changes

* Added a stepsize function to the controller towalfaner and coarser steps

» Added a configuration command to allow remote sgttif duty, speed (delay), and stepsize

*  Fixed minor bugs in firmware that sometimes codilldvaa microstep drift in position (unreported) or
one step error in movement (correctly reportedglel2d separate Backlash=0 setting.

* Rearranged screens, repaired minor software bugspived ASCOM interface

Changes in RoboFocus V3.21 Software

» Ability to change temperature scale between rawsufi and C, and to calibrate temperature

» Ability to operate with a manually entered temperatcoefficient (hew Relative Specified Mode).
This makes it very easy to share temperature aieffi results with other users without having to
share specific datasets. We have also improvethéml options for temperature compensation mode
choices

» Display of temperature on main screen (updatednzatically)

» Assorted minor bug fixes

Changes in RoboFocus V3.22 Software

e Correction of Slope Raw to Centigrade conversigorithm.

* Synchronization of Absolute/Relative values to appiate mode.

* Added temperature update when Refresh is pressed.

» Decoupled Slope computation from temperature cosgtem logic.
* Layout changes to Main and AbsRel Screens

» Assorted minor bug fixes

Changes in Controller from Model 3 to Model 3.1

*  Minor layout changes

» Moved temperature sensor to underside of boarde(toce temperature effect from stepper driver)

» Converted from transistors to x4 drive chips fapgter and for remote power module (easier
servicing)



2. RoboFocus Installation

RoboFocus Software

The RoboFocus control program (RFCP) is provided @D with other software from Technical
Innovations. See the file “readme.txt” for insadilbn instructions. Once installed, your softwiadudes a
help screen, which is a soft version of this inginn manual. The latest version of RFCP can béso
downloaded as a zip file from http://homedome.cawidoads.

RoboFocus Hardware

Rack & Pinion. The RoboFocus will control a rack and pinionaigeCrayford style, or similar focuser
that uses a knob to turn a shaft that moves thetdbe. You can also remove the motor from manyomot
driven focusers, and substitute the stepping nfodon the RoboFocus. Each type of focuser has a
different shaft height and orientation (the shadtyrbe parallel to the scope back plate as in actfr or S-
C or parallel or across the tube as in a Newtoni&uy this reason, we provide two brackets that be
used to support the stepping motor in almost ampjicgtion.

Note: One end of the coupling has an internal €dbat fits over the stepper motor shaft (NOT timuer
shaft). The sleeve and setscrews serve as a safét. Install the coupling onto the motor steaft
tighten the setscrews snuggly.

To mount the RoboFocus, remove one of the knolih®nack and pinion focuser (you may remove either
left or right knob). The shaft coupling that ismally supplied with the RoboFocus is designedtta f
focuser shaft of 1/4-in. dia. If the focuser sisife is larger, you can drill out the couplingh@eded (high
precision is not needed). If the focuser shashigller, contact us for a special coupling. Strke

stepping motor/coupling assembly of the over tleiger shaft for about 1/2-inch. Tighten the set\8s

onto shaft. If the focuser has a knob on the oppesd of the shaft, you should find that you stlhturn

the focuser, although with more difficulty than abk(this assumes RoboFocus is turned off—if itiméd

on, you will likely not be able to turn the knob).

At this point, the RoboFocus is hanging on the secishaft. Although the lightweight of the Robol®és
not a problem for the focuser, the stepping mot@sdrequire a mounting bracket so that it doesumnt
relative to the focuser. Because each installasiaifferent, we have provided several differeradikets
for mounting the motor. You may need to modifyradket (e.g., bend to fit), provide a riser, or mak
other modification. You may want to use cardbdarthock up a bracket to get the dimensions correct.
After deciding on your brackets, attach the bra@db the motor using the screws provided. Attéeh
bracket to the scope using the double back adh&sgdeeprovided, or use any other fastening mettoad y
choose (epoxy, screws, magnetic material, etc.).

The double back tape provided will last indefinftélapplied to a clean, warm (over 55F) surfaBefore
applying it, we recommend cleaning the surface waibtone (finger nail polish remover). If you eneed
to remove the tape, first pry the bracket off watknife. Paint thinner works best to help remdwetape,
followed by acetone to remove the residue.

Schmidt-Cassegrain The standard fittings are designed for the LXR88scope. If you have a Celestron
or other scope, the dimensions of the parts wiblightly different, but the design is very simildn this
installation, the stepping motor drives a timindf teat turns a sprocket mounted on the telescopesier
knob (the focus knob is larger at the outer end).

To install the sprocket, simply slide the assendrifo the knob, then tighten the set screws in thg g
sleeve to lock it against the focus knob.



In both versions, under heavy load the sprocketstipron the inner sleeve, thus acting as a cluttiou
wish to lock them together, put a drop of instaitiesive between them.

To install the RoboFocus drive motor, first chelelittthe motor is at the midway adjustment in tioéssbn
the motor base. Find a location for the motor laaske so the timing belt fits snugly around the $ocuob
sprocket. Be sure the motor will not strike thekfarms when the scope swings between the forkai Y
will normally mount the motor using double backe&aprou will get a better bond if the tape and berse
at least 55F, and the scope base is totally cldamrerthe motor base will rest. Remove the wax paipm
the double-backed mounting tape.

DBL BACK TAPE - Pasition mofor fo clear
MOUNTING PLATE - Yoke Arms when pivoting scope
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Notes

1. Customer should cut/bend/arange
bracket(s) as needed to support stepping
motor. Arangement shown is suggestive
only: your setup will likely require different
rrlwo'or c‘alccemc;er;r or oﬁenrct’ison‘ l(V'ou may
also only need to use one bracket,

depending on how you orient your BRACKET A
stepper mofor.
2. Coupling as supplied is normally 0.25 ” 5
dia. If larger size is needed, simply drill it
out (high precision is not necessary)

3. Cut aluminum with tin snips or hack
saw. Bend using a vise or pliers, . 1 {
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Install the motor base with the timing belt readipaight. Once installed, you can change theitenby
adjusting the mounting screws on the stepper niwtrket. This completes the installation. You wit
normally be able to turn the focus knob by hanekewith the RoboFocus turned off) unless you loosen
the sprocket set screws.

C14 Spacer. In some applications, the standard RoboFocush&c€ket will not place the RoboFocus motor far

enough from the rear plate of the scope to alleftitus knob sprocket to line up with the motovelisprocket.

There are two solutions:

» Use epoxy or double back tape to install the mait its back side against the rear plate of thapsc
(ie, with the sprocket aimed outward). This wilbduce the correct alignment, but does prevent you
from easily removing the motor or adjusting itsigos.

» Use a one half inch spacer under the S-C bracket. can make this for yourself, or purchase it from
Tl for $10. The spacer is plastic. The S-C braeiteches to the spacer with two 10-32 screws (you
can use the spacer as a template to drill holgeun S-C bracket to accommodate the screws). The
spacer attaches to the scope using double backeppry, or a screw tapped into the rear platbef t
scope. We recommend against the double backaapbe additional height and weight presents a
greater strain on the tape which may make it f&d.allow a screw to be used, there is a countek su
hole in the spacer that accommodates a 10-32 scfae.hole can easily be enlarged for other
fasteners, if desired.

JMI focuser. JMI makes the NGF focuser, which is a Crayfdaytes zero backlash focuser. The series of
focusers includes the NGF-S designed for the Sepescand an NGF-DX3 for non-S-C scopes. These
may be equipped with a DC motor and a Digital Ra#d@ special RoboFocus stepping motor can
replace the DC motor used on these focusers feryaoompact installation. When installing the new
motor, take the focuser off the telescope and betsuwork over a table with a try to catch any kma
screws or bearings. Use tape and little bagsép kenall parts together. Either installation stdake



about ten minutes. When complete, adjust the hgaginsions so that the focus tube will hold atudoit
without slipping.

NGF-S.

» Use 3/32 allen wrench to remove the pair of sesstholding the jack shaft and bearing (visibla in
slot on the side of the focuser). Working overtilag, turn the focuser on its side and removgdbk
shaft and bearing.

» Use 1/16 allen wrench to loosen (don’t remove)siiiescrew holding the focus shaft far bearing &t th
end away from the motor

»  Working over the tray, remove the screw holdingrti@or and remove the motor and shaft from the
focuser. An inboard bearing next to the motor wilime out with it, and unless you hold it in, the f
bearing will likely fall out. Don't lose it!

» Install the new motor/shaft with its new inboardtieg. The bearing should fit into its seat in the
focuser. Install the motor mounting screw lightly.

« Install the old far bearing onto the new shaft aglten its set screw

» Drop the jack shaft and bearing into its slot,alighe two set screws to equal depths gently tight

»  Finish tightening the motor screw.

» Adjust focuser tension with the jack shaft beasegscrews

NGF-DX3.

DRO removal (if present)

» Turn the focuser over. Locate the DRO shaft setve@nd loosen it about 1/2 turn

» Turn focuser right side up. Loosen the two sosketws on top that hold the DRO in place

« Slide the DRO toward you off the screws, and off shaft to the left

Motor Plate removal (if present)

* Remove the focus lock screw.

* Remove the plastic knob and sleeve on the motde pla

» Remove the socket screw on the motor plate

* Remove the motor plate with motor

Shaft removal

» Loosen the set screw on the large gear, and reihtivéhe left

» Loosen set screws on left and right bearings orme tu

» Slide knob/shaft and sleeves out to the right {ape to keep parts together).

RoboFocus motor installation

* Remove inner pair of set screws from focuser baseéght side.

» Loosen screws holding RoboFocus motor to its brtacke

» Slide motor/shaft into right bearing, across tla @f the focuser tube, and through ball bearinghen
left side.

* Be sure bearings are seated, then gently tighteririgeset screws to give tension against the focus
tube.

* Insert screws into RF motor bracket and screw domto base

» Tighten RF motor screws on bracket.

.
DRO SOCKET
SHAFT SET SCREW
SCREW
SLEEVES

O-RING

B SLEEVE=H

EQXII:NNG BEARING
GEAR FOCUSER BODY KNOB
:
e 5% e

MOTOR MOTOR PANEL

NGFDX3A
122001

NGF DX3
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RoboFocus Electrical

The RoboFocus control box has five electrical catinas. First, on the left end of the box:

e “+12V"— 12VDC (positive) input from the 120VAC paw supply included

+ “REMPOW MOD” — Remote Power Module connection. BBbcus provides four control channels
for the user for the optional RoboFocus Remote Pdiaxlule. You can remotely power your scope,
CCD, dew heaters, etc.

On the right end of the box:

« “PC”— This is your RS232 connection from the cortgou We include a 6-conductor telephone cable
(a 12ft length) and an adapter for the PC jack (P@IO NOT USE commercial 6-pin cables unless
you have verified that they are suitable. See agipefor details on making your own cable. Ideally
the RoboFocus will have its own RS232 serial parttee PC; however, the RoboFocus can also
operate on the same port as the telescope conftalase (see below).

 “SCOPE/HAND” — If you wish to operate the RoboFoarsthe same serial port as your telescope,
connect the scope to this jack through the progepter. See discussion below for details. Thik ja
is also used for the optional RoboFocus hand cbfitemd control and scope connection cannot be
used at the same time unless you have an adapteus). CAUTION: do NOT connect your scope
directly to this jack or you may damage it.

« “STEP MOTOR” — The stepping motor connects to tiE9zonnector using the 9-pin cable (an 8
foot length is provided).

The control box is usually mounted on the telesq@pewhere the wiring is convenient. In genenad,
recommend mounting the control box vertically wttile power switch DOWN. The reason is that the
internal temperature sensor will then be downwsodhat the temperature readings will be less tteby
the internal heating in the controller.

Serial Pass Through

The Scope/Hand jack requires more discussion. ofedn one can connect the RoboFocus to its owalseri
port (you will need to use the PC1 PC adapter térggm the DB-9 connector on the PC into the telegho
type cable used in the RoboFocus).

However, if you are limited in the number of sepakts available, you have a choice of adding Epaes

to your PC (see appendix) or you can use the RohaFtScope” jack. The RoboFocus is wired to alibw
to be on the same RS232 circuit as other devices, as the telescope. The signals for both the
RoboFocus and the scope pass into the RoboFodhe ame cable. The RoboFocus will respond only to
its own signals. The scope signals will pass tghotlhhe RoboFocus to the scope, and the scope 1iE=pon
will pass back through the RoboFocus to the conmpute

Because the wiring of each type of scope is differgou MUST use the proper adapter between the
RoboFocus “SCOPE” jack and the scope itself: NE\4BRnect the scope directly to the RoboFocus
controller. If the proper adapter was not includegiour RoboFocus package, please call us to mlotae.

If you intend to connect to an LX200, and you aliyehave Digital Dome Works, you can use the LX200
adapter that came with DDW.

Unfortunately, your computer will not allow two t&fent programs (e.g., focuser and scope conwol) t

connect to the same serial port at the same tirtherefore, to take full advantage of this feattine,scope
and focuser software must be in the same progrthough we expect such software soon, it is nat ye
available.

However, you can take partial advantage of thisgdesnd still avoid adding serial ports. To dcsthi

connect your scope (or other RS232 device) to top&input, then alternately connect the software
programs to the serial port. For example, in dape control program, open the port to the scopetle

10



scope at a star, then close the port (while lepthie program running). Switch to the focuser ruint
program, open the COM connection, thus connectiegpbrt to the RoboFocus, perform your focusing,
then close the connection to the port. You can #weitch back to the scope program, open the par¢ o
again for telescope control. These steps areteady in Windows. During this process, you haedé#
wiring in place.

This method will operate with most scopes and saftw However, it is possible that some scopes or
software will not tolerate the focuser commands daa that are on the same line. Failures wilkegaity
show up as software lockup or errors. Becausheotoding protections, you will not have inadvetten
movements. If you do run into these problems,wilneed to use a separate port for the RoboFocus
change the software you use for scope control. t€xs with RoboFocus using the same Com port with
TheSky and LX200 or the AP GTO scopes show no ctibifiiy problems.

Remote Power Module

The optional Remote Power Module allows you to marfour outlets independently from your computer
(or from the RoboFocus itself). If you wish, yoancplug multi-outlet strips into the outlets sotthau can
control more items. Limit the total load to 10A xiraum

The Remote Power Module plugs into a wall outletif® 120VAC supply. Use the six conductor
telephone type cable provided to connect the Mottutee RoboFocus (do NOT use commercial cables).

Hand Control

The hand control is an optional two button conthalt is useful if you do frequent manual focusine. {
focusing while looking through the eyepiece). Hamd control plugs into the “scope” jack. Depergdim
the pass-through adapter you are using, this nmayineetemporary disconnection of the cable from
RoboFocus to the scope (this is not a problemhesvo functions are not used at the same timag T
hand control also has a pilot light that mimics light on the RoboFocus control unit. All direat®given
for the control unit push buttons also apply tohlaed control.

Remote Temperature Sensor

RoboFocus has a temperature sensor built intodhat box (on the underside of the printed circuit
board). In some cases, the user may wish to usmate sensor, ie., attached to the telescope flbis.is
available as an option with a cable that plugs theomotor cable connector. If using the remotessg
the internal sensor must be disconnected insidedhgoller. Instructions with the remote sensdr w
provide details.
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3. Operation of RoboFocus

Introduction

The operation of the RoboFocus begins with a lmigfl check in which you will assure that theeatition
of the buttons is correct (“the IN button yield®"Imovement). You will also check the operatiortioé
clutch (Rack and Pinion models)

You can then operate the focuser manually (localiyia the RFCP running on the PC (remotely).
Because the remote operation is the more completsyill discuss that first. In the meantime, hoeev
don’t be afraid to push the buttons to move thei$ec!

Initial Check — Motion Direction and Clutch

WARNING : Check that you have loosened any focus locksoom focuser! You may want to remove the
focus lock so that you don’t accidentally use ithie future as the RoboFocus motor will hold focus
position.

Direction Convention. In/Out directions are obwddar a R&P focuser. For a S-C scope, we use
CWI/CCW for the knob as the corresponding directiovieu can operate with reversed directions;
however, using the standard avoids confusion.

Direction. To check the RoboFocus direction, push the Outfoh. You will notice that when you push
the button, the stepper executes one step (witkep)bwaits for 1/2 second, then starts runnirfglat

speed. This system allows making small focus chsmghen operating manually. If the RoboFocus OUT
button moves the focuser out (CCW on an SC sctipe)irection is OK. If the direction is wrongytu

off the RoboFocus. After about ten seconds, turthe RoboFocus while pressing the Ohifton. As

the RoboFocus powers up, it will sense the OUTdoutwvill reverse itself (switching from inward to
outward), and will record the new button directiokfter several seconds the RoboFocus will starhing
outward and you can release the button. The RahaFwill remember this direction information for
future sessions.

Clutch. You should now check the clutch setting (RacRi&ion models only). The clutch screws should
be set fairly tight; i.e. you want to be sure th@bBFocus stepping motor does not slip under anyabr
operation. The best test is to load the focusdraaient the scope upwards so that the maximum
gravitational force is put on the stepping motdhen operate the IN button while watching for faaus
movement. Adjust the clutch screws as necessaaydi slippage.

When you first apply power and turn on your Robaijdt has settings for its current position arel th
length of travel available to it that are left ofiemm factory testing. Before accurate operatian be done,
you will need to calibrate the length of travelyolur focuser. You can run RoboFocus without this
calibration, but you will not have accurate abselpositioning.

Local Operation.

When you are in the observatory and want to opeha&téocuser, you may use the RoboFocus buttons to

providelocal (manual) operation When using the buttons, you will notice that shepper steps once

(with a beep) and then switches to high speed Kidliss in making small focus changes). A few

comments:

e If you run all the way in, and then keep going, stepper will continue to run (with the clutch
slipping), and will continue to reset its curreosfion to 1.

« If you run all the way out, and then keep going, stepper will continue to run, and will continoe t
reset its current position to a new maximum travel
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» If you want to retrain, you can do so at any tinkwever, the usual problem is that you removed or
turned off the RoboFocus and then manually adjustedocuser. Of course, this causes loss of
information on the current position. In this caaléhough you can retrain, it is often sufficient t
simply reset the position to approximately the eorvalue using your computer (see below).

« If you want to focus with your manual R&P contraidb, turn off the RoboFocus. This will release
the magnetic brake that prevents motion, thouglg#aes will make motion stiff unless you release th
clutch screws. . If you use manual knob focus wil) of course, lose accurate position data.
Manual button use preserves position data.

Of course, the backlash compensation does notiéumict local button operation because the user
determines the amount of movement. In local opBrayou can also use the manual buttons to tuen th
Remote Power Modules on or off, and you can setegfor the duty cycle, steprate, and stepsizew tdo
do this is discussed below.

We suggest that you hook up and test-run the foeénsend out with the buttons. If the focuserde slow

or fast, you may want to change the speed. Iptsition count is too small or too large as yourgm

one end of travel to another, you may want to ckahg number of microsteps per count. While yau ca
make these changes using the manual menu buttamsniich easier to use the RFCP computer program.
You can always come back later to calibrate thgtteof travel.

Remote Operation: Use of RoboFocus Control PrograntRFCP)

You can leave the RFCP running or not, as you wisten if RFCP is turned off, if the RoboFocus
controller is powered, it will hold the focus setlias well as any remote control power settingsu May
want to leave the RFCP program running, but switettveen RoboFocus and a scope program (to avoid
software interference) using the COM connect/teatdrsettings.

Note: Because the RoboFocus requires time to procesmends, carry out the instruction, and return
data, you should avoid rapid button pushing. THiagive the RoboFocus a few seconds to resporatdef
repeating a command or sending a new one. Alsepore computers with some color settings, running
RFCP may change the color of other displays. Bleasatact us if this causes you a problem.

Main Control Screen

The control screen or window provides the basicenoent controls and access to additional screens for
other functions. The screen is small so that yayutack it out of the way on your desktop. We wilw
briefly describe the various controls on the scregaveral are discussed in more detail below.

Title Bar. The title bar will show the version number of tRFCP and the version number of the
controller, if connected.

COM#. This button toggles the chosen COM port connactié/hen the button is gray, the COM port is
closed (inoperative). Assuming you have made thper settings (see configuration screen belowgnvh
you click COM# the RFCP will connect to the conlienl When the RFCP has completed the process of
connection, including getting information from tbentroller, then COM# will turn green showing tiaé¢
connection is made. You cut off the connectiortligking on the green COM#. The # sign will shdwe t
chosen COM port number.

CONFIGuration . This button brings up the configuration scresze(below).

TempComp. This button brings up the temperature compensattoeen from which you can train or
operate the temperature compensation (see below).

Temperature. This is a passive display of the temperaturee display automatically updates at the rate

set by the entries in the temperature compensatimen (though independent of whether temperature
compensation is actually turned on), or when aeséfror other action is made. The units (Raw, )or
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and calibration are selected in the temperaturepemsation screen. Note that Celsius and Fahrenheit
cannot be selected until temperature calibratigreréormed.

Help. This button brings up the Help/About screenisHereen shows details of the RFCP (date, version,
etc.). The screen also has the Help button. Véheked, the Help button activates a copy of the RED
viewer, which in turn opens a copy of the instraigtmanual. Using the viewer, you can read anyigrort

of the manual, or print it out.

(==l oy - [ —ci]
d ﬂ RoboFocus - |EI |i|
COM 1 | Temp. Comp. | Help |
= B s5how Data Traffic (=153
il M ﬂ w Sert Received
AR |
i stop | ETO00000% [«] [FTooDEL4E =]
Befreshl FTOOOOOO2 FTOO0A144
Dot FTOOOOO02 FTOO06144
] UserButt0n1| Uszer Button ZIUSBrButton 3| Uszer Buttan 4| FToooooope FTOO06144
e éf};; FTOOOOO02 FTDDDSIAI%
s FTOOO0EL12
L n RoboFocus Configuration - | ] |i| FTOOOG11A
Internet Mic — — FTOO0612E
Ezxplorer Ou | Communications ——————————— ~ Get or Set Fozition ————— j j
2 Adjust Cormn S ettings | Enter Pasition I
O " Clear
@ . [~ Open Corm Part on Startup Get Current Pozition | _I
Becycle Bin  Mic
Pown | - Backlash Compengation ——————— — Get or Set Masimum Travel
q ol Steps |2D Erter Max. Travel 20000
@, E 0 Out
Ld @ In Get Cument Settings | Gt Curent Max. Travel |
Setup MSN  Mic
Intemnet ... YE i i i
r Motor Configuration —————————— ~ Uzer Button Captions
E Dty Cycle 0-100% ID 1 IUser Button 1
- _? MicrostepPauze 1-20 |4 2 IU zer Button 2
Connect to  Mic
the Intemnet W StepSize 1-2686 |4 3 IUser Button 3
D ! Get Current Settings | 4 |U zer Button 4
i 2| - Focus Setup ———————————— 1 Show Data ————————————————
Online
Services i Dizplay Focus Setup List | Show Data Traffic
[T Keep Main Form on Top ¥ ‘warn Before Loading Temp. Comp. File

aStarl"J e < “ nHoboFocus | E¥ Microsoft word | | Ea(flf ZEIPM |

This is a typical screen shot showing the main RoBocus window (upper left) that controls the systemThe larger
configuration window (lower left) is also shown. @e of the options on the Configuration screen is thShowData window,

shown open on the upper right (this shows the dataaffic to and from the roboFocus controller.

User Buttons. The User Buttons toggle the Remote Power Modri\) outlets if used. As each button is
operated, it will turn orange, indicating that thelet is turned on. Clicking an orange buttomsuthe button gray
and turns the outlet off. The button labels casdteby the user in the Configuration screen, staw).

STOP. The STOP button stops any motion that is ocagrri

Position Box. The position box shows the Absolute and Relativatjwm of the focuser. It can also be
used as data entry box. For example, the box might show a curresitimm of 3000. You can type in
3125 and when you hit the ENTER key the RoboFodlisneve to the commanded position. This
method of commanding movement is called “absolbegause it is moving the focuser to a specific,
absolute position.
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IN/OUT. On the leftis a box into which you can type youendedelative motion, e.g., 50 steps. Now
you can click IN or OUT and the focuser will mowedirected. This is very useful in fine focusing.

Absolute/Relative (A/R). To the right of the position window is a buttond#dr A/R (the R is red). This
button is a toggle. That is, if the absolute positis being displayed, e.g. a black 3000, and thob is
pressed, a +/- red relative value will be showg, &+ red “0” zero. Now if you move the focuseimg

the in/out buttons you will see the motion relativeghe setting present when you toggled to thetRel
mode. You return to absolute by toggling A/R agaiiis is very useful for keeping track of the net
movement in and out during focusing!

Focuser Movement. You can command motions of the focuser in one of ways:

» Position Box Enter the desired position into the position bod &it enter and the focuser will move
to the desired location.

* In/Out Controls. You can enter the number of steps to chandeeiiN/OUT box, then click IN or
OUT and the focuser will move accordingly.

Refresh. When you click this button, RFCP queries the cdlgrdo get the current position and
temperature as well as other configuration datae durrent position is displayed in the windowte t
right. This position is updated upon a refrestd ainthe conclusion of any move.

Configuration Screen
This screen is used to read or set the configuratigmns of the RoboFocus control program and cdiatto

Communications The first time you use the RoboFocus, you wékd to select the CONFIGuration
menu item. Then select Adjust CommSettings. Whlisshow a screen with various communication
parameters. One of these is the COM port. Yolchibose the serial COM port you intend to useu Yo
will usually be using COM port numbered one throfiglr. The rest of the settings are 9600 baudt,&8b
stop bit. Note that you can connect/disconnect®d port without turning the program off. The COM
port will close when the program is closed.

You can now make or break your COM connection ftbenRFCP by clicking on the Open/Close COM
button on the main window. When you OPEN the CQM,pyou automatically issue commands to refresh
the RFCP data (version number, current positiod,ramote power module settings.)

At this point, if you have established communicatiaith the RoboFocus, you will see the current fiasi
displayed. The current position updates itselfyavihen you first turn on or when you do a computer
directed focus move, or when you click the Refriesk to query the RoboFocus and renew the reading.
The RFCP does not poll the RoboFocus controllea oggular basis.

Backlash. Backlash is the “mechanical lag” in the mechanicavement of the focuser itself. That is,
depending on the loading of the focuser and whetberare moving in or out, after moving in one
direction, you may have to move for a substanigthtice before actual reverse focus movement begins
To compensate for this, the RoboFocus can opdratedmmanded distance plus extra steps for
compensation, then reverses the extra steps saltmabves, no matter what the direction, are fieid

with motion in the same direction. Factory defasitompensation set for inbound, 20 steps. This
configuration control allows you to turn compensatio a value of 0-64,000 for IN bound (all motions
FINISH with movement in the INbound direction) oJDbound.

The backlash compensation need not be set preeisdliyhat is needed is to take up the focuser gyste
slack in the direction of concern. Experience shtivat with a stepsize of four, approximately 10sgps
of the RoboFocus are usually enough to accomptishon a R&P focuser, while the LX200 may require
100 or more steps to accomplish the backlash dwrec
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Get/Set Position. If you enter a Zero in the field (or hit refresRoboFocus will respond with the current
position. You can always send a position and conththe RoboFocus to accept the new position — in
effect, you are recalibrating the RoboFocus. Tisseful if the RoboFocus loses its position (e.qg.
because of equipment removal and replacementydauknow approximately where it is. You can also
use this command to set a convenient reference (m@in, 5000) and do not care about losing thelates
calibration that you got from completing the traigiprocess. Limitis 64,000 steps.

Get/Set Max Travel. You can send a distance (# steps) that you veairthé maximum total travel. If you
enter a Zero in the field, RoboFocus will resporithvis current setting. Usually this setting erised
from the full travel calibration and you would mairmally reset this value, but you can if you wistdo

so. Assuming you have the Max Travel from youitation session, if you are using a R&P focuser yo
can divide the measured movement (say 4 inche)edogumber of steps (say 2000) to get the distpace
step (0.002 inch). Limit is 64,000 steps.

Duty Cycle. When the stepper is actually moving, the RoboFaemsis full current to it so that full
turning power is available. When not moving, @éfholding current” will fully lock the steppertar so
that external forces cannot make the motor turnlasel calibration. However, the motor we supply ha
large gear reduction, so the need for this is mahinThe “worst case” is with a rack and pinionurO
measurements show that even with over 15 |b exerteal3/8in diameter pinion, the stepper will notige
even at zero holding current (and of course thgpgteeasily moves the weight when required). @ S-
applications, there is of course, no force on twai$er knob except when moving it.

Why use a lower holding current? A lower curresdtuces current needs (useful in battery applicg}jon
reduces stepper heating (especially importantiftiotor is in the optical path as it is in some
applications), and to reduce heating inside therothar that will cause a temperature offset fag thternal
sensor. RoboFocus allows you to set the holdimgeotiroughly equal to a fraction of the full curtdy
this menu item from 0% to 100%. The new settinl madt take effect until you leave the item. Duty
settings other than 0 or 100% will usually causedtepper to “sing”—this is normal. Duty cycle set
through the configuration screen will override #gttings done by the manual menu. In any case, the
settings are stored in the RoboFocus processor.

On what basis should you set the duty cycle? fregd, we recommend using zero (0%) and this is the
factory default. In general, if you do need a leigbetting, you will likely find that 10-20% is nmethan
sufficient. FYI, using 10% (instead of zero) wiluse an increase in the internal controller teatpes of
about 8F, and much more for higher duty settirigaty cycle values over 50% will make the motor run
hot, but they are built for this. Values otherrtt@® or 100% will also make the motor “sing"—thss i
normal. Finally, note that the ability to MOVE &gn load is not dependent on the selected dutiecyc
because the actual move is always done at 100%rpowe

MicrostepPause The RoboFocus processor pauses between itsstépraoves for a chosen number of
milliseconds. Thus, the longer the microstep patiseslower the stepper will move. If the pauseat

too small, the pulses may be too fast for the steppfollow and movement will cease or be erraéc.
stepper period of about 4 is a good choice for magbrs. You may want a longer period (slower
stepping) if you want to perform diagnostics on sistem.

StepSize (Microsteps/Step) The stepping motor goes through four microstefere it completes one full
electronic/magnetic cycle. One full cycle is sniidction of rotation of the output shaft (dependsthe
gearing used in the particular motor). The Robaisamntroller counts microsteps internally, but gan
set how many microsteps equals one control prog@mt. This configuration item allows you to det t
number of microsteps (1-255) that will be made whemn tell the RoboFocus to move one step (count).
By changing the microsteps per count setting, yYauahange the “fineness” of the focus positioning.

If you are using a Rack and Pinion where the fatw#shges quickly as the shaft turns, you would micgpet

1-10 microsteps per count, while a much slower $anwvement on a S-C scope would benefit from 16-32
or more microsteps per count. With a count maxinafi®4,000, a larger microsteps/count also allows a
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longer travel without resetting the position coulityou find that you need a finer focus adjustmen
simply decrease the number of microsteps per count.

User Button Captions This is where you insert labels for your foumiR¢e Power Module channels.
These labels then appear on the main screen of RFCP

Show Data. The Show Data button brings up a separate screg¢stiows the serial communication out to
the RoboFocus and back to the PC. This is usefdidgnosing problems in the system.

Focus Setup The Focus Setup button brings up a screen iolwyou can record the name or description
of up to 20 different optical setups, and for eanb identify the “correct” focus. Thus, if you clye

optical setups, or use the RoboFocus control prodoat more than one scope, you can easily run the
focuser to the desired position (and then refirefticus, if needed).

Manual Full Travel Calibration.

You are now ready to calibrate the RoboFocus soitthall know the full travel of the focuser. Yado
not have to do this to use RoboFocus, and it majolbe at any time. However, calibrating is neagsi$a
you want to be able to have absolute focus positieasurements (useful for returning to accuratediog
if you have taken the system apart). It is alsfuldo know the full travel count so that you csat step
size to match your needs.

To calibrate the RoboFocus, use the OUT buttomtcatne focuser all the way “out” (or at least assel to
all the way as you want). Release the OUT butiod, turn off the RoboFocus. After ten seconds, tur
the RoboFocus while pressing the bhtton. The RoboFocus will read the IN button| iow that it is in
the training mode (it will beep five times). Lgt an the button during the beeping. After the legp
ends, the focus will begin running in without heolgithe button. When the focuser has moved alivde
in (or as far as you want it to go which may ta&eesal minutes), you may press either button tp gie
training run. When the motion stops, the RoboFaeuasrds its position as =2 and will record thaltot
focuser travel as the number of steps run, antredion is now complete. Thus, a count of 2 is the
innermost position. As the RoboFocus moves outwhelposition increments by one for each stepef t
motor. You can read the MaxTravel number of sters the Configuration screen in the RFCP (you will
need to refresh the screen after calibration).

Typically, assuming a stepsize of 4 microstepsfuhdravel for a R&P will be 2-4,000 steps, whtlee

full travel for a S-C may be as many as 100,000sstdBecause the RoboFocus has a maximum count of
65,000, if you have a S-C you will probably wantéset the step size to a larger number such &s 83
you have a R&P, you may want a smaller stepsizgou change the stepsize, you should retraingsetr
the full travel counts) or go into Configuration/kKlaavel and manually enter a new number. In most
telescope setups, a stepsize giving a MaxTravBtd000 counts still gives resolution that is ae fas
needed.

Note: you can operate the RoboFocus without trginidowever, because you have no absolute knowledge
of where the focuser is in its travel, you will hawtow the range of motion available. We recommend
training as a first step to assure that at leasafiproximate length of motion (measured in steplshown
(record this in your log book).

Manual Menu.

Although the RoboFocus is designed primarily fompaiter controlled operation, most of the functioas
also be operated manually without a computer. (fa@r exception is that the backlash correctedanst
are only available under computer control). SiMpOUT movements are made by pushing the IN and
OUT pushbuttons. However, as we have already sésxl) the pushbuttons also are used for direction
reversal and training operation.

In addition, the buttons allow access to the Mahdahu, which allows setting
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* Remote Power channels on/off

» Duty cycle of stepping motor when at rest (powerstonption)

» Step Rate of motor when running (motor speed), S#p and Microsteps/count (coarseness of
movement)

e StepSize (number of microsteps per count)

How do two buttons control all these functions?gémeral, one starts and then moves through theidan
Menu using the IN button (on the left). The bedpéls you which menu item you are on. At each men
item, the OUT button (on the right) is used to d®the setting of the menu item. The power LEB tel
you what your setting is for the menu item. YoaMe the Manual Menu using the IN button.

Manual Menu

Menu Name Description Beeps
Item
ENTER Push IN and OUT simultaneously gets yourtt tem. Push IN to move through 3NR
menu items
1 Remote Power 1 Push OUT to change state of RePwvter. LED shows whether channel is on 1R
or off.
2 Remote Power 2 “ 2R
3 Remote Power 3 * 3R
4 Remote Power 4 “ 4R
5 Stepper Duty Hold OUT to cycle through the fivegydsettings. LED shows setting (low to 5NR
high) 0,20,40,60,100%
6 Stepper Rate Hold OUT to cycle through the fiepper pause settings. LED shows pause [p6NR
microstep (short to long) 2,3,5,9,15 milliseconds
7 StepSize (Microsteps | Hold OUT to cycle through the five stepsize sesingeED shows setting 7NR
per step) microsteps per step (small to large) 1,2,4,8,16asteps/step.
EXIT Push IN to exit manual menu. 8NR

NR=non-repeating beep pattern
R=Repeating beep pattern

Note on Manual Menu items. Although five settiof®ach of the configuration items are availabléhim
manual menu, you can also set intermediate lesfgyuhe computer configuration screen. If at some
point you have set a configuration value for a migam (via the RFCP configuration) that is differé&om
those available manually, when you get to that mitam the LED will flash SIX times. If you pusheh
OUT button to select a different value for that méem, you will begin to cycle through and mudese
one of the five available values listed in the ¢abYou can NOT return to the original setting etdey
using the RFCP configuration screen. Thus, if goaiusing the buttons locally only to operate tracte
power module, be sure not to use the OUT buttore goa are past menu item #4.

Remote Power. You can operate the remote power module eitteailpor remotely.

To operate the remote power module locally (i.dnemvyou are in the observatory without a computer
running RFCP), you need to change the status dRtimFocus into the manual power mode and then
select the desired action. You will do this by fipakating the two motion buttons as described aboke
beeper will provide audible feedback, while the powmdicator lights on the remote power module ted
LED on the RoboFocus will tell you whether eachrot®l is off or on.

To enter the manual power mode, hold both buttawenduntil the RoboFocus begins to beep. Let up on
the buttons: you will then hear a single beep e@edyseconds showing that you are in Channel ouf
want to change the state of Channel 1, press ttemdgOUT) button until you hear multiple beeprth

let it up. The Channel will have changed state, RoboFocus will again repeat the regular singkpbe
The RoboFocus LED will tell you whether the powseph or off on that channel. You can change thie st
of Channel 1 again, if you like. When you are getdmove to Channel 2, hold the left button dowatilu
you hear a double beep, then let up. You will th@&r a regular two beep cycle. You can changsttte
of Channel 2, or proceed to Channel 3 or Chanrel desired.
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To operate the remote power module remotely, sirolitk on the appropriate button in the RFCP. The
color will show that the channel is on.

Whether set manually or remotely, the Power Modeltings remain in operation until the RoboFocus
itself is powered down. That is, if you have a powhannel ON, it will remain on even after yountoff
the Control Program! It will, however, turn offybu remove power from the RoboFocus. All power
channels are off when the RoboFocus powers up. a¥euesponsible for turning off your equipment!

Duty. At this point you have cycled through the foeimote power channels. If you now press the IN
button, you will move to a fifth menu channel (fibeeps, not repeated). This channel is used theset
duty cycle of the stepper motor. When the stefpactually moving, the RoboFocus sends full curten
it. However, when the stepper is resting, the FRaloois can send a smaller current to reduce cutraim
and heating of the motor. The fraction of currierget by this menu item from 0% on (step1l) throfixgn
steps to 100% on (step 5). The LED blinking patteill show the step nhumber. You can change thg du
cycle by pressing the OUT button. The new settifignot take effect until you leave the menu (duty
settings other than 0 or 100% will usually causedtepper to “sing”—this is normal.

MicrostepPause When you are finished setting the duty, holdl&fie(IN) button down again. You will
hear six beeps, indicating you are in the sixthuriegm. The LED will blink 1 to 5 times, showinghat
your current pause setting is (lower numbers apetshpauses and faster stepping action). Youpoass
and hold the OUT button to cycle through the déférMicrostepPause settings. Note that the factory
default is step 4 (about 55 full steps per secavilli)vork with most steppers. Although five setimof the
step period are available in the manual menu, youatso set step period to intermediate levelgyuia
RFCP configuration screen.

StepSize(microsteps per step) setting. When you areHiissetting the step period, hold the left (IN)
button down again. You will hear seven beepscatitig you are in the seventh menu item. The LED w
blink 1 to 5 times, showing what your current Mist&p per count setting is (lower numbers are fewer
counts per step). You can press and hold the Qiffbito cycle through the different microstepiggt.
Note that the factory default is step 2 (four méteps per count which is one full stepper cycléjthough
five settings of the Microstep settings are avddab the manual menu, you can also set the
Microsteps/count to intermediate levels using thwguter configuration screen.

When you are finished, press the IN button agéifter a few seconds, you will hear a series of eigh
beeps, indicating that you are out of the manualgsa@ontrol mode. The power LED will again light,
showing you are out of the menu. If you continmédld the button down, the focuser will start tova
inward.

After you practice manual control of RoboFocus@dia few times, you will find that it to be verysy.

If you become a bit confused, simply wait a fewosets for the beeps to tell you what channel yoware
Whenever you want to exit, simply hold down the kaftton until the beeping has stopped for a second
two (this will cycle through the channels and oithee mode). As with computer commands, wait a few
seconds between button pushes—give RoboFocus aetatell you what it is doing!

Multiple Copies of Robofocus Running Multiple Controllers

You can operate more than one RoboFocus contimflennning multiple copies of RFCP at the same
time. You would set each one to a different sgx@at. You will have to be careful to keep theropgerly
organized (you could use the remote power butteraleels, if you wish). Because each copy will thee
same “INI” file, they will each start with the sarnem port and other settings, and the individutilregs
will not be saved when you close them. If you wdifferent permanent settings for each copy, use
Windows Explorer to copy all the files from the végy RoboFocus folder and paste them into a new
folder(s). Then set up shortcuts (icons) to easchdRocus.EXE in each folder so that you can easily
your selected copies.
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Trouble Shooting Guide

Problem

Cause

Cure

RFCP will not connect
to controller

Error in Connections

Use of Improper or faulty connecting
cables

Wrong Serial Port settings

Review Ins Manual and
complete setup

Use Config/showdata to look gt
data

Power Supply does not
work

Not plugged into wall
Plug not firmly seated in controller

Focuser goes in wrong
direction

Training not done properly

See ins manual for revgy
direction settings

Motor won't go, or goes
very slowly

RF StepSize set too large

Speed set too high (low torque)

Set RFSS to smaller value (e.
4)

Set pause/step to larger value
(e.9. 4)

-

Motor drives focus one
way but not the other

Speed set too high (low torque)
Set screws, etc loose

Increase pause/step in Config
Tighten

Buttons make motor
buzz but does not
move

Speed set too high (low torque)
Bad controller drive chip

Increase pause/step in Config
Call TI, repair needed

Motor gets hot

Normal if Duty set high

Duty=0 izoenmended

Motor sings

Normal if Duty other than 0 or 100%

el is recommended

R&P: Motor turns but
focuser won't go

Focus Lock on focuser tightened
Set screws on coupler loose
R&P at end of travel

Loosen or remove focus lock

Tighten screws with allen
wrench

Reverse direction

S-C: Motor turns but
knob won't go

Set screws loose on focus knob sprock
Bushing and socket not tight enough

Focuser at End of Travel

efrighten
Put shim in between, Crazy
Glue
Reverse

S-C: Motor bracket
detaches from scope

Poor adhesion of double back tape,
usually from insfficient cleaning, or
installing at low temperature

Remove, thoroughly clean all
surfaces, reinstall (get new
tape from Tl or other source
or use other attachment)

S-C: Belt works its way | Single flange sprockets may have flangeReverse sprocket on bushing on
off sprocket on same side focuser knob

Temperature reads in | Temperature units not selected properly See ins man for guidance on
wrong units or wrong | Temperature not calibrated properly settings
value

Maxim autofocus won't | Wrong settings likely. Check f-ratio. See RF ins man for guidance on

work right

Check move per step in Maxim: NOT
same as RF StepSize

settings in Maxim

CCDSoft autofocus
won't work right

Wrong settings or starting point likely

See RFiman for guidance on
settings in CCDSoft
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4. Temperature Compensation

Introduction

This button on the main control screen brings @ptémperature compensation function of RoboFocus.
Because many scopes shift focus with temperatuisedesirable to be able automatically to adjbst t
focus as the temperature changes during the obgesession. Temperature is sensed using a sentar i
RoboFocus control box, or by an optional separatsar that attaches to the telescope.

For RoboFocus to compensate for temperature chargases that the RFCP know the relationship of
focus movement to temperature changes. That is,rhamy RoboFocus counts per degree are required to
maintain focus through an operating temperaturgeafhis factor is called the temperature coeffica
“slope”. The slope is entered into the RFCP diyday the operator.

Preparing for use of temperature compensation regjthat the user obtain or calculate the coeffici&
usable temperature coefficient could be obtainethfanother user that has the same scope setu@mand h
already calculated it. Or the user may developedfiment by manually recording focus data at saler
temperatures and calculating the focus changespgpdrature unit. It can also be obtained by udieg t
RoboFocus training routine, which automaticallyyides a coefficient after the user has stored scope
focus data at several temperatures.

Having obtained the coefficient via a training fieotherwise, it is entered into the RFCP viaShape

Setup window. The actual measurement of temperaiod movement can be done manually (via a mouse
click) or automatically on a timed basis.
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Note: temperature is measured using the builtrimprature sensor in the RoboFocus controller. The
temperature readings are in raw temperature cdtirgcounts are close to twice the absolute teryrera
in deg. Kelvin, with 32F=0C=273K=546 counts approately), or in F, or C.

We have supplied a temperature compensation dadlegatas taken with an 8in. f/10 LX200 under test
conditions. Your setup will almost surely havefeliént values for all the data; however, it wiNgiyou
some idea of how the data might look. As notedwwel/ou can inspect the file using RFCP, Notepad, o
Excel. Except to experiment, do NOT use thistfil@perate your telescope as it will surely produce
incorrect results.

Note: When using the internal temperature sensloerein training or in operation, we recommendisgtt
the duty cycle (configuration screen) to zero dhlid reduce heating of the sensor (see Duty Cycle
discussion in previous chapter). The controllenuth also be mounted vertically with the power stit
down to reduce heating of the sensor by the eleiciso See the discussion below.

Manual Temperature Coefficient

As noted above, you can manually enter a temperangfficient and then begin compensation. But how

do you know what to enter? There are several ways:

* You might know other people with the same telesasbpe have already measured the coefficient by
training their system

* You may already know the coefficient for one sefeyg., at f/10), and can easily calculate the new
coefficient for a new setup. For example, if y@ae @n f/6 reducer, the coefficient would be 6/1Bex
f/10 coefficient.

* You have focus data at several temperatures andasily calculate the focus change per degree.

To enter the values, simply open the temperatumgensation screen, pick Slope Setup mode, andrype
the value desired (be sure to get the sign correct)

Temperature Compensation Training.

The basic idea of training is to gather data on tfocus of the telescope changes as temperature
changes. Thus, you want to train during an eve(ongnore than one evening) when the temperature is
either likely to change, or is at least at a ddf@grtemperature from that experienced in previaisihg
sessions. You would normally want focus measuresnfeom at least three substantially different
temperatures, and with at least a half dozen fpog&ion measurements at each temperature. Tgagain
extend over several sessions of usingstimaeoptical setup (lenses, cameras, Barlows, etclypial
training process would be as follows:

» Use the View/Training to open the training window.

» If you have previously trained using the currerticg setup, open the relevant file (if not, seartew
file). When you open an existing file, the RFCH take the stepsize (microstep per step) settgagu
in the earlier training and send it to the RoboBomentroller so that the new data will fit the old.

* Focus the telescope

» Click on the GetDataPoint button. This will sendommand to the RoboFocus unit to get the current
temperature and focus position, which are puttintonew data boxes. If you like the new data and
want to add it to the dataset click the “add taadat” button. You can have up to 600
focus:temperature measurements in each data set.

» Each time you enter or edit a piece of data, tlséesy automatically recomputes the best-calculated f
for the focus vs. temperature relationship. Theffacents in this equation are displayed in the
“position calculator” in the main temp comp windoworrelation coefficients and expected error
given the spread in the data) are displayed innalew at the bottom of the window (you can resize th
window to make this go away).

* You can click on this or any other piece of theagathich will move the data into the editing box
where you can edit the data, replace the old éntilye data set, or delete it.
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* You may reorganize the data by date/time, temperatur position by clicking on the column headings
or select an option from the “sort order” list.

» If you want to do wholesale editing of data, congbitata sets, or perform other complex editing, you
can go to Explorer, find the data file, then usedgad to edit, cut, paste, etc.

* You may enter an “X” into the left-hand column ¢ tdata set if you wish to leave the data piece in
the data set, but EXCLUDE it from the temperatwmpensation calculation.

* You should save the data set at convenient timeagithe training session.

* You may inspect the data set in several differesgsy Obviously, you can look at the data points in
the RFCP table, or use Notepad. Or you can opgmesdsheet (e.g., Excel), and then select and open
the data file. Excel will present a wizard thatges the data into proper columns. You can thittse
the temperature and position columns, and creakeémgraph that will show the data graphically.

* You can enter short notes in the “dataset noteg'tbaescribe the data set and the optical setup in
use.

Caution: if your current focus position calibratisrdifferent from earlier training sessions, youl w

introduce major errors into your data set. If ihithe case, before you train, you should recatéthe

focuser to match the data set so that the newvditit. To do so

* Focus the telescope

e Open the training file.

» Select Compute Position Mode.

* Record the Computed Focus Position displayed irCtrapute Position window.

» Open the Configuration window.

« Enter the previously recorded Computed Focus Positito the Current Position text box.

* Press “Enter” (C/R) to set the focus position t® tiew value.

* The focuser has been calibrated to the currensdat®¥ou can now take additional data and add them
to the dataset.

Temperature Compensation Operation.

You will first select a mode to identify the soused type of the temperature coefficients you péanse.

There are three modes:

e Compute Position. The Compute Position mode coegpwhere the focuser should be positioned at
the current temperature using the selected dafHsistmode is used only when it is desired to re-
establish synchronization between the focuser atataset. Compute Slope. The Compute Slope mode
computes the focus position relative to temperatmekprovides the slope value to text boxes thet ar
a part of the Scope Setup Mode screen. It usesoficient data from the training data set that y
select. For most users, this is the most convémiay to compute temperature coefficients.

» Slope Setup. The Slope Setup mode uses a coafftbiat you enter, or transfer and then adjusts the
focus as temperature changes, relative to wherstgtithe compensation running.

If choosing one of the computed modes, you will BR€E to Open the data set you wish to use. When t
file opens, the program will use data in the fiarisert the last used values of DeadZone and Aat®R
(see below), and will reset the stepsize (micragitep) setting to that used in the data set.ukeaib have
the proper stepsize or changing it during a ruhagilise incorrect temperature compensation; thetieo
temperature compensation software will check tepsite before it takes a reading and reset thsizeei
necessary.

Having selected the temperature coefficient datacgomode, you now have several settings to make to

control when the temperature compensation takeepla

» Select the Dead Zone. This is the minimum amofimavement that must be computed before the
focus correction is actually applied. The purpbsee is to set the DeadZone small enough that
necessary focus changes will be made, but largeginso that unnecessary focus movements will be
avoided. Note that each time a focus correctiatorse during an exposure, if there is a backlash
correction it is likely that the image will go oot focus for several seconds.
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» Select when/how often the temperature compensggitinbe done. You can operate manually
anytime by pressing the MANUAL button whenever yeant a temperature measurement and
correction (if necessary) made. Alternatively, yaun select AUTO and set the frequency of automatic
temperature measurement and correction to be mddet people will select a rate of about one
correction per minute (the correction will not aadty be made unless the calculated motion exceeds
the dead zone).

* The FIRST time a reading is made in Manual or Abtresult before correction is written into the
session record. The commanded correction is thigtewinto the session record as the second entry.
Thus, the first entry always tells you the starfpagnt of the session.

» Each time a temperature measurement is made] ibevitntered into the “latest data” boxes on the
screen. The temperature will also be automatieaitgred into the compensation formula, which will
compute the best-fit position using the data sébally, if a movement correction is actually mattes
data will be added to the session record in thelown

* When operating temperature compensation, changée wataset are locked out.

* Alogis made automatically of each operating sgssMeasurements that result in focus motions are
written to the file RFTRACK.LOG (use Explorer tai it, usually in the same folder as the program).
Up to 1000 items in a session are allowed. Tleeidila simple ASCII file that can be inspected,
renamed, or moved into a spreadsheet or graphsasilted above. Any old file is converted to
RFTrackOld when you open the temperature compamsatindow (and the preexisting RFTrackOld
is erased).

* You can Clear the session record at any time usiea@lear item on the file menu. Session data will
still remain in the log.

Note: when you close the temperature compensatiotgomw the temperature compensation operation will
cease. Normally you will want to minimize the wavd during your observation session, which will leav
the compensation running.

Operational Issues

Data Set Issues.The key to proper temperature compensation isve haeasonable data set. Under most
applications, the dataset does not have to bergfhigh quality; however, it must span a reasonable
amount of temperature change covering or near gperating temperature.

Most operating problems arise from using a datdadetn under one set of optical conditions andyapg!
it to another setup. In general, any change im getup that changes the f/ratio will change threemion
coefficient. While the software will force the op#ng stepsize to the correct value (matchingddiaset),
it cannot compensate automatically for changelembsition calibration unless you use the Relative
temperature compensation mode.

Direction Reversal. A more subtle error can be that you might havensaathe sense of the motion after
you took the dataset. If you look at the positafculator formula, you will see the form
A+B*(temp)=Position. B is the slope, i.e., the rhenof steps per temperature count that the scopesf
will change. You may have taken the data with dinection (giving for example -6.97 slope), buydu
change the RF reference direction, the -6.97hbilin the wrong direction. If that occurs, yowlcb
develop a new dataset (which will show about +6it)the easier solution is to reverse the RF tioec
setting using the manual buttons (see ch.3 sesiputions).

Thermal Tracking. As noted above, the standard temperature senisaounted inside the controller. In
most cases, this is sufficiently accurate (esplgdifayou use duty cycle set to zero as we reconuiiyen
however, you may wish to use a separate optiomaslcseon the scope itself (this is available astion).

How accurate is the internal sensor in the Robo§coutrol unit as a measuring device for the scope

temperature? The answer to that is complex:

* There may be systematic temperature differenctseimbservatory between the scope and the
controller
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* The internal temperature of the controller is imsed if the duty cycle is set above zero or if the
controller is placed with the sensor toward the(fmpwver switch end up). Zero to full duty can eais
the sensor as much as 25F. This will introduceeasured temperature offset; however, so longiss it
stable or at least tracks the scope, there wiliderror introduced in the temperature compensation
In general if using the internal sensor, we reconmuiree duty of zero, or at most 10%. If using the
internal sensor, you should NOT change the dutyeadm imaging run is being made as the duty
change may change the temperature and introdumeua §hift.

» The time constant of the RoboFocus controller mnagifferent from the scope. In fact, the scopé wil
likely have several different parts (tube, mirreic) that contribute to temperature focus shiftf @aach
component will likely have different time constant&ven more complex, the rate of change with time
of temperature in the observatory and the presehaeflow will affect the overall ability of a ssor
(even an external sensor on the scope tube) th tihaceffective temperature.

In most cases, simple steps such as reducing tgegele or installing a small fan in the observgtwill
eliminate operational problems arising from therinatking issues.
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5. Focusing Strategies

Introduction

There are as many focusing strategies (almost)eas fare astronomers. Regardless of the methodsau
the RoboFocus allows you to return to the samengetind to make small, known changes to your focus
Focusing may be performed “manually” (taking ange®ameasuring the focus, moving the RoboFocus,
then reimaging) or you may focus “automatically” dsing one of the automated focus programs now
coming available. Either way, focusing should takdoner than a few minutes.

In general, if you are imaging planets or otheeeged objects, you will normally focus on a neastay,
then move to the object to be imaged, knowing ttatffocus is correct. This process is much febtzn
trying to focus the scope on the extended objsgeaally if poor atmospheric seeing causes thgéta
be distorted differently in successive images.

Visual. Many users will find that the RoboFocus allowsrh manually to control the focus while avoiding
touching the telescope (which induces vibratidm)this case, the eye provides the indication ofio

Using the dual rate focusing, you can make thesintorrections to focus settings. If you do mushal
focusing, you may want to use the Manual Menu o€REonfiguration screen to slow the stepping
(longer step periods).

Photographic. When using film, the focusing is normally donighna single lens reflex or other camera
with a ground glass screen. Once the focus ism@ted, the RoboFocus allows the user to retuthdo
position using the computer control.

CCD Camera. The CCD camera and software provide severalréiftemethods of focusing. Usually,
focusing is best done by taking successive imafjasmedium bright star. The CCD software then
provides several measures of the quality of thiéastenage. An easy measure to use is the pegktmess
(one adjusts focus for maximum brightness). Anotheasure is the Full Width Half Maximum (a
measure of the image width in pixels, which onauf®s to minimize).

Many astronomers employ a variety of devices tsassfinding the best focus. These are usuatgks
with holes or wires that fit onto the front of teeope. These introduce image artifacts that osergbs
when adjusting focus. An obvious problem with #hdsvices is that they are difficult to employ in a
remote operation. However, the good news is tteatmsers find that the peak or FWHM methods work
as well or better.

If you are new to CCD imaging you may be aware thast cameras and software allows you to select a
small area of the image to use, usually from withifiocus” procedure in the software. This is an
extremely important procedure to expedite focusiagt greatly speeds up downloading. For exanzple,
typical focusing routine would be:

e Take an image using X3 binning, full frame

» Use your mouse to draw a box around a star

e Goto X1 binning

» Take images of the star, and adjust focus.

This procedure minimizes wasted time spent in doaging. With many cameras, you can do an
image/focus cycle in 30 seconds so that your tote spent focusing will be only a few minutes.

Schmidt —Cassegrain Scopes

Achieving excellent focusing results with a Schr@dtssegrain scope requires some understanding of th
characteristics of the scope that affect good fiogusFor your reference, as noted above, our auive

for S-C scopes is that OUT on the RoboFocus cooregpto CCW focus knob which moves the focus
position OUTward. For the 8-inch f/10 LX200, apgroately eight (8) microsteps are required to move
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the focus out 0.001 inch. Remember that a moestéps (using the RFCP) at a step size settidg of
corresponds to a move of 20 microsteps.

Thermal Effects. Because of the magnification inherent in the 88ign, most S-Cs change focus with
temperature ( 5-7 °F shift is sufficient to chafggus). RoboFocus temperature compensation can
compensate most of this shift. The compensatidmwi be perfect because the scope does not always
react the same way, and because the temperataligpafts, including the RoboFocus sensor, mayerot
tracking together. The major scope part contribtddhermal focus shift appears to be the tulsfitsSo
long as the temperature sensor and the criticé$ partrack external temperature changes fairly (el
within 3-5°) then compensation will be good. Anezral (optional) sensor mounted on the telescope t
may also be used.

Backlash The manual focus knob has a large amount oflaslcland may amount to as many as 500
microsteps. The RoboFocus backlash compensatibrewiove most of this but the backlash must be set
to a large enough value.

Mirror Shift . During focusing with the main focus knob, theimrairror will usually shift to one side,
moving the image as much as several arc minutbs rilay move the image out of the field of viewaof
CCD camera. Again, if the RoboFocus backlashtisosa sufficiently high value, most of this effést
removed.

Mirror Flop . As the scope is moved from one orientation wtlaer, the main mirror may move (“flop”)
in its cell. This may shift the image and/or chatige focus. This is primarily a potential problérane is
imaging while passing the meridian. If one is taka long exposure using multiple shorter expos(egs,
20 10 minute shots), flop may cause one image tejeeted, but the rest can still be combined using
software alignment techniques (assuming the foggsll acceptable).

To eliminate the effect of mirror flop, and to inope focus operation, some astronomers use the rhanua
focus knob on a S-C to set “coarse” focus then thekmirror in place. Fine focusing is then dosang

one of the zero backlash focusers equipped wittbRobus. This is an effective strategy, but dogsire
more expenditure. It also increases the optictl f[@agth raising potential balance, optical aligmt) and
focus range problems.

Automatic Focusing Strategies

Third party software can support automatic focusisigng the RoboFocus. For example, the newest
version of CCDSOFT (Software Bisque) incorpora@sSocus, which is an automatic focus routine.
CCDSOFT is a standalone program that operatesatinera and processes images. The newest vefsion o
MaxImDL (diffraction Limited) is also a standalopeogram that provides automatic focusing using a
somewhat different algorithm from @Focus. Anothergram called FocusMax (formerly known as HFR
Focus) is now available as Freeware. FocusMaxamsgsing to drive the CCD camera program

MaxImDL, so it is not a stand-alone program. Epabgram has its advantages, which we will briefly
describe. All three programs are effective in aiag RoboFocus, with the choice depending on peiso
preference and the features desired.

CCDSoft and MaxImDL connect directly to the Robo&®controller through the serial port. Because
RFCP cannot be run at the same time, you do l@sddta and controls available in RFCP. FocusMax
controls via RFCP, so the screen shows RFCP andamuse RFCP at any time. A big advantage of
seeing RFCP is that you will have the temperatisglay available at all times.

You can connect the focus program, do your focysand then close that part of the program. Howeéfer
you leave the program running, you can recheckabes during the session. During the observing
session, if you decide to refocus you may be abtiptso using a star in the image field, or you imaye

to shift the scope to a brighter star. You maytde “manually”, or you may use automatic scriptfiogan
automated session. In general, the programsefdcus a scope in 1-3 minutes.
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Before you can effectively autofocus, you must heeteup the RoboFocus properly. These are some goo
starting points to use. The user will usually elisalthe internal RoboFocus settings for efficieperation

on a particular telescope-focuser combination wérefiticusing manually or with automatic focusing
software. Once the RoboFocus is set, the useentéir additional settings as necessary in theechasto-
focusing program. Note that the recipes we giveware derived from my own experience: they wark f
me. Other users may find alternative methods efafon that are better for them.

The RoboFocus stepping motor operates with a cordlge internal RoboFocus StepSize (RFSS) of 1-64
microsteps. This setting should be set low endagiive the resolution needed for a particular focu
system, and high enough to give the range of totalement needed. A directed move of 10 counts at
RFSS=4 is the same actual movement as 20 couREZH=2: Both moves have 40 microsteps total
movement.

LX200 and other S-Cs. The RoboFocus applied to the LX200 focus knolegaty requires RFSS=4 or
more to give the full range of focus motion withoeitcalibration. Total focus range will be abo&t0
counts. RoboFocus backlash setting should becatt 4900 or more microsteps, or about 250 counts fo
RFSS=4. Direction of backlash correction shoul®h&l or CCW on the knob, which moves the focus
point OUT as a result of moving the mirror IN agdigravity.

R&P. RoboFocus applied to any Rack and Pinion typader (including Crayford style) requires fine
steps to give fine control. With an RFSS=2, tébals range will be about 12,000 counts for a finah
travel R&P, and about 2,000 counts for a Crayfacler (usually only and inch or so travel). Ratimfs
backlash setting depends on the focuser, but @fbaticrosteps (30 counts at RFSS=2) is typical.
Direction of backlash correction is normally IN that the focuser will move against gravity.

We now discuss several different autofocusing @ogr. These are NOT detailed instructions, butgyetl
you started. As the programs are evolving, be guread the instructions on the version of progthat
you have.

Using CCDSoft @Focus

@Focus instructions refer to the Critical Focus&@@FZ) which is the focus range over which an ienag
is “perfectly” focused. The CFZ is proportionalttee f-number squared and is primarily based on the
resolution limit of the scope. In practice, théeefive CFZ is often much larger due to atmosphsegiging,
under-sampling on the CCD, inaccurate guiding,nyr@her effect that smears the image. For an /10
scope, the CFZ is approximately 0.0linch. Forfgef focusing, you need to be able to make focus
movements at least as small as the CFZ. With Rotud=on the focus knob of an LX200 or on an R&P
focuser, the least move is approximately 0.0000206ch, or about 15x smaller than the CFZ. Thusg,
could use an RFSS as large as 10-15 steps (irngaaste usually use smaller step size). For dffeaise
of automatic focusing, it is not necessary to kibeparticular CFZ value for the system, only that step
size is smaller than the CFZ.

The recipe we give here (manual focus, step outitacdit of focus, then run @Focus) is a bit différe
from what is given in the @Focus instructions. ¥Mak our process is easier to use; also, we expect
customers will develop their own recipes for operat

In @Focus, you will need initially to set the stpes (position counts) that @Focus will use. Ataat,
set the “large step” to about 10 counts (20-40 osi@ps) and the small step to 1 count. Be suresetnithe
backlash in @Focus to zero—RoboFocus is alreadglimgnbacklash!

The first time you use @Focus, you should spendment and find the approximate best focus point by
hand using the maximum pixel value as a guidethi;iprocess you will take an image, read the e
value, move the focuser then repeat. You are sgeke focuser position for the highest brightnedse.
You can use the RoboFocus control program (RFCEd tilne movement, or you can use the stepping
available within @Focus where you can make singpsswith your mouse. If you have far to go, the
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RFCP will be faster! When you are near best foadgjst the exposure and star choice to get alihQ0@
counts. Write down the focuser position for thistofocus.

Now manually step outward using the @Focus largpssand take images as you go. Move outward until
the max value is about 20% of the starting vallieshould take 5-7 steps or so to go from focuth&20%
point. If it takes more or fewer, change the “Ergtep size in @Focus setup to a value that ghesight
step size to make 5-7 steps. Write down this fecusut-of-focus “start” position for future use in
@Focus.

Now choose either sharpness or maximum value asfgous quality parameter, click on @Focus, select
move “inward”, and allow @Focus to work. @Focuewgt generate the focus curve and ultimately move
to focus. In later focus operations, you simplyweto the out-of-focus start position, find a steat
produces an out of focus image brightness of 1008are, then start @Focus.

@Focus (at least in the earlier versions) can causemmunication problem. Due to a deficiencyhia t
earlier versions of CCDSoft, you can make theahitonnection to the RoboFocus controller without a
problem. However, if you terminate the connecti@@DSoft does not properly release the com port,
which makes it impossible to connect RFCP until Gl has been closed (and reopened). This is a bug
that will presumably be fixed in later versions.

Using Maxim DL

In Maxim autofocus, you will be asked for a variefysettings. The most unusual one is Focuser Sitap

(in microinches or microns). Note, this is NOT #@me as the RF StepSize number, but must be
determined for YOUR particular scope/focuser/optsedup. Because the RoboFocus stepping motor can
be used on a variety of scopes, filling in this lbeguires YOU to do a little measurement.

If you are using an R&P or Crayford style focusexe RoboFocus to move the focuser say 1000 stegs, a
a ruler to measure how far the focuser moved. T™nde the numbers to get the inches per step. Fo
example, if your focuser moves 0.17 inches in 1€@Ps, that is 170,000 microinches in 1000 steps70
microinches in one step. You would ent&0in the Maxim Focuser Step Size box.

If you have a S-C scope, RoboFocus will be movirggfocus knob, which moves the focused image in and
out. The easiest way to measure this is to irmsedyepiece and focus on an object (does not oesel &

star). Again, use RoboFocus to move the focusetoyt 1000 steps. Now refocus, then measureawith
ruler how far in/fout you moved the eyepiece. Agdimide the numbers to get the inches per stepa
example, an 8inch LX200 gives about 680 microinghersstep (if the RoboFocus StepSize=4).

Because the measured value depends on the RFB§ sethe RFCP, if you change the RFSS, or if you
change the scope configuration (e.g., add a reducgBarlow), you should redetermine the Maxinueal
to use. You can store numbers for different setaplse RFCP Config/Setup screen if you like.

Other Maxim settings that may help get you staftksh’t be afraid to experiment, but keep track v

you are doing so that you can converge to valuisltde for your setup)

» Use about 0.5 sec for the exposure and choose fiettiawith one star that will not saturate atRIN

» Use 3x3 bin for rough focus

* Use about 120x120 for the sub frame

» Use 7-9 pixels for HFD minimum setting

» Be sure the Maxim RoboFocus Setup tab Max Posiiget large enough to allow for needed
movement of the focuser (this setting is to prexentnaway focuser movement by Maxim).

Using FocusMax
FocusMax runs a detailed sampling of focus vs.tposin an initial training operation. It then ssthis

data in future autofocus sessions to speed upthesiing process. Because the training automaticall
calibrates the movement per step, no separate negasat needs to be made. Use the built-in Wizard t
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do the initial training, and then follow the ingttions. Note that FocusMax allows you to choosér wbar
and to control many other properties that are “aiddn other software.

Temperature Training Using Autofocus.

Using autofocusing, it is easy to collect temperatiata needed to train the temperature compensatio
function in RoboFocus. Simply focus with your dotmsing program, then switch over to RFCP, take a
temperature/data reading and record it (with fqgmstion that will automatically be there) in thatabase.
As the temperature changes during the session (atdr sessions), you can repeat the procesd tage
temperature compensation data for RoboFocus. ‘¥olatso combine temperature data from multiple
sessions (see the Chapter on temperature compengatidetails).

Changing Setups.

What is the best way to handle a new optical setipf,example, you might install a Barlow or a Restu
that you know will greatly change the focus. Ifyoave already used the setup, you would probadlg h
recorded the RoboFocus position for each setupreitsing your logbook or using the FocusSetup menu
item. Thus, if at position 5643 for setup 1, wiyen go to setup2 you might simply command a move to
12523 (outward 6880 steps) to get very close tatieect focus. This move might take several ngaut
You would then tweak the focus using your CCD intage

On the other hand, if you are changing to a newpstitat you have not used before, how do you foudi$
without doing dozens of slow tests? One way igubin an eyepiece that you know has about the same
focus point as the camera. You would then useri@weual buttons to move to approximate focus, aad th
refine with the camera.

You can also do it easily without visual work. Ywould direct the scope to a reasonably bright, staal
set the CCD to take quick pictures (e.g., 0.1 BerX3). You will see a huge out-of —focus staegme, or
maybe only a piece of one (or maybe even justtioée” in an out of focus S-C star image!). You ebul
repeatedly move the RoboFocus a hundred stepseahdat, but that will be slow. A better way is to
direct the RoboFocus to begin a large move (say frcesent 5624 to 25,000). You then take repeated
images (continuously) while the focuser is movig you approach focus, the image will improve as y
watch, and you can stop the RoboFocus as you pemsgyh focus. You would then refine the focushia t
usual way. Once you have the focus position feméw setup, you would record it for future use.

In any case, once you are close to focus, you saally achieve "perfect" focus in only a few mirsitey
taking several images and comparing peak or FWHaMirgs. No matter how you use RoboFocus, once
you have a good focus position, you should recoirdyour log. In fact, most users will have saler
optical setups (e.g., with and without a Barlove)ysu may have several different values recorded.

When using RoboFocus, you may want to redefinetinent position (in the Configuration screen) to a
more convenient value (such as 1000). Of courdess you keep a record, you will lose the absolute
position determined from training; however, theeeareferring to round numbers often outweighs thi
factor.

Multiple Setups. You can use Configuration/Setups to record tifi@rmation about a setup. This might
include which lenses are in use (e.g., reducdtdrdsi or other things that might affect the fopasition. If
you use the same controller that you attach tedfit motors, each setup (including configurattems)
can be described in this mini-log.

Some users will have several RoboFocus controléash with its own motor) that they want to control
from a single computer. You might have each cdletrattached to its own port. In that case, yould

run one copy of RFCP and switch the COM port agegso run each motor in succession. The minilog
would then include the relevant comport numbeaf tontroller. On the other hand, you might want
run several copies of the RFCP at the same tinoh, ®&t to its own comport. Again, the minilog wabul
help you keep straight which program is controllwgich motor.
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ASCOM and Scripting

The RoboFocus control program is available with A8COM scripting interface. We are unable to
provide training or examples in scripting; howeva8COM can be pursued via the WEB (simply search
on ASCOM). We fully expect that very soon custosnaill be using this facility and sharing it witther
users. Please contact us for details.

Film Photography

For film photography (e.g. a 35mm single lens reflamera) RoboFocus can be used in manual mode or
in computer-controlled mode. In either case, tw$ing is performed by eye using standard todhs;hw
may include any of the following: the standard fesgreen, an after-market focus screen, a loupe in
conjunction with a screen, an eyepiece-based focadeonchi screen, a knife edge focuser, etc.

In the manual mode, the focuser can be moved Wwéltbtittons on the control box or on the optionalcha
control. To use the RoboFocus in manual modecoin¢rol box needs only to be connected to the motor
and to the 12v power source. The advantage of Rods over turning the camera focus by hand isithat
allows you reliably to make very fine adjustments.

If a computer is used to control the RoboFocusfdhaser can be moved with the RFCP and/or with the
buttons. Computer control also gives you accessmperature compensation.

For information on controlling a wide field camemalens with RoboFocus, see
http://galaxyimages.com/focus.html.
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Appendix 1 Software Commands

Although not discussed above, the processor insladding to allow one or both ends of the focusard
to incorporate end of travel interlocks (closurgytound). The customer would provide this to fitle
installation. No special software settings areunes.

All RFCP commands are sent/received to the Roba-mcstandard RS232 at 9600 baud, 8 bit, no parity.

Commands must be sent as a block within approxignd6d ms (i.e., if sending manually, the typingsnu

be fast). All commands and data received are rof f&-XNNNNNNZ” where

* “F"denotes focuser command

« “X"is a alpha character denoting which command

e “?”is an arbitrary character as a placeholder

*  “NNNNNN” are six decimal digits with leading zeras necessary

» “Z"is a checksum character of value 0-255. Ithigas the result of adding all the previous chmac
together and setting Z equal to the least signifibgte.

All data sets are nine ASCI characters (e.g., Hagacter of value 48 represents a “0”). Thereoiemd of
command character. If subsequent characters arécsthe RoboFocus (such as a CR), RoboFocus may
interpret them as a stop command (see below).

When a command is received, RoboFocus computeshgeksum for the received characters. If it does
not match, or if there are illegal characters,dbmmand is ignored. After a valid command or pustan

that causes motion, the RoboFocus responds witlement ticks (about 10-50 per second), which is a
string of the character “I” or “O”. When motionases, RoboFocus issues a final packet of form
“FXNNNNNNZ". X corresponds to the command that veasit. If a command is sent during a movement,
the command will cause the motion to cease. lreignif it is a legal command, it will still be eepted

and then will be executed.

The RoboFocus processor has limited built-in datcking. Where a 65K limit exists, RoboFocus
controller does not block the command but will mker its count for that parameter. In generaemal
control software should have all necessary limiid format requirements built in.

Note that the standard motor we provide is ratea ‘@1 deg/step” unit (3600 “steps” per revolutadrihe
geared down output shaft). When the motor compgansiie the number of steps, they are really cogntin
the "microsteps" of the rotor. One complete cyflehe motor rotor (a “whole step”) itself takesfo
microsteps. In our V2 firmware, we make outputfshevements in whole steps, i.e., four microsteps.
Therefor, our standard motor will rotate one cortetarn in 900 of the "steps" from the RoboFoclrs.
our V3 firmware (with temp comp), the user can selee stepsize, i.e., the number of microsteps per
“step”.

FVXXXXXXZ. Commands RoboFocus to respond with RBbous firmware version number. Response
is FVXXXXXXZ.

FG?XXXXXZ. Commands RoboFocus to goto position XK. If 2XXXXX are all zeros, response
from the RoboFocus is the current position in threnf FD?XXXXXZ. If 2XXXXX represents non-zero,
the RoboFocus will take this as the target posiéiod begin moving. As the stepper moves, RoboFocus
responds to the command with the character “I’@ft for each step. At the conclusion of the move,
RoboFocus sends the current position FD?XXXXXZ.teNactual limit is 65K (there is a spare digit floe
future).

FI?XXXXXZ. Commands RoboFocus to move inward byXX¥XX steps then sends current position.
Note actual limit is 65K (one digit is spare).
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FO?XXXXXZ. Commands RoboFocus to move outward ¥} XX steps then sends current position.
Note actual limit is 65K (one digit is spare).

FS?XXXXXZ. Commands RoboFocus to set current pmsitd ?2XXXXX. If 2XXXXX=0 then
RoboFocus responds with the current position XK2XX<>0, RoboFocus responds with new current
position. Note limit is 64000 (there is a spargitdior the future).

FL?XXXXXZ Commands RoboFocus to set maximum trage? XXXXX. If 2XXXXX=0 then
RoboFocus responds with the old setting. If ?XX>X30, RoboFocus responds with the new setting.
Form of response is FL?XXXXXZ. Note there is aitiof 65K (there is a spare digit for the future).

FP??XXXXZ Commands RoboFocus to set the four oatfmrtthe remote power module. The channels
are 1-4 L-R.. If 22XXXX=0 then RoboFocus respowith the current power settings. If X=1 the chdnne
will be set to OFF; if an X=2, the channel will bet to ON. Values other than 0-2 are interpresed.a
RoboFocus responds with the new power settingsrin FP??XXXXZ.

FBNXXXXXZ. Commands RoboFocus to change form atkdash compensation. If XXXX=0 then
RoboFocus responds with the current settings. iNab compensation (N=1 not supported in V3 orrlate
firmware), N=2 is compensation added to IN motidr3 is compensation added to OUT motion.
XXXXX is amount of compensation as 1-255. Factefault is 200020 (IN with 20 steps). RoboFocus
response is FBNXXXXXZ.

Any command. During movement, RoboFocus monitsréput serial channelAny serial activity is
taken as an immediate stop command and movemdrtease (if the buttons on the RoboFocus are
pushed during computer driven movement it will asap). RoboFocus response will be the current
position. Note that if the same serial port isaised simultaneously for the telescope contiiolguan
integrated program, the scope control software imi@yrogate the scope during a focus movement,twhic
will stop the focus movement.

FCABCDEFZ. Commands RoboFocus to set configuratibBCDE=0 then RoboFocus responds with
current configuration settings. If non-zero, cgafiations be set as follows:

A-spare

B-spare

C-spare

D-Duty Cycle. This character has an ASCI valu@-@50 which corresponds to a duty cycle for the
stepper of 0-100%.

E-Step Delay. This character has an allowed ASQlesof 1-64 approximately equal to the time détay
ms per microstep of the stepper.

F-Step Size. This character has an allowed ASCTilevaf 1-64 equal to the number of microsteps néede
to produce one “step” (count) of the focus positibtigh numbers are coarse steps.

FTXXXXXXZ. Commands RoboFocus to take temperatesding and respond. Response is

FTXXNNNNZ where NNNN is the temperature readingaw counts 0-1024 from the ten-bit ADC. The
count is normally within 1% of 2X the Kelvin tempagure (Count of 600 equals 300K equals 27C).
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Appendix 2 Schematic Diagram
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1 coil A BLK YEL
2 coil A WHI ORG
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4 coil B RED BRN
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Nippon Motor connections for flat telephone cable

NIPPON PF| RJ116 CABLE DB9M TO RJ11 ADAPT
RJ11 COLOR—DBSOMALE

BLK GRN GRN RED—3

BRN YEL YEL BLK—4

RED-RED RED RED GRN—5

ORG BLU BLU WHI—2

YEL WHI WHI BLU--1
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Appendix 3 Serial Cables

DO NOT use commercial telephone cables and extessim telephone service, the practice is totfigpwires
from end to end. Thus, if you connect multiplelealiogether, you will not preserve which wire ésrging which
signal. You can check this by holding the two eofia cable next to each other, oriented the saae(thumb tab
down). If you see that the colors are reversed,cannot use that cable. You can, however, makke g@n correct
cable if you like (or get them from us).

Although most of these wires are provided as préeztnductor telephone type flat cables (with Rdtibular
plugs), you may want to cut and install plugs oaoryown telephone cables. Measure the length neededrim
the ends clean. You will need a good quality cemfavailable from us or from an electronics suppiuch as
Radio Shack).

To install a RJ11 connector, follow these steps:

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

» Use sharp diagonal cutters to trim the end ottige squarely. You must not have any metal wiands
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).

» 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 unéilires bump the end inside (this is important
because some conductors may in time work theirauapf their insulation--leaving space at the ehthe
conductor may then allow them to short together).

* Insert the connector with wire into the crimp jpamtof the tool. Squeeze the handle and checktigasix
crimp bars are pressing on the crimp conductoteetonnector. Complete the crimp, squeezing aadl
firm.

» Remove the connector. Using a magnifier if neamgssnspect 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 connectoalssolutely critical. Contrary to telephone service, the orientatibn o
wiring in this system must be maintained. Thisdsa signal will always travel on the same colaewhrough the
various connectors and cables.

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

that a particular connector is good or bad: l&ble is suspected as bad, cut off both ends atallinew
connectors. If this does not solve the problenkeranew cable.
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Appendix 4 Serial Ports and Cables

Introduction

In the following discussion, we use DEVICE to stdodeither Digital Dome Works, Dome Wizard, Robgks or
other device as may be appropriate to your instaila

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

A standard PC running a recent version of Windowvsa(ternative operating system) frequently hasdtwerial
ports numbered COM1-COMS3, which are often assidoed

. mouse (usually COM1)
. spare(COM2)
. modem (usually on COMS 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 thetiwl computer have enough serial ports to serve:
. mouse

. modem (optional)

. telescope

. CCD (may be a parallel port rather than serial)
. 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 fgamar computer to the observatory. In this appenae will
discuss both issues.

Serial Cable Options

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

We provide nominal 10-ft. signal cables to conngatr 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 ebsilgd and
install your own. For relatively short runs (rolghp to 50-75 feet), you can use standard six-ootat flat
telephone cable with standard six conductor commect

If you are at a substantial distance, say, 100 fihore. You may need to run the cable in some ¢fp®nduit
underground, and you may want cable that is phigisaonger. The cable for the RS232 can be alrang
reasonably low capacitance, three (or more) comdwetble, for example, twisted shielded pair. Bag runs, use
reasonably large wire (e.g., 20 gauge conductd&).have used a variety of wire types, includifgettostat”
wire (4 conductor) and even Romex #14 building w&svires plus ground).

The easiest and most flexible way to make the otiiores is to use a standard 6-conductor telephacie(female)
with wire leads. You can then simply hook the mropire color to each of your long wire conducta@nsd then use
our standard (or your own) phone cables for intidedome and control room. The colors we use tekB
(ground, DB9-5), Yellow (PC in DB9-3), and GreerC(But DB9-2). You can also use various other tygfes
connectors (e.g. DB9, use numbers above plus juDpBér7 and 8). See the schematic of connectottsemear of
this instruction manual for further details.
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Parallel Cable Options

As noted, some CCD cameras require parallel cal8émndard lengths are 10-25 feet. However, yountake or
purchase cables up to 100 or more feet long; honvévey do get quite expensive. If you are puttimg cable in
conduit, you may not be able to get the connettimugh the conduit. Thus, you can’t easily instadl connectors
ahead of time, test the cable, and then installlitis can make system checkout more difficult.n€§kdt with your
CCD supplier for more information. Note that ifyacontrol room is far away from the observatoryp(eithan 100
ft.), you will probably find it useful to install @emputer in the dome, and run the system as “Icistgance
Remote” using a local network. This may save moaad is a more flexible system.

Multiple Serial Ports

As noted above, you may need to provide more sgoidt in your computer. Many inexpensive "mubti{f) cards
are available to add ports, and most of these @edsupported by modern Windows versions. Howekiermost
inexpensive cards may require an IRQ for each pdrich your computer may not have available.

Since mid-2000, several new devices have come tkahaThere are now internal cards that provide rhore
serial ports that do NOT use IRQs. You can firesthby searching on the Internet. Costs will kbén$125-250
range. A second development is the wider use & pi&ts. Again, in recent months USB devices difgr four
or more serial ports have become available, alsbear$125-250 price range. With these developmexlding
serial ports to non-laptops is much easier. Mosh@rest of this appendix describes concernslifier port
expansion electronics.

If a computer is included in the DEVICE packagalréady has the necessary cards installed andgewadl. If you
are using your own computer and need addition#&lgsorts, you will need to add a new card to yB@ (many
laptops will support additional ports via PCMCIArds).

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

Proper operation requires that each component tieected to the physical port that has been assigriesi
software. Failure to plug into the correct, assdport will result in a “failure to connect" orrse similar error
message. If the connection is not successfulwibueceive a message to that effect.

USB

Although we have no plans to implement a USB porthee Digital Dome Works hardware, some USB to&eri
converters have appeared which provide standard3Sserial ports and connect to the computer by Pp&R
These devices come with driver software that mékeserial converter appear to software as a stdr@@M port.
Several converters may be operated in paralleh\W&B Hub to gain multiple serial (and/or paralfg)ts. These
converters are often restricted to use with Wind@&/®8 (not NT), so the user must determine ifv@giconverter
is suitable. Some software, expecting to commueidaectly to a serial or parallel port’s hardwarey not be
able to exploit a USB converter- this is dependgman the software itself. We have tested commutinics from
Digital Dome Works and The SKY via an USB to Secdahverter and found both to work fine under Wind@8.
Extensive reliability testing under different mixefshardware, tasks and multitasking has not bese dso we are
not aware of the possible problems a user may face.

The user should also be aware that the USB stanslarch state of evolution, and it is possiblaiastantial
investment in USB hardware could become useledatfiidards evolve unfavorably with respect to paldic
combinations of hardware, software and operatisgesy. We don’t expect this is likely, but sinceBJ&hd related
standards are so new, support them is subjectucefdecisions of the companies involved.
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Serial Port Expansion Cards

Modern PCs are supplied with two serial ports; isree 9-pin male and the other a 25-pin female. iGally they are
designated as COM1 and COM2 respectively. If asaas supplied, it is connected in one of the feilig ways;
directly into the 9 pin serial connector, intodtwn “PS/2” style jack, into the 25 pin connectos @ 9 pin to 25 pin
adapter, or into its own specialized card inpukjadssuming the mouse is hooked either to COMCOM2, only
one COM port is free for accessories. There isaekat for USB devices, which in principal can offenctions in
this area. USB is a serial bus standard, whidwallmultiple devices (mice, keyboards, and joysiick be
connected to a single wire. However, since the W@Bket is small, proprietary and expensive, waakintend to
support it in the foreseeable future, so it wilt be discussed here.

Depending upon the devices attached to the PCyjlbhave particular needs with respect to I/O porFirst, the
Observatory controller requires 1 COM port- ounderd port is COM2, although all our software wilipport
COML1 through COM9. CCD cameras typically use a [(ffTnter) port, but some require a serial port atiters
require both. The Telescope mount will consumeeeianother COM port or an LPT port depending upen
particular mount design.

Modems can either use an existing port, or canlgupye of their own- depending upon the modem’sgies
Internal modems always supply their own, often @3 so as not to conflict with COM1 and COM2 asysigul
by the main system board. External modems alwags & 9 or 25 pin COM port, thereby using one segly
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 be possible to set theesysip without requiring additional COM/LPT portdsar The
key is to use an internal modem (if you need a mgdend ensure your computer main board acceptszaddfe
mouse (most motherboards less than 2 years oldiflgdur motherboard supports PS/2 mice, it mighjust a
matter of purchasing a PS/2 style mouse, plugdiimgand enabling PS/2 mouse functions via maitesyoard
jumpers or CMOS settings. Windows 3.1 and up wikctly recognize PS/2 mice (as will alternativeeming
systems like Linux or BeOS). If your main systeaald does not support PS/2 mice, or you don't lzasefficient
quantity of COM and LPT ports, you will most liketged an expansion card.

There are many variations of COM/LPT expansion sanffering a wide array of port combinations, datie
capabilities and connector styles. Costs will eafrgm $10 for old style cards pulled from XT/AT aménes to
several hundred dollars for the latest, most capabisions. In our experience, cards, which mix ghore COM
ports plus 1 or more LPT ports, are the most dffech this application. (Don't ignore the XT/ATulls out of
hand; they could do exactly what you need. If Bay one, be sure you know how to configure it!) [echase
cards in the $40 to $150 price range, from Jaméectidnics (www.jameco.com) and JDR (www.jdr.corilye
select cards which provide additional 9 pin angbports, or those with a large cable connectmmfwhich
dangle individual, short cables with 9 pin and 2bgonnectors. The particular UART chips emplogadhe card
are of little concern in this application and canigmored unless you have special requirementgoufsearch
around, you may run into the 4 or more port sdrgards, costing in the many hundreds to thousahdsliars.
These cards are very capable and are speciallgrobio not “over consume” system resources asisied below.
Unless your needs are stringent or you've exhaustesr avenues, leave these fancy cards as aafieahative.
Although most of the COM/LPT expansion cards wil'tSA” bus, you will some PCI bus cards. The
ads/salespeople will claim they are “faster”- cattathey are more expensive, but consider thetiimgifactor in the
communications link is the device sending the d&@&l Vs ISA offer little or no performance differee with
respect to speed with which Telescopes or DEVI@Edmit on COM/LPT ports. On the other hand, if poe
servicing an ISDN modem, a high throughput cangréferred.

Our experience is, the most important factor iest@hg a card is the configurability. Specificalgach COM and
LPT port on a card will utilize one of a limitedmber of IRQ “slots” on the main system board. Mathyer PC
functions also use them, typically leaving onlyesgV available for expansion card use. Conseqyéhit often
the case that on a fancy, new multi port card theeeone or more of the ports, which are uselesause of a lack
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of IRQ slots. In the scenario, some operatingesystother than Windows have the advantage becaasg can
“share” IRQ slots among serial ports, thereby altmwou to more flexibly configure the computer.indows is
certainly obsolete in this area. If you are notvarsant with adding cards to PCs and dealing MA@®/1O port
address setting with the consequent software cordtpn adjustments, there are a variety of doitrgelf books
on the subject. Almost any store selling PC s@hBrdware will be willing to install one for yofof a sometimes
substantial cost). If you do give your computesdoneone to work on, be SURE to back up any impbada
irreplaceable data/software first!

Windows 95 and up will support COM ports greatemtd. Usually all that is necessary is to add\tbe
Hardware, and supply the correct IRQ and I/O addvefues. However, we have had mixed experienagiicg
Windows 95 to properly accept new ports contribligalder multi-port serial cards. If you areded to use
Windows, you may end up being forced into purchgsiore expensive, specialized cards to overcorse thi
recalcitrance. While offering very good performaenihese cards will easily cost an additional $d5More. Our
preferred brand is DigiBoard; this firm offers gdrt ISA card for approximately $250, which is theapest we
were able to find. On the other hand, it mightllarge time savings to use one of these boardiscasld
considerably simplify your hardware configuration.

Be sure to closely examine any available infornmategarding the card before you purchase. Trysuee you can
choose from at least 6 different IRQ settings ardast 6 I1/0 address, or I/O port settings. Ttgeparameters
indicate how flexibly you can configure the cardwmork around” other cards/hardware installed imysystem.
Unfortunately, the cost of the card is somewhapprtional to its “configurability”. The particuldRQ and 1/O
settings offered by these cards are surprisinglyddird. Once you reach the 6 IRQ and 6 1/0 addinesshold you
can consider the card quite flexible. If the cdo@sn’t offer that level of configurability, andwstill want it, you
should be sure you understand how you will usetimdiguration options it offers.

The following is a somewhat extreme example of vdme may go through while trying to add serial paoota PC.
If you aren’t confident you can work through prabkesuch as this, please consult a PC techniciaallous.

Assume you need 1 more COM and 1 more LPT portu fifal a card, which offers 4 serial ports eachficamable
for COM1 through COM5 (IRQ 2,3,5,7,9) and one LRFtwonfigurable from LPT1 to LPT3 (IRQ 5,7) foreth
LPT port. You already have COM1, COM2 and LPTIrfrthe main system board and COM3 from an internal
modem. Your mouse is PS/2. Your choices are sdraelimited, but by leaving a couple serial porséless”,
you can almost do what you need. From examining jodem settings you find your modem uses IRC&QM1
and COM2, by tradition, occupy IRQ 3 and 4. Thas have only IRQ 7 and 9 available for COM5. LPT1,
supplied by your main board, uses IRQ 7. Note, ltioiard won't let you use IRQ numbers over 9, wigdimiting
your assignment of COM port IRQs. A more confidaleacard selection would allow the use of IRQs (1kKg11,12,
and 15. You could assign IRQ9 to COM5, and IRQEZR32. First, you must find out if any other haate is
already using IRQ9. Soundcards, SCSI cards, ard hdards are likely candidates. If IRQ9 is alreadyse, you
are faced with a hardware reconfiguration job &zfit up, which could be impossible- or you mustifan
alternative expansion card. For the LPT port, ag'tcuse IRQ5 because the modem needs it, so weusesRQ 7
instead. We note it is already assigned to LPTfLslmce IRQ lines are infrequently used on pripiants (unlike
COM ports which require them) we will cross ourgims and hope there are no software conflicts. ,Nwen if
everything works, you still have 3 unusable COMtpan your new card because of the lack of IRQigandbility.
Consequently, this card is rather a poor choiceesyou can’t get it properly set up- hence the irtgrece of closely
examining both your PC s configuration and the pective expansion card.

Serial Communications Troubleshooting

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

System Verification. One of the first steps ivéuify that the basic equipment is working. If yoave a COM port

that works (for example, one that currently semhestelescope), you may temporarily connect the [EV(with
PC-SBC adapter) to that port. Set the DEVICE Com fo the same setting that you were using forpibr (e.g.,
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in the telescope control software). If you nowabssh connection, you will prove that the confpobgram and the
device are both operating correctly, the cablegeaosl, and that the problem is in configuring anitifying the
proper COM port.

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

User of Double Female Device. We can supply a Bofgmale adapter that accepts a telephone typsector on
each end. The device includes two small LED lamiped onto our GRN and YEL wires. When connected the
serial line to the DEVICE, these lamps will norrgadhow GRN. (l.e. both the PC and the DEVICE asteliing).
Each lamp will blink RED when a transmission occufsus, if a normal command is sent (such as GED),
one lamp will flicker RED for about a tenth of aead (look sharp—it’'s quick!). Normally, in ledsain a second,
DEVICE will respond and the second lamp will flickRED showing transmission back to the PC. Ushag¢
indicators, you can determine where and in whagation the communication failure is occurring. cbnditions of
high ambient light it may be difficult to see tredrflicker indicating communication- so please |l@akefully.

If you are unable to produce a usable COM portHerDEVICE, you may require assistance either amgk

internal settings in the computer (as discussedeur to install internal cards in the PC to pdevadditional
COM ports as discussed above. Please feel frealtas for help.
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Appendix 5 ASCOM Scripting

The RoboFocus Control Program exposes an Activé{face and can be invoked with syntax similahie t
VBScript example:

Set myRF = CreateObject("RoboFocus.FocusControl")
msgbox myRF.actOpenComm()

msgbox "Comm port status: " & myRF.getCommStatus(
msgBox "Firmware version: " & myRF.getFirmware¥ien()
myRF.actCloseComm()

This code starts an instance of the RoboFocus GldAtogram, opens the comm port, displays the cqorn
status, and queries the device for the firmwarsivarand displays it, then closes the comm port.

Below is a list of all the functions exposed by BeboFocus Control Program for use by client soféw&or a
VBScript example of each function call, $@eboFocusExample.vbswhich is included on the CD.

Functions that Return Settings:

getFirmwareVersion() As String
Returns the firmware version if connected, or thimgt‘Not Connected” if not.

getPosition() As Integer
Returns the current position of RoboFocus if cotesoor —1 if not.

getDelta() As Integer
Returns the current delta value (the amount theditk on “In” or “Out” will move RoboFocus. Returnsl if not
connected.

getUserButtonState(ByVal Button As Integer) As Boaan
Takes a button number from 1 through 4, and retimagurrent state of the button, True for on aaldé-for off.

getUserButtonCaption(ByVal Button As Integer) As Sting
Takes a button number from 1 through 4, and retidmagurrent caption of that button.

getCommStatus() As Boolean
Returns the current status of the comm port sgeetifi the RoboFocus Configuration screen, trueliihected, and
False if not.

getOpenCommPortOnStartup() As Boolean
Returns the state of the “Open Comm Port on Stadlipckbox on the Configuration screen, true ifaitesl and
False if not.

getBacklashDirection() As Integer
Returns the value of the Backlash Direction raditidns on the Configuration screen. Off = 1, In,=2d Out = 3.
Returns —1 if not connected.

getBacklashSteps() As Integer
Returns the value of the BacklashSteps field orCbiefiguration screen, or returns —1 if not conaedct
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getMaxTravel() As Integer
Returns the value of the Maximum Travel field oa @onfiguration screen, or returns —1 if not comeec

getKeepMainOnTop() As Boolean
Returns the state of the “Keep Main Form on Topgaitibbox on the Configuration screen, True if checked False
if not.

getDataTraffic(ByVal Direction As Integer) As String
Takes an integer indicating which data streamtiarne 1 for data that has been sent to RoboFoali2 dor
received data. Returns a string containing up @lharacters.

getCmdActive() as Boolean
Returns true if a command is currently being preeddy the hardware, and false if not.

getTempCompAbsRel() As Integer
Returns 0 if Temperature Compensation is in Compotgtion mode, 1 if in Compute Slope or Slope
Setup modes, -1 if not connected or no dataset.open

getAutoRate() As Single
Returns the value in the Auto Rate field, or -haofdataset loaded.

getDeadZone() As Integer
Returns the value in the Dead Zone field, or 1loifdataset loaded.

Functions that Alter Settings:

setPosition(ByVal position As Long) As Long

Takes a position in Long format. Valid values atbdi@ugh 65535. Sets the current position of RolooBdo the
passed value. Returns the position after the aioomplete, or —1 if RoboFocus is offline. If ttemmand was
successful, the current position returned will édla passed value.

setDelta(ByVal Delta As Long) As Long

Takes a delta value in Long format. Valid values @through 65535. Sets delta to the passed VRktarns the
delta value after the action is complete, or -RaboFocus is offline. If the command was succesHfel current
delta returned will equal the passed value.

setUserButtonCaption(ByVal Button As Integer, ByValCaption As String) As String

Takes an integer button number from 1 through d,apaption string. Sets the caption of the spatifiutton to the
string. Returns the caption after the action is glete. If the command was successful, the retucagtion will
equal the passed string.

setOpenCommPortOnStartup(ByVal OpenPort As BooleanAs Boolean

Takes a Boolean value and sets the “Open ComnoRAdtartup” checkbox accordingly. Returns the sgttif the
checkbox after the action is complete. If the comdhaas successful, the returned value will equalpidissed
value.

setBacklashDirection(ByVal Dir As Integer) As Integer

Takes an integer direction, 1 for No Backlash,2ig and 3 for Out. Sets the Backlash Directiothi® specified
direction, and returns the direction value after alstion is complete, or —1 if RoboFocus is offliiehe command
was successful, the returned value will equal tesed value.

setBacklashSteps(ByVal backlashSteps As Long) As hg
Takes a Steps value in Long format. Valid valuesCathrough 65535. Sets Backlash Steps to the ¢hassee, and
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returns the Steps value after the action is coraptat—1 if RoboFocus is offline. If the commandsvgaiccessful,
the returned value will equal the passed value.

setMaxTravel(ByVal maxTravel As Long) As Long

Takes a value for Maximum Travel in Long formatlidaalues are 0 through 65535. Sets Maximum Travéhe
passed value, and returns the Maximum Travel vafiee the action is complete, or —1 if RoboFocusfikne. If
the command was successful, the returned valueegilal the passed value.

setKeepMainOnTop(ByVal KeepMainOnTop As Boolean) AfBoolean

Takes a Boolean value and sets the “Keep Main FormMiop” checkbox accordingly. Returns the settifithe
checkbox after the action is complete. If the comdha&as successful, the returned value will equalpidissed
value.

setTempCompAbsRel(ByVal absRel As Integer) As Intesy

If absRel = 0, Compute Position mode will be saldcAbsRel = 1 selects Compute Slope mode. The
resulting mode is returned as a 0 or 1. If no addthas been loaded, or the comm port is not open, n
change results, and a —1 is returned.

setAutoRate(ByVal autoRate As Single) As Single
Sets the contents of the Auto Rate field, and nsttine passed Auto Rate Interval if successfuluiReta -
1 if no dataset is loaded.

setDeadZone(ByVal deadZone As Integer) As Integer
Sets the contents of the Dead Zone field, andmsttlre passed Dead Zone if successful. Return¥ ael
dataset is loaded.

Functions that Perform an Action:

actGoToPosition(ByVal position As Long) As Boolean
Takes a position value between 1 and 65535, aneési@eboFocus to that position. Returns True if Roloas is
online, or False if not. Equivalent to enteringuarnioer in the “Position” field and pressing enter.

actStop() As Boolean
Sends a Stop command to RoboFocus. Returns TRabibFocus is online, or False if not. Equivalentlioking
the “Stop” button.

actin() As Boolean
Commands RoboFocus to go In the amount of ticksipeé in the Delta field. Returns True if RoboFsds
online, or False if not. Equivalent to clicking tHa” button.

actOut() As Boolean
Commands RoboFocus to go Out the amount of ticksied in the Delta field. Returns True if Robobeds
online, or False if not. Equivalent to clicking th@ut” button.

actRefresh() As Boolean
Queries the RoboFocus hardware for its curreninggsttReturns True if RoboFocus is online, or Filset.
Equivalent to clicking the “Refresh” button.

actUserButtonToggle(ByVal Button As Integer) As Botean

Takes an integer value from 1 through 4 and toghlespecified User Button. Returns the User Bustate after
the action is completed.
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actOpenComm() As Boolean
Opens the Comm Port (if it's currently closed.) ires$ the status of the comm port after the acBamompleted.

actCloseComm() As Boolean
Closes the Comm Port (if it’s currently open.) Retuthe status of the comm port after the acticrompleted.

actTempCompManual() As Boolean
Performs a click on the Manual Button, and returus if click worked, or false if offline or no datet.

actTempCompAuto() As Boolean
Performs a click on the Auto Button, and returne tif successful, or false if offline or no dataset

actLoadTempCompFile(ByVal TCFile As String) As Bookan

TCFile is the path and name of a valid TCD (TempgeaCompensation Data) file. The file is opened an
the coefficients are calculated. Returns truesffite loaded successfully, false if not.
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Appendix 6 Parts List

PART DESCRIPTION #
RoboFocus Unit Module with processor 1
Power Supply 12V 0.8A positive w 5.5/2.1 plug 1
Instructions Manual 1
Compact disc CD with RoboFocus Control Program 1
Stepper Cable 9 conductor with M/F DB9, eight feet 1
Connection Cables PC-RoboFocus 6-cond cable 12 ft. 1
PC1 adapter Converts DB9 on PC to telephone cable 1

R&P: Motor w/plugé&plate, clutch coupling w/ allenrench, two brackets,
double-back tape (8”), hardware: c

_______ OR—
S-C: Motor/sprocket on bracket w/double-back tapeocket & bushing, belt
Stepping Motor (LX200 standard/Celestron optional)
Assembly | e OR—-

JMI: NGF-S. Motor with extended shaft and inbobadl bearing to install in 1 set

place of JMI DC motor, 1/16 and 3/32 allen wren¢l6e32x3/8 screws(8)
_______ OR—-

JMI NGF-DX3. Motor/bracket with extended shafinstall in place of JMI

shaft, 1/16, 5/64, 3/32 allen wrenches, 10-32xtféves(2)
OR

MANDEL WIDE FIELD: Motor/sprocket, 2 flat aluminurtorackets plus

6-32x3/8 screws (8)

OR
VAN SLYKE FOCUSER — motor and all attaching hardevarust be obtained
from Van Slyke Engineering 0
OPTIONS
Additional motor Specify type 1
Hand Control Two button hand control with LED pluse cable, 6-cond 12 ft 1
1
Remote Power Provides four channels for 120VAC power control]l 2ft 6cond cable, 6 ft 1 set
Module power cable
LX200 Scope 3 jack adapter, w/ two 6-cond.cables (six inch teng2 ft length). Provides 1 set
Adapter proper adapter for serial feed-through to LX20@&@mmodates hand control if
used).
AP GTO Scope 6-cond.cable (12 ft length) and TE-1 to providepmmoadapter for serial feed- | 1 set
Adapter through to AP GTO mount. (Add special 3-jack adapt6” cable if the
optional hand control is used.)
Other Scope Adapter]  Please inquire about adamteatHer scope mounts
PC1 adapter Converts DB9 at PC to 6-cond telephable 1
Special Cable Custom length, on request; spedifgtteand whether 6-pin or 9-pin 1
External Temp Sensor with cable, instruction 1 set
Sensor
Appendix 7 Ins Manual Revisions
Date Revision
122801 Issue new manual for V3.2
011602 Amend Maxim autofocus strategy, troubleshgdible, C14 spacer, version changes, mult RFCH

Ddw/robofocusins3.doc
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