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Dusk Flats | Darks & Bias Frames I Light Frames I Dark & Bias Frames | Dawn Flats

Skey Flat Suggestions ME5, 131 -
At dusk, the sky brightness is decreasing therefore one should use the fitter with the lowest Ma7, 352

transparency in the first series and use increasingly transparent filtters for subsequent series. This will

maximize the number of flats that can be obtained in the darcening twilight sky.

The left box will have suggestions for taking flats. The hints for Sky flats are shown. The right box shows the active targets and their corresponding position angle. If you are
using a rotator, this is a handy reference for what Rotation Angle to enter in the Series section.

» Update: updates the database with the current Series settings and updates the times in the Session Window at the left.

» Flat Frames Now: will immediately begins taking the flat frames as specified in the Series section.

FlipFlat/FlatMan as Light Source

V" Dusk Fiats | Darks & Bias Frames I Light Frames Dark & Bias Frames | Dawn Flats

Flip-Flat, Flat Man Suggestions M1, 130.6 -
First, set the Target ADU for the generated flats in the box below. The level should be high enough M35, 351.5

to stay in the linear range of your camera sensor. Next, set the Light Source Brightniess between 0

and 255 such that with the exposure needed for each is between the min. and max. exposure level

on the Flat Settings Preference tab.

Flip-Flat/Flat Man

Target DU (25000 12

In addition to the above controls, this adds a Target ADU for flats. This is target ADU level CCDAutoPilot will try to achieve by adjusting the exposure between minimum and
maximum exposure settings from the Preference page, Flat Settings tab.

Custom Light Source

Dusk Flats | Darks & Bias Frames | Light Frames Dark & Bias Frames | Dawn Flats

Suggestions M1, 130.§ -
First, set the Target ADU for the generated flats in the box below. The level should be high enough M35, 351.5

to stay in the linear range of your camera sensor. Nest, set the light source brightness such that with

the exposure needed for each is between the min. and max. exposure level on the Flat Settings

Preference tab.

Custom Light Source

Target DU (5000 |2

If you have an unsupported artificial light source, you can still take flats automatically. You will need to turn the artificial source on and off by running programs at the
appropriate points on the Options page and you will have to insure your min. and max. flat exposure times are sufficient to meet the target ADU for all filters. Target ADU
should be set as needed. This is target ADU level CCDAutoPilot will try to achieve by adjusting the exposure between minimum and maximum exposure settings from the

Preference page, Flat Settings tab.

Dark and Bias Frames

Dusk Flats Darks & Bias Frames | Light Frames Darc & Bias Frames I Dawn Flats

Mumber Fitter Binning Exp. Time

Flush Imager 3 = R * =l - 600 =

Loop Series 1 = Dark Frames Now

Flush Imager: when checked, the series of exposures as defined to the right will be taken. For some sensors, this can reduce the residual bulk image (RBI) from light
frames. The frames will be taken and read out but not saved.

Number: Number of flush exposures

Filter: Filter to use for flush exposures

Binning: Binning to use for flush exposures

Exp. Time: Exposure time in seconds to use for flush exposures

Update: updates the database with the current Series settings and updates the times in the Session Window at the left.

Loop Series: The number of times the active series will be repeated.
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» Dark Frames Now: immediately begins taking the dark and/or bias frames specified in the Series section.

Calibration Frames Exposure Series
Dusk Flats and Dawn Flats
The Series columns will change, depending on what Flat Light Source is used.

Sky as Flat Light Source (twilight or sky flats)

Series Mumber Filter Binning Target Rotation Rotation Type Description
ADU Angle

1 4 | Red * =l - 25,000 = 00 PAEast =«

2 4 % Green * =l - 25,000 = 00 = PAEast =

Series: When checked, the series is enabled. When not checked, the series is skipped and the remainder of the fields for the series are grayed out as a visual reminder.

Number: This is the number of exposures that will be taken for a given series.

Filter: When using a filter wheel, this defines the filter to be used for the series exposure(s). When a filter wheel is not present, this entry will not be present.

Binning: This is the binning to be used for the series exposure(s).

Target ADU: This is target ADU level CCDAutoPilot will try to achieve by adjusting the exposure between minimum and maximum exposure settings from the Preference

page, Flat Settings tab.

Rotation Angle: Depending on the Rotation Type selection, this will be either a position angle or a rotator position at which you want to take your flats.

e Rotation Type: If you are trying to match light frames taken on each side of the meridian with an equatorial mount, select either PA East or PA West to match your light
frames. Select Rotator to use the absolute rotator position. Select None and the rotator position will be ignored.

e Description: You can enter a custom description here. See the File Setting topic for additional information.

FlipFlat/FlatMan as Light Source

Series Mumber Filter Binning Light Source  Rotation Rotation Type Description
Brightriess Angle

1 4 | Red * =l - 20 = 1910 = PAEast =

2 4 +| Green * =l - 80 = 191.0 = PAEast =

Series: When checked, the series is enabled. When not checked, the series is skipped and the remainder of the fields for the series are grayed out as a visual reminder.

Number: This is the number of exposures that will be taken for a given series.

Filter: When using a filter wheel, this defines the filter to be used for the series exposure(s). When a filter wheel is not present, this entry will not be present.

Binning: This is the binning to be used for the series exposure(s).

Light Source Brightness: This sets the FlipFlat/FlatMan brightness level. The value should be between 0 and 255. It should be chosen so that an exposure between the

minimum and maximum exposure settings from the Preference page, Flat Settings tab, results in the Target ADU. Once determined, save these settings as a Template to

make future flat settings easier.

e Rotation Angle: Depending on the Rotation Type selection, this will be either a position angle or a rotator position at which you want to take your flats.

e Rotation Type: If you are trying to match light frames taken on each side of the meridian with an equatorial mount, select either PA East or PA West to match your light
frames. Select Rotator to use the absolute rotator position. Select None and the rotator position will be ignored.

e Description: You can enter a custom description here. See the File Setting topic for additional information.

Custom Light Source

Series Mumber Filter Binning Rotation Rotation Type Description
Angle

1 4 | Red * =l - 1910 = PAEast =

2 4 = Green > Ix1 - 191.0 = PAEast -

Series: When checked, the series is enabled. When not checked, the series is skipped and the remainder of the fields for the series are grayed out as a visual reminder.
Number: This is the number of exposures that will be taken for a given series.

Filter: When using a filter wheel, this defines the filter to be used for the series exposure(s). When a filter wheel is not present, this entry will not be present.

Binning: This is the binning to be used for the series exposure(s).

Rotation Angle: Depending on the Rotation Type selection, this will be either a position angle or a rotator position at which you want to take your flats.

Rotation Type: If you are trying to match light frames taken on each side of the meridian with an equatorial mount, select either PA East or PA West to match your light
frames. Select Rotator to use the absolute rotator position. Select None and the rotator position will be ignored.

e Description: You can enter a custom description here. See the File Setting topic for additional information.

Dark and Bias Frames



Command Summary

Series Mumber Fitter Binning Exp. Time Dark/Bias
sec.
1 5 B H + W ow 0 [ Dak -
v v] v v v]
2 fio [+ H + W - |5 : Bias
3 i | [H -l [ -] B o [pak -]

Number: This is the number of exposures that will be taken for a given series.

Binning: This is the binning to be used for the series exposure(s).
Exp. Time: This is the exposure time in seconds to be used for the series exposure(s).

Templates
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Description

Series: When checked, the series is enabled. When not checked, the series is skipped and the remainder of the fields for the series are grayed out as a visual reminder.

Filter: When using a filter wheel, this defines the filter to be used for the series exposure(s). When a filter wheel is not present, this entry will not be present.

Dark/Bias: When Bias is selected, the exposure time is ignored and set to 0 since a bias frame is a 0 exposure length dark frame.
Description: You can enter a custom description here. See the File Setting topic for additional information.

Templates are a convenient way to enter a number of series settings that are frequently used. There are two default templates provided for Shuffle and Staircase, as

described in the Light Frames topic. For example, here is the series settings for M65:

| DuskFlats | Darks & Bias Frames | Light Frames |  Dark & Bias Frames | Dawn Flais |

Loop_Seres  Guide_Factor

1118556 [+130627

First Start Time
2200 21 Feb

First End Time
02:00 22 Feb

|0200 22 Fep

|02:0022 Feb

[ Update ] [ Frem FIT ] [ Get ] [M Loop Targets |1¢—" Skip First Target Slew [
Series Focus  Mumber Filter Binning Exp. Time Guide Time  Delay Time Description
sec. sec. SeC,
1 2 IR o2 v B[ R0 5
8 & M v 03 () () 5

2 2 Be v ox2 o~ B0 B 0D BP0 B

3 2 ks v 22 - [0 [ po B p B

4 i12 & & w 22 - 60 B jpo B p &

5 M il !2 5 |L - ;sz -| |ﬁ{}|} H o B P |

6 25 s A A A

7 N o2 - B0 B po | o

8 = R - 22~ 0 B o B P E

After selecting the Shuffle template, the series for M65 now looks like this:
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| DuskFats | Darks & Bizs Frames | Lioht Frames |  Dark & Bizs Frames | Dawn Flats |

Target Active RA. Dec. PA Loop_Seres  Guide_Factor First Start Time First End Time:
| N G- 1118556 [+130527 220021 Feb 22:4021 Feb

M37 1230454 |+122326 1] 1 1] 02:00 22 Feb 02:40 22 Feb
* 10:15 22 Feb 10:1522 Feb

[ Updste | [FomFT | [ Gat | _ Mossic | LoopTargets [1 5] Skip First Target Slew [
Series Focus  Number Fitter Binning Bxp. Time Guide Time  Delay Time Description
sec. sec: sec.
1@ I oW o~ B o
¥ & & v [v] v v 0
2 I Hes W o 0 B po B b E
3 B [ ks - o v B0 [ oo B o [
4 = - ow o~ 0 B oo B p B
5 o [ | R I R O = = |
6 [ o [ Eis I O = = = |
7 o [ | B I - O = T O |
8 [ o [ HI[ o I g S = = = |
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You can also define your own templates by setting up a series as you like and right-clicking and select Save Template As. You can review the existing template names by
using the pulldown and then type in the pulldown box to enter the name for your new template. Template names not have spaces. If the template name already exists, you will

be asked if you want to overwrite the existing template. (The template name you type over will not be deleted or renamed.)

Finally, you can right-click and select Delete Template to delete any template you wish.

Examples

You can use templates on calibration frames as well. Assume you have a rotator and need both dawn and dusk flats. Since the flats need to be taken in least to most
transmissive order at dusk and the opposite order at dawn, entering these each time can be streamlined by setting up templates. Here are my flats templates:

By selecting SkyE, the series are all populated and all | have to enter is the Rotation Angle. | can do this by simply entering the desired Rotation Angle in the first series and

using the ditto button. Thus in three clicks, | have defined my dusk flats:

Series Mumber Filter Binning Target Rotation Rotation Type Description

ADU Angle
1 @] 4 [ Red v Wl o~

25000 (5] 00 |3 PAEast ~
® ¥ ® 0 0 ® ® ®
2 4 2| Green > Wl o+ |25 :

3 [ 4 |4 Blue + W - 5000 00 |4 PAEast -

4 4 EI luminance »  Tx1 - ZEDDDEI 0.0 EI PAEast

5 £ E] [red -] [ -] [BoE] o B [PAEst ~| |
6 [ E] [Red <] [ ~] [owE o B [PAEst ~| |
7 £ E] [Red -] [ ~] [owE o B [PAEst ~| |

8 £ E] [red <] [ -] [BowE] o E] [PAEst -] |
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| can set up similar templates for artificial flats, as taken with a FlatMan for example. Here | selected FlatManW for my dawn flats:

Series Mumber Filter Binning Target Rotation Rotation Type Description
ADU Angle
1 4 2 luminance v k1w 55 = 00 [ PAWest v

0 0 5] v v 2 0 0
2 4 3 Blue v Wl - 80 = 00 |5 PAWest ~
3 4 | Green * 1 - 80 = 00 £ PAWest ~
4 4 | Red - Tl - 220 2 00 & PAWest
5 [0 4 Green Tx1 25,000 0.0 PA East
6 [ 4 = |Blue Txd 25,000 0.0 PA East
7 [0 4 Red Tl 25,000 0.0 PA East
8 O 4 Red Tl 25,000 0.0 PA East

My FlatMan brightness levels are already entered and again, all | need to do is enter the Rotation Angle and hit the ditto button.

Templates can be a powerful aid in automated imaging. | have templates for Galaxy exposures, Cluster exposures and NarrowBand exposures. There is no limit to the
number of templates you can enter.

Options

On this page, you can set the activities and events during the course of a session. The options are divided into 3 phases as indicated by the tabs at the top of the page.
Activity flows top to bottom from the first entry on the Startup tab, through the Acquisition Tab to the last entry on the Shutdown page. Each tab is described in its on topic.

&_ CCDAutoPilot Professional - H.! I L =R

File  Systern Profile Targets Help  Support Forum

AutoPilot 5

|| Startup I-Data Acquisition I Shutdown

Mount Options

[C] Begin Session at 123914Dec @~

Beqin Session -10 WMin. Relative to Sunset [ Park While Waiting
Before (-}, After (<}

|
[¥]  Open Dome
[¥] Cooler Start Delay of in. | Assess Data |
[¥]  Set Imager Cooler Abort |
i
|

Set Guider Cooler

Wait for min. for Coolers to Reach Setpointis)

Run 1 [:|

£ Setup

x

.Q'f Session
\{} Options

Run

N

- - =

Server Software Connected Target Database: targetS.mdb  System Profile: ccds20101214.ap5

Mount Options

You can select Tracking Off While Waiting or Park While Waiting to determine what your mount does while waiting. For example, when | take dusk flats, | select Tracking
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Off While Waiting so that the telescope will be pointed nominally to the zenith to facilitate cooling. Others may not need this and can select Park While Waiting.

» Assess Data: If you have Data Assessment checked on Preferences, Assess Data tab, this button will be active. With it you can select a folder containing FITS data and
CCDAutoPilot will run the assessment criteria against all files in that folder, reporting the results on the Info window to the left of the page.

» Abort: ends the assessment activity in progress.

Startup
Startup | Data Acquisition | Shutdown

[T] Begin Session at 210022 Feb  [E~

Begin Session -10 2l Min. Relative to Sunset
Before (). After (=)
[C] Open Dome
Cooler Start Delay of |10 = min.
Set Imager Cooler  |-40 sl €
Set Guider Cooler -10 = T
Wait for 10 2| min. for Coolers to Reach Setpoint(s)
[ Run1 [:] arg

Begin Session: The session can begin at as specific time and date or at a time relative to sunset. The advantage of the latter is you don't have to worry about changing the
start time from day to day. However, if starting at a specific time and date is needed, the option is available. If you use a specific time and date, don't forget to set the date
as needed by using the calendar pulldown.

Open Dome: Check this to open the dome.

Cooler Start Delay: Check if you want the dome to be open a while before having the cooler start. In some situations, this can relieve any heat trapped in the dome during
the day and allow the cooler to reach a lower temperature. Set the delay time you wish.

Set Imager Cooler: When checked, this sets the imager cooler to the specified temperature.

Set Guider Cooler: When checked, this sets to guider cooler to the specified temperature.

Wait for coolers: When checked, this waits the specified time before continuing to allow the coolers to reach their specified temperatures. CCDAutoPilot will wait for the
cooler(s) to reach their desired temperature for the specified time. If the time is elapsed and the coolers haven't reached their specified temperatures, the session will
continue.

Run 1: When checked, CCDAutoPilot will run whatever application is entered. To enter an application, hit the to navigate to the specific application to be run. If the
application requires any arguments to follow the application, enter them manually in the arg space.

Data Acquisition
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Data Acquistion | Shiutdown

Dusk Flats

Wait for Civil Dusk

Darkcs before Light Frames

] Fun2 D ang
] Focus before Tanget Fun Start

Light Frames

Park Telescope

[] Telescope Tracking Off

] Fun 3 [:] ang

[] Close Dome before Darks and Dawn Flats

[] Run 4 E] arg
Darks after Light Frames

[ Run 5 E] arg
Dawn Flats

[C] Run 6 E] arg

(Dusk Flats): If there are active series, flat frames will be taken at this point in the sequence.

Wait for Civil Dusk: When checked, CCDautoPilot will wait for civil dusk before proceeding. (Civil dusk is when the sun is 6° below the horizon.)

(Darks before Light Frames): If there are active series, dark and/or bias frames will be taken at this point in the sequence.

Run 2: When checked, CCDAutoPilot will run whatever application is entered right before the slew to the first active target. To enter an application, hit the to navigate to
the specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

Focus before Target Run Start: If checked, the telescope will slew to the coordinates of the first target and execute a focus run using the parameters set on the Focusing
page.

(Light Frames): Light frames will be taken for the active target(s) specified on the Session page.

Park Telescope: When checked, the telescope will be parked at the park position specified in your telescope control server.

Telescope Tracking Off: When checked, telescope tracking will be turned off via your telescope control server.

Run 3: When checked, CCDAutoPilot will run whatever application is entered at the end of the Light Frames phase. To enter an application, hit the to navigate to the
specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

Close Dome before Darks and Dawn Flats: If checked, the dome will be closed at this point in the sequence.

e Run 4: When checked, CCDAutoPilot will run whatever application is entered right before the next Dark Frames phase. To enter an application, hit the to navigate to
the specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

(Darks after Light Frames): If there are active series, dark and/or bias frames will be taken at this point in the sequence.

Run 5: When checked, CCDAutoPilot will run whatever application is entered after the Dark Frames phase and before the Dawn Flats phase.. To enter an application, hit

the to navigate to the specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

(Dawn Flats): If there are active series, flat frames will be taken at this point in the sequence.

Run 6: When checked, CCDAutoPilot will run whatever application is entered immediately after the Dawn Flats phase.. To enter an application, hit the to navigate to the
specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

Shutdown
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Sridown

[] Abort Light and Diark Frames at Dawn

Park Telescope after Dawn Flats

] Telescope Tracking OFf after Dawn Flats

] Fun 7 D ang
[] Close Dome after Dawn Flats

Raise Cooler Set Point by 30°C

] Fun & D ang

Abort Light and Dark Frames at Dawn: When checked, light and dark frames will be aborted when the sun reaches the Dawn Starting Sun Altitude specified on the
Preferences page, Flat Settings tab.

Park Telescope after Dawn Flats: When checked, the telescope will be parked at the park position specified in your telescope control server.

Telescope Tracking Off after Dawn Flats: When checked, telescope tracking will be turned off via your telescope control server.

Run 7: When checked, CCDAutoPilot will run whatever application is entered after the telescope is parked or tracking is turned off. To enter an application, hit the to
navigate to the specific application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

Close Dome after Dawn Flats: If checked, the dome will be closed at this point in the sequence.

Raise Cooler Set Point by 30 °C: If checked, the set points of the cooler(s) will be raised by 30°C. This is to allow the coolers not to drive too hard when systems are left on
around the clock. It can also be used to warm up the coolers before shutting down if desired.

Run 8: When checked, CCDAutoPilot will run whatever application is entered at the end of the session. To enter an application, hit the to navigate to the specific
application to be run. If the application requires any arguments to follow the application, enter them manually in the arg space.

Run

On this page you can review the settings for your planned session. Warnings are given that may impact the success of your session so that you can take appropriate action
before continuing.
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5 ccomonen o T L =

File  Systern Profile  Targets

AlitoPilot 5

Help  Support Forum

Un sw4 FADNTHES +++
Conditions Ho dark/bias frames sacheduled before light frames
] - z No dark/bias frames scheduled after light frames
Wb Conditions ke e

Clear

Dry

Sky: -12.5°F
Ambient: 52.5°F
RH: B2%

Wind: 1.0 MPH

Camera Temperature

»

Imager Temperature: -30.0°C Scheduled Session Event Times :
Guider Temperature; -20.0°C Session start: 10:22 I3
Open Dome: False i
Cooler Start Delay (min._): False
Set Imager Cooler: False '
Set Guider Cooler: Fzlse
Wait to Reach Setpointi(s): False
Dusk Flats Start: 18:10

No dark/bias frames scheduled before light frames

Focus before Target Run: False
Light frames start: 10:22
e Light end: 10:34 Review the session setup and parameters. This
9 Setup i frus data will be part of the log file when a session is run.
n T ki Off: Fzl
'.;f Session C:::elggme: Faljz
{. Options No darks/bias frames scheduled after light frames

@

Run

Run Session |

Server Software Connected Target Database: targetS.mdb System Profile: ccds20101214.ap5

Minimize when Running a Session
0@ oo

The upper window is the Warnings window. CCDAutoPilot examines your settings for any conflicts or issues that may make your session less successful. While not
everything can possibly be checked, these warnings are gleamed from customer inputs over the years in the hope of making your session success more likely.

The lower window shows the review of your session. In addition to Event Times, your equipment settings and settings for all of the controls are replicated here, grouped by
function.

The contents of both of these windows are placed at the start of your session log for recording your settings and to aid in diagnosing a session.

The Run Session button initiates the session. The Session window will open if it is not already open and display session information.

Session Running

Once the Run Session button is hit on the Run page, the session window opens and the session begins. Changes can be made to a running session for nearly every setting in
the CCDAutoPilot window, except the current exposure of course. It is always best to use the Pause Session button to make changes while the session is paused.
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Session Info 09:45:41 Series Loop 1 of 1

03:45:41

09:45:42 Series 1, 1 Exposures, 30 sec., 1xl, Red filter
Session Events 09:45:42 Telescope RA: 00 43 20.5, Dec: +41 195 57

09:45:42 Exposure 1 of 1

09:45:43 Altitude: 30.4°

- = 09:45:43 Exposing. ..

Imaging Start - Meridian Flip - 09:46:14 C:\Astro\20110224\Data Files\RedM310PAWest.00050.fit
09:4€:15 Clear, Dry, Sky:- —13_8°F, Awbient: S51.0°F, BH: 55%, Wind:
2.0 MEH,

09:46:15 Download time: 1.7 sec., cooler at 0.0°C, 0% power.
09:46:15

0%:48:18 Series Z, 1 Exposures, 30 sec., 1xl, Green filter
09:46:18 Telescope RR: 00 43 Z0.8, Dec: +41 139 57

09:46:18 Exposure 1 of 1

HFD 09:48:18 Plate solve failed

059:46:18 Altitude: 30.5°

Pasition 09:46:19 Exposing. ..

Session Start Next Focus

Imaging End : Sunnise

Temp.

Pause Session ] ’ Abort Session ] [] On Top

| Exposing 1/1 Light Frame(s), 30.0 sec,, 1X1, Green filter

On Top: When checked, the Session window is made the topmost window on the desktop. This prevents other windows from hiding crucial session information. When it is
not checked, the status window's behavior is normal, i.e. it can be hidden by other windows.

PauseSession: The Pause button allows the session to be paused at an appropriate point, usually the completion of the exposure in process. Once paused, the title of this
button changes to Resume and hitting it again will resume the session. This is convenient if you have to go out to the telescope, put a light on and adjust something. This is
also a good time to make any changes to the session via the Main CCDAutoPilot window. When you are done, you can resume the run session where you paused.

Session Window Controls

The state of the Session Window Controls located in the upper right corner of the Session window and shown below are used to indicate session activity.

Session Running Session Not Running

Abort Session: This is used to totally abort the running session. When a session is running the Session Window Controls are removed. When hit, the session abort routines
will be initiated and the Abort Session button will be grayed out. When the Session Window Controls are restored, the Abort Session routines have completed in an orderly
fashion.. Be sure to wait until CCDAutoPilot has completely aborted the session in progress and is in the proper state to restart a run. If there is any doubt, close and restart
CCDAutoPilot. The status window can either be left open or closed as desired.

Session Info Tab

Session Events

Session Start: indicates the session start time.

Imaging Start: indicates the time the light frames will begin. If the user has specified a delayed start for the first target on the Session page, this will indicate that time.
Otherwise, it will indicate ASAP.

Imaging End: indicates the expected ending time of the run, not including any dawn flats

Next Focus: indicates when the next automatic focusing activity will take place.

Meridian Flip: If the target is east of the meridian, this indicates the expected time of the meridian flip. If the target is west of the meridian, this field will so indicate. If a fork
mount is being used, n/a will be indicated since there is no meridian flip with a fork mount.

Sunrise: indicates the time of local sunrise

Target

» Target: indicates the target name, as defined on the Session page.
» Altitude: indicates the altitude of the target.

» Transit: indicates the time the target will transit (cross) the meridian.

» End: Indicates the end imaging time for this target.
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Focus
If no focus program is used, all these entries will indicate "n/a". Otherwise:

» HFD: indicates the Half-Flux Density of the focused star, as reported by FocusMax. This is not necessarily the same as FWHM (Full Width Half Maximum) as normally used
for stellar profile measurements. HFD is a good relative indicator of focus however.

» Position: indicates the focuser position, as reported by FocusMax, for your focused position.

» Temp: Reports the ambient temperature in whatever units (°F, °C, counts, etc.) the focuser in use reports temperature. If the focuser doesn't report temperature, then "n/a"
is indicated.

Status Bar
A status bar is provided at the bottom of the status window to indicate various activities including exposure progress.

Focusing

Here you set the various parameters for focusing during your session. There are many issues surrounding focusing and reading the Focusing Technigues topic is
recommended to aid in your Focusing choices. CCDAutoPilot supports three automated focusing systems: FocusMax which works with both CCDSoft and Maxim, CCDSoft's
@focus2 and Maxim's internal focus routine. Which one to use is a matter of personal preference and which works best for your system. the focusing page changes slightly,
depending on the focusing server choice. This topic will discuss FocusMax in detail and discuss the changes for the other programs.

For all focusing servers, When an equatorial-mounted telescope is pointed east of the meridian, any focusing activity scheduled to occur within 10 minutes of the meridian
crossing will be deferred until the after telescope has crossed the meridian and the mount has flipped.This deferral does not take place with fork-mounted telescope. This
focus deferral only occurs when Meridian Flip is selected.

FocusMax

Focusing

Focus Method  EMETEN

None
Brightest Starin FOV

Focus Star Posttion  Focus program Picks Star
g

Focus at XY
Magnitude Range dt0 7 -

[T] Center Focus Star within 300 |2 arcsec.

Min. Focus Star Aftitude &0 =

[[] Refocus Every i} =1 min.

[C]  Fitterfor Focusing: Lum -

Post-Focus Offset o =

Focus Timeout B 2| min.

Temperature Dependert Refocus

Temperature Source  Weather Source +
[]  Focus on Temp Change of 0.0 =

[]  Use Temp. Slope of 0.0 =

Before proceeding, insure that FocusMax is set up properly for your system. Consult FocusMax documentation for specifics. Once all the software is linked to CCDAutoPilot,
you can use the Focus Now button to verify operation. Focus Now uses the settings on this page to launch a mini-session that only focuses and does whatever other
telescope moving might be required. Its actions are recorded as a normal log and displayed in the Session window.

Focus Methods
When FocusMax is connected, there are a number of active methods of focusing available. Active methods do not rely on predicting the focus position but actually focus the

system at appropriate times. As such, this would be expected to give you the most optimal focus at any point in time. The trade-off here is the time to do the focusing.
Depending on the method chosen, active focusing can add from 30 to 300 seconds or more, depending on the method used, camera download time etc.

None: No focusing is used. This setting might be used if it is desired to use only filter offsets.

Brightest star in FOV: FocusMax will choose the brightest object in the field of view. This is fine if there are no bright extended objects such as galaxies in the field but if
there are, FocusMax will attempt to focus on that and will most likely be unsuccessful.

Focus at X, Y: One way to avoid the above problem is to select a specific x,y coordinate for a target star. Take an unbinned image and note the coordinates of the brightest
star. Enter those coordinates in the X and Y boxes. FocusMax will use that coordinate with a 100 x 100 pixel box around it to focus.

Sky Star: With this technique and TheSky, CCDAutoPilot will plate solve the current location, slew the scope to an nearby star, focus there using FocusMax and slew back
to the original location. If guiding was in process, it will be stopped for focusing and restarted automatically once the telescope has returned to the target coordinates. This
technique guarantees a suitable star for focusing and uses the very powerful data query technology of TheSky to select stars of an appropriate magnitude to be used for
focusing. SkyStar has some additional options: Center Focus Star within: When checked, a precision slew to the focus star will be made, insuring the focus star is in the
center of the FOV and allows you to specify how close the focus star will be to the center of the imager's FOV. Magnitude Range: 4 magnitude ranges are provided for the
focus star-4to 7,510 8,6 to 9 and 7 to 10. Select the range that is appropriate for your system. Minimum focus star altitude: Regardless of where the telescope is
pointing, focusing will always use a star above this minimum altitude. As a minimum, you must have the Guide Star Catalog (GSC) selected as one of the Stellar Core
databases in TheSky.

e Focus Program Picks Star: This is similar to Sky Star but it is all done within FocusMax using AcquireStar and requires the full version of PinPoint. Unlike SkyStar,
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whatever filter you use to focus on will be the same filter used for plate solving. CCDAutoPilot will use precision slew to correct any returning slew errors from the focus

program.

Refocus every xx minutes: When checked and depending on the numeric entry, the chosen focus method will be executed xx minutes after the start of the first target's

imaging session. The next exposure that comes along that is xx or more minutes after the last focus will be executed. In other words, the time for an interval focus is

determined before an exposure starts. If xx minutes has elapsed since the last focus, a focus run will be performed; if it hasn't elapsed, the checking process will repeat
before the next exposure starts. You should set up a brief series of exposures to insure FocusMax can focus satisfactorily with all of the planned filters in place, adjusting the
focus exposure to be appropriate to a given filter as described below. Make any adjustments to the FocusMax settings required.

Filter for Focusing: If your filters are sufficiently parfocal, i.e. they all focus at the same point, you may choose to use one specific filter for focusing. That way you can

avoid having to deal with different focus exposures for different filters. If your filters are not parfocal, you should determine and use filter offsets.

e Post Focus Offset: This setting can be used to minimize the effects of OTA field curvature. The intent is to "split the difference" between perfect focus at the center and
focusing at the edge of the field of view. For OTA's without a field flattener and/or a large imaging chip, there can be a significant difference in the focus position between
center and edge. First, determine the focus at the center of your OTA and then determine it at some point away from the center. A good starting point is 60% of the way to
the corner. You can use the Focus Now button to determine these values. Average a number of focus runs at each location. Calculate the offset and enter it in the Post
Focus Offset. For best results, the Center Focus Star option and SkyStar focusing should be used. After achieving focus, the post focus offset will be added or subtracted to
the focus results, according to the sign of the entry.

e Focus Timeout: Occasionally a focus routine can end up never getting to a focus position that meets its requirements. By setting this timeout, your session will continue
after the specified timeout, aborting the focus activity in progress and resetting the focuser position to where it was before the focus routine started.

Temperature Dependent Refocus

By characterizing your imaging system's performance, it is possible to refocus only when necessary. Knowing how much temperature impacts your focus, you may elect to
refocus every time the temperature change is such that your focus moves out of the Critical Focus zone. Thus, having a source of temperature measurement and knowing
how much of a change will adversely impact your focus, you can check Focus on Temp Change of, enter a suitable change amount, select the Temperature Source, and
refocus as needed. Depending on what control programs are connected to CCDAutoPilot, the available choices will be selectable as temperature sources. Make sure you
choose one if you are using this option.

Temperature Compensation

If Use Temp. Slope of is checked and your focuser supports temperature compensation, it will be enabled. Temperature compensation will be disabled automatically during
the main exposure. At the conclusion of the main exposure, temperature compensation will be re-enabled and a 5 second delay will be initiated to allow time for temperature
compensation. To use temperature compensation, the user must provide a Compensation Slope that appropriately characterizes the system. This value should be
counts/temperature needed to maintain focus. When Temperature Source is changed, the reported temperature will be shown in the status bar. If "n/a" is shown, the source
selected does not report temperature and temperature compensation can not be used. There are many ways to determine the compensation slope. The basic process is to
measure the focus point at different temperatures and calculate the slope. Animaging session with 10 minute exposures and a focus before every exposure during a period of
temperature change is a good way to get the raw data. A least squares fit then gives a good slope. The compensation slope should be in units of focuser count per unit
temperature. Be sure the temperature reported, °C, °F or counts used for the measurement is the same as that reported as Temperature Source. The focus starting point will
be determined at the beginning of a session and the starting temperature noted. At each subsequent focus adjustment, the starting point and temperature will be redefined.
Between exposures, the focus point will be adjusted, based on the current temperature and the user-supplied Compensation Slope. Note: If focuser temperature compensation
is enabled in either your focuser or focus control program, it must be disabled when CCDAutoPilot is linked.

CCDSoft @Focus2 Differences

Focus Method [SkySta

None
Brightest Starin FOV
Focus Star Position  Focus Emimm Picks Star

Magnitude Range 4to 7

@Focus 2 has a limited choices of Focus Methods as shown above and the Magnitude Range is not needed since it uses its own database query to find focus stars.

Maxim

Focus Method  ERMETEN

Mone
Brightest Starin FOV

| SkoyStar |

Magnitude Range 4to 7 -

Focus Star Position

Maxim's internal focus routine fewer Focus Methods, as shown above.

Filter Factors

There are some differences between the three focus programs that are described here.

FocusMax and Maxim Filter Factors
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Fitter Factors
Focus Focus
Fitter Mame Offset Exposure
Red |0 z 10 [
Green |0 = 10 =

Blue |0 = 10 =

lum |0 = 02 =

Halpha |0 02

A
A

om0 2 02 =

There will be as many entries here as you have defined filters in your camera server program.

Focus Offset: enter how many counts you wish your focuser to move for a given filter. Normally one filter would be the reference and the others would move an amount,
either + or -, relative to that reference. The reference filter should be the filter you select for plate solving - usually a clear or luminance filter. If your filters are parfocal, i.e.

they all focus at the same focuser position, you would enter O for all the filter offsets. The button at the top sets all filter offsets to the same value as that of the first filter
entry. If some filters, typically some Halpha filters, are sufficiently non-parfocal, you can speed up the active focusing method considerably by entering the offset. That way,
automatic focusing will start closer to the ultimate focus position. Focus Offsets can be measured automatically using the wizard described here.

Focus Exposure: As mentioned above, these fields provide a convenient entry point for the FocusMax and Maxim starting exposure. With most systems, the shortest
exposure is suitable for focusing through the clear filter and the exposure time should be increased for less transparent filters. For example, you might set a 1 sec. exposure
for color filters and a 2 - 4 second exposure for narrow band filters such as Halpha or Olll.

CCDSoft @Focus?2 Filter Factors

Fitter Factors

Fitter Name Focus Calibration Calibration
Offset Exposure Magnitude

=1
&n
3

Red |0 2 10 =

0 0

10 =

=

=
3
=1
5
3

Green

Blue 0 = 10 = 13 £

lum [0 2 02 = 81 =

Halpha |0 2 02 = 60 =

om |0 - 02 £ 55 £

There will be as many entries here as you have defined filters in your camera server program.

Focus Offset: enter how many counts you wish your focuser to move for a given filter. Normally one filter would be the reference and the others would move an amount,
either + or -, relative to that reference. The reference filter should be the filter you select for plate solving - usually a clear or luminance filter. If your filters are parfocal, i.e.

they all focus at the same focuser position, you would enter O for all the filter offsets. The button at the top sets all filter offsets to the same value as that of the first filter

entry. If some filters, typically some Halpha filters, are sufficiently non-parfocal, you can speed up the active focusing method considerably by entering the offset. That way,

automatic focusing will start closer to the ultimate focus position. Focus Offsets can be measured automatically using the wizard described here us star altitude: Regardless
of where the telescope is pointing, focusing will always use a star above this minimum altitude. As a minimum, you must have the Guide Star Catalog (GSC) selected as
one of the Stellar Core databases in TheSky.

Focus Program Picks Star: This is similar to Sky Star but it is all done within FocusMax using AcquireStar and requires the full version of PinPoint. Unlike SkyStar,

whatever filter you use to focus on will be the same filter used for plate solving. CCDAutoPilot will use precision slew to correct any returning slew errors from the focus

program.

e Refocus every xx minutes: When checked and depending on the numeric entry, the chosen focus method will be executed xx minutes after the start of the first target's
imaging session. The next exposure that comes along that is xx or more minutes after the last focus will be executed. In other words, the time for an interval focus is
determined before an exposure starts. If xx minutes has elapsed since the last focus, a focus run will be performed; if it hasn't elapsed, the checking process will repeat
before the next exposure starts. You should set up a brief series of exposures to insure FocusMax can focus satisfactorily with all of the planned filters in place, adjusting the
focus exposure to be appropriate to a given filter as described below. Make any adjustments to the FocusMax settings required.

e Filter for Focusing: If your filters are sufficiently parfocal, i.e. they all focus at the same point, you may choose to use one specific filter for focusing. That way you can
avoid having to deal with different focus exposures for different filters. If your filters are not parfocal, you should determine and use filter offsets.

e Post Focus Offset: This setting can be used to minimize the effects of OTA field curvature. The intent is to "split the difference" between perfect focus at the center and
focusing at the edge of the field of view. For OTA's without a field flattener and/or a large imaging chip, there can be a significant difference in the focus position between
center and edge. First, determine the focus at the center of your OTA and then determine it at some point away from the center. A good starting point is 60% of the way to
the corner. You can use the Focus Now button to determine these values. Average a number of focus runs at each location. Calculate the offset and enter it in the Post
Focus Offset. For best results, the Center Focus Star option and SkyStar focusing should be used. After achieving focus, the post focus offset will be added or subtracted to
the focus results, according to the sign of the entry.
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» Focus Timeout: Occasionally a focus routine can end up never getting to a focus position that meets its requirements. By setting this timeout, your session will continue
after the specified timeout, aborting the focus activity in progress and resetting the focuser position to where it was before the focus routine started.

Temperature Dependent Refocus

By characterizing your imaging system's performance, it is possible to refocus only when necessary. Knowing how much temperature impacts your focus, you may elect to
refocus every time the temperature change is such that your focus moves out of the Critical Focus zone. Thus, having a source of temperature measurement and knowing
how much of a change will adversely impact your focus, you can check Focus on Temp Change of, enter a suitable change amount, select the Temperature Source, and

refocus as needed. Depending on what control programs are connected to CCDAutoPilot, the available choices will be selectable as temperature sources. Make sure you
choose one if you are using this option.

Temperature Compensation

If Use Temp. Slope of is checked and your focuser supports temperature compensation, it will be enabled. Temperature compensation will be disabled automatically during
the main exposure. At the conclusion of the main exposure, temperature compensation will be re-enabled and a 5 second delay will be initiated to allow time for temperature
compensation. To use temperature compensation, the user must provide a Compensation Slope that appropriately characterizes the system. This value should be
counts/temperature needed to maintain focus. When Temperature Source is changed, the reported temperature will be shown in the status bar. If "n/a" is shown, the source
selected does not report temperature and temperature compensation can not be used. There are many ways to determine the compensation slope. The basic process is to
measure the focus point at different temperatures and calculate the slope. Animaging session with 10 minute exposures and a focus before every exposure during a period of
temperature change is a good way to get the raw data. A least squares fit then gives a good slope. The compensation slope should be in units of focuser count per unit
temperature. Be sure the temperature reported, °C, °F or counts used for the measurement is the same as that reported as Temperature Source. The focus starting point will
be determined at the beginning of a session and the starting temperature noted. At each subsequent focus adjustment, the starting point and temperature will be redefined.
Between exposures, the focus point will be adjusted, based on the current temperature and the user-supplied Compensation Slope. Note: If focuser temperature compensation
is enabled in either your focuser or focus control program, it must be disabled when CCDAutoPilot is linked.

CCDSoft @Focus2 Differences

Focus Method [SkeySta

None
Brightest Starin FOV

Focus Star Posttion  Focus program Picks Star
Eiﬁhﬁ

Magnitude Range dto 7

@Focus 2 has a limited choices of Focus Methods as shown above and the Magnitude Range is not needed since it uses its own database query to find focus stars.

Maxim

Focus Method  EVEEY

Mone
Brightest Starin FOV

EFET

Magnitude Range 4to 7 -

Focus Star Position

Maxim's internal focus routine fewer Focus Methods, as shown above.

Guiding

Here is where you set the parameters for guided or unguided operation. Click on the tab at top to change to the select the desired operation. The action choices for meridian
crossing with an equatorial mount are also entered here.
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Guide Through Series Changes

AQ Centering -

After successful initialization, CCDAutoPilot automates the guided operation parameters for optimal guiding. Regardless of where you are pointed in the sky and at what
rotation your camera is, the optimal guide vectors will be developed and applied to your camera control program. Initial guide star detection is accomplished in CCDAutoPilot.
Its location is determined through three exposures to avoid selecting a cosmic ray hit or other artifact via an outlier rejection routine. For automatic guide star exposure, three
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measurements are averaged to more accurately set the guide exposure time. And if the guide star is lost due to passing clouds, the Automatic Guide Star Recovery routine
(see below) is invoked to try to recover the guide star if at all possible.

Dithering

Dithering is a process whereby the guide star location on the guider chip is moved between image exposures in either a random or optimized manner. When the guider control

repositions the guide star to the new location, the image will be slightly displaced on the imager chip. When the resultant images are aligned and properly combined, hot and

cold pixels, cosmic ray hits and other sensor-specific artifacts are removed, much better than any hot/cold pixel routine can ever hope to achieve. The resultant image is
smoother and artifact-free. See this link for more details on this technique.

Dithering can be done either totally randomly, as determined by a random number generator, or in a controlled manner to maximize separation between each sub-exposures

artifacts while minimizing the overall guide star movement. Both options are provided. The amount of the dither is user-definable. Here is a discussion on how to set the

amount of dithering.

e Dither method: Select Enhanced (preferred), Random or None.

e Max. Pixel Dither: This is the peak dither value and can go +/- from the starting direction. As an example, suppose Enhanced Dithering is selected with a Max Dither of 3
pixels. The first sub-exposure will leave the guide star position undisturbed. The second will move the X position of the guide star + 3 pixels. The third will move the X
position of the guide star - 3 pixels from the first exposure. Thus the total movement between the second and third exposure is 6 pixels but the movement relative to the first
sub-exposure is + 3 pixels. If dither is set to 0, guiding will not be stopped between exposures except for any specified focusing actions.

e Suggest: this button will enter a Max. Dither value, based on the parameters of your system entered on the settings page. This can be a starting point from which you can
experiment if you desire.

Automatic Guide Star Recovery (AGRS)

Many times when a guide star fades, the guider drives the telescope off the target in its quest to find the guide star. CCDAutoPilot has a technique to prevent this from

happening in an attempt to minimize data loss. If the guide star position is not recovered to the user-specified tolerance in a user-specified number of attempts, AGRS institutes

a number of procedures in an attempt to recover the guide star. If all those attempts fail, the image is allowed to continue unguided to prevent the guide star search from driving

the telescope from its intended target. AGRS is repeated at the start of the next sub-exposure so that, if the passing cloud has passed for example, the guide star is recovered

and guiding continues on target. An optional Audible Alarm can be sounded to alert a nearby operator of the failed guide star recovery attempt. This has proved instrumental

for some users in alerting them to an impending bad weather condition, although this should not be relied upon for equipment protection.

e Max. Guide Error: If the maximum error is specified at 0, AGRS is disabled; if it is any other value, AGRS is enabled. This entry specifies the value the guide error has to get
down to during guider restart before the exposure is permitted to continue.

e Max. Error Cycles: This specifies how many tries the guider has to get the guide star error below the Maximum Error. If the guider does not get the guide error below the
specified Maxim Error in the specified Maximum Error Cycles. AGRS is activated.

Automatic Guide Exposure

When Auto Guide Exposure is checked, CCDAutoPilot will set the guide exposure automatically to achieve the Target Guide Exposure you have entered within the Min. Guide
Exposure time and Max. Guide Exposure time you specify. This automatic setting is done at the star of each series and after a meridian flip. If it can't get to your target level
within the range you specify, it will go to the Min. Guide Exposure time if the Guide ADU is too high or to the Max. Guide Exposure time if the Guide ADU is too low.

When using Auto Guide Exposure, the Guide Exposure settings on the Light Frames page are ignored and grayed out as a reminder except in one case. If the Guide Exposure
on the Lights page is 0, this is interpreted as a desire for unguided imaging for the series with a zero value Guide Exposure. If you intend to use Automatic Guide Exposure for
guided imaging, be sure to enter non-zero value(s) for the series you wish to be guided before you select Automatic Guide Exposure, to avoid the series being unguided. Once
you have a non-zero value entered, 1 sec. will suffice, select AutoMatic Guide Exposure and the guide exposure will be in the range you specify, between Min. and Max. Guide
Exposure.

Use Maxim Guide Star Detection: With some guiders, guide star detection may be problematic. Even though every effort is made by CCDAutoPilot to select an appropriate
guide star, in some cases it may be appropriate to use Maxim's guide star selection routine. Checking this box allows this option. Note that if this option is checked, Auto
Guide Exposure is not possible nor is the ability to ignore saturated guide stars. (It is generally agreed that best guiding performance is obtained with unsaturated stars.
CCDAutoPilot uses technology to avoid saturated stars for guiding.)

Audible Alarm: When checked, an somewhat annoying sound is played through your computer's speakers to alert a local operator of AGSR activation. You can replace this
sound file, which is located in the program directory with the name alarm.wav with another file. Just be sure your other file is a .wav format and name it alarm.wav.

Guide Through Series Changes: When checked, the guider is not stopped during exposures. The dithering must be set to 0 as well. This is useful for multi-filter
photometry when disruption for dithering is undesirable. Auotmatic guide star exposure can not be used when this option is selected since the guider must be stopped to
measure the guide star. When using this option, be sure to set the Guide Time appropriately for each series on the Session page.

AO Center: When an Adaptive Optic corrector is used for guiding, the mirror/glass position could be at some point other than 50% when slewing to a target. You can select
None for no centering, Start of Each Series to center before the first exposure of a series or Start of Every Exposure to center the adaptive optic at the start of every
exposure.

Unguided Operation
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Guided Operation | Unguided Operation

Dithering

Method None -

Max. Arc-sec. Dither £ 20

e

Realign to Target Frequency {min.) 0 =

During unguided operation, the same benefits that accrue during Guided Operation can be achieved. Here, the mount is moved slightly between exposures.

Dithering can be done either totally randomly, as determined by a random number generator, or in a controlled manner to maximize separation between each sub-exposures
artifacts while minimizing the overall guide star movement. Both options are provided. The amount of the dither is user-definable. Here is a discussion on how to set the
amount of dithering.

e Dither method: Select Enhanced (preferred), Random or None.

e Max. Pixel Dither: This is the peak dither value and can go +/- from the starting direction. As an example, suppose Enhanced Dithering is selected with a Max Dither of 3
arc-sec. The first sub-exposure will leave the mount position undisturbed. The second will move the mount +3 arc-sec. in RA. The third will move the mount - 3 arc-sec.from
the first exposure. Thus the total movement between the second and third exposure is 6 arc-sec. but the movement relative to the first sub-exposure is + 3 arc-sec. If dither
is set to 0,the mount will not be moved between exposures.

e Suggest: this button will enter a Max. Dither value, based on the parameters of your system entered on the settings page. This can be a starting point from which you can
experiment if you desire.

Periodic Realignment

When a long series of unguided exposures are taken, the mount will gradually track off the target. By using this feature, the telescope is periodically realigned to the target
coordinates. If any periodic focusing using SkyStar is implemented, target realignment will occur during that process. If that is used, additional periodic realignment will occur
only as long as the time between SkyStar focus runs has exceeded the realignment period.

Realign to Target Frequency (min.): If O is entered, this function is disabled. If a non-zero value is entered, the telescope will be realigned to the target coordinates via a
precision slew after the current exposure completes and after the specified interval has elapsed.

Meridian Crossing

Meridian Flip
@ Meridian Flip ) Meridian Abort
Track Past Merdian |1 2| min.

Rotate on Fip

[] Safety Slew

[] Mllow Sync after Flip

Auto Guide Star Select after Flip

Focus after Flip

When tracking a target in the east with an equatorial mount, eventually the meridian is approached or even crossed. While this is of no concern with a fork mount, a decision is
required for equatorial mount users. There are basically two choices. Meridian Abort, whereby data acquisition for this target is halted and CCDAutoPilot moves on to the
next target, or Meridian Flip, where CCDAutoPilot makes the changes necessary to pick up the target after flipping the mount on the west side of the meridian.

Automatic meridian flipping essentially uses software to turn an equatorial mount into the functional equivalent of a fork mount. This is achieved by allowing the telescope to
track a target up to the meridian, stop the exposure, move the telescope to the other side of the meridian and then continue tracking. If a rotator is employed, the camera is
rotated by 180°, the guide star is reacquired and guide calibration is appropriately adjusted. All this is accomplished automatically. Automatic meridian flipping depends on
successful plate solving and Initialization.
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Track Past Meridian: If the value entered is positive, this indicates the number of minutes your mount can track past the meridian and defers the flip for the your specified
number of minutes. Depending on the above two settings, you may be able to get another exposure in before meridian crossing and eliminate the wait time for the meridian
flip. Observatory users using DDW or ASCOM for observatory control should insure their shutters permit crossing the meridian by the PM Tracking time since dome tracking
is disabled 2 minutes before a meridian flip. AutomaDome has no such limitation since it integrates tightly with TheSky. If the value entered is negative, the mount backs
up 1 hour in RA in the east and the session waits for the specified number of minutes. This is helpful if you cannot allow your OTA to point to the zenith (Alt. = 90°) due to
interference with a camera. It can also be used if your mount has some ambiguity in slewing to a location whose RA has passed the meridian. By setting Meridian Tracking
to -10 or so, the target RA will be 10 minutes past the meridian before meridian flip is enabled. Some experimentation may be required for the smallest negative value that
will work.

Rotate on Flip: If checked and a rotator is connected to CCDAutoPilot, the meridian crossing event will also trigger a rotator movement by 180°. Thus the images on the
west of the meridian will be the same orientation as on the east side of the meridian.

Safety Slew: Some mounts, notably the Gemini, will not flip even though the target has crossed the meridian. Checking Safety Slew will slew the mount one hour past the
meridian, which will force the flip, and then back to the target. This should eliminate the need for the AM stop offset setting and it should be set to 0.

Allow Sync After Flip: If this option is checked, an image is taken and plate solved after a meridian flip. The mount is then sync'd to the center of the solved image. The
correcting slew is then from this reference. Recommended for portable setups or for setups with poor pointing accuracy. If this option is cleared, there is no sync and the
correcting slew is made from the plate solved position. This option should be cleared for permanent setups with good pointing accuracy as may be obtained with a suitable
Tpoint model. If checked, any Tpoint models should be disabled as repeated syncing into a Tpoint model is not recommended and will result in pointing inaccuracies. Use
either Allow Re-sync or Tpoint but not both.

Auto Guide Star Select After Flip: If checked, an automatic detect of the brightest star in the field will be used to guide. If unchecked, the run will pause until you select a
guide star and tell it to continue. Focus after Flip: When checked, the focus method chosen on the Focus page will be executed immediately after the meridian flip and
before the next exposure.

Tips on efficient meridian usage

With the various time settings, you can increase your meridian usage efficiency. Track Past Meridian is the amount of time your mount has to track past the meridian before it
(the mount) knows it is time to flip and will do so. Let's assume you have determined your mount can safely track past the meridian for 15 minutes. Set the Track Past
Meridian to 12 minutes for a safety margin. Now, assume you are taking 10 minute sub-exposures at the time the mount approaches the meridian. Assume your meridian
crossing is at 22:05. Here is a schedule of events you might see:

21:50 Take 10 minute exposure

22:00 Take 10 minute exposure

22:05 (Time to flip - deferred)

22:15 Flip meridian

22:18 Take 10 minute exposure

Now, if PM Tracking were set to 0, this would be the result

21:50 Take 10 minute exposure

22:00 Wait for meridian flip

22:05 Flip meridian

22:09 Take 10 minute exposure

Here are some excerpts from an actual log with PM Tracking set at 10 minutes:
>>> Here is the target information

20:02:28 Target: M1

20:02:28 Rise: 13:51 6 Feb

20:02:28 45° E elevation: 17:32 6 Feb

20:02:28 Transit: 20:50 6 Feb

20:02:28 45° W elevation: 00:09 7 Feb

20:02:28 Set: 03:50 7 Feb

20:05:49 Solved RA: 05 34 30.2, Dec: +21 59 17

20:05:49 Target RA: 05 34 30.2, Dec: +21 59 17 , PA: 358.4
20:05:49 Meridian flip after 20:51 Tue 6 Feb

>>> The mount would have flipped at 20:51 without the buffer time
>>> The exposure completed after the meridian flip time but before the 10 minute buffer elapsed.
20:43:31 Exposing...

20:54:15 D:\Astronomy\070206_M1\Clear356E_M21_00006.fit

>>> And then the mount flipped immediately.

20:54:18 Waiting for meridian flip time...

20:54:18 Meridian flip starting...

If your mount is capable of longer tracking past the meridian, the flip can be deferred longer, for example in the case of an Astro-Physics mount which can track for a number of
hours past the meridian, depending on telescope, camera size and orientation, declination, etc.

Warning: It is up to the user to determine the proper Track Past Meridian. In addition to consulting your mount's documentation, you should also experiment at various
declinations, while watching the mount. If you rotate your camera, you should also verify this setting at various camera rotations.

Settings

Here is where you can customize CCDAutoPilot to meet your needs. Each tab is discussed in the next topics



Command Summary Page 29 of 40

(T ——
5 CCOAutoPilot_E
e

E 000 o =

File  Systern Profile Targets Help Support Forum

AutoPilot 5

Plate Solving | File Settings | Flat Settings | Time Esti Control Settings | Motifications | Wizards I Tools | Camera Options I Assess Data

I o Flate Solve Settings
Exposure |1 2]
Binning 33 - “stalog Path | o | [ViMacproffeb\mid Ste |
Fiter Lum - pansion (0.0
Subdframe  Full -
Min. Stars |15 =l

[¥] Use Autodark

e | |
@ setup

4¢ Ssession :
\é Options

@) run

7/ Guiding

{_é'j Focusing

jgg

>

Server Software Connected Target Database: targets.mdb System Profile: ccds20101214.ap5

The Log window on the left is used to record certain actions of tools and wizards on this page.

Plate Solving
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Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Notifications I Wizards I Tools I Camera Options I Assess Data

Plate Solve Settings PinPoint Settings

Exposure |1 = Catalog GSC ACT -

Binning B3 - Catalog Path E] “WWMacproffe Tbhaid"\Ste
Fitter Lum - Expansion 0.0 =

Subframe  Full -

Min. Stars |15 =

Use Autodark

Plate Solve Settings
» Exposure: Enter the exposure time in seconds for plate solve exposures.

Binning: Select the binning desired for plate solve exposures

Filter: Select the filter desired for the plate solve exposure. Usually this is the most transmissive filter such as luminance or clear

Sub-frame: If you have a wide field system, selecting a sub-frame may result in faster plate solving.

Min Stars: This sets the minimum number of stars required for a plate solution to be accepted. Setting this number too low may lead to a false solution. 15 represents a safe
minimum.

Use Autodark: When CCDSoft is used, the plate exposures are auto-dark subtracted. Unchecking this box disables auto-dark.

PinPoint Settings

» Catalog: Select the desired stellar catalog to be used for plate solving. For most users, GSC-ACT will serve very well but other catalogs are also supported.

» Catalog Path: Press the to navigate to the root folder of your chosen stellar catalog. This catalog must agree with the catalog selected above.

e Expansion: Sets how much beyond the imager FOV PinPoint will search for a solution. If your pointing is not precise, increasing this value can make plate solutions more
probable albeit with increased solve times.

File Settings
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Folders
Base Folder D C\Astro™y

Light Frames [ |
Bias Frames [ |
Dark Frames [ .. |
Fiat Frames [ |

File Names
Light Frames W d
Bias Frames ot Y
Dark Frames ot Y
Flat Frames Wt d

Starting Sequence Number

File Name Extension  fit

52

FITS Keywords

TELESCOP 12.5RC F/5

INSTRUME Apogee Alta Driver 1.0.0.2
OBSERVER John

OBSERVAT Hidden Loft

Standard Keywords {IRAF, Mira)

Template elements:

specify without spaces between.

. is escape character

“.a = session starting dAte

‘b = Binning name

‘¢ =imager Cooler temperature

d = rotation Degrees

‘e = exposure time in sEconds

f = Fitter name

Image type : Bias, Dark, Flat, Light
m = Exposure time in Minuites

%o =readOut mode (Maxim 5 only)

“ir = Rotation type

‘s = Side of meridian for image exposure
it = Target name

%n = no senal number

e.g. %ec¥i%his = -20Bias 2<2Red600s. 00001

eg. &% _%b = RedM33_1x1.00002

e.g. &%f%b_%d%r = FatRed 1X1_270PAEast. 00003

Folders
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The folder structure consists of a base folder and individual folders which can be customized for different frame types. If the field is blank, the default settings are used. If you

want to clear a folder's path, hit the
(My) Docunent s\ CCDWar e\ CCDAut oPi | ot 5\ | mages\

File Names

button and then select Cancel when the window opens. If the base folder is blank, the default base folder is

File names consist of the file naming defined by the appropriate template, followed by a 5 digit sequence number, followed by an extension, typically .fit. File name templates
can be used for each frame type. A '%' character is not legal as part of a file name but a '%' character followed by a letter will replace the '%' character and the following

character by specific information as defined below:

» %a enters the session starting dAte as part of the file name

the previous one.

%Db enters the Binning for the specific exposure

%d enters the rotation angle in Degrees for the specific exposure

%e enters the exposure time in sEconds for the specific exposure

%f enters the Filter name for the specific exposure

%m enters the exposure time in Minutes for the specific exposure

%t enters the Target name for the specific exposure

%c enters the imager's Cooler temperature for the specific exposure

%i enters the Image type: Bias, Dark, Flat, Light for the specific exposure

%o enters the readOut mode for the specific exposure (Maxim only)
%r enters the Rotation type: PAEast, PAWest, Rotator for the specific exposure. This is applicable to flat frames only

%s enters the Side of the meridian: E for east or W for west. for the specific exposure

%n prevents a serial Number from being entered. Caution: this is used in very special situations and should not generally be used as subsequent exposures will overwrite

If any text is entered in a template that is not preceded by a '%' character or after the first character after the ‘%' character, it will be entered exactly as entered for all file names

for the given frame type.

If the backslash character, '\' is entered, a new folder will be created whose name is the text preceding the backslash.

You can experiment with different templates by entering the text in the space for each frame type and hovering the mouse over the space. You will see a sample file name in

the tool tip window. This way you can check out the file templates before committing them to a session.
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» Starting Sequence Number: This represents the starting sequence number that will be used for a session. There is no need normally to reset this for each session but it
certainly can be reset if desired.

» File Name Extension: This normally "fit" but can be changed if needed by your processing application.

FITS Keywords

These keywords are entered in the FITS header for every frame. If the INSTRUME keyword is left blank, the camera server will enter the name of the driver used.

» Standard Keywords: is checked, the FITS Keyword IMAGETYP will use professional for light frame, dark frame, bias frame and flat frame will be used - LIGHT, DARK,
BIAS and Flat, respectively. If cleared, the SBIG standard will be used, Light Frame, Dark Frame, Bias Frame and Flat Field respectively. It is recommended that the
Standard keywords be used.

Flat Settings

Plate Solving | File Settings | Flat Settings |Time Estimates I Control Settings | Motfications I Wizards I Tools I Camera Options I Assess Data

Exposure Limits Bias

Auto Measure Bias for Flats
Minimum 3 =
100

Maimum |30 =

Flip-Flat/Flat Man
Tracking
@ On with Dithering

File Path

&

O Off

Starting Sun Altitude

Dusk 05 =

Dawn -8.0 =
Solar Null Pairt

Auto

Azimuth 0

Altitude 0

Exposure Limits

Set a Minimum exposure limit to prevent any shutter effects from distorting the flats. Set a Maximum exposure limit such that a bias frame is sufficient to calibrate the flat
without having to worry about matching or scaling dark frames.

Tracking (Sky flats only)

Selecting On will move the mount between flat exposures. When using the twilight sky as the flat light source, stars may appear. By moving the mount between exposures,
the stars can be eliminated in the master flat by suitable rejection combining techniques such a Sigma Reject. Selecting Off will turn off tracking. Any stars that appear will be
trailed for the length of the exposure.

Starting Sun Altitude (Sky flats only)

These settings are the sun altitude at which to begin sky flat exposures for Dusk and Dawn. The values shown are good starting points but you may adjust them based on
your own experience by reviewing the log.

Solar Null Point (Sky flats only)

When Auto is checked, the telescope will be slewed to that point in the twilight sky that has a minimum gradient, needed for good flats. When unchecked, you can enter your
own altitude and azimuth for sky flats.

Bias

When Auto Measure Bias for Flats is checked, CCDAutoPilot will make a short exposure to determine the bias level of the imager camera. This is not a bias subtraction.
The measurement is simply done to insure the bias level, which can be into the thousands for some cameras, will not result in an under-exposed flat exposure. For example, if

the Target ADU is 30,000 and the bias level is 2,000, CCDAutoPilot will use 32,000 as the Target ADU to determine exposure time. If you know your average bias ADU, you
can uncheck Auto Measure Bias for Flats and enter that average in Flat Bias ADU.
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FlipFlat/FlatMan

CCDAutoPilot has integrated support for this flat panel. All that is needed is to use the button to point to the AACmd.exe file, usually located at C: \ Pr ogr am
Files\ A nitak Astrosystens\Al nitak Astrosystens Controller\

Time Estimates

Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Notifications I Wizards I Tools I Camera Options I Assess Data

1x1 Download Time 248 2 Based on 67 1x1 download measurements
22 Download Time 105 z Based on 1 22 download measurements

I3 Dowrload Time 6.5 Based on 1 3x3 download measurements

Al

Focus Time 1525 £ Based on 19 focus measurements
Meridian Fip Time mo = Based on 3 meridian flip measurements
Flate Solve Time 223 = Based on 101 plate solve measurements

Adjustment 0.0 =

A key aspect of planning is the estimation of various event timings that occur during the course of an imaging session. These events are shown above. One can either enter
estimates or let CCDAutoPilot develop them using its internal learning algorithm. The more sessions are run, the more accurate the estimates become. At the end of each
run, the actual event history is compared with the estimates and the values are adjusted. Any differences are shown in the adjust box. As additional sessions are run, the
magnitude of this adjust box decreases. When a run estimation is made, these event times are used to make the session estimated times more accurate.

The Reset Estimates button is used to reset all estimates to 0 and start the learning process again from scratch. The Set Estimates button is used to enter an estimate
where none exists or to enter a revised value.

In general, these settings are best made automatically.

Control Settings
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Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Notifications I Wizards I Tools I Camera Options I Assess Data

Cloud Sensor Il

File Path [.] \WEATHER\Astronomy",_Docur

[ Wit 15 = min. for Clouds to Clear

[ Stop Mount while Waiting for Clouds to Clear
[ Abort Session f Humidity Greater Than 80 — 4
[] Abort Session f Wind Speed Greater Than |15 2| mph

[ Abort Session on Loss of Weather Infofor |0 2| min.

Control File Path [ |

[ Cooler Setpoint Recovery

Sleep Pyxis while |dle

©a

Weather Sensor

CCDAutoPilot uses the single line data file of the Boltwood family of cloud sensors and other cloud sensors that conform to this file structure. With this facility, multiple

observatories can share a common cloud sensor as long as it is networked to each observatory. Set up the cloud sensor to write the single line file. Use the File Path
button to navigate to the location where this file is written. The remainder of the settings depend on whether a version | or version Il cloud sensor is being used. The run abort
condition is set if the cloud sensor reports very cloudy or rain.

» Wait for Clouds to Clear: When checked, if clouds come in and the cloud sensor is not "very cloudy", the run will pause for the time specified waiting for the clouds to clear.
If it clears before the specified time, the run will resume, if not the Run Abort Condition will be set.

» Stop Mount while Waiting for Clouds to Clear: When checked, mount tracking will be turned off while waiting for the clouds to clear.

The following are Professional Edition features only.

» Abort Session if Humidity Greater Than: When checked, the run abort condition will be set if the humidity exceeds the specified level.

» Abort Session if Wind Speed Greater Than: When checked the run abort condition will be set if the wind speed exceeds the specified level

» Abort Session on Loss of Weather Info: When checked, the run abort condition will be set if the cloud/weather system stops updating for the specified time. See the
Cloud Sensor Notes.

Run Abort Condition

Should any weather condition be set, CCDAutoPilot will attempt to perform the Shutdown steps on the Options page - turn off tracking, park the telescope, Set the Pyxis rotator
position to 0 if used, close the dome and run the final application, whether these are checked or not. The camera cooler will not be warmed up in case dark frames are
scheduled. A failure of any of these attempts will not impact subsequent steps.

Caution and Disclaimer

Both the Cloud Sensor documentation and common sense advise against relying on this device to protect valuable equipment. It is mainly intended as a monitor of sky
conditions. See the Cloud Sensor documentation for details. CCDAutoPilot responds to changing sky conditions as a convenience to the user and in no way should be
considered a fail safe approach. The most reliable usage, again without guarantees, is to have a direct connection between the Cloud Sensor and the dome control hardware
emergency close switch with no intervening software. The dome controller should be on an uninterruptible power supply (UPS) to be able to close the dome in the event of a
power failure.

None of this is any substitute for an attendant.

Control File Path Professional Feature Only)
Use the button to navigate to the Control File Path. See the_Control File Editor topic for details on this file structure.

Cooler Setpoint Recovery

Some camera coolers, Apogee for example, have firmware that increase the cooler setpoint if the percent power used by the cooler exceeds a predetermined level. Since the
evening generally cools down, this artificial increase in cooler setpoint becomes less necessary. Checking Cooler Setpoint Recovery will try to reset the imager cooler
temperature to that entered on the Options page, Startup tab whether Set Imager Cooler is checked or not.

Sleep Pyxis while Idle
The native CCDAutoPilot Pyxis driver has the ability to power down the Pyxis rotator when idle. This is not available with the ASCOM driver. When checked, this option will
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power down the Pyxis when not moving.

Slew Dome to Scope (AutomaDome dome server only)

The setting determines how frequently CCDAutoPilot should adjust the dome slit position to the telescope when using AutomaDome. (There is no need for any auxiliary VB
script to maintain this alignment as CCDAutoPilot does this internally.) Unless the dome slit is particularly narrow and/or the OTA aperture is particularly large, it is

recommended that this be kept to 8 minutes or longer. If more frequent adjustments are desired, the dome/telescope system should be checked over an extended period of
time (hours) to verify proper operation.

Notifications

Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Notffications |Wizard5 I Tools I Camera Options I Assess Data

Email Settings Motify
Email To [T At Start of Session
SMTF Server [ At Start of Light Frames Phase
[[] Authenticate 7] Use SSL
[ At End of Session
User
[] At End of Session with Log
Password

] Upon Weather Events
Send Test Email

[ Upon Guide Emor

[ Upon Plate Solve Emor

7] ©n Slew Emor

[ ©n Camera Emor

Email Settings (Professional Feature Only)

Email notification is possible of significant events during the course of a session. In concert with the Control File and the Notify settings, you can receive an email notification of
a number of events. Enter an email address to which you want the notifications sent. TIP: If you enter the email address for your cell phone's SMS text message, you can
receive a text message. You can enter more than one email address as long as they are separated by a comma ', but no spaces or any other punctuation. You can test these
settings using the Send Test Email button.

In order to receive these notification, you must have a valid email account established on the observatory's computer and CCDAutoPilot must be properly configured. As a
minimum, you will have to enter the SMTP server, which is the same that is entered in your email client's account setup. If you need to enter a port other than the default
standard which is port 25, enter the smtp server name followed by a colon ", followed by the port name. For example: snt p. mai | . net for a standard port and

snt p. nai | . net: 505 for a non-standard port 505. If your server requires you to use Secure Sockets Layer, check the SSL box. CCDAutoPilot will use the default credentials
(UserName and Password) you have entered in your email setup for that account. Be sure to test your settings by using the Send Test Email button. If you get an
Authentication Error, proceed to enter your UserName and Password as described next.

Notify

With the Email Settings properly configured and tested, you can receive notification for any of the events shown in the Notify box. Of particular use for remote observatories is
At End of Session with Log. Itis very gratifying to receive the log of a successfully completed session when you awake!

At Start of Session: Sends an email when the session starts. This is useful when using a programmed session start.

At Start of Light Frames Phase: Sends an email when the light frame data acquisition begins.

At End of Session: Sends an email when the session completes.

At End of Session with Log: Sends an email when the session completes and attaches the log for the session.

Upon Weather Events: Sends an email if any of the weather abort limits set in the Weather Sensor box are hit.

Upon Guide Error: Sends an email if the guider fails to start for any reason.

Upon Plate Solve Error: Sends an email if plate solving fails. May be an indication of clouds.



Command Summary Page 36 of 40

» Upon Slew Error: Sends an email if the mount fails to successfully make a Precision Slew.

» Upon Camera Error: Sends an email if the camera server is unable to take or save an image.

Wizards

Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Notfications | Vizards |T00|5 I Camera Options I Assess Data

G2V Calibration
R Red 1.00 =
G Green 1.00 =
B Blue 1.00 |

Auto Star Select

[Measure ] [ Abort ]

Focus Offset Measurement

Reference Fitter Lum -
Measurements. Filter 5 =
[ Measure ] [ Abort ]

G2V Calibration Wizard

CCDAutoPilot can automatically measure your RGB Ratio, sometimes called a G2V ratio for the spectral signature of a sun-like star. This is a widely accepted method of
determining your color combine ratios when assembling your final color image from RGB filtered data.

To begin, first select the R; G; and B; filters. The G: filter will be used as the reference. Typically in English, R: will be Red, G: will be Green and B: will be Blue. If using a
BVR filter set, then R: would be R, G: would be V and B: would be B. Then proceed as follow, depending upon your telescope control program.

TheSky6: Point your telescope to a point in the sky near the zenith. If Auto is checked, CCDAutoPilot will locate a number of G2V stars and slew to the first G2V star. If you
are initialized, it will center the star in your FOV. If you don't check Auto, you will have to manually slew to a known G2V star. CCDAutoPilot will then automatically adjust the
exposure to meet its measurement criterion, take a number of flux measurements through each filter, correct the measurement for atmospheric extinction and show the
resultant combine ratio. You will be asked to inspect the first image for each star to insure there is not a close double in the image. If there is, simply move on to another star;
if not, allow the measurement to proceed. You can measure additional stars if you wish.

ASCOM: Automatic selection of G2V stars is not possible. Therefore manually slew the telescope to a known G2V star then hit the Measure button.

CCDAutoPilot will automatically adjust the exposure to meet its measurement criterion, take a number of flux measurements through each filter, correct the measurement for
atmospheric extinction and show the resultant combine ratio. You will be asked to inspect the first image for each star to insure there is not a close double in the image. If
there is one, please select and slew to another star.

In general, it is advisable to measure a few G2V stars. The expected measurement accuracy is +/- 0.1. It is also worthwhile measuring on different nights. High, thin clouds
can reduce blue transmission, leading to erroneous results.

At any time during the run, you can terminate the run via the Abort button.

A log of measurements will be displayed in the log window to the left. When completed, you are given the opportunity to save the log to notepad. It is also available on the
Windows clipboard to paste into another application.

Focus Offset Measurement Wizard

Focus offsets were discussed earlier. This wizard provides an easy way to determine your offsets. Begin by pointing the telescope to a suitable focus star. Choose one that is
bright enough for your range of filters. The settings on the Focusing page will be used to run the focus routine. Select the Reference Filter and choose the
Measurements/Filter you want performed through each filter. A minimum of 5Smeasurements is recommended and more are preferred. CCDAutoPilot will focus on each filter,
starting with the first one and go through all your filters the specified number of times. If a focus fails for whatever reason, it will keep trying until the number of specified
measurements are achieved and log the median value. When the measurements are completed, CCDAutoPilot will calculate the offsets from your chosen reference filter and
enter the offsets in the Focus Offset column of Filter Factors on the Focusing page.

At any time during the run, you can terminate the run via the Abort button.

A log of measurements will be displayed in the log window to the left. When completed, you are given the opportunity to save the log to notepad. It is also available on the
Windows clipboard to paste into another application.
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It is recommended you calculate how many counts correspond to your Critical Focus Zone. Compare the offsets calculated to the CFZ. If the offsets are a fraction of the CFZ,
say 50% or less, it is probably makes sense to set them to 0.

Tools

| Plate Solving | File Settings I Fiat Settings | Time Estimates | Control Settings i Netifications | Wizards | Tools | Camera Options | Assess Datai
Subexposure Calculator

Measure Analyze
|m Read Moise Contribution 10.0 = %
Gain 1.4 = e/ADU Minimum Sub-exposure Time ‘i5‘3 sEC,
Read Moise 10.0 _; = Image Sensor KAFD4DZME -
Binning Tx1 - Planned Exposure Time 300 : e
Filter Lum - Sensor Temperature 20 = T
Test Exqposure (300 _; sec, Darlc Moise Contribution 1.0 = %
@| Number of Stacked Frames |6 =
Shey Flune 3.0 | efsec. ") Stare @ Dithered 6
Test Buttons Guide Calculator

Py Maxx. Allowable P-P Emo 00 ¥ :
Tracking On Close Dome | Guider Alarm . Alowsbis r E| Araee Suggest
Mae. Mllowable Movemert 0.0 2l arcsec.
| Tracking Off Open Dome Alarm Off '

Park | Move Dome To (1]

Recommended Max. Move  0.000 sec.

=]

Recommended Min. Move  0.000 sec.

I Move Rotator To J 827 : Aggressiveness 30 &

| Apphy to Maxim Relays

Sub-Exposure Calculator

As discussed in_maging Strategies, characterization of the imaging camera and site sky glow can aid in determining sub-exposure duration. The Sub-exposure calculator
consists of two parts, Measurement and Analysis.

Measure

First, the camera read noise and gain must be measured. Many vendors supply values for these terms but it is good to measure your specific camera. The read noise
measurement requires no special setup but the gain measurement does. For the gain measurement, you will be asked to somewhat uniformly illuminate your imaging camera
to approximately 20,000 ADU by adjusting the exposure to reach that level. If you are not prepared to do that, you can accept the camera manufacturer's value and proceed.

Before measuring the camera, select a binning and a filter. | suggest your first measurement be at 1x1 and you use a clear filter. Hit the Measure Camera button. You will be
prompted through the steps for the measurement. When complete, there will be an entry for Read Noise and, if measured, Gain. In theory, read noise should be unchanged
when binning, if the binning is done in hardware and there are no other noise sources introduced by the binning process. With some cameras, this is not the case.

The next step is to measure your sky flux. Try an exposure of 180 to 300 sec., depending on your ambient light. This measurement will take some time as a light exposure
and an auto-dark exposure will be taken. Once the exposures are complete, the Sky Flux will be displayed at e/sec. You can also determine this manually by using a
calibrated previous exposure through the filter of interest. Simply measure the average ADU level of an area free of stars. The sky flux is simply that average ADU times the
gain as measured, divided by the exposure time in seconds.

Gain, read noise and sky flux are the key ingredients necessary to proceed to the Analyze box.

Analyze

Select the contribution to total noise you wish to assign to the camera read noise. This is a percentage of the noise that will be contributed by the sky flux. The underlying
concept is to expose long enough so that the noise from the sky flux overwhelms the read noise such that the read noise contributes the indicated percentage to the total
noise. A good starting point is 5%. Entering a Read Noise Contribution value automatically calculates the minimum sub-exposure duration in sec. For more details and
analysis, see my paper on Sub-Exposure Times and Signal-to-Noise Considerations.

Next, choose your image sensor. If necessary, consult your camera documentation or vendor for your sensor type. If your sensor is not available, you can add it if you have
the necessary data. See here for the file structure. Enter your planned sub-exposure time. Select your Sensor temperature, Dark Noise contribution and the number of sub-
exposures in your stack to get the number of mean combined darks you need. (Because any master dark is subtracted from each sub-exposure, it is correlated. This means
any noise that is in the master dark eventually will appear if the stack is deep enough, just as faint details appear when the stack size is larger.) Experiment with changing your
Sensor Temperature and Dark Noise Contribution. As you further cool your camera, you will see the number of darks needed slowly decreases. Now warm up the camera.
The number of darks will increase slowly at first then faster. You want to be in the area where it increases slowly if possible. For more details and analysis see my paper on
Sub-Exposure Times and Dark Frames.

Compare Stare mode to Dithered mode. "Stare" means undithered. You can readily see the impact of dithering on the required number of darks.

It should be mentioned that the number of darks is based on a min./max clip combine. You would normally use this combine method to eliminate cosmic ray hits and similar
random artifacts.

Caveat: This is a bit of a simplification of a very complex topic. Narrow band imaging, extremely dark skies, etc. will mandate much colder camera operation since the sub-
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exposures will become longer. Nevertheless, this is a good starting point for determining a starting point for your sub-exposures, camera operating temperature and number of
darks.

Test Buttons

These buttons cause the indicated actions to be performed. They may be used to test communications to the ultimate hardware through the various software layers before
committing to an automated session. It is recommended these buttons be used whenever hardware changes or a suspicion of things not going right arises.

IMPORTANT: CCDAutoPilot can only send the Tracking Off and Park command to your telescope control program. It is your responsibility to verify that your mount behaves
properly when it receives these commands. Please take advantage of the test buttons to verify proper communications with your mount and dome. Hit these buttons one at a
time to test whether your chosen telescope control program turns off tracking or parks the mount. If you don't get the expected results, consult the manufacturer of your
telescope control program for support. CCDAutoPilot sends standard commands for tracking off and park in accordance with ASCOM and TheSky's defined interfaces. Watch
the status panel below the buttons for reports of activities.

» Tracking On: This button should turn the mount tracking on.

Tracking Off: This button should turn the mount tracking off.

Park: This button should send the mount to its park position. With most telescope control programs and/or mounts, this park position must be pre-defined by the user.

Close Dome: This button should close the dome shutter.

Open Dome: This button should open the dome shutter.

Move Dome To: The current dome azimuth is reported to the right. Change the value, hit Move Dome To and confirm the dome does indeed rotate to the entered
position.

Move Rotator To: The current rotator position is reported to the right. Change the value, hit Move Rotator To and confirm the rotator does indeed move to the entered
position.

Guider Alarm: This gives an example of the alarm that sounds when guiding fails and the AGRS cannot restore it.

Alarm Off: This turns off the alarm.

Guide Calculator

This calculator allows you to determine your optimum minimum and maximum move parameters for your system. Proper setting of these parameters is important for optimal
guiding. When connected to your camera control program, the guide calculator will automatically determine whether DirectGuide (CCDSoft only) or camera relays is in use and
calculate minimum and maximum recommended moves automatically. These parameters can be loaded into your camera control program. For more information, see the
online Guide Calculator.

Max. Allowable P-P Error: Here we try to determine when we want your mount to actually make a correction. If your guider error is only .05" arc-seconds, there is no need
to make an correction. If your min move setting is set to low, then you guider relays will move the mount every guider cycle. This can result in mount oscillations or chasing
atmospheric turbulence. My best suggestion in setting this value is about 75% the image scale in which you are imaging. For example, if you are imaging at 1.2" asp, then
set this value to 0.9" asp. This way a guider correction is only sent when the centroid of the guide star is 0.45" asp off in either the X or Y axis from the selected guide star
position.

Max. Allowable Movement: This value is not required to achieve great autoguiding, but it does protect us from some extreme situations that could ruin a sub-exposure. For
instance, if a cosmic ray hit is sensed on the autoguider CCD, this could cause your autoguiding software to think that the centroid of the star has moved many, many pixels
from center. Therefore it is going to attempt to correct the mount for this error. If you have no max move setting, this will result in a very large correction and a ruined
exposure. If you have a limit to the size of the correction, i.e. max move, then this effect can be mitigated by not allowing a large correction. Setting this value too low may
result in under correction, so its best to set this value about 2X - 4X larger than the above 'Peak to Peak Maximum Allowable Error' setting.

Suggest: Hitting this button will cause recommended settings to be entered for the above two values and represents a good starting point. If you are unsure of what to
enter, hit the Suggest button.

Recommended Min. Move: Based on the above entries, this is the recommended minimum move amount for your guider.

Recommended Max. Move: Based on the above entries, this is the recommended maximum move amount for your guider

Aggressiveness: With the recommended minimum and maximum move, this is the recommended aggressiveness setting for your guider

Apply To <guider>:Hitting this button will automatically enter the recommended values into your camera control program. The button name will indicate your camera control
program (CCDSoft or Maxim) and the corresponding guide method (Relays or DirectGuide for CCDSoft, Relays or MicroGuide for Maxim).

Camera Options
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Plate Solving | File Settings | Flat Settings | Time Estimates | Control Settings | Motifications I Wizards I Tools | Camera Options | Assess Data

Maodm CCDSoft
Exposure Readout Modes Guide Box Size
Plate Solve  Nomal - 0 g =
Flats Nomal -
Guider (32 [ Reset
Darkc/Bias Nomal -
Light Mormal -
Focus Nomal -

[7] Lossless Compression

7] Remove Pixels Moige |1 =

Maxim Camera Options

Depending on your specific camera, different Exposure Readout Modes may be available. These choices will be available when Maxim is connected to your actual camera
hardware and CCDAutoPilot is linked to Maxim. Depending on the choices available, you may elect to choose different readout modes for different exposures. For example,
assume your camera has two readout modes: Normal and Fast. The Fast mode might have more read noise. (Hint: Use the Sub-Exposure Calculator to measure all modes.)
For things like Focusing, plate solving and even flats, you may elect to use the Fast mode. But for Light frames, you use Normal to minimize read noise. Don't forget to use
Dark and Bias frames with the readout mode that matches your light frames and flat frames.

Lossless Compression: When checked, all FITS data files, light frames, dark and bias frames and flat frames are compressed using Maxim's proprietary lossless
compression algorithm. This makes file sizes considerably smaller than uncompressed files but they can only be opened in Maxim and not any other program. If this option
is checked, Data Assessment can not be used.

Remove Pixels (Maxim): When checked, CCDAutoPilot will automatically execute Maxim's Remove Bad Pixels process for all frames, Light, Dark, Bias and Flats, taken
during the session. See the Maxim help file for details. The Bad Pixel Map in Maxim must be pre-defined and unique for each binning. For example, a bad pixel map for
1x1 binning must have the name "Map1", for 2x2 binning, the name must be "Map2", for 3x3 binning, the name must be "Map3". Any other name will not be accepted by
CCDAutoPilot.

Noise: This represents the small amount of Gaussian noise that is added to the interpolated images to improve appearance. See the Maxim help file for more details.

Remove Pixels Usage Note

When this feature is configured and checked, it will be applied to all frames, light, dark, bias and flat. If you already have library dark and bias frames taken without this option
and want to use them with light frames acquired with this option checked, then you should run your masters through Maxim, apply the appropriate bad pixel map and save the
master to a new name. If you don't do this, your calibrated image might not look correct. For example, assume you have a bright column that you remove with the bad pixel
map. This column will not show up in your light frame but if it is in your dark frame, you will have a black column in your reduced image. If you run your master dark through
the Remove Bad Pixels routine manually in Maxim, save that dark and apply it to your light frame taken with the Remove Pixels option checked, your calibrated image should
look proper.

If you select this option, you should make bad pixel maps for all binnings that you use, including those you use for plate solve exposures. That way, hot pixels will be removed
and the plate solving routine won't mistake a hot pixel for a star.

While there are many ways to develop a bad pixel map, one way is to use a master bias. It should be made up of 20 - 40 individual bias frames, the more the better. Move the
information windows around to measure the level (ADU's) of the bad pixels you want to remove. Hit the AutoGenerate button and use the threshold adjustments in Maxim to
define the pixels that should be replaced. Next, process the bias frame to see what pixels will be removed.

It is strongly recommended that you experiment with this feature before committing it to an evening's session.

Enabling this feature modifies your original data by the Remove Bad Pixels process before it is saved. There is no way to "undo" this modification. Science users should
carefully consider whether this option is appropriate for your data requirements. You can evaluate this by not checking the option and manually running it through Maxim's
"Remove Bad Pixels" process.

CCDSoft Camera Options

This setting allows adjusting the size of the guide star box. This is the image that is visible when the guider is operational. The settings must be set before guiding is enabled.
You can set either the AO guide star box or the conventional guider guide star box. Changing during guiding will not have any effect

e Set: Enters the values shown for the guide box size.

e Reset: Resets the guide box size to the default values of 8 for the AO and 32 for conventional guiders.

Assess Data
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Enable Data Assessment
Data Assessment

Use CCDInspector

Max. FWHM 60 = anc-sec.
Max. Aspect Ratio 15.0 = %

Mazx. Background 1 = ADU

7] Mave Failing Data to

&

[ Insert WCS5 into Light Frames

Data assessment consists of measuring key light frame exposure parameters during a session. By setting criteria here, frames failing to meet the defined criteria can be so
noted in the log and optionally moved to another folder for subsequent examination. Data assessment works with goals to insure only those light frames that meet the defined
criteria count toward the goals set on the Session page.

As a minimum, the average Full Width Half Maximum (FWHM) of the frame is measured as a first order quality assessment. This measurement requires either PinPoint or
TheSkyX be available and used for Plate Solving. With CCDInspector 3.0, additional measurements of Aspect Ratio, a measure of tracking and/or guiding, and Background, to
measure the level of sky glow, can also be measured,

Enable Data Assessment: When checked, data assessment will be performed either during a session or via the Assess Data button on the Options Page.

Use CCDInspector: When checked, CCDInspector will be used to assess the light frames

¢ Max. FHWM: When a suitable value is entered, all light frames whose average FWHM exceeds the entered value will be noted as having failed.

e Max. Aspect Ratio (CCDInspector only): When a suitable value is entered, all light frames whose average Aspect Ratio exceeds the entered value will be noted as having
failed.

e Max. Background(CCDInspector only): When a suitable value is entered, all light frames whose average Background exceeds the entered value will be noted as having

failed.

In order to pass CCDInspector's screening, all three measurements must be below their corresponding values. If it is desired to not consider one parameter, Background for
example, simply set the value high.

Frames that are noted as failed will not be considered against the goal. There is an additional option:

» Move Failing Data to: When checked, failing frames will be moved to the folder specified. Use the button to specify the folder to which the failing data will be moved. If
the path is blank, the failing data will be moved to a \Failed|\ folder off the Base folder. Assume the Base Folder is C:\Astro and all other Folders on the File Setting tab are
blank. Then the failed folder will be C: \ Ast r 0\ 20110228\ Dat a\ Fai | ed\ Of course this folder location can be customized as well.

» Insert WCS into Light Frames: When checked, WCS data will be written to the FITS header as well. This option is available only when PinPoint is selected for plate
solving. Note that this will require additional time during a session as a plate solve will have to be made for each data frame and then added to the FITS data. For other than
scientific purposes, this is best left unchecked.
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Other Applications

CCDAutoPilot comes with a number of applications that are discussed in the following sub-topics. These tools can help with
evaluating and troubleshooting sessions.

Control File Editor

Professional Edition Feature

The Control File facility allows a number of additional options that are useful for more sophisticated remote observatories,
whether remote is in your back yard or across the globe. This file can be created or modified by any text editor. The Control File
Editor provides a convenient way to create the control file as well.

(.1 ccpautoPilots Control File Editor [EENEEE =)
S (i
[T] Check polling [] Send Email
[7] Start Session [ Include Log
[7] Pause Session [7] Plate Solve Emor
[7] Abort Session [7] Slew Emor
[7] Abort Session and Shutdown [7] Guide Emor
Test Message
e 7

» Load: Loads an existing file for editing

» Save: Saves the open file or creates a new one

» Test Message: Enter up to a 20 character string that will accompany any email messages or log entries as desired

» Characters 1 through 6 (CCDAPS5): These characters must be "CCDAP5". This string of characters is used to validate this as
a control file.

e Check Polling (Character 8: If Y, the following field must be updated more frequently than the CCDAutoPilot polling time of 6
sec. This option is useful for sophisticated observatory control systems to insure communication between a client application
and CCDAutoPilot. If the following field is not updated within the polling interval, the current run is aborted. If this character is

anything other than Y, the next field is ignored.

e Character 10 through 20: This string can be generated by a Now(days) function in the client program. As long as this string
changes between CCDAutoPilot polls,the run will progress if Character 8 is Y.

e Start Session (Character 22): If Y, the run will start when the Run Session is pressed on the Run Session page of
CCDAutoPilot. If set to anything other than Y, the session will not start until the character changes to Y.

e Pause Session (Character 24): If Y, the run will pause in the same manner as when the Pause Session button is pressed on
the Status window. When set to anything else, the run will resume as when the Resume Session button is pressed on the
status window.

e Abort Session (Character 26): If Y, the run will be aborted as if the Abort Session button is pressed on the Status window.

e Abort Session and Shutdown (Character 28): If Y, the run bill be aborted as if a cloud sensor had triggered the Run Abort
Conditions. Additionally, the imager cooler will be warmed up.

e Send Email (Character 30): If Y, an email will be sent using the Email address and SMTP server settings on the Preferences
page. Any other character and no email will be sent.

e Include Log (Character 32): If Y, the current log will be attached to the email sent as above. Any other character and no log
attachment will be included.

e Plate Solve Error (Character 34): If Y, any plate solve error will result in a message "Plate solve error" being sent to the email
address, assuming character 30 is Y. Any other character will result in no message.

e Slew Error (Character 36): If Y, any slew error will result in a message "Slew error" being sent to the email address, assuming
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character 30 is Y. Any other character will result in no message.

» Guide Error (Character 38): If Y, any automatic guide star error failure will result in a message "Guide star not recovered.
Imaging unguided." being sent to the email address, assuming character 30 is Y. Any other character will result in no
message.

» Reserved Identifier (Character 48)

» Message (Characters 50 through 70): Up to 21 characters can be appended to any messages sent from the above events.

Format
The control file consists of a single line file that may or may not be updated continuously as the need arises. When Use Input File
is checked on the Preferences page and a suitable file is entered by the File/Path button, this file will control CCDAutoPilot.

Here is the general structure of that file:

0 1 2 3 4 5 6 7

1234567890123456789012345678901234567890123456789012345678901234567890

CCDAP4 N 01234.67890 y NN NNNNNN Test Message........ X
I ||

Y=Check+ |

Y=Enabl e start ++++++++
Y=Pause, el se resune++++

I
I
I
|
|
|
I
+

Y=Abort run++++++++++++++

I
I
I
I
I
I
I
I

Y=Abort Run and Shut down++++

I

Y=Send Mi | +++++++++++++++++++

Y=Send Log++++++++++++++++++++++

Y=Report plate solve error++++++++

Y=Report slew error+++++++++++++++++

Y=Report guide star recovery error++++

Reason/text nmessage (21 characters) +++++++++++++++

The top line indicates character position, starting with 1 and going through 70. The character positions have meaning as defined
below:

Usage
By the judicious choice of these options, you can arrange for any number of notifications and control. Some examples:

Assume you have a sophisticated weather and observatory control system such that if primary power is lost, you have enough
UPS power to secure the system. You might use the Abort function to abort the run. Then, assuming your observatory is
properly constructed, you can close the slit and gracefully power down the system. You can be notified of this by email or text
message, along with any additional text, identifying the reason for the change

You can your email address of your phone's text message subscription to receive notification of any plate solve or guide star
failure.

Note that, independent of this control file, you can elect to be notified via email of run completion and receive the log as an
attachment by checking the appropriate boxes on the Preferences page.

Log Examiner

CCDAutoPilot logs have a lot of information in them and it can be a bit tedious to find what you are looking for. The Log Examiner
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allows you to search for a specific set of characters (called a "string") and report all instances of that string. Since what you are
looking for may require some lines before or after your search string, that can also be selected. Up to 10 search strings are
saved. You can even save the search results.

Openlog | .. | \\OBSERVATORY\Astro"CCDAutoPilot_Logs\ce | Reload | | Clear Search History | Save Search I
i

Search for «| Include [0 : lines beforeand |0 :”. lines after Seanch

02:-:48:40 Stars: B7, FWHM: 4.5 arc-sec. -

0Z:48:40 Solved RA:- 10 22 07.7, Dec: +14 07 18, PA: 35Z.Z2

v
02:428:40 Plate Sclve Time: 26.95 sec.

02:48:40 Pointing error (arcmin): BR 1.0; Dec 0.5

02:-:48:-43 BA Jog: 1.02 Dec Jog: 0.93

0Z2:48:43 Location corrected

02:48:43 Plate scolving._.

02:48:43 Telegcope RA: 10 3Z 54_.1, Dec: +14 05 ZB

02:-48:-586 C:\Astrc\SyncImages\Sync_20110215_024844_fit
02:4B8:58 Starg: 87, FWHM: 4.4 arc-sec.

02:48:58 Solwed BA: 10 32 11.%, Dec: +14 08 13, PA: 352.2
02:48:59 Plate Solwve Time: 15.7 sec.

02:48:5% Try 1 slew error: BZ_.6 arc-sec

02:50:1%9

02:50:13% Focus position: 487, HFD: 5.0 arc-sec., Temp.: 47.3
0Z:50:19 |
02:50:1% Focus Time: 138.353 sec.

02:-50:-21 Beturning to target...

02:50:22 Slewing scope. ..

02:50:-26 Slewed to BR: 10 44 15_.0, Dec: +11 42 ZZ
02:50:26 Mount settling for 3 sec. after slew.
02-50:-3Z Botator at: S1_8

02:50:32 Telescope RA: 10 44 15.0, Dec: +11 42 23
02:50:-32 Botating to BR:- 351 5w

» Open log: This opens a window from which you can navigate to and select the log you wish to examine. Once the log is
selected it is displayed in the text window.

e Search for: Enter the search term you wish to use for the search. You can enter the number of lines before and after the
search term,

e Search: This searches the log for all instances of the search term and displays any lines before or after the search term you
have specified.

e Save Search: Allows you to save the search to a new file. The default file name will be the same as the original log file with
"_sort" appended to the log file name. Of course you can name it anything you wish.

e Reload: Reloads the original log file, replacing the search display.

e Clear Search History: Clears the saved search strings.

Examples

Suppose | want to see how focus changes over the course of a session. If | enter "focus pos" as a search string, this is what |
would see:
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Dpen log E \VWOBSERVATORY \Astro'\CCDAutoPilot_Logs\ce | Reload | | Clear Search History |

Searchfor focus pos * Include E | lines before and
-
20:23:-3Z Forus position: B46, HFD: 3.5 arc-sec., Temp.: e0_& F
21:17:38 Focus position: B45, HFD: 4.0 arc-sec., Temp.: 56.7
21:54:31 Focus position: B3&, HFD: 3.8 arc-sec., Temp.: 56.2
22:053:15 Focus position: 551, HFD: 4.1 arc-sec., Temp.: 57.4 A
22:45:50 Focus position: 5723, HFD: 4.4 arc-sec., Temp.: 50.& 1
| 23:22:43 Focus position: 542, HFD: 4.5 arc-sec., Temp.-: 52.5
| 23:59:-08 Focus pogition: 513, HFD: &.1 arc-sec., Temp.: 53.7
00:3%:30 Focus position: 529, HFD: 4.4 arc-sec., Temp.: 4%.8% b |
01:14:19 Focus position: 513, HFD: 4.7 arc-sec., Temp.: 45.1
01:-43-33% Focus position: 503, HFED: 3.5 arc-sec., Temp.: 43.7
02:2Z-35 Focus position: 508, HFD: 4.5 arc-sec., Temp.: 47.3
02:50:1% Focus position: 487, HFED: 5.0 arc-sec., Temp.: 47.3 o

Suppose | want to see how the weather changes during a session (I am using a cloud sensor). Here | enter "ambient" as the
search term:

Openlog | ... | \\OBSERVATORY\Astro\CCDALtoFit_Logs'cc | Reload | | Clear Search History |
|
Searchfor ambient »  Include E_I:-iﬂ lines before and
-
17:54:28 Clear, Dry, Sky: -3_4°F, RAmbient: 73.7°F, : 8%, Wind: 0.0 MDH, F
20:13:4%8 Clear, Dry, Sky: -6.0°F, Ambhient: El.1°F, : 14%, Wind: 2.0 MEH, =
20:583:21 Clear, Dry, Sky: —-6.2°F, BAmbient: EB.4°F, z 15%, Wind: 4.0 MPH,
21:04:20 Clear, Dry, Sky: -6.8B°F, Amhient: EB.0°F, : 18%, Wind: 1.0 MEH,
21:15:31 Clear, Dry, Sky: -5.9°F, Ambient: 56.3°F, z 18%, Wind: 3.0 MPH,
| 21:30:0% Clear, Dry, Sky: -5.7°F, Ambient: 56.1°F, 2 17%, Wind: 4.0 MPH,

| 21:41:-17 Clear, Dry, Sky: -5.7°F, Ambient: 56.4°F, DH: 17%, Wind: 3.0 MPH,
21:52:26 Clear, Dry, Sky: -5.0°F, BRmbient: 56.1°F, BH: 17%, Wind: 5.0 MPH,
22:06:52 Clear, Dry, Sky: -5.0°F, Ambient: 57.1°F, HH: 16%, Wind: 1.0 MPH,
22:21-40 Clear, Dry, Sky: —-7_6°F, BRwmbient: 55_9°F, BH: 1B8%, Wind: 2_0 MDH,
22-32-38 Clear, Dry, Sky: —-%_5°F, Awmbient: 53_7°F, RH: 20%, Wind: Z_0 MPH,

22:-43-37 Clear, Dry, Sky: —-10_0°F, Ambient: 50.9%°F, BH: 21%, Wind:- 1.0 MPH,
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Now | want to see what the weather was like after each exposure. | can select my previously entered search term "ambient” from
the search pulldown but specify 1 lines before.

Openlog [ .. | \\OBSERVATORY\Asiro\CCDAuoFiot_Logs\ce

Search for arr-ﬂ-::;ierd -

17:54:28 Checking weather...
17:54:28 Clear, Dry, Sky: —-3.4°F, Ambient: 73.7°F, BH: 9%, Wind: 0.0 MPFH,

20:13:45 C:\NAstroh201102140\Data Filea'\M1\Red M1 131E_01610.fit
20:13:4% Clear, Dry, Sky: —6.0°F, Rwbient: €1.1°F, BH: 14%, Wind: 3.0 MDH,

20:52:21 C:\Rstroh20110214%\Data Files'\M1%\Bed M1 131W.01611.fit
20:55:21 Clear, Dry, Sky: —-6_2°F, Ambient: 58_4°F, BH: 15%, Wind: 4_0 MDH,

21:04:19 C:-M\AstrohZ0110214\Data Files\MI1\Red M1 191W.01612 fit
21:04:20 Clear, Dry, Sky: -8.8°F, BAmbient: 58.0°F, RH: 16%, Wind: 1.0 MDH,

£1:15:31 C:A\AstronZ0l10Z1l4\Data Files\MlWHed M1 131W.0lel3.fit
21:-15:31 Clear, Dry, Sky: -5.9°F, Ambient: 56.9°F, BH: 16%, Wind: 2.0 MPH,

21:30:08 C:h\AstrohZ0ll0Z14%Data Files'\M1M\Red Ml 131W.0lél4.fic
| 21:30:0% Clear, Dry, Sky: -5.7°F, Ambient: 56.1°F, HH: 17%, Wind: 4.0 MPH,

21:41:16 C:\Rstroh20110214\Data Files'M1%\Red M1 131W._01615.fit
‘ 21:41:17 Clear, Dry, Sky: —-5.7°F, Ambient: 56_4°F, BH: 17%, Wind: 3.0 MDH,

26 CoZAstroM\20110214\Data Files\Ml\Red M1 191W._0l&6la.fit
226 Clear, Dry, Sky: -5.0°F, BZmbient: 56.1°F, BH: 17%, Wind: 5.0 MPH,

As you can see, there are many repeating events and relationships that can be extracted from the log by the Log Examiner. In
fact, you can use Examiner to scan logs from other programs as well, for example FocusMax logs to similarly collect events and
relationships.

CCDAutoPilotb Reset

This program is used to restore the CCDAutoPilot to a default installation, as if it had just been installed and CCDAutoPilot has
never been run.

Ir'_ This operation will reset CCDAutoPilot to a newly installed state,
Y CCDAutoPilot will then close, |
Your systern profile(s) and target database(s) will not be affected.

Do you wish to do this?

You will be asked to confirm reset before proceeding. Your system profile and target database will not be affected by the reset.
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Troubleshooting

Important: If some or all of your control programs are not started, CCDAutoPilot will attempt to start them in what
should be the proper order. Depending on your PC's performance, they may or may not start properly. If things
don't seem to be operating properly, start them manually before starting CCDAutoPilot. For example, assume
you are using RoboFocus to control your focuser, FocusMax for focusing and CCDSoft to control your camera.
Load and start RoboFocus, confirming it connects to and can control your focuser hardware. Next Load CCDSoft,
confirming it connects to your camera. Take a short image to be sure. Next, load FocusMax since it must control
both RoboFocus and CCDSoft. Finally, load CCDAutoPilot.

Step-by-step

1. Make sure the .NET 4.0 framework extended edition is installed. You can verify its installation by going to
Control Panel, Add/Remove Programs and making sure there is an entry for "Microsoft .NET Framework 4
Extended". If that entry is not present, please install it before proceeding. See the Application Requirements topic
for a link to the Microsoft download location.

2. Insure installation of all programs required for your operation is proper and functional by testing them
standalone. See the Application Requirements topic for links to all programs. Make sure you are using the latest
version of CCDAutoPilot. The most recent version information and change history can be found here.

3. Verify you have the minimum version level for the above programs. CCDAutoPilot will warn of out-of-revision
programs and prevent operation. See the Application Requirements topic for minimum version requirements. Of
course, higher version numbers can be used. Program version numbers can generally be checked by the Help |
About menu on the individual program. For programs that do not support this feature, you must locate the
program's .exe file, right click on it, select properties and select the version tab.

4. Before connecting CCDAutoPilot to any of your programs, be sure the programs are able to properly control
their related hardware. Can you take an image with your camera control program? Can you slew the telescope
with your telescope control program? Can you control your focuser and focus with your focuser program? Does
your rotator program control your rotator? Does your dome control program move your dome?

5. Connect to CCDAutoPilot and use the test buttons on the Preference page, Tools Tab to verify CCDAutoPilot is
able to control the appropriate hardware through your programs.

6. On the_Session Page, Light Frames phase, create a target using the Get function with TheSky or the Add a
target manually. Select the target if it is not selected using the Row Header. Right-click and select Slew To Target
Uncorrected. Does the mount slew properly?

7. Set up a single, short exposure on_Session Page, Light Frames phase. Run a short session to confirm the
telescope slews to the target and takes a short exposure.

8. Add other functions and complexities gradually, verifying proper operation with each addition.

When things don't go as expected

While every effort has been made to trap invalid user entries, some slip by. These are addressed as they are
identified but with over 600 controls, there is a lot of opportunity for bad entries or combinations. Here are some
techniques to help resolve such a problem.

» Global Error Handler: CCDAutoPilot traps and handles many potential errors during the course of a session.
Occasional setup and input errors can lead to errors as well (unhandled exceptions). Should the latter error
occur, CCDAutoPilot will present a window with choices on how to capture the error information. Next,
CCDAutoPilot will attempt to run a script named RunOnError.vbs located in

e (My) Docunent s\ CCDWar e\ CCDAut oPi | ot 5\ ifit exists. Finally CCDAutoPilot will close. If the error is

repeatable and the next steps don't resolve the issue, feel free to post the error file to the CCDWare support
forum for assistance.
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Reset: If CCDAutoPilot fails to load, selecting CCDAP4 Reset from the Start menu resets all key data as if
CCDAutoPilot were never installed (except for the trial period status of course). Your system profile(s) and
target list(s) are not affected. You can also access this function from CCDAutoPilot's Help/Reset menu item.

Create a new System Profile: From the System Profile menu, select New to create a new system profile. Of
course you will need to re-enter all your settings but often this resolves the issue of a bad setting.

Task Review: Open Task manager and select the Processes tab. If you click on the Image Name table
header, the processes will be sorted in alphabetical order for easy viewing. Verify that one and only one
process is running for each server program you have operating. If you see more than one process, then proper
automation is not possible. You should either reboot your PC (easiest) or close all programs and use the End
Process button to stop any server programs that remain running. This can happen when a run is aborted and
the abort process is not allowed to complete. After hitting the Abort button on the status window, remember to
wait until the main window restores (re-opens). This minimizes the chance of multiple processes in task
manager.

Troubleshooting Tools

Help | Support Forum

Help Topics
Troubleshooting 3 HW
Get Updates from Web  » Feset
About Trace
= e e e ke e e e e e e Disable Revision Checking

Information (Read First): links to the Troubleshooting Overview.

Trace: The Trace facility provides diagnostic information for various phases of CCDAutoPilot operation. While
the Session window and the attendant log provide event logging during an active run, there are possible
occasions when things don't go as expected before starting an actual session. The trace facility can be used
whenever things don't seem to be "working right" before running a session. Trace also provides more detailed
information during a session. When Trace is enabled, all plate solve frames are saved, not just the failed ones.
This can be handy to diagnose plate solving issues but be aware that leaving Trace enabled will consume more
disk space as all plate solve frames are saved. When this topic is selected, CCDAutoPilot's trace facility is
turned on and CCDAutoPilot closes. When CCDAutoPilot is next started, the trace facility is engaged and a
trace file will be written in the CCDAutoPilot4 data directory. The data directory is located at My
Documents\CCDWare\CCDAutoPilot4 (XP and Prior) and Documents\CCDWare\CCDAutoPilot4 (Vista).A new
file is written each time CCDAutoPilot is started. The file has a file name of

Trace<yyyymdd>_ <HHnmss>. | og and will record any error messages. When Trace is enabled, all plate
solving images ("Sync_lImage") are saved, whether successful or not. Trace being on is indicated by a check
next to the Help menu selection. To turn Trace off, select this topic again. CCDAutoPilot will close and Trace
will be disabled when CCDAutoPilot is next started. Contact support for interpretation of any messages in the
trace file.

Disable Revision Checking: This should normally not be checked to enable revision checking of the various
applications that will be connected to CCDAutoPilot. However, it may be checked for trouble shooting
purposes. When checked, application revision checking is not enabled and CCDAutoPilot operation may be
compromised. Checking this in concert with enabling the Trace facility above can be used to trouble shoot
unexpected results.

Remove and Reinstall CCDAutoPilot: While this should not be necessary. it has been shown to help resolve
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some unique issues. This should be used in conjunction with the CCDAutoPilot Reset Tool. First remove
CCDAutoPilot then run the CCDAutopilot Reset Tool. If possible, it is a good idea to reboot your PC before
reinstalling.

Support

If none of the above resolves the issue you are having, please use the CCDAutoPilot support forum, which is also
accessible from the Help menu. If you have problems during a run, be sure to post the related .log file as an
attachment. If you are having problems that prevent a run from starting, post the error log file described
above.The more detail you include in your problem report along with the suggested attachments, the more quickly
the issue can be resolved.

RunOnError Scripts

In the unlikely event of an unhandled exception or other program error, CCDAutoPilot will attempt to run a script
called RunOnError.vbs, if it exists. There is only one location checked for the existence of this script:
(My) Docunent s\ CCDWar e\ CCDAut oPi | ot 5\

A script is a simple text file that addresses server programs through Windows Scripting Host. A script is written in
notepad or other simple text editor, (not Word!) and has the extension .vbs instead of .txt. If you want to use this
recommended back up facility, here are some sample scripts. Simply copy the text between the ***'s (but not the
***'s) and paste it into notepad. Save the file as RunOnError.vbs, initially to the desktop. Double click on it to
make sure it has the desired result. Once you are satisfied, move it to ( My)

Documnent s\ CCDWar e\ CCDAut oPi | ot 5\

Park the mount with TheSkyX:

dim tele

set tele = CreateObject ("TheSkyXAdaptor. RASCOMTele")
tele.connect

tele.Park

set tele = nothing
**k%

Park the mount with TheSky®6:

Dim tele

set tele = CreateObject ("TheSky6.RASCOMTele")
tele.Park

set tele = Nothing
**k%

If you want to add more to this, for example close a roof or dome, that can be added. Google Windows Scripting
Host for more info and see the documentation for your server programs.

Plate Solving Notes

Plate solving is a technique that measures precisely where the telescope is pointing by taking a CCD image and
then using various pattern matching techniques, matches the stars in the image to a given star catalog. Knowing
approximately where the telescope is pointing and the system image scale, plate solving algorithms can calculate
the center of the image to sub-arc-second accuracy. Successful plate solving is essential for automated imaging.
In order to be successful, three things are required: telescope coordinates, known image scale and sufficient
catalog stars in the image.

e Telescope coordinates: CCDAutoPilot gets this information from the mount via the chosen telescope
control program. Generally the coordinates must be within one or two FOV's and is easy to do. Problems
with plate solving are generally not related to telescope coordinates. The telescope coordinates, RA
(OBJCTRA) and Dec. (OBJCTDEC), are written into the image's FITS header for any images acquired by
CCDAutoPilot. (see note below.)

e Image scale: CCDAutoPilot gets this information generally from the FITS header. Image scale is
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calculated from the pixel size (XPIXSZ), binning (XBINNING) and imager focal length (FOCALLEN).
These keyword values are written into the image's FITS header for any images acquired by
CCDAutoPilot. A successful initialization will cause these values to be properly written, based on the

Imager Settings information. See note below.

e Star Catalog: When using TheSky6, catalog selection is automatic. In the recommended default setup,
GSC, Tycho and UCAC are used. TheSky6 starts with the GSC and proceeds to more dense catalogs as
needed. When using PinPoint, the chosen star catalog must be defined by the user and only one at a time
is available. Fortunately for most uses, the GSC is sufficient. Very narrow FOV's may need to use USNO
A2.0. This has more faint stars but may fail on wider FOV's.

Note: If you are using image data that was not acquired by CCDAutoPilot, as for example using the "From FIT"
button on the targets page, these parameters must be correct in the fits header. If CCDAutoPilot is not initialized,
then the FITS header information may not be correct. Camera control programs typically provide for entering most
of the data based on the camera driver. However, the user must enter the correct focal length for the imaging
system in the appropriate setup section. Failure to do this will cause plate solves to fail.

Assuming all of the above, then the next issue is the plate solve exposure parameters. The goal is here is to get a
sufficient number of stars in the image. For most users, a binning of 2x2 or 3x3 is more than sufficient and will
both speed plate solving time and increase sensitivity. Of course, use the most transmissive filter, usually the
clear or luminance filter. Sub-framing is appropriate for wide FOV's both to speed plate solving, and in the case of
CCDSoft/TheSky plate solving, to insure success. CCDSoft/TheSky has a maximum FOV limit of 1 square
degree. Set a suitable sub-frame to get below this limit. While PinPoint doesn't have such a limit, sub-framing may
make it a bit speedier. Lastly, the exposure must allow sufficient stars for reliable plate solving.

Using CCDSoft and TheSkyX Professional

TheSkyX, when used in combination with CCDSoft, gives greatly improved plate solve performance over
TheSky6. The 1 square degree limitation no longer applies. A number of 10° x 10° FOV's have been successfully
solved very rapidly with TheSkyX. You may need to adjust the residual tolerance in CCDSoft to get successful
wide angle plate solves. Unfortunately the only way to access this initially is via the results window after a
successful plate solve in CCDSoft. | suggest you use a quarter frame exposure with CCDSoft, solve the plate and
increase the residual from its normal 0.5 arc-sec. to something like 5 arc-sec. if you are doing wide field imaging.
Determining plate solve exposure parameters

A good starting point is 5 sec., binned 3x3, through a clear filter. Take some images manually first and use your
desired plate solve program. For CCDSoft, use Tools/Insert WCS AutoAstrometry. You will need to manually
enter your image scale. For PinPoint with Maxim, use Analyze/PinPoint Astrometry. For PinPoint with CCDSoft,
use Visual PinPoint to solve saved CCDSoft exposures.

Experiment with different exposures and note the number of stars used in the solution. You will need at least 10
and more is always better. Adjust the exposure to achieve a good number of stars. Move to a star-poor region of
the sky and repeat the test a couple of times to insure good results. Adjust exposure times as needed. If your
FOV is small and you are using PinPoint, you may need to use the USNO A2.0 catalog.

During a CCDAutoPilot session, the number of stars used in the solution is shown in the log for every plate solve.
Examine your log to make sure you have a sufficient number of stars for reliable plate solving and adjust your
plate solve parameters appropriately.

Mount Notes

Make sure your mount is capable of responding to either or both Park and Tracking commands issued by
CCDAutoPilot through the Telescope Control Program's automation interface. This can be verified by using the
Test Buttons. If those buttons don't have the desired result, there is no way CCDAutoPilot can cause those
actions to happen. Check the mount driver software. Many times there is a later revision that may address some
missing functionality.

Specific hardware notes

» Gemini: To allow proper meridian flip operation, check the Safety Slew box on the Tracking and Guiding page.
See_Meridian Crossing for details. Alternatively, on your Gemini controller, set the Goto Limit to exactly the
meridian - 90 degrees.

e Paramount GT1100: For the original Paramount, check Safety Slew on the Tracking and Guiding page. See
Meridian Crossing for details.

Camera Notes

CCDAutoPilot gets its filter and binning information from the Camera Control Program when it first connects with
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your actual camera connected. It will save that information in the system profile so that you can use that profile
for session planning. However, the camera control program automation interfaces do not allow changing the filter
names or binning back. At this point in their development, the only alternative if you have different cameras with
different filter sets or names is to manually enter them in the camera control program. Hopefully that will change
in the future. When it does, CCDAutoPilot will be updated to handle it.

Camera Sensors

The Sub-exposure calculator needs to know sensor characteristics for your camera. A starting list is provided in a

file called sensor.ini, located in the CCDAutoPilot4 program folder, typically C. \ Pr ogr am

Fi | es\ CCDWar e\ CCDAut oPi | ot 5. There is space for 32 entries. While it will be updated from time to time,

you can enter your own data if you wish. The file should be edited in notepad or similar text editor, not Word.

Make a backup copy before editing, just in case something goes wrong. The four entries are separated by a

comma with no spaces and must be numeric data. The last entry should be a blank line. The four entries are:

e Sensor name

e Dark signal in e/pixel/sec

e The temperature in Centigrade at which the dark signal is measured

e The dark signal doubling temperature in Centigrade times 10. In other words, if the dark signal doubling
temperature is 6, this entry should be 60.

Some sensors have been superseded by new versions by the sensor manufacturer. The new version typically
has the same or better performance characteristics as the one it replaces. Some examples are:

KAF11002 replaces KAF11000
KAI4021 replaces KAI4020

Specific Hardware Notes

SBIG STL with Remote Guide Head and Off-axis guider
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Note Remote Guide Head
connector location

When using an SBIG STL-series camera with the SBIG remote guide head and an off-axis guider such as the
Astrodon MOAG-A, be sure to orient the remote guide head so that its connector is closest to the STL body, as
shown at left. Select "Off-axis Guided" for the guide method.

FLI ProLine and Apogee Alta cameras
Some large format sensors benefit from having a selectable readout mode to reduce residual bulk imaging (RBI).
See the Camera Options topic for more information.

Maxim v5.05/5.06.

There is a bug introduced in Maxim v5.05 that resets the guider binning to 1 upon program restart. If you simply
change the binning to 2, the guider will be sub-framed to 1/4 of the active sensor, resulting in possible loss of
guide star. When starting or restarting these versions of Maxim, be sure to reset the guider binning to 2 and hit
the reset button to get your full guide chip again. Diffraction Limited is aware of this issue and it was resolved in
Maxim 5.07.

Focuser Notes

If a focuser works properly through the focus program, it should work fine through CCDAutoPilot. If you are using
temperature to determine when to focus, make sure you select the proper temperature source on the Focusing
page.

Specific Hardware Notes

Optec Focuser: Be sure to turn off the Optec's temperature compensation. The focuser can not be remotely
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commanded if it is turned on. If temperature compensation is desirable, use CCDAutoPilot's internal temperature
compensation routine.

Rotator Notes

When using an automated rotator, it is critical that the rotator rotate in the proper direction. If Test Rotator
Direction is checked on the Setup page, the rotator direction will be checked as part of the initialization process
and you will be natified if the direction is incorrect. Some rotators have no way to change them and are coded as
such. Others are settable and settings must be made so that operation is in the correct direction. References to
direction are viewed from the camera end and should be as follows:

Specific Hardware Notes

» RCOS PIR: This is fixed by design. CCW rotation should result increasing position counts or degrees.

» Optec Pyxis: There are setup options. The option should be chosen in which CCW rotation results in
increasing position counts or degrees. For the 2" Pyxis, this is normally the Reverse direction and for the 3"
Pyxis, this is normally the default direction. See the Pyxis control software help file under PYXISparms.txt for
specifics.

e Astrodon TAKometer: By design intent, CCW rotation should result in increasing position counts or degrees.
If the rotator position is negative, it should get less negative; if it is positive, it should get larger. For example,
CCW rotation should result in the position moving from -150 to-140 or 30 to 40. If this is not the case, try
loading factory defaults to see if this solves the issue. Direction may also be changed by the RoboFocus
Control Box, which drives the TAKometer. Unlike other rotators, the TAKometer must be accurately calibrated
to give good results. Follow the instructions in the TAKometer documentation. Once you have completed
calibration, rotate the TAKometer to +180 and note the rotator's position, perhaps against a fixed reference.
Then rotate to -180. The rotator should come to the same point If it does not, re-calibrate as needed. Ideally,
you should get within +1 degree.

Cloud Sensor Notes

CCDAutoPilot accesses the Cloud Sensor via the Single Line Data Facility, as described in the Boltwood Cloud
Sensor documentation. In order to access the cloud sensor data, you must set up a file name and location for this
data from the Clarity software. Then, CCDAutoPilot must be told where this file is located from the Preferences
page, Control Settings tab. This file can be located on a PC different from the one CCDAutoPllot is running on,
allowing multiple observing sites at a single location to use the same Cloud Sensor.

When Abort on Update Loss is checked on the Preferences page, the run will abort if the cloud sensor stops
providing updated data for the time period indicated. For most dedicated cloud monitoring programs, this update
time should be set to 30 sec. In some cases, as for example the WeatherWatcher described below, this time
should be longer.

Specific Hardware Notes

Boltwood Cloud Sensor: Make sure your temperature settings for cloudy and very cloudy are set properly to
indicate the appropriate conditions.

CloudWatcher: The CloudWatcher supports complete networked operation such that each client can set their
own thresholds for what constitutes cloudy and very cloudy. This equipment provides Cloud Sensor |
functionality, i.e. monitoring of sky temperature to determine cloudy conditions and a rain sensor.

WeatherWatcher: When integrated with CloudWatcher and an appropriate commercial weather station, a Cloud
Sensor Il compatible file can be used for CCDAutoPilot input. This configuration adds humidity and wind speed
from the weather station to cloud and rain monitoring from CloudWatcher. Because weather stations update their
data less frequently than CloudWatcher, you may need to adjust the timeout in Abort on Update Loss. You
should set the time to be 3 times the weather station update time. For example, if the weather station fastest
update is once per minute, set the timeout to 180 sec.

Dome Notes
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CCDAutoPilot makes every attempt to work with available domes. Some automation interfaces are more robust
than others. Use the test buttons to verify CCDAutoPilot can operate the dome rotation and open and close the
shutters. If those buttons don't have the desired result, there is no way CCDAutoPilot can cause those actions to
happen. If you are using AutomaDome, don't set the update time too short. Longer times, 8 - 10 minutes or so,
seem to give more reliable operation.



