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Preface

One of the first things you might have tried asaoomer to astrophotography is taking
test pictures to see how important sly glow is, himportant long exposures are, and so
on. You will probably have found that these tests take a long time and end up being
inconclusive if the conditions vary between onedddests and another. Moreover, if
you evaluated the tests by “eyeballing” the imagsetead of measuring them, the results
may not have been meaningful. As an example, |sefhe seeing changes between one
set of tests and another. If your image displdinsoe has an automatic contrast
adjustment tool, it might boost the contrast obamimage, which could make it seem
noisier than a good image even if they are actwadty similar. It is only with careful
measurement that you can tell whether the diffeesiace real. Even then, measuring the
noise level can be hard because it is difficuielbwhether variations in the image are
due to noise or actual structure in the target.

SimCCD solves these problems by simulating theaifmer of an astronomical CCD
camera. Now you no longer have to take your egaigrout into the field to run
laborious and inconclusive tests. The program algau to do these studies in the
comfort of your den. You can choose from amongss\cameras, telescopes, filters
and other optical accessories to see how they fifiegt @an astrophoto. You can also
choose the conditions for the simulation, suchhasikposure time, camera temperature,
number of images, number of darks, number of fiekg,brightness, etc. You can
simulate any one of several targets using thefdasasupplied with the SiImCCD
distribution kit and on the SimCCD web site; butiygan also simulate any other target
for which intensity data is available in FITS fortman particular, SimCCD can simulate
any part of the sky that has been photographetdd$loan Digital Sky Survey
(http://www.sdss.org The program can also read the FITS files preduzy popular
programs such as Maxim DL and CCDSoft; so you caasure your own test exposures.

SimCCD displays a numerically accurate simulatibyaur target on the computer
screen. The simulation takes into account moste@physical phenomena that can affect
image quality, such as readout noise, shot notsa the sky and target, dark field
current, bias frames, flat fielding, etc. Youneave the simulation in FITS format and
then measure it using the tools in other prograBig. more important, the latest version
of SImCCD lets you measure your images directingisis statistics command. This
powerful feature gives a recommendation of how mexposures to take to reduce the
noise to an acceptable level, and tells you how kur session will be.

History

I wrote SImMCCD over a period of a several yeagstisty as a “hobby project”. One of
my goals was to model different CCD cameras tafsaee was any more sensitive to
light than another, and if so, how important thasvin practice. | was going to use
SimCCD to guide my next big purchase, but as luokla/ have it, | got impatient and
bought the camera first!



| was also motivated by a desire to understandntipertance of using long exposures
and dark skies. | had tried to evaluate theseesssging careful experiments, but | too
found it hard to control the observation conditievedl enough to come up with useful
conclusions. Moreover, the experiments took toamtime. SimCCD solved those
problems by allowing me to perform a simulatioraimatter of seconds instead of the
hours it would have taken to run the corresponeéixeriment.

Last but not least, | wanted to have a tool foridiag what the total exposure time
should be to give an acceptable image of any tar§ehCCD lets me do this because of
the easy availability of high quality images frone tSloan Digital Sky Survey project.
And now that SimCCD can evaluate your own exposwy@s don’'t have to be concerned
when your target hasn’'t been photographed by SOE&$ervers in the Southern
Hemisphere take note!

While SimCCD wasn't specifically designed to beeglucational tool, | believe it will
serve very well to help students and newcomerstrophotography understand the
issues that influence the quality of their images.

Finally, | have to thank my wife Susan, who let wark on SImCCD instead of finishing
all those projects around our house! | also wanh&nk Gert Gottschalk for evaluating
SimCCD and giving me some new ideas.

Please enjoy SImCCD, and if you find it useful,@le a note!

Thanks,
Hilary D. Jones

hdjones@pacbell.net
simccd@darklights.org

http://www.darklights.org/simccd
http://tech.groups.yahoo.com/group/SimCCD




Chapter 1 - Overview

SimCCD is designed to give numerically accurateutations of photographs of
astronomical targets. You can use the simulationa variety of purposes:
Planning a session to minimize noise and reveatetbfeatures.
Finding how many exposures are needed to reduse tmian acceptable level.
Understanding how readout noise affects an image.
Understanding how sky brightness affects an image.
Understanding how short exposures increase noise.
Finding how many darks are required to minimizesaoi
Finding how many flats are required to minimizeseoi
Seeing what happens if dark and/or flat field cctioes aren't done.
Understanding how important it is to take “flat kisit
Understanding how cooling affects noise.
Seeing how different cameras respond to the sametta
Seeing how responsive a camera is to differentrsablight

SimCCD has built-in support for several cameraduiing several Apogee, FLI, SBIG
and QSI cameras. It also has built-in supporséveral telescopes, including some
manufactured by Celestron, Meade, PlaneWave, Tskahad RCOS. SimCCD also
supports several filters and optical aids sucha$ol/s and focal reducers. In addition,
you can add new cameras, telescopes, filters atmchbpids using dialogs built into the
program. SimCCD stores new equipment definitionari XML file, which you can
transfer to another computer if needed.

| encourage you to submit definitions for new kildgquipment so | can include them
in future releases of the program. To do this,the&xportcommand to create an XML
file. You can then email it to me simccd@darklights.orgr post it in the Files area of
Yahoo's SImCCD discussion group. Another way tdlds is to send me a copy of your
settings fileSIMCCD Settings.xml . It can be found i€:\Users\YourName  on
Vista or Windows 7, and i6:\Documents and Settings\YourName on
Windows XP, where of course you should repl#oerName with your own name.

The full version of SImCCD is distributed with amber of images from the Sloan
Digital Sky Survey (SDSS), including M13, M34, Ma197, and a half dozen NGC
images. You can easily download other source énfidgs from the SDSS web site, and
SimCCD can then use these files without any extoateon your part. You can also
obtain source images from other places too, pravidey contain numerically accurate
values for the target’s intensity. SimCCD onlyuggs that you know the characteristics
of the camera, telescope, filters and optical Hids were used to acquire the data.

While SImCCD'’s simulations will be best if you uSBSS data sets, the latest version of
the program has been designed to give you usdtuhiration from a single trial

exposure using your own equipment. This can beaalty important if you live in the
Southern Hemisphere, where SDSS coverage is sparse.



Throughout this manual we will sometimes referht® tsource conditions” or the
“simulation conditions”. It will help you to keap mind the difference between these
two ideas. SImCCD works by taking image data feofsource” file and using it to
produce another image that represents a simulafitre source data. Since the source
and simulation conditions don’t have to be the sahemanual uses the terms carefully
to make it clear which is being referred to.

Prerequisites

You do not need to have a lot of experience withbabotography to run SImCCD. But
it would help if you've had given some consideratio choosing exposure times to
minimize noise. It also wouldn't hurt for you todw what an Analog Digital Unit
(ADU) is; and it would also help if you had someadof what readout noise is, and why
it's important to use long exposures to minimizeYou can find an excellent
introduction to some of these topicshép://starizona.com/acb/ccd/advtheoryexp.aspx

SimCCD can run on Windows XP, Vista and Windowdt7an also run on any version
of MacOS, Linux, or UNIX that supports Java 1.6Jdva has not already been installed
on your machine, you will have to do it first. Tpeocedure for doing this is described in
the next chapter.

SIimCCD requires a screen size at least 1280x10@2xn be run on smaller screens, but
some of the larger windows may be unusable.

SimCCD requires a fairly powerful processor to perf most simulations. On an older
machine running Linux using a 950 MHz AMD Athloropessor and 256 MB of
memory, SImCCD V1.0.1 computed a simulation of Nibhbout 30 seconds. On a new
machine running Vista using a 2 GHz Intel Core [Puacessor and 2 GB of memory, the
same simulation required 3 seconds. For some e@upchoices and images the
simulation times can be considerably longer — sonest taking as much as a minute or
two.

i.i Because simulations might take a long time, ddoecgurprised if
. SImCCD doesn’t seem to be doing anything for a &lhil

Reading advice

| suggest that you continue by reading the nexptErawhich gives you a cookbook on
how to run SImCCD. After you have read that chgpteu may feel like SImCCD is
more than you want to master right now. In thaegalease don't give up! Instead, we
suggest you turn to Chapter 6, which describesyasimple Maxim DL plug-in called
“Exposure Planner”. This plug-in will help you denine the optimum exposure time
for any target based on just a single trial exp@sBlease try this plug-in, and if you find
it useful, then perhaps you will want to give SiniC& second look and try out some of



its more advanced features. To learn more abeut tcheck out chapter 5, which gives
some case studies showing SImCCD in action.

After you read Chapter 2's cookbook, read Chapterfhd a complete description of
SimCCD’s commands.

You may be able to skip chapter 4 for a while, sin@iscusses some of the fine points
on how to run SImCCD.

If you want to know what’s new in this release 0h6CD, read Appendix A. There are
also some technical notes about how SImCCD workgpimendix B.



Chapter 2 - Cookbook

In this chapter we will go over the basic stepsiristalling and running SImCCD. For a
detailed description of SImCCD’s commands, refah®next chapter.

This chapter covers several topics:
Installing and starting SImCCD
Opening a source image
Specifying equipment for the source image
Specifying equipment for the simulation image
Picking exposure conditions
Getting image statistics
Changing zoom and contrast settings
Saving a file
Creating new kinds of equipment

You may also want to read Chapter 6 now, whichudises the Exposure Planner plug-in
for Maxim DL.

Installing and starting SImCCD

| wrote SImCCD using the Java language; so befovecan run the program, you must
install the Java Runtime Environment version 1.6icW is available from
http://java.sun.com/j2sé developed and tested SimCCD using Microsoftd/and
Windows 7; but | have also done some limited tgstin a Linux machine. The program
will work with Windows XP, Vista, Windows 7, Linwand MacOS (with some caveats
that are described in the Fine Points chapter.)

After you have installed Java on your computer, gaiready to install SimCCD. If you
received the distribution kit on a CD, SimCCD’=#filare ready to go; but copying them
to your hard disk will make the program run fast®n the other hand, if you received
the distribution kit in a zip fileIimCCD.zip ), you must unpack it first. SimCCD
doesn't have any particular expectations aboutiwioicler you unpack the files into, so
put them anywhere you like.

i.i If you have used SimCCD before, you can just ctgyrtew files into the
- old folder. However be sure to del&®an SimCCD.bat , which is now
obsolete; and be sure to use the latest versitts gar

i.i Warning: you MUST unpack the zip archive. Windom# try to present
. zip archives as if they were ordinary folders. Bien you double click
the startup script, it will complain that “Java magt be installed” even if if
is. To unpack the zip archive, right click on thstallation folder. Its icon
will look like an ordinary folder with a zipper ramg through it. Select
the Extract Allcommand, and follow the instructions. Macintosld a
Linux users will have to unpack the archive too.




The distribution kit contains the following files@folders:
Image Data
A folder with one or more source image datasets
Debug SimCCD.bat
A batch script for debugging startup problems
fits.jar
A patched version the fitsio V1.04.0 library
Install Exposure Planner V1.2.exe

A program to install the Exposure Planner plug-in for Maxim DL
linearity.xls

An Excel spreadsheet to analyze the linearity of a n SBIG ST-10XME
manual.pdf

The document you are reading now
monitorLightSource.vbs

A script for monitoring the intensity of a light s ource
Readme.txt

A short description of SImCCD
Run SimCCD 1.5GB.vbs

A script to run SImCCD when it needs more memory
Run SimCCD.vbs

A script for running SimCCD in normal mode
run_simccd.command

A double-clickable command script for running SimC CD on MacOS
run_simccd.sh

A shell script for running SimCCD on Unix
runSequence.vbs

A script for evaluating the linearity of a CCD
SimCCD equipment.xml

Equipment definitions
SimCCD.jar

The SImCCD application
xstream-1.4.1.jar

A support library that reads and writes XML files

Thelmage Data folder may contain one or more datasets, deperafirgpw you
came by the distribution kit. The abbreviatedrdisition kit just contains one image of
M51, while the full distribution kit contains imag®f several targets. As we will see
later, these images are used as input to SimCCD.

SIimCCD uses a patched version of HEASARC'’s FITSiealy to read and write FITS
files. The patched version is based on V1.04libcdry. The library is contained in the
file fits.jar . You can find more information about the Javasiar of FITSIO at
http://heasarc.gsfc.nasa.gov/docs/heasarc/fitgijava

SIimCCD also uses the XStream library to read angd WML files. You can learn more
about this library afttp://xstream.codehaus.org

To run SImCCD, just double-click ddun SImCCD.vbs . You will be greeted by the
startup screen shown in Figure 1. If SimCCD da#sstart, double-click oDebug
SimCCD.bat . You should then find some diagnostic messagedniicate why the
program didn’t run.

i|> If you are using a 64-bit Windows system and cgattSimCCD to run,
: see the Fine Points chapter for special instrustion
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If you are running on a Macintosh or UNIX systemarsSimCCD using the scripts
run_simccd.command  andrun_simccd.sh, respectively.

You control SImMCCD by clicking menu items at thp tf the screen. When you start a
simulation, the following startup screen will b@laced with one that shows the
simulation result.

&) Simeep [P 5
File Edit Equipment View Help

G (&

Figure 1 SimCCD's startup screen

Opening a source image

In order to run a simulation, you must first opeRI&S file that contains numerical data
describing the target you want to simulate. Th@ daust be a monochrome image that
gives ADU values for every pixel in the source. open the file, simply select the
File/Openmenu item and navigate to a folder where the somnages are located. For
our cookbook example, we will navigate to the foldamedvi51 from SDSS , which

is in the folder nametinage Data . This folder is included in the SImCCD
distribution kit. For the following discussion, well choose the image namé&gC-
003699-r6-0100.fit , Which is an image prepared by the Sloan Digikgl Survey
(http://www.sdss.orgusing a red filter.

11



Specifying equipment for the source image

In order for SIMCCD to do a simulation, it must llneomething about the equipment
that was used to prepare the source image. Aftieihgve chosen the source file,
SimCCD will prompt you with the dialog shown in Eig 2.

Source file specifications &J

Enter the simulation name

Choose 5 telescope Choose an optical aid

2.5m - | | Default optical aid -
Choose a camera Choose a filter

SD5ES with R filter - R SDSS filter -

Define the sky level using:
@ datain the FITS file header
median sky value

a user-defined entry

[¥] Use this sky level for the simulation

Set source parameters

Exposure time (sec) |53.91

[ K ]| Cancel ]

Figure 2 Source file specifications

The fields may not look like this at first, but fibris particular image of M51, you should
change them to match the values shown in the figliree exposure time should already
be53.91seconds, which is a value that SImCCD found inRH& header; and the
telescope should already Bém which is built into SImCCD and has the charasters
of the SDSS telescope. You may need to seleaaimera name8DSS with R filtey
which defines the camera that the SDSS projectfaosdke red filter; and you may need

12



to select the filteR SDSS filtey which is a description of that filter. No Barla Focal
Reducer was used to prepare this image.

Specifying equipment for the simulation image

After you have pressed the OK button, an imagéetarget will be shown in a few
seconds. This image may or may not be basedjthipraent you wish to simulate. To
fix this, you should use the control panel dialdgprmally it will be shown alongside the
image itself, but if it is not present, use the méamView/Control Paneto make it
visible. As an alternative, you can press thdrobpanel icor% in the upper left hand
corner of the window.

If necessary, select tlieuipmenttab, so that the window looks like this:

- "y

| 4] Control panel for '1 - fpC-003699-r5-0100° L= |5
File Edit Equipment Yiew Windows Help
| Conditions |, | Contrast | Zoom|

Choose a telescope Choose an optical aid

| Meade 107 RCX400 w» | |MNo optical aid -

Choose & camera Choose a filter

| SEIG ST-10KME (home) v | |RAstrodon Tru-Balance E series =

| Ok ] l Apply ] l Dione ]

Figure 3 Choosing the simulation equipment

For our example, set the fields as shown. In @algr, use asBIG ST-10XMEcamera.
SimCCD has several versions of that camera anada@yf them will work; but we will

be showing a simulation based on the “home” versidthe camera. You should also
choose th& Astrodon Tru-Balance E Serifiker. This is a red filter that has a similar
band pass to the SDSS red filter that was useddoire the source data. When you have
selected the fields as shown, you can presé\tipéy button to see a simulation that uses
the selected equipment.

13



Picking exposure conditions
With the control panel still visible, select thenditionstab, as shown in Figure 4.

For the following discussion, set the fields to viadues shown above. You may not be
able to enter the exact values shown because @faleSimCCD coordinates the field
values, but you should be able to come close. Mwatiechanging one field may cause
another field to change out from under you; sole $ double check that you have
entered all of the values correctly. When yousatsfied, press thepply button. You
should now see an image that looks like the orfégare 5 below.

(4] Control panel for 'L - fpC-003699-r6-0100" =B e )
s D B e bl
| Conditions | Equpment | Contrast | Zoom|
Set conditions for lights Set conditions for flats
Mumber of light frames: 120 Pattern amplitude {34): _[3.2?
Seconds per light; 30.0 Vignetting {3} 2.0
Percent readout noise: 3126 Mumber of flat frames: -1
Mumber of dark frames; 12 ADUs per flat: | 20000
Camera temperature (°C):  |-15 Seconds per flat frame: 20
Sky brightness (Vmagfsg™): |17.3 Mumber of flat-dark frames: -1
Sky brightness (ADU/pixel); |128.6 Camera temperature (FC):  |-15
| oK ] [ Apply l Done ]
% +

Figure 4 Controlling the simulation conditions

Notice theShow Sourcdoutton at the bottom of the image. If you preésgau will see

what the original source image looks like. It viilve considerably less noise than the
simulated exposure. Pressing the button a seamedwill show the simulation result
again. You can use the button to get an idea ethdr you have used enough exposures
to reduce noise to an acceptable level.

14



) 2~ 1pC-002600-r6-0100 A ——— e (P o]
File Edit Equipment View Windows Help

A PPpmE

showsowree | [ mink |

Figure 5 A simulation result

Also notice theBlink button. If you press it, the display will stalteanating between the
source image and the simulation result, which letlyou see how much noise has been
added by not using the best conditions. A contiobHow will also be displayed that lets
you control the blink rate. The window looks liftes:

i B
|£| Blink cantral | = | e

glink rate (frames per second)

|
1

0.1 10

PaLse || Stop |

Figure 6 The blink controller

| did the simulation in figure 5 using an hour’snfoof exposures and a very short
exposure time of 30 seconds. Try changing the muroblight frames to 12 and the

15



exposure time to 300 seconds, so that the totalsexp time is still one hour. As you do
this, notice that the field labelétkrcent readout noighanges from 31.26 to 3.551. This
tells you that by using the longer exposure tinoe} lgave reduced the readout noise by a
substantial amount; and when you pressfthely button, you will see that the simulated
image is indeed noticeably better.

As another experiment, change fercent readout noige 5 and press th&pply button.
Notice that SImCCD changes tBeconds per ligHigure to 211.6. This is SImCCD’s
way of telling you that if you want to reduce tleadout noise to 5% of the total, you will
need to use exposures that are 211.6 seconds (0his feature is exactly the same as
sub-exposure calculatorsyvaivw.ccdware.com/resources/subexposure @t
http://starizona.com/acb/ccd/calc_ideal.gspx

This would be a good time for you to try some ohSICD’s other features. For example
you should try to change the camera’s operatingpézature, the sky darkness, the
number of darks, flats and/or flat darks, etc. Wiedescribe these features in more
detail in the next chapter.

Getting image statistics

SIimCCD lets you get statistics about an image.dd this, either use théiew/Statistics
Window command or just drag your mouse across some stitegepart of the image. A
window will pop up that looks like this:

P by

| 4] Noise levels for '1 - fpC-003699-r6-0100 = | -

File

ADT Percent

Shot noise 0.224 g
Readout noise Z.44 91
Bark current: nolae 0.203 a
Flat noise 0.00 8]
Total noiase Z2.681 100
Source BM3 0,690

Total BMS 2.70

Maximam ATD 144

Lverage I37=3

Sky correction 0.00 | Set | | Clear
Everage-sky g.4a0

SHR 3.30

Desired SNR 10

Count 1104

Total time (h:ommn) 9:12

Figure 7 The statistics window
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The values that are reported will depend on whetgiahe image you selected. For our
example, we selected one of M51’s spiral arms. stagstics window tells us that it will
take a little over 9 hours if we want the signahtase ratio to be 10 in this part of the
image, and that most of the noise (91%) is duea@daut noise. As an experiment, try
increasing the exposure time from 30 seconds tes8806nds. You will find that the total
time is reduced by a factor of four, and the readwise is much smaller percentage of
the total. As another experiment, select a brigb&et of the image. You will find that
the total session time goes down again. Finalfyclranging théesired SNRo 3. This
will reduce the session time by a factor of 9; dutourse you will be getting noisier
images!

Changing zoom and contrast settings

You may want to change the size of the image Btsithe screen better; or perhaps you
will want to zoom in on a feature to look at itnmore detail. You can do this using the
control panel. If it is not visible, use thigew/Control Panemenu to bring it up, and
then select théoomtab. The panel is shown in Figure 8.

You can use the slider to continuously adjust the sf the image, or enter a zoom factor
manually. You can also use thg image to windovwandFit image to windovbuttons to
do what they say...

|£| Control panel (default settings} |ﬂ|£_hJ
File Edit Equipment View Help

| Fit image: to window H Fit window to image

Zoom factor: 1.0

Figure 8 The zoom control
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You may find it more convenient to use the zoonmgon the button bar at the top of the
Simulation Image. The button bar looks like this:

N epme

You can use the icor and® to zoom in and out without changing the screea, si
and you can use the ico®; and= to have SImCCD change the screen size to fit the
zoomed image.

If the image is too dim or too bright to see thatfiees you want, use tlimntrastab,
which looks like this:

-

| L) Control panel for '1 - fpC-003699-r5-0100° L= | B

File Edit Equipment Yiew Windows Help

[ Conditions | Equipment| Contrast | zoom |

Minirum | 0.0
I
Midrange | 100.0
]
Maximum | 100.0
I
7] Make sky biack | Reset |

Figure 9 The contrast control

The Minimum slider determines the lowest intensity that cadibplayed, while the
Maximumslider determines the highest intensity that cadibplayed. Th#&lidrange
slider allows you to enhance the contrast of medntansities. Thélake sky black
checkbox determines whether the sky’s brightneshasvn realistically or is displayed as
black to increase the contrast.

Saving afile

Once you have finished running a simulation, yoly seve the result in a FITS file using
the Savecommand under thiéile menu. This works the way the save command warks i
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other applications — you will be presented withalad) that lets you pick the name of the
file and folder where the file should be saved.

Note that you can open the resulting file in anygoam that can read FITS files -- for
example MaxIm DL, CCDStack, and AIP4Win. You abthen use these programs to
measure the noise level in the sky and comparéhtyweur own photographs. You could
also use the programs to combine simulated RGBefsatim create a full-color picture.

Creating new kinds of equipment

SimCCD has some built in cameras and telescopésith@ommonly used; but if you
don’t find a piece of equipment you are using, gan create it. For the following
discussion, we will create a camera named Cookkaokera. To do this, use the
Equipment/Camermenu item. You will get a dialog like this:

Figure 10 Managing cameras

The dialog probably won'’t look exactly like thisstart with, so use theoad button to
find theDefault Camera Next edit the fields using published informatfon the camera
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of your choice. Then change tBemera naméeld to readCookbook Cameraand enter
a description of the camera in thescriptionfield. We won’t discuss theéatterning
enabledield now; suffice to say that its use will reqeiyou to make some sophisticated
measurements of your camera. Therefore for the bieing you should leave this field
set to false. We will discuss how to set up thateel fields in Chapter 4.

Be sure to change the values for the camera’safiiy curve. SImCCD will use the
curve to model how the camera works with differfdteérs, etc. To define an efficiency
curve, press th€learbutton first to delete all of the entries in thble, and then enter
the new wavelength and efficiency values. If tide gets messy, press thpdate
button to clean it up. (In particular, this wihrs the values in order of wavelength.)

When you are done entering the parameters, presstrebutton; and then assuming
you actually want to use this new camera in a satr, press thelsebutton.

The process for defining new telescopes, opticd and filters is the same, so we won't
discuss them here.

i.i A word of warning is in order. SImCCD has builtdefinitions of many

. CCDs based on literature from the manufacturernicturers usually
publish nominal values for the camera’s parametBrg.each camera is
different, and cameras do change with time; so &MDE definitions may
not apply. This is particularly true for the dakent level, where
different manufacturers can publish values thdediby a factor of ten or
more for cameras that use the same CCD chip. Tdrerdfyou want
SimCCD'’s simulations to be accurate, you shouldsueathe values
yourself.
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Chapter 3 - Command Reference

In this chapter, we will describe each menu commarttétail. Section heads list the
main menu name followed by the menu item. For etantheOpencommand that
appears in th€ile menu is shown &sile/Open

File/Open

Use this command to open source files. Theseharélés that contain source data that
defines a target that is to be simulated. Whenugmithis command, SImCCD presents a
dialog that looks like this:

Figure 11 Opening a file

This example shows files from the Sloan Digital Survey for M51. These files have
cryptic names liképC-003699-r6-0100.fit. (The value 003699 refers to the
run number. The letter refers to the filter. The valugrefers to the camera column
(“camcol”) and the valu@100 refers to the field.) Figure 11 shows (from togbttom)
files for green, infrared, red, ultraviolet and fiafrared. It also shows a file named
tsField-003699-6-40-0100.fit . This is not an image file, but rather a filettha
contains data describing the other files. We digcuss this file in the next chapter.
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After the image is opened, SIimCCD will read the&FHeader to see how many images
are present in the file. If there are several, wdlibe asked to choose which image you
want to simulate using a dialog like the following:

Figure 12 Selecting one of several images

The pull down menu shows all of the images in tlee fif the primary header data unit
(HDU) of the file contains an image, it will be Ebd Image 1. Extension HDUs will be
labeled Image 2, Image 3, etc. If an image conts@veral colors, they will be identified
as plane 1, plane 2, etc. These names are admitiggiitic; but SImCCD has no way of
telling you what each image contains; so you walé to know the layout of the FITS
file to make sense of the dialog.

If the file only has one image, that image willdf®sen and the dialog will not be shown.
(This will be the case for SDSS images.)

Next SImCCD reads the FITS headers to see if ileam what telescope, camera, filter,
and/or optical aid were used to prepare the imdden it will present a dialog that asks
you to confirm that those values are right andf@nge them. The dialog is shown in
Figure 13.

The exposure time is displayed in this dialog bamethe EXPTIME or EXPOSURE
fields in the FITS header. This should be the syp®time for a single exposure. If the
image contains a stack of several exposures, EXETi#Misually set to the exposure
time for just a single picture. But some programikset it to the product of the frame
time and the number of frames (given by the SNAPTHEId in the header.) In that
case, you may need to manually enter the time single frame. The log message
window reports values for these keywords.

By default SImCCD chooses a simulation name thatsequence number followed the
name of the file. You may want to change thisamething that’'s shorter and more
meaningful. You can use any name here; but iest to avoid characters that wouldn’t
be part of a legal file name (such as an asteridbn, or slash).

SIimCCD has several ways of determining how brighatdky is in your source image. It
needs to subtract this value in order to know hagh the target is by itself. If the sky
level is available in the source file, SImCCD weloose this value. However in many
cases it's better to use the median sky value, W8imCCD will measure for you. Or if
you have reason to choose a different value, yateoger it manually.
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When SimCCD does its simulation, it will need t@knhow brightyour sky is too. If

you are using one of your own trial pictures fag #ource data, SimCCD can measure it
and use that value to do the simulation. In¢hise you want to check the box labeled
Use this sky level for the simulatiorOn the other hand if you are using an SDSS image
for the source data, you may want to leave theummhecked, since your sky’s

brightness won't be the same as the SDSS skyoufilgave the box unchecked, SImCCD
will use the brightness that you used the last §oeran it.

Figure 13 Source file specification

SimCCD can sometimes determine the telesc@ger(in the example above) and
exposure time53.91seconds). Based on other information in the Fi&&der, SImCCD
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may also try to guess what filter and camera to hé&te that the SDSS project uses a
different camera for each filter; so you will haweepick the right camera to go with the
filter!

If SimCCD finds that the input file was preparedhgsa camera it doesn’t know about, it
will present a dialog like this:

Figure 14 Unknown camera warning

If you press the Yes button, SImCCD will bring ugialog that’'s described later in this
manual, allowing you to pick a different cameralefine a new one. Typically you will
press the Load button in that dialog to selecttraera, then press the Use button to use
that camera to describe the source image.

The same sort of dialog will be presented if SImCi@ids that the input file was
prepared using a telescope or filter that it dadembw about.

By the way, SIimCCD can open several files at odisplaying the resulting simulations
in different windows. It can also open the sanedeveral times, which gives you the
opportunity to see how different exposure condgiaffect the simulation.

i.i Warning: Because of the way SImCCD works, it carvastdle color

. images. So if you have a one-shot color cameraC8ID’s usefulness
will be limited. If you try to open a full-colomage, SImCCD wiill
complain. There is a workaround, which is to offenraw un-debayered
image. While SImCCD can't really understand thredkof image, you
might be able to use its predictions as rough apprations.
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File/Import

Use this command to import equipment definitioret there saved using the export
command (described below). Note that the impomrmand will not overwrite existing
equipment definitions. For example, if you havéresl a camera named “My Camera”
and you try to import a revised definition of tlkaimera, SimCCD will warn you that the
definition was skipped. If you still want to impdhe new definition, delete the old
definition first.

File/Export

This command allows you to export your equipmestsito an XML file. You should
use this command to back up your equipment lisid,ia particular, new cameras that
you may have defined. You can also use the comnmatrdnsfer the equipment list to
another computer.

File/Save as...
When you execute this command, the following diappears:

Figure 15 Saving a simulation

You can save files using fit, fits, or fts for thike extension. The default is fits.
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File/Close

Use this button to close the current simulatidrseleral simulations are open, this
button will close the topmost simulation and bremgne other simulation to the
foreground; but if there is only one simulation npe will be closed and SimCCD’s
initial splash screen will be displayed. You ctsoaise the “close box” in SImCCD’s
title bar to close a simulation. However in thase, if there is only one simulation open,
it will be closed and SImCCD will exit.

File/Exit

This command causes SimCCD to exit. All windowHB e closed. If you haven't
saved a simulation, the result will be lost.

Edit/Preferences
When you enter this command, SImCCD will displag tlhalog shown in figure 16.

Figure 16 Changing preferences

By default, SImCCD will warn you if the source eguient and simulation equipment are
very different. This could happen for examplen# band passes of the source and
simulation filters don’t overlap very much. Whileu can turn the warning off for the
current simulation, it will reappear when you stmbther simulation. Since this can
become a nuisance, SImCCD gives you a chanceridtiarwarnings off permanently.

When you use th8ave As...command, SImMCCD adds a default pedestal of 1@9¢oy
value. This is the value that is commonly usedrayy other programs. However if you
are going to use another program to measure o8end@CD’s simulations, you should
probably choose a larger value. When SimCCD sav#s, it saves negative values as
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zeroes. Then when you use another program to meettgiaverage or standard
deviation in an area, the missing values will thtbe calculation off. | have found that a
value of 1000 works well for most cases.

By default, SImCCD displays the entire source imagen if it is bigger than the field of
view of the simulation camera. On occasion you mawt to know how much of that
image is actually visible in the simulation came@u. if the simulation camera is larger
than the source camera, you may want to know hoshrdata is missing from the
simulation. Settingghow FOVto true will tell SImCCD to display a graphicabination
of how big the simulation camera is compared tosthece camera. (This feature has
not been well tested and may be eliminated in @réutelease.)

By default, SImCCD does not use true Poisson itatito model shot noise, but rather
uses a Normal (Gaussian) approximation. When alation is complete, there will be a
certain pattern of speckles in the image that dépen how much noise there is at each
point. It turns out that Poisson random numbeegaiors depend on the strength of the
signal in a way that causes the pattern to chamgeghout the entire image whenever
even one pixel changes. The human eye easilytlsisashange, making it difficult to

judge whether the change is significant or justanangement of the speckles. When the
Normal approximation is used, the speckle patteresd’t move around, and only the
amplitude changes. We recommend that you use oh@d approximation. However if
you want to be sure that the simulation is accusate can turn this option off.

For some situations, SImCCD can use a lot of menustyto display the simulation
result. This can cause the program to becomeslevwy or run out of memory. To work
around this problem, SimCCD may choose to displyearesolution version of the
result. The image won't be quite as accurate asuthresolution version; so if you want
to see the full resolution image, changeAfiew low resolution imagesption to false.

SimCCD uses random number seeds to initializeahdam number generators. You
can control these seeds by changing the random eruseled offset. Different seeds
cause different speckle patterns. This can be itapbif you are simulating full color
RGB images. By using a different seed for eacbrcgbu can be sure that the speckles
won't align, which would lead to monochromatic aotmise.

If your source image is very large, SImCCD can bigegslow to compute the simulation,
and also quite slow to do simple things like zoggram image or changing its contrast.
To improve on this, SIMCCD will crop large souroeages down to 2048 x 1489, which
is the size of a typical SDSS image. If you fihdttSimCCD is still running too slowly,
you can decrease these dimensions usingtlaéle croppingettings. Likewise, if you
want to see more of the original image, you cangase the dimensions. If you want to
disable this feature altogether, set the fieldated, which causes the whole image to be
displayed. Note however that regardless of thisngetSimCCD will still crop your
image if it finds that it doesn’t have enough meyrtor display the whole thing.
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When SimCCD crops an image, it just uses the cafitgour image. If you need more
control of how cropping is done, you should damitinother program such as Maxim/DL
before opening the image with SimCCD.

Edit/Rename Simulation

This command lets you change the simulation naByedefault the simulation name is
based on the name of the file containing the sodata; but you can choose a different
name using this command. When you enter this camdpthe following self-
explanatory dialog box is displayed:

Figure 17 Changing the simulation name

Edit/Reset Preferences
This command will reset SImCCD’s preference itemtheir default values

Edit/Enter License

SimCCD will operate for a period of time withouligense, during which all of the
features are enabled. When the evaluation peascRpired, some of SImCCD’s
features will be disabled. To restore them, semssage tbcense @darklights.org
with your name and email address and | will send gdicense code. There is currently
no fee for the license -- it is just my way of keeptrack of who is using the program.
Once | have sent you the license code, you cam entiee dialog, which is shown in
figure 18.

If you click on the link, SimCCD will take you toveeb page where you can request the
license.
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Figure 18 Entering a license

Equipment/Cameras

This command will display one of SIMCCD’s most cdexpdialogs. It is shown in
Figure 19. You can use it to define new cameraslify or delete old ones, and choose a

camera to use for a simulation.
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Figure 1918 Managing cameras

When this dialog is first presented, it will shoanse camera, whose name is shown in
theCamera Naméeld. Initially this will be the camera thatl®ing used in the current
simulation. You have two options here: you can tai parameters for this camera or
you can load a new one using thead button. Regardless, after you edit the parameters
for the camera, you can either save them usingltheame or choose a new name by
editing theCamera Naméeld. Camera names, which must be unique, agd us
SimCCD'’s pull down menus to select a camera fomailation.

Once you have finished editing fields, you shoulelsp thesavebutton to save your
changes. Note that saving a camera does not atitathamake it the default camera for
your simulation. You must press tbieebutton for this to happen. For example, you
might choose to bring up this dialog, create afew cameras, and then press@zacel
button to have SImCCD use the original camera rdtiem one of the new ones.

There are many fields in this dialog that you charge. Here is a short description of
each.
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TheDescriptionfield is free-form text that you can use to ddseithis camera.

TheBiasfield gives the bias offset in ADUs that is adde@ach pixel of the simulation.
It is a constant that has no particular effecth@dimulation beyond this.

TheAnti-bloomingfield tells SImMCCD whether the camera is an ABAN&BG camera.
SimCCD currently does not model blooming and igadhgs field.

The Color Camerdield tells SImCCD whether the camera is a colomonochrome
camera. SImCCD does not model color cameras ah@ynore this field, so it should
always be set to false.

TheDark current at 0°C (e/sefigld gives the camera’s dark current in electrpes
second.

TheDoubling temperature (0°@ield tells how the camera’s dark current variethw
temperature. For example, a doubling temperatiMe?d indicates that at 4.24°C, the
dark current will have doubled from 0.0379 to 0.875

TheGain (e/ADU)field tells what the camera’s gain is. As ustlak is actually an
inverse gain, so that values greater than onettetmiver ADUs than electrons.

TheNumber of columngield tells how wide the camera’s CCD sensorN&te that

when reading a source file, SimCCD does not usevtlue. Rather, the dimensions of
the image are determined from the file itself. Begting on how the image was acquired
and on whether the image has been cropped, theeimaght be wider or narrower than
the CCD sensor. When preparing the simulation en&§gD may use this value to
display an indication of how much of the target aatually be seen by the simulation
camera.

TheNumber of rowdield tells how tall the camera’s CCD sensorTfie comments in
the previous paragraph apply to this field too.

ThePixel height (micronsandPixel width (micronsfields give the dimensions of the
CCD’s pixels. Note that SImCCD currently doesmytto compensate for non-square
pixels.

TheRMS readout noise (dield gives the CCD’s readout noise in electrons.

TheAlphafield gives a measure of the CCD’s non-lineariBor most simulations it will
suffice to leave this parameter set to zero, irtdigahat the CCD responds linearly to
incoming photons up to the point of saturation.isTgarameter is not readily available
from published literature; so we will discuss itsaning and determination in a later
section.
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The Well depth (ADU)field gives the CCD’s well depth in ADUs.

The next set of parameters is optional. IfB@terning enablefield is false, SiImCCD

will ignore these parameters. Most of them arereatlily available from published
literature, so you will have to measure your CCétermine their values. The meaning
of these parameters and how to measure them wileberibed in a later section.

The last thing of interest in this dialog is thbléalabeledEnter camera’s efficiency
curve Each entry in the table gives the camera’s quargfficiency for a particular
wavelength. Wavelength values are entered in nitewte efficiencies are entered as
fractions, so that 1 represents a 100% efficidtarfi If you need to delete a line in the
table, replace the entries with blanks, then pifess/pdatebutton to clean up the table.
Or you can delete all the entries by pressingitiearbutton. You can enter values in
any order, and then press thpdatebutton to sort them on wavelength.

Equipment/Filter

This dialog is used to manage the optical filtst. liThe dialog works like the
Equipment/Camereommand, so we will only discuss those things énatunique to
filters. Using the techniques described above,cauload a new filter, edit it, and save
it using this dialog, which looks like this:

Figure 20 Managing filters
TheFilter Namefield gives the name of the filter, which mustleque.
TheDescriptionfield gives a short description of the filter.

The table labeleénter filter's transmission curweorks the same as the table for the
camera’s efficiency curve.
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Equipment/Optical Aid

This dialog is used to manage optical aids sudBaakow lenses, focal reducers and field
flatteners. The dialog works like tl#uipment/Camereommand, so we will only
discuss those things that are unique to optical. aithe dialog looks like this:

Figure 21 Managing optical aids
TheOptical aid namdield must be unique.
TheDescription fieldcan be used to describe the optical aid in motaide
The Magnificationfield gives the magnification of the optical ailor example, values

greater than one would be used for Barlows whilaasless than one would be used for
focal reducers.

Equipment/Telescope

This dialog is used to manage the telescopeTibe dialog works like the
Equipment/Camereommand, so we will only discuss those things énatunique to
telescopes. The dialog looks like this:

Figure 22 Managing telescopes
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TheTelescope namield must be unique.
TheDescriptionfield gives additional information about the telege.
The Aperture (mmfield gives the scope’s aperture.

The Central obstruction (mnfjeld gives the diameter of the scope’s centraitalction
(e.g., diagonal or secondary mirror). For refregtenter a value of zero.

TheFocal Length (mmjield gives the scope’s focal length.

The Transmission Factdield defines the scope’s transmission, wherelaevaf 1
represents 100% transmission. Note that SImCCEently does not model the
wavelength dependence of the transmission, so yyuneed to edit this value to deal
with special cases.

Equipment/Reset

This command can be used to reset the lists of @nklters, optical aids and telescopes
to SIMCCD’s built-in default lists. Any new camsrihat you have created will be
deleted; any edits to old cameras will be lost; smihe cameras that you have deleted
will be restored. For this reason you may warttaee the settings first using the
File/Exportcommand first.

Note that this command will not work if you try tielete a camera that SimCCD is using.
If this happens, use thEuipment/Camereommand to load and then use the default
camera. This will allow the other cameras to bletéd. (This comment applies to

filters, optical aids, and telescopes t00.)

Note that SImCCD stores its equipment lists anéroglettings in a file name®imCCD
settings.xml , Which is located in your home directoydcuments in Vista).

You should back this file up occasionally. If ybave a problem with the file, you can
edit it with any text editor. You can also usext editor to change equipment
definitions or add new ones. You can copy thistd another computer if you want to
run SimCCD in two places.

We encourage you to submit definitions for new kindlequipment so they can be
incorporated into future releases of the progrdm.do this, email a copy of your settings
file SImCCD Settings.xml to simccd@darklights.org You can also use the
File/Exportcommand to generate a suitable XML file.

View/Control Panel

This command brings up a window where you can cb@®mCCD’s operation. The
window is divided into four tabs that can be useddntrol the simulation conditions, the
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equipment used for the simulation, the contrashefdisplayed image, and the amount of
magnification for the displayed image. We will ndigcuss each of these tabs.

View/Control Panel (conditions tab)

The control panel has two tabs for controlling $iraulation conditions and the
equipment that is to be simulated. There aretalse buttons. In general SimCCD does
not act on any changes you make to this dialod yoti press thépply or OK buttons.

In particular, beware that if you press thenebutton, the dialog will be dismissed and
the changes will be discarded.

i|> A word of warning is in order. As we will see belovhen you change
_ some fields in this dialog, other fields may changefrom under you.
Until you get used to how these fields interactsbee to double check
every field to make sure it contains the value yaended.

With the conditions tab selected, the dialog lolies this:

Figure 23 Choosing simulation conditions

TheNumber of light framesield controls how many exposures are to be takehe
simulation.

The Seconds per ligHield controls the exposure time for each liglatnfie. You can
enter a value directly in this field if you wantgonulate a particular exposure time. But
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this field can also be defined indirectly as a tesientering values in théercent
readout noisdield. For example, if you want to know what egpce time to use to get
the readout noise down to 5%, enter 5 inRlecent readout noidield and then read the
exposure time in thBeconds per ligHield. Conversely, if you want to know how much
readout noise will be present if the exposure tigr®&0 seconds, enter 30 in tBeconds
per lightfield and read the percentage in Bercent readout noidield.

ThePercent readout noidield tells how much additional noise there wil im an image
above and beyond shot noise from sky glow. Youesdar a value directly in this field,
in which case th&econds per ligHield will be adjusted to give the recommended
exposure time to achieve this percentage. Butcgoualso enter a frame time in the
Seconds per ligHield to find what the readout noise will be. the example above, we
have chosen an exposure time of 30 seconds, and@nhas then computed that this
will result in images that have 31.23% additionaise. Using a longer exposure time
will give a smaller noise value. You can use thkig to decide whether the noise has
been reduced enough.

TheNumber of dark framefield is used to determine how many dark framesikhbe
simulated. In general, large positive values rafult in images that have less noise due
to dark current, hot pixels and pattern noisea Value of zero is used, dark current will
be simulated but dark field calibration will not dene. You can use this to assess how
important dark field calibration is. If a negativalue is used, SImCCD will disable the
dark field computation altogether, so that darkentris neither simulated nor corrected.

TheCamera temperature (°@igld lets you set the camera’s operating tempeeat The
same temperature is used for both light and darkés. SimCCD does not currently
provide a way for you to use different values sitie is not an interesting case.

The sky brightness can be controlled using the tvextentries. Th&ky brightness (V
mag/sq")field lets you enter the sky brightness in famnitiaits, while theSky brightness
(ADU/pixel) field lets you enter the data in more easily messunits. Whenever you
enter data in one field using one set of unitsotier field will be changed to show the
other set of units. While the mag/sq" units miggém like the easiest way to enter the
sky brightness, be forewarned that SImCCD’s moadlettfe spectral dependence of sky
glow is very crude, so the simulation will probablgt be very accurate. It will be much
more accurate to take a sample picture with youipeaent, measure the sky brightness
in ADU/pixel, and then enter that value into them®l field. Note that this value
depends on the exposure time (@exonds per ligHield); so you must make your
sample picture using that exposure time. Latgoif change th&econds per ligHield,
the Sky brightness (ADU/pixelvill change to match the new exposure time. Thighin
be a bit of a surprise at first, so remember thatky brightness (ADU/pixelfield is not
an absolute measure of sky brightness but rathpmdis on the exposure time.

If you are using a test photo for your source ddixe’s an easier way to enter the sky
brightness. When SIimCCD presents the dialog feci§pthe source conditions, check
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the box that is labeledse this sky level for the simulatioThen SimCCD will
automatically enter that value into the simula@mditions box.

The next set of fields control how SImCCD modegd fielding. SImCCD makes no
attempt to model dust motes, but does model vignettSImCCD also models the
CCD’s pattern noise, caused by the variation irsgieity from pixel to pixel.

ThePattern amplitude (%)eld models the variation in pixel sensitivitfhe value is an
RMS percentage of the total flat field signal. 3malues like 0.27% are usually
reasonable. To measure your own system, take felidhimage, measure the RMS
noise in a region where there aren’t any dust mates then divide by the average
intensity in that region.

TheVignetting (%)field gives the percentage drop in signal betwibercenter of the
CCD and one of its corners. Note that in this nhathe vignetting is independent of the
size of the CCD or the characteristics of the spepdarge CCDs will be vignetted as
much as small ones. Therefore you may need tdtedifield to model your own
system.

TheNumber of flat framegield tells SimCCD how many flat frames to takdsing a
large positive value will improve the flat fieldldaation. If the value is zero, flat field
calibration will be disabled, so the resulting siation will be vignetted. If a negative
value is used, SimCCD will not model flat field etts, so that the image won'’t be
vignetted and won’t be calibrated.

The ADUs per flatfield is SImCCD’s way of specifying how bright tfat field target is.

In practice, when you take flat field images, yoal@bly set the target brightness and/or
the exposure time to give a reasonable exposuetetypically something around
20000-30000 ADUs so that the CCD is not saturatEdter the value you have chosen
in this field. One very conservative rule of thusdys that the total number of ADUs
required to get a good flat is the one million.tHis case, if the value féxDUs per flat

is 20000, then you would enter 50 in thember of flat framesield.

TheSeconds per flat franfeeld determines the exposure time for each fliis field is
only used to determine the impact of readout noiséat field calibration. The other
fields will determine the brightness and shot naisaracteristics of the flat field image.

The Number of flat-dark framefield determines how many dark frames are used to
remove the dark current (mainly the bias signainfthe flats. Use a value of zero to
disable flat-dark corrections, and use a negatareevto tell SImCCD to not model dark
current for the flats.

The Camera temperature (°i¢ld determines the camera’s temperature fofldtdield
exposures. This does not have to be the same asrtiperature for the lights.
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View/Control Panel (equipment tab)

When the equipment tab is selected, the Simula@iomrol window changes so it looks
like Figure 24. There are four pull down menushis tab. Each menu controls a
particular kind of equipment. Use these menu®lecs the equipment you want to use.
SimCCD comes with some equipment already definednost cases, the definitions are
based on the published characteristics for thepagemt. However these definitions will
probably not be exactly correct for your equipmaotwhen in doubt, use theuipment
menu to edit the existing definitions and/or make/ones.

Figure 24 Choosing simulation equipment

View/Control Panel (contrast tab)
When the contrast tab is selected, the window oembgthis:
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Figure 25 The contrast control

The control does not modify the calculated simolatralues, but just changes the way
they are displayed on the screen.

The Minimum data entry field and slider let you control thevést intensity that will be
displayed. The value is a percentage of the @alesimage intensity. Any pixel that is
darker than the sky by this amount will be disptags black. Lowering the value will let
you see more details in the sky, while raisinguaieie will clip out more of the sky area.

TheMidrangefield controls the contrast boost for the middlage of intensities. If a
small value is used, a linear contrast stretchlvallised, leading to very little boost in
contrast. If a large value is used, a logarithoaiotrast stretch will be used. This will
tend to show the dimmer features better, but it alag amplify noise excessively.

TheMaximumfield and slider let you control the brightestensity that will be

displayed. The value is a percentage of the kegjldrea in the image, above which
pixels will be displayed as white. There is uspéttle reason to make this value greater
than 100; but smaller values will help you see tiatures better.

TheMake sky blaclcheckbox lets you make the sky black, which wilregase the
contrast. If this feature is disabled, the sky i shown at its true brightness, which
will make the target harder to see but give yoetbel idea of how bright the target is
compared to the sky. By default SimCCD checkshbis.

TheResetbutton restores the settings to their defaulteslu
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View/Control Panel (zoom tab)
When the zoom tab is selected, the window chargtsd:

Figure 26 The zoom control

This control lets you modify the size of the dig@d image. The data for the image is
not modified, and only the display changes. Yowu & the amount of zoom by
adjusting the slider or entering a value in flu®mm factorarea. You can also press the
Fit image to windowbutton to get SImCCD to choose a zoom factoruhhimake the
image fit in its window. And you can press tiewindow to imagdo have SImCCD
adjust the window size to fit the image.

View/Log Messages
This command allows you to display SimCCD’s mesdageshown in Figure 27.

For the most part you will not need to see thesesages; so by default the window is

not shown. However, if SImCCD encounters a problim display may show an error
message that can help you diagnose the problem.
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Figure 27 The log message window

View/Statistics window

Use this window to display statistics about a delarea in the current simulation. The
window can also be displayed by clicking or draggimthe simulation window. If no
area is selected, the statistics are given foetitiee image.

Figure 28 shows a typical display. The field l&g&bhot noisdells how random
variations in the signal contribute to the noi3éis is sometimes referred to as Poisson
noise. This term includes both variations fromtdrget and from the sky. The column
labeledADU tells the number of Analog Digital Units that walppear in one frame for
the given exposure time. The column labétedcentells how much of the total noise
was due to shot noise. Purists will notice thas@adoes not add linearly; so expressing
the noise as a percentage can be misleading. fohethis figure is just presented as a
guideline.
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Figure 28 The statistics window

The next line tells how much noise is introduceddnding and digitizing the data from
the CCD. In our example, the exposure time wateclhort; so almost all of the noise
was due to readout.

The next line tells how much noise is introducedibyk current. If the images have not
been calibrated, this figure will not only inclustatistical noise but also pattern noise.
On the other hand, if the images have been catithyéihen the pattern noise will have
been calibrated out and no longer be shown, bu¢ thél be additional noise introduced
from the dark frames themselves.

Following this is a line that gives the flat fieddise. This can include any pattern noise
that has not been calibrated out as well as noifieei flats and flat-darks.

These figures are followed by thetal Noise which is the amount of noise you can
expect from the effects reported above. Thislisieed by a line labele@ource RMS.
This tells how much the source image varies fromtgo point. This includes not only
the noise that was present in the source imagalbothe variation of the source’s
intensity. Finally there is a line telling th®tal RMS which combines statistical noise
with the source image variation.

The line labeledvaximum ADU tells you how bright the brightest object will ineyour
picture. If this value is very high, then your espre time is probably too long. That
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would cause the CCD to saturate. SimilarlyAheragefigure tells the average level in
the selection area.

The Sky Correctiorine is normally zero and should be left that w&lowever there

may be occasions when you think that SimCCD hasulatracted out the source image’s
sky brightness correctly. (That's the figure yoiezed in the source conditions dialog
when you opened the image.) To fix the probleragdrour mouse over the image in an
area that has no stars or significant structur¢haothe sky is totally black in this area.
Then press th8etbutton. Note: you will probably see some prettgrsge values in the
dialog immediately after you press the button;whén you move the selection rectangle
to a feature, the values will become reasonablaaga

The Average-Skyline tells you how bright the target is once SiniBCias subtracted out
the sky level. If this value is negative for soragion, it means that the sky correction
isn’t quite right. To fix the problem, press tBetbutton for this region.

The next field gives the signal to noise rattdNR) in the selected area. Thisis a
prediction of how much noise will be present in yastrophoto under the given
conditions.

The next field gives you a place to enter the digmaoise ratio that you would like to
achieve for your session. For example if you viaatnoise to be 10% of the signal, set
theDesired SNRo 10. SimCCD will then give you an estimate oihmany exposures
will be needed to get to that level. It will al@l long your session will last.

You might look at the readout noise figure and wanahy it doesn’t agree with the
value that is shown in the control panel. Don’tryo The statistics panel shows the
percentage of the total noise, while the controlgbahows the percentage of the shot
noise; so the figures are not expected to be icnti

You also might notice that the percentages do®@tst® be consistent with the values
listed in the ADU column. When SimCCD computesttital noise, it has to add the
contributions in quadrature, which is to say tih&t total noise is the square root of the
sum of the squares of the components. On the btret people expect the percentages
to add linearly to a total of 100%. Unfortunatéiere is no mathematically correct way
to compute percentages when the noise has to leel aldiuadrature. To deal with this,
SIimCCD's percentages are a rough estimate of hash mach component contributes to
the total noise. So if mathematical precisionmgpartant to you, then use the ADU
values and treat the percentages as guidelines.

Windows

This menu shows a list of every simulation winddwattis open, with a check mark next
to the topmost window. Use the menu to bring sother simulation to the foreground.
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Help/Check for updates
Use this command to find out what the latest vereibSImCCD is. After a short pause,
SimCCD will display a dialog like the following.

Figure 29 SimCCD’s latest version

Help/About

SimCCD currently does not have a detailed heldifpciHowever in many cases when
you let the mouse hover over one of SIMCCD’s cdsiti®mCCD will pop up a “tooltip”
that describes what the control does.

Choosing the Help/About menu item will bring up th#owing display of information
about SImCCD.

Figure 30 SimCCD's "about" box
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Clicking on the icon or the link taww.darklights.org/simccavill take you to the
SimCCD web site. Clicking on the link tas.sdss.org/www/html/post_coords.htwmaill

take you to the SDSS site where you can find souaneges that can be used with
SimCCD.

If you click on theMore... button, SIMCCD will present the window that’s stmonv
Figure 31.

Figure 31 More information about SimCCD
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Chapter 4 - Fine Points

In this chapter we discuss some of the fine pahtgperating SImCCD. In particular,

we will cover how to get source datasets, how terpret tsField files, how to interpret
the batch startup file, how SImCCD stores its sg#tj how to measure alpha, and how to
measure the optional dark field parameters.

How to install Java

To run SImCCD, your computer must have Java versi6ror later. For Linux, Solaris
and Windows users, this is easy. Just yasié.sun.com/javase/downloads/index gsyl
follow the instructions for downloading the JREXo( don’'t need the JDK unless you
plan to do Java programming.) For Macintosh yggring the right version of Java
may prove to be a problem. It is automaticallyluded in MacOS X, so you don't have
to do anything to install it. But as of this wnigy, Apple only supports Java 1.6 in 64-bit
capable Intel Macintoshes; and you will need toehlshacOS version 10.5 or later.
Earlier versions on MacOS support Java versiondubif you try to run SimCCD there,
you will get a message that says “UnsupportedClassdhError: Bad version number in
class file”. Although SimCCD has not been testéith v, there is a workaround called
SoyLatte that might solve the problem. It is a B&ibsion of Java 1.6 that can be
obtained fromandonf.bikemonkey.org/static/soylatt&here is a gotcha here: you must
have a Java Research License to use the packajy.leg

More detail on how to set up response curves

Up to now we’ve assumed that it will be pretty ams how to set up the response curve
for an optical filter. But it's probably worth tadg some time to explain the process in
detail. Consider for example the following filtewrve, obtained from Astrodon’s web
site:

Figure 32 Band pass for a hydrogen alpha
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This filter has been included in SImCCD, and déscribed by the following response
curve:

Figure 33 Table for a filter's transmission curve

The values in the table were simply read off thegbrand entered in the table as shown.
It is not very important that these values be emély accurate as long as the general
appearance of the curve is kept intact. Techrigall should enter values at both the
high and low end where the transmission goes . z8imCCD will assume that the
transmission goes to zero outside the region wihé&alefined, but there will be small
errors if endpoints aren’t exactly zero. In pregtinon-zero values will probably work
fine.

The table above shows the values sorted correntlyavelength; but they can be entered
in any order; and there can be some blank lines t6or example, you could have
entered the data this way:

Figure 34 Unsorted table with a blank entry
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If you press théJpdatebutton, the blank line will be deleted and theiestwill be sorted
on wavelength to give the result shown in the tiatle.

There is no direct way to delete a line. If youdfthat you have an incorrect entry, you
can delete it by erasing the contents of the Wangtheand Transmission entries, then
pressing the update button.

Note that you can use the same process for entérngamera’s efficiency curve.

How to get source datasets

For SIimCCD to work, it needs accurate source degakscribing the brightness of the
target at each point in the sky. There are sewveagt to do this.

The best way to get source data is to find it at3loan Digital Sky Survey web site.

While the SDSS survey doesn’t cover the sky compjletvhen a target has been

photographed, getting its data is quite easy.y&ill need to do is log into the web site
http://das.sdss.org/www/html/post_coords.html

and then enter the coordinates of your targetsuBe to enter the RA value in decimal
degrees. For example, if the target is at RA 5in BOs, convert that to decimal hours
(5+10/60+30/3600 = 5.175) and then multiply by d®¢t 77.625 decimal degrees. The
declination must also be entered in decimal deglmégshis time the computation is
easier. For example if the target is at declimafid 12' 37", the decimal value is
5+12/60+37/3600=5.2103, and it is already measuréegrees. Enter the resulting
values into the form and press thebmit requedbutton. If the SDSS survey has
captured that target, you will be presented wilisteof files. There may be quite a few
files, but you want the ones that are named somgiike fpC-003699-r6-

0100.fit.gz . The fields in this name refer to the regionhs sky that was
photographed and the filter that was used. Inqaar, for this example the letter
signifies a red filter. These are “compressed” Hil&3, which can be fed directly into
SimCCD and do not require any special preprocedsiggt them ready. (However if
you need the FITS file itself for some other reas@u can use a utility like WinZip or
Stuffit to decompress it.)

If you can't find your target in the SDSS, consitler VirGO utility, available from
http://archive.eso.org/cms/tools-documentationsisarchive-browser This utility will
offer data from a wide variety of sources, inclydithe Hubble Space Telescope.
However | have found that some of the HST files dimaded from this site were corrupt.
Another site for HST data Igtp://cadcwww.dao.nrc.ca/hst/science_wfpc2_assot.h

To use HST data, you will need to enter new defing for the HST's telescope, cameras
and filters. There were far too many options heraclude them all in this release of
SimCCD, so you will have to do some research td fire data needed to define these
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pieces of equipment. The best place to startitmptor this data is at the Space
Telescope Science Institutetp://www.stsci.edu/hst

Incidentally, HST files usually contain images fréonr different camera and filter
combinations. To make sense of these files, ydihave to concentrate on just one part
of the image and use the equipment definitionsdpaty there.

Some other sources of data includip://fits.gsfc.nasa.gov/fits samples.htnid
http://archive.stsci.edu

Another way to get pictures is to simply take thesing your own equipment, stack them
using a program such as Maxim DL, and then feedebelt into SImCCD. Remember
to use an average stack, not a sum stack; and do®@ihy image processing to make the
image look better. SimCCD expects the input ledntain raw ADU values, with the
sky brightness level subtracted out (or presethi@éFITS header in a SKY keyword.)

Using a file that was prepared using you own eqeipwill let you answer questions
like “what would have happened if | had taken thgiseures when the sky was
brighter?” or “what would have happened if | haéditalf as many pictures?” Of
course the simulation can only be as good as theesalata; so you can’'t expect
SimCCD to answer the question “what would have kapq if | had used twice as many
pictures at a darker site”!

Using your own files is often the best way to usa@®CD. While the simulated images
won't necessarily show what your final astrophoib ok like, the statistics panel will
still give accurate estimates of out how many expes you should take to get the
desired signal to noise ratio.

If all else fails, try generating images using AV4’s Edit/Synthetic Images...
command. For example, if want to take picturesavhe target for which no real data is
available, you may be able to use AIP4Win to gaeeaissynthetic image containing
enough features to simulate the target.

How to interpret tsField files

When you use the SDSS site as described abovayioffer you some tsField files.
These are FITS files that contain data descridiegother FITS files. It turns out that
different SDSS images can be exposed using diffe@mnera gains; so the only way to
be sure what was used is to inspect the tsField fl detailed discussion of the layout of
tsField files is beyond the scope of this manuglt you can use a FITS file inspection
utility such as the FITS File Viewer utility (fvdtexplore the file and find the camera
gain. The utility was developed at the High Enefgyrophysics Science and Archive
Center (HEASARC). For further information about $ee
http://heasarc.gsfc.nasa.gov/ftools/fv
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To find the camera gain using fv, open the tsHiddd push theSelectbutton, press the
Clear allbutton, scroll down and put a check mark in the that's labeledjain, press
theDisplay Tablebutton, and press thi&ot button. That will display a plot of the values.
Other options can be used to get a listing of nicakvalues.

As a practical matter, the gain for a particulalSSfilter does not change substantially
from picture to picture, so you can safely usestiime gain for all of the source files that
use that filter. Therefore in most cases you woakd to inspect the tsField files.

About the batch startup file

If you are a Windows user, you can start SimCCRldyble-clicking the fileRun
SIimCCD.vbs . This script starts SIimCCD with a default memailtgcation. For large
problems, SImCCD may run out of memory. In this yan us&kun SimCCD
1.5GB.bat , which lets SImCCD start up using 128 MB and gtow500 MB. If
SimCCD still runs out of memory, you can edit thilis to give SImCCD more memory.
On the other hand, on smaller memory systems thigtsnay not work, and you may
have to edit the script to decrease the valuesedXmxand/orXmsparameters.

If SICCD has trouble starting, try using the scnamedDebug SimCCD.bat . It
will pause after SimCCD runs, which will give youkance to see any error messages
that might give clues about what needs to be fixed.

If you are running a 64-bit Windows system, thesatversion oRun SimCCD.vbs
should be able to locate the Java compiler. Butmaght have trouble starting SImCCD
because of a bug in the Java installer. To fig gioblem, you will need to locate the file
java.exe , which may be in one of these folders:

C:\Windows\system32

C:\Windows\SysWwOWwW64

C:\Program Files (x86)\java\jreXXX\bin

wherejreXXX might actually be something liee, jre1.6.0_16 , etc. Once you
locatejava.exe , you can modify the system’s PATH environment ale to include
the folder; or you can edit one of the startupsfileentioned above to spell out the full
path. For example:

C:\Windows\SysWOW64\java -cp [...]

C:\Program Files (x86)\java\jre6\bin\java —cp [...]

If you are a UNIX or Macintosh user, you can s&mCCD by running script files
run_simccd.sh  orrun_simccd.command , respectively. These files are very
similar toRun SimCCD.bat , but are tailored to the requirements of UNIX &macOS
users. You will need to edit these files if SImC@&eds more memory.
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About the settings file

SimCCD keeps track of your equipment lists, exppsanditions, and other information
in a settings file name8imCCD settings.xml located in youDocuments folder.
You should back this file up occasionally. If tfile is corrupted, SImCCD may have
trouble starting. You may be able to fix the pesblby editing the file using an ordinary
text editor. A discussion of the layout of thilefis beyond the scope of this document,
but if you open it, the format should be obviolisyou can’t find the problem, consider
replacing the file wittfSimCCD settings.xml.bak which is also in the

Documents folder. That file is created whenever SImCCD’#isgs change (but only
once during any one session); so it may contaitetstegood version of the file.

If all else fails, copy the settings file off tcsafe place, then delete the original. When
SimCCD starts, it will create a new version of fitee containing a default equipment list.
Once things seem to be working, you may be abésltiothe new settings file to paste in
definitions from the copy.

How to measure alpha

The camera’siphaparameter is a measure of how linear a camers{®rese is to
incoming photons. We follow Axel Mellinger’s tr@a¢nt of non-linearity for his all-sky
panorama of the Milky Way:
http://www.phy.cmich.edu/people/mellinger/resedretilications/2009/
2009 PASP__ Mellinger__A_Color_All-Sky Panorama.pdf

In this paper he measures the response of a CCHratsdthat it varies roughly as:
S(E) = aE + bE

where S(E) is the measured signal, E is the expdsuel, and a and b are constants that
differ for eacg camera. The parameter alpha isxddfas:
= b/

The following section describes how to measurealgh addition, you will find two
scripts in the distribution kit to help you withighprocessmonitorLightSource.vbs
andrunSequence.vbs . You will also find a spreadsheagkarity.xls that can be
used to compute alpha, given the output fromsequence.vbs

To measure alpha, you will need a very steady bglirce. Take pictures of it using
several exposure times from one second on up tleWle¢at which the CCD begins to
saturate. You will get a curve that looks like tree in Figure 35. For low values of the
exposure time, the data can be plotted bettereasatto of ADU divided by exposure
time, as shown in Figure 36.

Fit the curve to a linear form as shown by the Iméhe graph, ignoring the region where

the CCD begins to saturate. SimCCD will take @drthis region by cutting off ADU
values that exceed the camera’s full well depth.
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A word of warning: the light source intensity mbst very steady for this measurement to
work. But even with a very well controlled sourtiee measurements will change as the
camera warms up. Therefore we suggest that yauredkrence exposures before and
after each measurement. If a reference exposaregels, scale the measurement to

compensate for the change. This is the technigsed to measure my ST-10XME
camera to get the data for these figures.

Figure 3519 Camera response vs. exposure time

Figure 36 The camera's response replotted
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If you don’t want to take the time to measure ajpftas may be able to get by with an
approximate value alpha = -6E-7. Surprisingly tragie works for both ABG and
NABG cameras. Also for many simulations, the valfialpha won’t matter a lot; so
using alpha=0 will work just fine. (Most of theroaras that are defined in the
distribution kit have alpha set to zero.)

How to measure the optional dark field parameters

When you enter thEquipment/Camereommand, a dialog will be displayed that
contains the following fields, among others:

Figure 37 Entering the optional dark field parametes

If Patterning enableis set to false, none of the other parametersbeilised and dark
frames will be modeled as just random noise detaxthby the dark current. If the
parameter is set true, then a more sophisticatetehm® used, which allows the
simulation of hot pixels and fixed pattern noigéne model is not based on any physical
theory, but has been verified to give a reasonapfroximation of hot pixel noise for the
SBIG ST-10XME camera. Suggestions are welcomeoonthb improve the model for
hot pixel and fixed pattern noise!

TheBias pattern amplitudield is the RMS amplitude of the bias patternamged in
ADUs. To find a value for this field, take a langember of bias frames, average them,
then measure the standard deviation of the backgro8imCCD will use this value to
generate a fixed random pattern that is preseeweény image. Note that SImCCD does
not try to model the pattern caused by amplifiengand it does not model the vertical
striped pattern that is often found in real biasrfes.

TheDark pattern amplitudield is the RMS amplitude of the dark current, swad in
electrons/pixel/second. This value is roughly petedent of temperature for low enough
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temperatures. To find it, take a large numberaskdield frames using a long exposure
time so as to minimize the effect of readout noiSabtract the master bias frame, and
then average the images. Next measure the stadduaiation in a very small rectangle
that is free of hot pixels. Move this rectanglelard and measure several areas. Pick the
smallest standard deviation measured this wayn@ttiis ensures that the value isn't
thrown off by hot pixels. Enter this value int@ttialog.

ThePercent of hot pixeleld gives the percentage of all pixels that‘t@t”. To
measure this, take one dark field exposure, p®hall area in the image (say 100x100
pixels), and count the number of pixels that seeimet substantially brighter than the
surrounding pixels. Then compute the percentadeeater it into the dialog. Deciding
what is a hot pixel is somewhat arbitrary, so yaymeed to adjust this value to get the
simulations to match images from your camera.

TheHot pixel amplituddield gives the RMS hot pixel amplitude at 0°C in
electrons/pixel/second, while thit pixel doubling temperaturfeeld tells how the
amplitude changes with temperature. To deternfiasd values, take a series of dark and
bias frames at a range of temperatures — say &€& petween -15°C and +15°C. To
minimize the effect of non-hot pixels on the measuent, use a very long exposure time.
Average the dark and bias frames to prepare mdatkrand bias frames for each
temperature, and then subtract the master biasestfre master darks. Measure the
standard deviation in a large enough area to irctudny hot pixels. Multiply each

value by the camera’s gain and divide by the exfgosme to get a value in
electrons/second.

At this point, the values represent an averageerieige| for both hot and non-hot pixels;
but we just want the amplitude for the hot pixel® get that, divide each result by the
Percent of hot pixelparameter. (We are assuming that the non-hotspcamtribute a
negligible amount to the standard deviation.) Bgeel or some other graphing
application to make a plot of log2(sigma) versumsgerature, (where log2 is the base 2
logarithm. The plot should be linear. The slopéhe line gives thélot pixel doubling
temperaturgwhile the value at T=0 givese Hot pixel amplitude
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Chapter 5 — Case Studies

In this chapter we will present a few case stutbeshow some of SIMCCD'’s
capabilities. We did all of these studies usiridesade 10" RCX400 telescope and an
SBIG ST-10XME camera with a red filter. The souroage of M51 was obtained from
the SDSS project. In all of the following simutats, the sky brightness is expressed in
units of magnitude per square arc second (mag/dgdwever as explained elsewhere in
this manual, the value depends on the spectrahdiepee of the sky brightness, which
SimCCD does not model correctly for every siteysor experience may differ.

Sky darkness

In the following two pictures, we see how importdatk skies are for getting noise-free
images. The simulation on the left shows a 5-neirexposure taken at a bright site,
while the picture on the right shows the same sttkipn at a dark site. The pictures
show that the brightness of the sky can make asignjficant difference in picture
quality.

Figure 38 Case study: sky darkness
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Readout noise under dark skies

For this case study and the next, we have chosgyndatreme exposure conditions that
most people would consider impractical. This hasrbdone because readout noise is
typically very small, so it requires extreme coiudis to make an effective presentation
in the manual. While the contribution due to ragdwise is small, it is still important
even with realistic exposure conditions.

In the next two pictures we see how readout naseadfect images taken at a dark site.
The exposure time for the picture on the left islsort that the readout noise is about
500% greater than shot noise from the sky. Ormther hand, the picture on the right
has a much longer exposure time, so the readose m®just 25% greater than the shot
noise. This picture is noticeably better thangiwture on the left, demonstrating that
readout noise is a very significant factor at dslk sites.

Figure 39 Case study: readout noise under dark skie

Readout noise under bright skies

In the following two pictures, we show the effe€readout noise on images under bright
skies. Because the sky is 5 magnitudes brighger tie previous case, we require 100
times as many exposures to achieve the same mwise ISo we have increased the total
exposure time for these pictures to 100 hours. pitteire on the left has about 17%
additional noise due to readout, while the pictumghe right has only 0.3% more noise.
Unlike the previous case, these pictures are nédehtical. This shows that readout
noise is much less important at a bright site thaiark site; so short exposures can be
used more successfully.
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Figure 40 Case study: readout noise under bright s&s

Case study for dark frames

In the following study, we have shown how the nunmdfedark frames affects image
quality. In the first image, we have taken onlgatks but 12 lights. This leads to master
darks that have a lot of noise, so the calibrateae isn’t very good. In the middle
picture, we have taken 12 darks and 12 lightss $aems like a sensible decision
because it means the darks and lights will havghityuthe same noise level. However
even in this case we have not eliminated all theeoFinally the image on the right was
done with 48 darks and 12 lights. This is a smmairovement on the image in the
middle, which suggests that ideally one should takee darks than lights.

Figure 41 Case study: dark frames
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Case study for flat frames

For this study, we have shown what happens whecharege the number of flat frames.
In all of these images, the vignetting was assutodd% over the field shown. In the
first image, no flat field correction was done tke vignetting is apparent. In the other
three images, the flat field exposure time waseld®sds and the flat field target was
assumed to be bright enough to produce 20000 AlRJ&ame. We see that when a
single flat field frame is taken, the vignettingstgone away, but the image is somewhat
noisy because of shot noise from the flat fieldgmaln the next image, ten flat field
exposures were taken, leading to a total of 20@KD0/pixel. In this case there is very
little noise left. In the last image, the totahmoer of ADUs has been increased to one
million, which is sometimes regarded as a good ofitaumb for taking adequate flats.
However, this corrected image is essentially idahtio the previous one; so the rule of
thumb is something of an overkill.

Figure 42 Case study: flat frames
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Chapter 6 — The Exposure Planner

SimCCD'’s distribution kit includes a MaxIim DL plug-called the Exposure Planner,
which allows you to inspect a trial exposure of ytarget to determine how many
exposures you will need to reduce the noise tocaaable level. This plug-in is
MUCH easier to use than SimCCD!

To install this plug-in, run the program "Instakosure Planner V1.2.exe", which will
copy the necessary files to your disk. By defthdtplug-in is installed in Window's
"program files" area.

Before you can use the plug-in, have Maxim DL tal®ngle trial image of your target
using the exposure time you intend to use whensyau your session. For more
accurate results, you can take several imagestaokl them. But be careful to have this
be an average of the images, not a sum. That@agdexposure is probably sufficient for
most cases. The exposure(s) should be calibratesirtove dark and flat field effects.

Then use Maxim DL's Plug-in menu to start Expo®Rlesner, which looks like this:

Figure 43 The Exposure Planner's window
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Pick your camera from the pull-down list; or createustom camera by entering the gain
and readout noise for your camera. You should eger the desired signal to noise ratio
(SNR) in the appropriate box. A value of 10 shdwddsufficient to reduce the noise to
an acceptable level. However that may lead to regp@sures than you are willing to
tolerate, in which case you might decide that allemealue such as 3 is more
appropriate.

Next, use the mouse to drag over a region thatwant to study in the trial image. As
you move the selection region around, Exposureréiawill update the count of frames
that will be needed to achieve the desired signabise ratio in that region. It will also
give you an estimate of how long the session aét.| For the example above, | used
Maxim DL to select the dim area shown in the foliogvpicture of NGC 4302 and 4298:

Figure 4420 Using MaxIm DL to select a region fortsidy

In this case, Exposure Planner is telling us thaili take over 88 hours to get a signal to
noise ratio of 10 in the selected area, which fanynpeople will not be practical! But if
you reduce th®esired SNRo 3, the total time will be reduced to about 81scand the
frame count will be reduced to 96, which is prolyatable. If you want to know how to
reduce the time still further, you should run SinfiCt®© see what can be accomplished by
using longer exposure times or taking the pictates darker site. (The picture above was
taken in my suburban backyard.)

When you are working with an image that you tookgd#axim DL, the Exposure
Planner will know what your exposure time was. Btie image came from some other
program, Exposure Planner may ask you what thesexpdime was. Exposure Planner
uses this value to determine how long the sessitbtast, but not to determine how
many pictures to take. So if you don't know thligayou can still run Exposure Planner
and just use the frame count. (Of course we asyomevill use the same exposure time
in your session as you used for the trial picture!)
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As part of its normal operation, Exposure Planneasures the brightness of the sky in
your trial picture, and it usually does a prettypdgob of it. But if your image is filled

with bright nebulosity, Exposure Planner may hawatile finding a dark part of the
picture to measure. In that case, you can movedlgetion rectangle to the darkest part
of the picture and then press thet Skybutton to calibrate Exposure Planner. (Of course

we assume that the sky will be as dark for yousisesas it was when you took the trial
picture!)
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Appendix A — Release Notes

This appendix describes recent changes to SimC@Eaposure Planner

SimCCD Version 2.1.0

SimCCD can now read the FITS files that CCDStaelats. For this to work, you must
use a patched version of the fitsio library (is fdr) that is provided in the distribution
kit.

SimCCD optionally crops the user’s source imageteegprocessing it. This makes the
program more responsive and less likely to runobmemory. The user can choose the
size of the cropped region. By default this opi®turned on.

SimCCD optionally displays a reduced resolutiongmaf the simulation result. This
makes the program more responsive and less likaiyrt out of memory. By default this
option is turned on.

SimCCD will crop the source image if it is too lar fit into the available memory.
This feature is not optional, since it is needekldep SimCCD from crashing.

SimCCD uses memory more efficiently, so it is mless likely to run out of memory.

Added Vixen VMC260L and Astro-Physics Gran Turistalescopes to the equipment
list.

When a source file is being opened, the simulatame field is now wide enough to see
the whole name.

Today’s date is printed in the message windowaatigh time.
Some typos have been corrected in the manual.

Exposure Planner V1.2
Because of the way color cameras work, Exposunenelacannot be expected to work

with a color images, but at least it gives a maiptul error message when it encounters
one.
The email button now works.

There is now a help button.

The version number is displayed.
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SimCCD Version 2.0.4

SimCCD now calculates the sky brightness corredthyprevious versions, when
SimCCD displayed the brightness in units of magtetper square arc second, the value
depended too much on the filter choice. Now tHaesé roughly independent of the
filter. Moreover it is in closer agreement withibedron’s Sky Quality Meter.

Fixed run_simCCD.command so that it works correatlya Macintosh.

Fixed run_simCCD.command and run_simCCD.sh to workectly with folder names
that contain multiple adjacent blanks.

Fixed Run_SimCCD.vbs so that it is aggressive aboding where Java is installed.
This should help solve problems people have regaétting SimCCD to work on 64-bit
versions of Windows 7.

Clarified the manual to remind users to unpackdis&ibution zip file.
Added RCOS 1.4.5” and Astro-Physics 155 EDF telpsso
This release includes new Exposure Planner V1.2.

Version 2.0.3

Includes Exposure Planner V1.1, which fixes a serioug that made the plug-in almost
unusable. Previous users may need to rebootsistiem before the installer can replace
the old version.

Added definition for Atik 383L+ camera
Fixed bug that made windows too small when two toogiwere being used.

Version 2.0.2
Fixed SImCCD so it runs correctly with Java 1.7.

Version 2.0.1
Fixed the code for checking licenses.

Version 2.0.0

SimCCD has a new statistics window, which showsrmftion about a selected region
in the image. The region can be selected by dnggtie mouse over the image. The
window also gives a recommendation for how manyosxpes will be needed to reduce
the noise to an acceptable level.

There is a new Exposure Planner plug-in for Maxim rhis plug-in is much easier to

use than SImCCD and gives the user a recommendatitmow many exposures to take
to reduce the noise to an acceptable level.
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SimCCD now lets you use your own files for souratad Users in the Southern
hemisphere will no longer need to rely on SDSS til#s This feature is especially
useful for planning exposures.

The DOS console window no longer appears. You SiaxCCD using a new filRun
SimCCD.vbs , which replace®un SimCCD.bat. If the script has trouble starting
SimCCD, it will bring up a console window and tlean help you figure out what went
wrong.

The 2X Barlow was specified incorrectly.

Bug fixed: A zero value for the readout noise caulake the control panel unusable.

SimCCD now lets you choose the sky value when dliece file is opened, and then later
on the fly if the wrong value was entered.

You can get help in picking the exposure time lkiog at the log messages that report
EXPTIME and SNAPSHOT.

You can now blink images. You can either blinkvetn the source and simulation data,
or blink between two (or more) simulations.

Memorize window positions.

All windows must appear on screen and not be tayela

SimCCD now requires a license to operate in fudkfieed mode. The license is free.
Problem: run_simccd.command doesn't work on MacO8s hasn’t been fixed; but if
you rename the installation folder so it doesniténblanks and parentheses, the problem
should go away. The new distribution kit uses ezeptable name.

We have added a close command, which leaves SimaQfing.

Console messages can't be seen. Fixed by redgebem to the log message window.

SimCCD uses too much memory. Several fixes haeced the memory footprint
considerably. Most users will no longer need tusidlava’s Xmx and Xmn parameters.

The “about box” now gives more information, and\pdes a direct link to the SDSS site,
which should make it much easier to find sourca.dat

There is a new “check for updates” menu item

Definitions have been added for ten new cameras.
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A button bar was added to make it easier to zoom.
Zooming now keeps the image centered.

You can now clear the log or add a message toritghy clicking in the log window.

Version 1.0.1
Read compressed FITS files (files with names }ike fits.gz ).

Read FITS files from many sources, including filegt contain color data. If a file
contains more than one image, the user is askechvame to use.

When a simulation is deleted, make sure the copainkl is switched so that it controls
the new top-most simulation frame. (Before thiarae was made, the control panel
tried to update the simulation that had been de)ete nothing changed. That made it
seem like SIimCCD wasn’t respecting your changes.)

Use latest version 1.04.0 of the fitsio librarylsé\rename the library from fits.zip to
fits.jar to conform to the customary conventionot&lthat this means all batch startup
files had to be changed to use the new name.

The manual gives more detailed descriptions on toogbtain FITS files from sites
besides the SDSS site. In particular, it givesemioformation on how to obtain images
from the Hubble Space Telescope.

Version 1.0.1b3
The three control panels have been merged intoghesivindow.

A menu bar has been added to every window.

The method for entering the sky brightness hasgddnIn previous versions the value
was entered as ADU/pixel/second, while the newigarases ADU/pixel. This is a
convenience to the user, who no longer has to elithéd measured value by the exposure
time.

The BASH shell script scriptun_simccd.sh ~ has been improved. It is now a proper
UNIX file, so it will no longer complain about adhanterpreter. The script has also been
modified to ensure that the working directory isreot, which will prevent a “class not
found” exception. Finally the script allocates egbh memory to ensure that SImCCD
can start properly on most systems.

A command filerun_simccd.command has been added that will let users start
SimCCD on the Macintosh. It has the same fixeasiassimccd.sh.
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Some camera names have been changed to confoonuerttion.

Added definitions for Starlight Xpress SXVR-H9 camePlaneWave 12.5” telescope,
and Celestron 11" EdgeHD telescop&StmCCD equipment.xml.

Added a button on the contrast tab that lets yamosé between showing the sky as
black, which makes it easier to see the targetsaogving it at its correct intensity,
which gives a more accurate rendition of how bridjlet sky is compared to the target.

Bug fixed to make it less likely that SImCCD willr out of memory with extremely
large images.

Bug fixed to make sure the simulation window doego’ off screen for extremely large
images.

Bug fixed where new equipment definitions didn’oshup until SimCCD was restarted.

This version of SIMCCD should be regarded as atertrelease candidate for V1.0.1,
which will be the first official release of SImCCD.

Version 1.0.1b2

A BASH shell scriptrun_simccd.sh  has been added, which should let you run
SimCCD on a Macintosh or Unix system.

The memory settings iRun SIMCCD.bat have been changed to make it more likely
that SImCCD will run on small memory systems. people with larger memory
systems, a new filRun SimCCD.bat 1.5GB has been added, which uses the old
memory paramters in the original batch file.

The contrast controls now work more intuitively aaré more sensitive to finer
adjustments. In addition, the automatic contrastmol algorithm now shows both the
source and simulation images using similar setfindpgch makes it easier to compare
them.

The contrast control sliders now move in biggeremeents when you use the arrow keys.

Added definitions for three cameras based on thdaKd&AF-8300 chip: the QSI 583,
the Apogee Alta U8300, and the SBIG 8300M.

Added definition for the Takahashi Mewlon 250 hidts been suggested that | also add a

definition for the Takahashi FSQ-106 “New Q”, bhistscope was actually already part
of the initial release.
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Added a new equipment definition file nan®inCCD equipment.xml . This file
should be kept wherev&mCCD.jar is located. The file will be updated whenever
new equipment definitions are available.

Added newimportandExportcommands. They can be used to transfer equipment

definitions from one computer to another. You alo submit these definitions to our
web site to have them included in the next rel@d&mCCD.
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Appendix B - Technical Notes

SimCCD does its calculations by simulating howried world acts. SImCCD reads the
source file to find the average arrival rate foofmms coming from the target. These
photons will be mixed with photons arriving fromethackground sky, which will arrive
at the rate that you specified in the simulationtod panel. There is no way to keep the
photons separate, so SImCCD just adds that rakettarget’s rate.

While SImCCD does know theveragearrival rate, it cannot know how many photons
will actually arrive at any pixel. This is subjeota phenomenon called Poisson or shot
noise. While nature chooses the actual numbesrmesandom way that can never be
modeled, SImCCD chooses the number by using a nmmadwnber generator. SImCCD
also models the noise that is generated withircéimeera (the dark current and readout
noise) using a similar approach.

The pixels in a CCD do not all respond the same twdight. Some are more sensitive
than others or will generate more noise (for examipbt pixels). This noise is known as
“pattern noise”. In most CCD chips, there will @ity be a pattern to this noise — for
example vertical stripes or hot pixels arrangerbins or columns. SimCCD does not try
to model these organized patterns; but it doesrgena random pattern using a random
number generator. So while the pattern won'’t stautgd SimCCD will at least be able to
predict an average noise level that is consistéhtaweal CCD’s behavior.

SimCCD has to make assumptions about how the slackground light is distributed
over the spectrum. The program uses a built-inghtit is plausible; but it certainly
won’'t match the spectrum that everyone will expssee This is why we recommend
that you enter the sky brightness using a measaiee expressed as ADU/pixel rather
than a value expressed as magnitudes per squase@md. A future release of
SimCCD might give you more control over this speat.

Incidentally, SImCCD pays special attention to hewdom numbers are generated. For
example, it is important to ensure that the speghitéerns for darks and lights don'’t line
up and fortuitously cancel each other out; so iifé random number generators are
used for darks and lights.

This has only been a very brief summary of how SgBGvorks. If you would more
technical detail, | would be glad to share thatwibu.

Because SIimCCD is only as useful as it is accurétaye performed a number of quality
assurance tests. These tests were designed fip thati SiImCCD’s predictions agree

with actual measurements. The tests cover sunfggtas readout noise levels, shot noise
levels, intensity levels, temperature effects, skybrightness to name a few. | won't try
to describe the tests here, but | will be gladrtavjgle a summary if you are interested.

SimCCD currently has the following limitations:
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Seeing is not modeled

Blooming is not modeled

There is no way to change the sky spectrum to maiahsite
The dark current and hot pixel models are rathaeder

The telescope's diffraction-limited resolution & modeled
Attenuation due to the air mass is not modeled
Quantization noise is not modeled

Binning is not modeled (but can be handled)

Some of these deficiencies may be fixed in a futekease.

Note that SImCCD does not try to model binning lbsegathe characteristics of a binned
camera can differ substantially from those of ahimmed camera. As a workaround, we
recommend that you define a new camera whose gize| gain, well depth and other
parameters are set appropriately. A camera matmédypically does not publish those
parameters for a binned camera, so you will needdasure them yourself.
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