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1. Introduction

What is eXcalibrator?

eXcalibrator provides a semi-automatic means to calibrate astrophotos by computing RGB correction
factors based on star color. This program interfaces with Aladin data, and requires a few manual steps to
execute high-quality color balancing in astrophotograph processing programs. This method utilizes b-v
information (from NOMAD1 or SDSS data) for color calibration. The color calibration uses the data in the
image!

A Word on Other Methods of Color Calibration:

The astrophotographer may choose three other options to calibrate color:
1. Use G2V stars to calibrate the R, G & B exposures.
2. Calibrate at processing time using the known color for specific stars, or
3. Just wing it by comparing to other images in the Internet.

AIthough popular, the G2V method has a few big drawbacks:
It can greatly increase the size of the dark library, unless you scale the darks.
Extinction for objects at low altitude causes a problem for all color channels... especially
for the blue. The problem varies at different altitudes. This makes automatic adjustment
difficult.
Bad (variable) transparency: G2V calibration does not compensate for color shifts
induced by bad transparency.

The Underlying Idea:

The idea behind this approach is based on two articles by Peter Riepe and Harald Tomsik, published in
the German magazine ‘VdS-Journal’. The goal is to make those G2 stars not affected by interstellar
extinction, white.

Typical exposure times of object images often run so long that all nearby bright G2 stars become
saturated and unusable for color calibration. The unsaturated G2 stars in the image are often faint and we
have little or no information on these stars, so we usually cannot search for them successfully. With luck,
we can identify a faint unsaturated G2 star, but then interstellar extinction may affect this star and ruin the
color balance.

It makes sense to turn towards photometry. Several databases on the Internet catalog the flux of a huge
number of faint stars measured through different broadband filters. The most important filter system is the
Johnson UBVRI system; where U stands for Ultraviolet, B for Blue, V for Visual (Green), R for Red and |
for infrared. For the purposes of color calibration, we focus only on the B, V and R data.

The difference between B and V gives us the “B-V color index”, which characterizes the color of the star.
A G2 star displays a B-V value of 0.65mag. Red stars show B-V values above 0.65, while blue stars
values range below 0.65. The difference between V and R builds a further color index. The typical value
of V-R of a G2 star in the Johnson filter system is 0.52mag. The Johnson UBYV filters are used with the
Cousins Rl filters rather than in combination with the Johnson Rl filters. This usage leads to the Johnson-
Cousins color index V-RC = 0.36mag of a G2 star.

For color balance purposes, all of this is useful information.
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What eXcalibrator is Not

eXcalibrator is not a scientific astrometric tool. It is intended to be an aid for the amateur
astrophotographer, to calibrate the color in "pretty pictures." This can be especially useful for those with
color vision problems.

eXcalibrator Program Highlights

Version 2.0 includes SExtractor for greater accuracy. See Section 4 for complete details.
eXcalibrator selects many (~8-50) appropriate stars within your image to perform its
calibration.

You may select a magnitude range to eliminate the impact of using over-saturated stars in
the calibration.

eXcalibrator will automatically adjust the aperture size for each star, or the user may
manually select a size to use with all stars.

eXcalibrator normalizes the star's RGB flux values by subtracting the local background
level, or the user can opt to ignore the background.

eXcalibrator excludes duplicate stars and stars with small separation from the calculation.
When you exclude stars from the calculation the program automatically recalculates.

A simple statistical analysis includes the Standard Deviation (StdDev) and RMS average.
A single click removes statistical outliers... again with auto recalculation.

eXcalibrator calculates and provides the search radius, for SDSS or NOMADL1 stars.

A user-adjustable "dead zone" border eliminates stars without complete RGB data, due to
dithering.

The program places RA and DEC on the clipboard, for easy pasting into the Aladin Sky
Atlas input fields.

The user can set the window position to "Always On Top," which makes the program
always visible.

If necessary, eXcalibrator provides a form for a manual calibration.

On closing, the program saves the current settings.

2. Initial Product Installation

Current Limitations and Requirements

This is a Windows XP (or higher) based program.

Save the R, G, and B FITS images in 16-bit signed, 16-bit unsigned, 32-bit float, or 32-bit
integer formats. Subsequently, plate solve one of the Red, Green, Blue or Luminance
channels, in order to insert World Coordinate System (WCS) data. The WCS data must
include the following keywords in option A and or B...as shown below:

Option A Option B

Copyright © 2010, Bob Franke

BITPIX BITPIX
BZERO, BSCALE BZERO, BSCALE
(16-bit only) (16-bit only)

NAXIS1,NAXIS2

NAXIS1, NAXIS2

CRPIX1, CRPIX2

CRPIX1, CRPIX2

CD1_1,CD1_2

CDELT1, CDELT2

CD2_1,CD2_2

CROTA1, CROTA2

CRVAL1, CRVAL2

CRVAL1, CRVAL2

CTYPE1L, CTYPE2

CTYPEL, CTYPE2

http://bf-astro.com
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eXcalibrator Program Installation

Simply download the eXcalibrator program (http://www.bf-astro.com/eXcalibrator/eXcalibrator.htm), and
unzip the contents into a folder of your choice.

& C-\eXcalibrator
File Edit \ew Favorites Tools Help

=3
o

 Address |.f;~ C:\eXcalibrator "| S

Back ~ (. J | ) search Folders | |z | ¥ -
: @ 7 I? i H = x Q

Mame Size ¥ Type Date Modified
'@E}Ccalibratnr.pdf 5,004 KB Adobe Acrobat Document 10/14/2010 10:02 PM
g aladin.exe 2,622 KB Application 3/3/2011 2:34 PM
ne){calihratcrr.exe 737 KB Application 3/2/2011 1:04 PM
Flextract.exe 578 KB Application 3/31/1998 2:28 PM
] default.sex 4 KB SEX File 12/4/2010 12:20 AM
El default.nnw 3 KB NNW File 3/25/1993 1:47 PM
] default.par 2 KB PAR File 12/4/2010 12:28 AM
E eXcalibrator_Momad_Filter.ajs 1 KB AJS File 7/20/2009 5:45 PM
gaussS.u:u:un 1 KB CON File 3/25/1993 1:47 PM
El eXcalibrator_S0D556_filter.ajs 1 KB AJS File 7/20/2009 5:34 PM
}Excalibratur.ini 1 KB Configuration Settings 3/2/2011 11:40 PM
default.conv 1 KB (CONV File 3/25/1998 1:47 PM

If desired, right-click and drag on the “eXcalibrator.exe” icon to your Desktop or Quick Launch tray and
choose the option to “Create Shortcuts Here.”
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Installing the Aladin Sky Atlas Utility

eXcalibrator requires Aladin, version 6.005 . Download Aladin from the eXcalibrator WebPage, install it
in the eXcalibrator folder, and create a desktop icon.

See URL: http://bf-astro.com/eXcalibrator/Aladin.exe

For more information about Aladin, see URL: http://aladin.u-strasbg.fr/aladin.gmi

& (-\eXcalibrator E| E|
i

. : *
: Address |3 C:\eXcalibrator v| S2

File Edit \ew Favorites Tools Help

@Back = \_/I .? jﬁ\] Search i Folders ﬂ;k L} x q v

Mame Size  Type Date Modified
default.conwv 1 KB COMNV File 3/25/1998 1:47 PM
El default.nnw 3 KB NNW File 3/25/1998 1:47 PM
gauss3.con 1 KB CON File 3/25/1998 1:47 PM
EExtra-:t.exE 578 KB Application 3/31/1998 2:23 PM
El eXcalibrator_SDSS6_filter.ajs 1 KB AJS File 7/20/2009 5:34 PM
El eXcalibrator_Momad_Filter.ajs 1 KB AJS File 7/20/2009 5:45 PM
'E]E}Ccalibratu:rr.pdf 5,004 KB Adobe Acrobat Document  10/14/2010 10:02 PM
@ default.sex 4 KB SEX File 12/4/2010 12:20 AM
El default.par 2 KB PAR File 12/4/2010 12:28 AM
ne){calibratnr.exe 737 KB Application 3/2/2011 1:04 PM
}Excalibratur.ini 1 KB Configuration Settings 3/2/2011 11:40 PM
= Aladin.exe 2,622 KB Application 3/3/2011 2:34 PM

If desired, right-click and drag on the “Aladin.exe” icon to your Desktop or Quick Launch tray and choose
the option to, “Create Shortcuts Here.”

This completes the installation!
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3. Performing an Image Calibration (Program Workfl ow)
Summary of Program Workflow

The Aladin Sky Atlas utility downloads Sloan Digital Sky Survey (SDSS) or Naval Observatory Merged
Astrometric Dataset (NOMAD1) data for the stars in the image, using an appropriate search radius. A
script then identifies the “white” stars that fall within the field of view (FOV). Finally, eXcalibrator reads
the user's R, G and B image files, to compute the average color corrections for the green and blue

channels. Use these results in your normal image-processing program to perform the color balancing.

In summary, you will:
Save your registered R, G, and B images in either a 16- or 32-bit FITS format.

Do a plate solve on any one of the registered images, to add WCS data; and then resave
the file to ensure saving the data into the FITS header.

Start eXcalibrator and select your R, G, B and WCS FITS files.
Use the Aladin Sky Atlas to:

a. Load a plate-solved image.

b. Use survey data to identify stars in the target area.

c. Filter out the non-G2-like stars

d. Then download the selected SDSS or NOMAD1 data for the stars in the image.

Back in eXcalibrator, double click on the "DataFile" field to browse to and select the
appropriate star data file.

Select "Use (u-g)" for SDSS data or "Use (b-v)" for NOMAD1 data.

Click the “Calibrate Image” button to generate initial calibration factors.

Optionally, you might “reject outliers” to reduce the overall variability in your answer.
Enter the calibration values into your favorite image-processing program to perform color

calibration.

Details of Program Workflow

i) Save Your Images

- Save your registered R, G, B images and WCS or Sum file in either a 16- or 32-
bit FITS format.

- Save the three color files at the same bit level.
- The bit level of the WCS, or Sum File, may differ from the color files.
i) Plate Solve Your Image

- With CCDSoft and TheSky6, use any registered image to perform a WCS plate
solve.

- In MaxIM DL, you can use the included PinPoint LE engine or the full version of
PinPoint to accomplish the same thing.

- A third plate-solving choice is the online service at http://live.astrometry.net/ .
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iii) Initial Data Input in eXcalibrator

Execute or open eXcalibrator and you see the following screen:

Double click on the WCS File text box and select the plate-solved file.

o Use any file registered with the three RGB images. Load a luminance image, if you
have one, as it is the easiest to plate solve.

o Lower the bit level to 16, which may make plate solving easier. This way a 16-bit
file can be loaded in the WCS File text box, while using 32-bit files in the Red,
Green and Blue boxes.

o0 To avoid confusion, Release 2.0 requires loading the plate-solved image into the
WCS File text box.

Selecting the WCS file loads and displays the suggested search radius and the RA and Dec
data. This also places the RA and Dec data on the clipboard, for pasting into the Aladin Sky
Atlas.

o Double clicking on the RA text manually places the RA and DEC on the clipboard.
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Double click on the Red text box to select all three R, G & B files, (or you can do each
individually). The File Open Dialogue window uses standard Window's file selection methods.

o If you open all three images from the Red text box, the program uses the
information in the FITS header to determine what filter is used and allocates each
appropriately. (Opening the files from the Green or Blue text boxes does not do this
— the user must make the correct color choice.)

Here is the result:
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iv) Set Your eXcalibrator Options
Photometry Method

“Use Local Background” subtracts the background level around each star, from the star's measured
brightness. eXcalibrator measures the background for each RGB channel, thus normalizing the star's
data to a background level of zero. This is similar to aperture photometry.

Select “Star Centers Only,” to ignore the background level.
“Use Local Background” is the preferred method.

Using SExtractor disables the above menu items.

GridSize

This item sets the number of sections in the local background grid... 20x20 creates 400 sections.
For cameras with small chips, 5x5 or 7x7 grids work better. “Star Centers Only” disables
GridSize selection.

Using SExtractor also disables GridSize selection.

ApertureSize

“ApertureSize” sets the size, in pixels, of the square grid used to compute the average flux for
each star. eXcalibrator selects the best size for each star when the user selects “Auto”. Otherwise
eXcalibrator applies the user’s choice to all stars.

Using SExtractor disables the above menu items.
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Calibration Method
The "eXcalibrator” method uses the original program functions to compute the color ratio factors.

“Sextractor” is an external program that very accurately locates and calculates light sources in the
image. Although it is slower than the eXcalibrator process, it is more accurate and only uses the
highest-quality stars.

“SExtractor Relaxed” finds more stars, as it accepts lower quality light sources.

Use the “Manual” process when a plate solve cannot be achieved.
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v) Download the Aladin Calibration Data

First, execute the Aladin application. You should see this screen:

Copyright © 2010, Bob Franke http://bf-astro.com Page 11 of 44



After you load the image paths into eXcalibrator's R, G, B and WCS File text boxes, double
click on any one box. Now that the Windows File Open Dialogue is open, simply drag and drop
the plate-solved image anywhere onto the Aladin window.

Aladin automatically loads the image and determines the RA & DEC, rotation, scale and search
radius.
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Here is the plate-solved image, loaded into Aladin.

In the next step, download the data for the stars in your FOV. This is a bit tedious, but easy
after a few run-throughs. We will:

1. Add the star data to the Aladin Plane Stack
2. Add a filter to the Plane Stack

3. Copy and paste the data into notepad

4

Save the data to the image folder on your hard disk
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Now load the star data for the FOV. Always try the SDSS-DR7 data first, as it is more accurate.
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After a short wait, you will see whether or not the SDSS-DR7 query returned any information. In
this case, the FOV encompasses no SDSS-DR7 stars. You may leave this empty plane with
the red “x” mark in place. To delete the plane, "right click" on it and select "Delete."
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Now load the NOMAD1 star data.
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The image below shows the returned data. The larger the search radius, the longer it takes to
download the data:
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Now filter out the stars we don't want. Click "File|Open local file."
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Browse to the eXcalibrator folder and select the SDSS or NOMAD filter, whichever applies.
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After the filter loads, you should have something like this in the main Aladin window. All three
planes must have their respective check boxes checked. Stack the planes in the order shown
below:
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Make sure the Aladin window is active, then use “Ctrl-A” to select all objects. In this case, we
have 285 potential stars for color calibration:
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Right click anywhere in the Measurement Window, then drill down to and select “Copy all
measurements (for text editor)."
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Finally, paste the data into Notepad and save in the image folder, using ANSI encoding. The
data file is now ready for use in eXcalibrator. This example saves the data as “nomad.txt”:
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vi) Perform the Calibration Calculation

Back in eXcalibrator, double click in the "DataFile" text box and select the data file you just
downloaded.

Now click the “Calibrate Image” button.
If you did not select the correct catalog, as illustrated here, you will see this warning:

For this data set that utilizes NOMAD1 data, click the radio button to select
“Use (b-v), (v-r):"
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Re-click on the “Calibrate Image” button to produce this result:
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vii) Do Post-Calibration Adjustments
Star Selection:

If you did not get enough calibration stars, change the Min and/or Max Magnitude values and
click “Calibrate Image” again.

Experience shows, when using NOMADZ1 data, it is better to select brighter stars. Magnitudes
of Min=16 and Max=20, (and even dimmer), work well for SDSS data. To use brighter stars,
change both the Min and Max magnitude values.

To use more centrally located stars, increase the size of the "Dead Zone Border."
Double click in the “Y/N” column to include or exclude individual stars. To aid the decision-
making process, double click the desired column to sort the grid.

Improving the Variability of the Data:

Notice that the values for the standard deviation for the Green (0.095) and Blue (0.190) data
are slightly high. Reduce this variability by removing stars where the green or blue values fall
outside the current StdDev values.

One click of the “Remove Outliers” button reduces the star count to 11, and reduces the
Green and Blue StdDev values to 0.039 and 0.098 respectively. Using a StdDev less than
0.10 is suggested.

A second click on the “Remove Outliers” button further reduces the star count to five and the
green and blue StdDev values to 0.028 and 0.056, respectively. It is up to the user to
determine if removing outliers more than once is statistically valid.
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The final result:
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Adjusting for NOMAD1 Accuracy:

The NOMAD1 data, a collection of several catalogs, does not have the accuracy of the more
modern and strictly digital Sloan survey (SDSS). Color balancing with the NOMAD1 data often
yields a too-blue image. Typically, reduce eXcalibrator's green correction factor by 5 to 10%
and the blue correction factor by 10 to 15%.

0 The first time the program runs, it puts 0.93 and 0.88 in the NOMAD Adjustment
Constant text boxes. After that, eXcalibrator saves and reloads whatever was last
used.

0 Any time the user recalculates the data, the Averages, RMS and Std. Dev. values
are adjusted with the user-entered Green and Blue NOMADL1 factors.

The program has a button to toggle the NOMAD1 adjustment on and off.
!

0 Using SDSS data hides the NOMAD Adjustment Constant text boxes and the
toggle button. The Sloan survey data need no adjustments. Unfortunately, the
Sloan survey data cover only 25% of the sky.
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Further Fine Tuning:

For further fine tuning, modify the Min and Max (u-g) or (b-v) result values for the SDSS or
NOMADA filter subtractions. However, it is suggested you use the default values. You are
strictly on your own here.
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viii) Doing a Manual Calibration

If eXcalibrator produces incorrect color, the Manual Color Calibration (MCC) form is provided.
Use the x- and y-column data in the Result Grid to locate calibration stars in your RGB image.
Then use your favorite image processor to measure the R, G and B values for the stars and
enter the data into the first three columns of the MCC form. The MCC form can take data for
ten stars, but four or five should do the job. Then click "Compute Grid" to calculate the average
green and blue correction factors, shown just below the grid.

eXcalibrator usually provides very good results with SDSS data and less consistent results with
NOMAD1. A manual calculation helps verify the result.
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4. Using SExtractor

What is SExtractor?

SExtractor is a program that builds a catalog of objects from an astronomical image. The program was
written by Emmanuel Bertin and S. Arnouts at the Institut d'Astrophysique de Paris. Back in the early
nineties, the purpose of SExtractor was to find a compromise between refinement in both detection and
measurements, and computational speed. By today’s standards, SExtractor would be more accurately
described as a “quick-and-dirty” tool. However, it is a very good at extracting accurate photometry data.

How eXcalibrator Uses SExtractor

eXcalibrator runs SExtractor in a hidden window. eXcalibrator executes SExtractor in the “double-
image mode.” Imagel is used for the detection of light sources, and image2 provides measurements
only. Imagel can be any one of the R, G, B images... or it can be a luminance image. The “double-
image mode” insures that the flux of the three RGB images is measured at the exact same place and in
the same manner.

SExtractor reverses the eXcalibrator calculation process.

SExtractor creates catalogs of all the high quality light sources in the R, G and B images,
and writes the data to simple, formatted, text files. The process is kind of slow because
Sextractor searches the entire image. The standard eXcalibrator process is faster because
it only looks for the stars in the Aladin data.

eXcalibrator then loads the SExtractor catalogs and looks up the matching entries in the
data downloaded from Aladin.

Finally, eXcalibrator computes the RGB correction factors, in the usual manner.

Summary of Program Workflow With SExtractor

In summary, you will:
Save your registered R, G, and B images in either a 16 or 32-bit FITS format

Do a plate solve on any one of the registered images, to add WCS data, and resave the file
to ensure that data is added into the FITS header.

Start eXcalibrator and select one of the two SExtractor calibration methods.
Select your R, G, B and Sum Files. The Sum file is the plate-solved image.
Use the Aladin Sky Atlas to;

a. Load a plate-solved image.

b. Use survey data to identify stars in the target area.

c. Filter out the non-G2 like stars.

d. Then download the selected SDSS or NOMAD1 data for the stars in the image.

Back in eXcalibrator, double click on the DataFile field to browse to and select the
appropriate star data file.

Select "Use (u-g)" for SDSS data or "Use (b-v)" for NOMAD1 data.
Click "Run SExtractor" to create the R,G & B light source catalogs.
Click the “Calibrate Image” button to generate initial calibration factors.
# Optionally, you might “reject outliers” to reduce the overall variability in your answer.

Enter your calibration values into your favorite image-processing program to perform color
calibration.
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Details of Program Workflow

i) Save Your Images (see page7)
i) Plate Solve Your Image (see page 7)

iii) Initial Data Input in eXcalibrator

- Execute or open eXcalibrator, and select one of the SExtractor calibration methods. You
will see the following screen.
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- Double click on the Sum File text box and select the plate-solved image.
0 This is the control file for the SExtractor double-image mode.

0 Use any file that is registered with the three RGB images. It is common to load a
luminance image, as it is usually the easiest to plate solve. Also, lowering the bit level
to 16 often makes plate solving easier. This way, you may load a 16-bit image in the
Sum File text box, while using 32-bit in the Red, Green and Blue boxes.

0 Selecting the Sum File loads and displays the suggested search radius and the RA and
Dec data. This also places the RA and Dec data on the clipboard, for pasting into the
Aladin Sky Atlas.

- Double click on the Red text box to select all three R, G & B files, (or you can do each
individually). The File Open Dialogue window uses standard Window's file selection methods.

o If you open all three images from the Red text box, the program uses the
information in the FITS header to determine what filter is used and
allocates each appropriately. (Opening the files from the Green or Blue text
boxes does not do this — the user must make the correct color choice.)

o Double clicking on the RA text manually places the RA and DEC on the clipboard.

- Here is the result:
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iv) Set Your eXcalibrator Options
Calibration Method

- Select one of the two SExtractor methods.

o "SExtractor" is an external program that very accurately locates and
calculates light sources in the image. Although slower than the eXcalibrator

process, it is more accurate and only uses the highest-quality stars in the
image.

0 "SExtractor Relaxed" finds more stars, as it accepts lower quality light
sources.

o After changing the SExtractor Method, always click " Run SExtractor."

v) Download the Aladin Calibration Data  (see pages 6 - 24)
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vi) Perform the SExtractor Analysis
- Click "Run SExtractor."

- eXcalibrator runs SExtractor with the three RGB files. This creates text files in
eXcalibrator's home folder, named r.txt, g.txt and b.txt. If none of the input files is
changed, there is no need to click "Run SExtractor" again.

- After changing the SExtractor Method, always click " Run SExtractor.”

- This process can easily take 45 seconds or more. SExtractor examines every pixel.
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- Finally,... we get this.
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- You may get this error message:

SExtractor is an older DOS program that can accept long file names, but spaces are a problem.
The program perceives spaces as delimiters for input parameters. Unfortunately, a list of
allowable characters is not documented. Avoid spaces and special characters in file paths and
names.

vii) Perform the Calibration Calculation (see pages 26 and 27)

viii) Do Post-Calibration Adjustments (see page 27)
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5. Performing an Image Calibration (Program Workfl ow)

Note: For illustration purposes, the process below utilizes CCDWare's CCDStack. You may, of course, use
whatever image-processing program you desire!

- First, load your three master channel combines into the program:

- Then, select the option to “Create” a color image:
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- Enter the ratios provided by eXcalibrator, and click the “Create” button:

- Once the initial combine is done, select an area of the image that represents dark sky background.
With a gradient, select the brightest area of the background. Click "OK."
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- Click “Yes” when asked if you want to “Apply Background Corrections.”

- Adjust the saturation, as desired, and click “Apply to this.”
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- Your initial color combine is finished!

6. Troubleshooting

What to do with an Invalid Calibration

As mentioned earlier, eXcalibrator occasionally produces an invalid result. However, the program
still provides useful information to make a manual calibration much easier... especially with
rotated images. Use the Manual Color Calibration, described above, to obtain green and blue
channel correction factors.

The X, y Locations Are Not Dead Center on the Stars

When doing a manual calibration, the user may notice that the x, y pixel locations are not always
at exact star centers. If the R, G and B images are properly registered, the eXcalibrator
calculation is still valid. To account for hot and cold pixels, the program uses the average of a
3x3 to 11x11 pixel array, to determine the color values.

Suggestions and Bug Reporting

Send an email to bfranke@bf-astro.com, with the subject line starting with “eXcalibrator.” The
program has a link, under the Help menu, to start an email for you, with the recipient already filled
in and the subject line started.
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7. Ongoing Program Maintenance

Program Updates

On startup, eXcalibrator downloads a small text file to the user's eXcalibrator folder with update
information. The program displays an update panel, if a new version is available. After
downloading, close eXcalibrator to unzip and install the new executable.

If necessary, go to the eXcalibrator web page to download a new documentation (PDF) file. See
URL:

http://bf-astro.com/eXcalibrator/eXcalibrator.htm
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8. Revision History

Version 2.0 2nd Qtr. 2011
- Added SExtractor calculation routines provide greater accuracy.

- eXcalibrator now allows 16-bit signed and 32-bit integer FITS files.

- The FITS keywords, BZERO and BSCALE, are no longer used for 32-bit files.

- To avoid confusion, the plate-solved file is only loaded into the WCS File text box. In the case
of using Sextractor, the program renames the text box to "Sum File."

- Bug fix... View Header correctly shows the header for the plate-solved file.

Version 1.0.4.1 Feb. 5, 2011

- Bug Fix... The parse SDSS & NOMAD1 Data Routines are modified, again, to read the recent
changes in the Aladin format.

Version 1.0.4.0 Oct. 14, 2010

- Bug Fix... The parse SDSS Data Routine is modified to read the recent changes in the Aladin
format.

- Improvement... The program can now use any registered image to obtain the WCS data.

- Improvement... eXcalibrator now automatically applies the NOMAD1 adjustment factors.

- Special Note... See Appendix A for documentation on the above changes. This is currently
only available in the English version.

Version 1.0.3.0 Mar 22, 2010

- Bug Fix... When using the "Use Local Background" photometry method, the program
sometimes found no usable stars, resulting in a later floating-point error. An added error
message now suggests input changes to find more stars.

- Improvement... Added more error messages.

Version 1.0.2.0 Mar 13, 2010

- No software changes... just added the French translation for the documentation. Thanks go to
Thierry Serieys for this work.

Version 1.0.2.0 Feb 10, 2010

- No software changes... just an organizational rewrite of the documentation into clearer setup
and workflow sections. An added example workflow shows how to use eXcalibrator's results in
an image-processing program. Thanks go to Neil Fleming for his work on this rewrite.

Version 1.0.2.0 Sept. 1, 2009

- On startup, eXcalibrator now informs the user if a program update is available. After
downloading, it is necessary to exit the program to unzip and install the new executable. It may
be necessary to go to the web page to download a new documentation (PDF) file.

- Bug Fix... To avoid divide-by-zero errors, a Minimum Star Value is added. The brightness for
red, green and blue must all be above this value to include the star in the calibration.

Version 1.0.1.0 Sept. 1, 2009

- With 16-bit images, some programs placed the value, 32767, in the FITS header for the
keyword BZERO. eXcalibrator now looks for 32767 and 32768.
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9. Thanks, Disclaimers, and Copyright
Copyright © 2009-2011 by Bob Franke, All Rights Res  erved.

eXcalibrator is provided free of charge for all non-commercial use. Permission is given to distribute
eXcalibrator in its original, unmodified form and only free of charge. The author accepts no responsibility
for direct or consequential damage caused by the use of this software: use it at your own risk!

eXcalibrator is provided as-is, and although | will attempt to make changes and fixes as they become
necessary, | provide no guarantees about its suitability for any purpose whatsoever.
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Bernhard Hubl for providing background information on the underlying process.
Mischa Schirmer for design information and GUI assistance.

Neil Fleming for edits and additional contributions.

Chris Abissi for the original beta testing and software design contributions.

Glenn Gombert, for compiling V2.0.0 of SExtractor as an executable that can run on
the Windows O.S.

Herbert Raab, the author of Astrometrica, for routines to convert coordinates to image
pixel locations.

ST-ECF, for publishing the code for their Footprintfinder program as freeware.

Centre de Donnees astronomiques de Strasbourg (CDS) for providing the Aladin Sky
Atlas as freeware.

Thierry Serieys for the documentation French translation.
Felipe Largo for the documentation Spanish translasion.

...Bob Franke

End of Document
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