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1.

Introduction

TheBAA VSS Guide to AstrolmageJ Photonoetrgrs:

1 Image reduction and photometry processing in AstrolmageJ (AlJ)
9 Steps in creating BAA VSS Report files from an AlJ measurements data file
1 Demonstrate importing AlJ RA/Dec coordinhtesedapertures into plate solved images

Chapter 10 in the AstrolmageJ User Guide is alsyegiep guide to differential photometry in
AstrolmageJAlJ basal onthe WASPL2b examplefiles and is thdirst step in learningo usethe
software. The WASR2b FITdles can be downloaded from the AlJ web sitke chapter is self
contained and can be followed without reading the entitsserGuide.

This guiddollows on frommy articleIntroduction toAstrolmageJ (All) the June 2018 VSS Circular
The aim is to assist BAA VSS members with some familiarity with AlJ in creating VSS ramintfiles
the example WASB2b FITS files. The guidewers image reduction, importinghotometry results

and creating a BAA VSS report file usirgVSS_Photometry spreadsheet

1.1. SoftwareSummary

Software Version Notes

AstrolmageJ db3.2.1

AllUser Guidaesthe main software referencehere arealsoa
number ofon-line tutorials

VSS_Photometry

V2.05 Excel spreadsheebnverss AIP4WINwnd AstrolmageJ
(or later) photometry results to BAA V&&port files.

WASPL2b FITS files N/A

4GBt download of raw image and calibration FITS filkem FITS
header,theseimageswere exposedwith a red filter.

AlJ performs image reduction, phatetry processing and calculationtafget ensemble
magnitude. Results are saved to a text fifmasurenents.txt Measuements.txt is imported into
VSS_Photometry for conversion to VSS Report format.

Software, example files and documentation can be downloaded from the AstrolmageJ web page
http://www.astro.louisville.edu/software/astroimagej/

1.2. Comments on AlJ Tutorial Guide

1.

The VSS_Photometry spreadsheet wasignedor AIP4AWIN photometry fileand recently
extended to import AlJ data. For the user, aiwiousdifference is how the tw@rograms label
the comparison star apertuggstarting withC1 in AIPAWIN angith C2 in AlJ-or example,
AIP4WIN would label four comparison apertures in sequence C1, C2, C3 and C4 whileein Al
target aperture is labelled T1 thed?2, C3, C4 and GBSS_Photometry follows the AIPAWIN
format and in the Results sheet Comparisons are labelled C1, C2 ...

Theaperturefile used in this guideadec.txt lists J2000 coordinateend Comparison star
Johnson \bandmagnitudes Thesevalues weredlownloadedfrom the AAVSO VSBr WASPL2.
The WASHL2b imagesvere exposed with a red filteand, because of filter mismatchhe
Results sheet in VSS_Photometry shows large-(@adte) differences in the Data Checks
section.In section Sasecondset ofresults forLandolt field SA11%&xposed with a Johnsev
filter, report$h YQ al Ay A (i dzR Eomp#&io®d1 a F2NJ S+ OK
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https://britastro.org/downloads/14108
http://www.astro.louisville.edu/software/astroimagej/guide/AstroImageJ_User_Guide.pdf
http://www.astro.louisville.edu/software/astroimagej/

2. Overview

Fig 2.lillustrates theexchange ofime-resolved photometrydata between AlJ andSSPhotometry.

option
SIMBAD € - — -] Observer location and
Target Data equipment settings
not covered option

Astrometry.net
Plate Solve

AlJ Photometry Sequence VSS_Photometry Sequence
A 4
Raw Science FITS Master Cal FITS LijaLt T?‘fg‘“ and
Comparison Data
v !

»| Reduced Science FITS ———- o Tabulate and Plot
| Photometry Results
|

Visual Check of : .

Image Quality ! Review Results

|
option v ! I

|

radec.txt_ . Run Photometry : Export BAA_VSS

Aperture File | Report File
|
v i
not covered :
Save Measurements File |- - — - — N
Multi-Plot measurements.txt

Fig 2.10verview of AstrolmageJUSS_Photometry Analysis Sequence

Observer settings are covered in Apper8ixhe main text walks the user through each stage from
initialising target data through to creating a BAA&S format report file.

Plate solve optionChapter 7 of thé\strolmageJ Users Guidevers seiup and running
Astrometry.net to plate solve FITS images throughThd.aperture fileadec.txtcomprisesa list of
target andcomparison staRA/Dec coordinatesmiportingthesecoordinatesinto AlJenablesthe
softwareto place apertures on a plateolved imag.

The WASR2b example files are already plate solved so this step isegpiiredto follow this guide.

Manual aperture ption: Refer to theAstrolmagelser Guide and other tutoriafforplacing
apertureson star image®asedon finder charts.

AlJ photometry results are saved in text fileasurements.txtVSS_photometrynports
measurements.txt, computes target magnitude and exports a BAA VSS format results file.

While not required for BAA VSS photometyJalsocomputesheliocentric (HIJDgndbarycentric
(BJD) timesakingDP Coordinate Converter observer and targatgmeters (see section 3.2 and
Appendix B for setting up DP Coordinate Converter data).
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https://www.astro.louisville.edu/software/astroimagej/guide/AstroImageJ_User_Guide.pdf

3. Science Image Reduction

3.1. Software Setup

Setup directories and configure AlJ to

follow this guide as detailed in the following appendices:

Appendix A: recommended direatosetup for example files.

Appendix B: configure AlJ aMBS_Photometry for Moore Observatory (University of Louisville) and

equipment parameters

3.2. SIMBADCoordinates

This section illustrates importing SIMB

AD coordinates into the DP Coordinate Conlagyt dia

1. Open Aland from theToolbar and cIicIﬂ to open the CCD Data Processor and DP Coordinate

Converter windows.

and press <Enter> to popié Stand

In DP Coordinate Converter winddwg 3.1enterc 2 ! {vtH O €

Ay (DK&t D texaboX 5
ardCoordinates fields.

i)

SIMBAD

Optional: click the SIMBAD ict

to open the SIMBAWeb page for WASE2b Extrasolar

Confirmed Plangt

-
7

| File Preferences Metwork Help

UTC: 2018-05-11

Current UTC-based Time
{ 16:21:37

JD:|2458250.181678 LST:|01:57:07 ‘

WASP-12b

Local: 2018-05-11 12:21:37
Time Zone Observatory ID
UTC offset: = { Moore Observatory, UofL RG24, Brownsboro, KY ~

Target Proper Motion {mas/yr)

pmRA:| 0

pmDec:

" SIMBAD Object ID (or $§ Object)

Geographic Location of Observatory
4l {Lun -85:31:42.51 Lat:|+38:20:41.25 Alt:|229 ‘

FStandard Coordmates

J2000 Equatorial

J2000 Ecliptic

e

SIMBAD

RA: 06:30:32.794

| Dec|+2a:4020 29 |

Lon:|96:40:20 33

| Lat|06:24:34 99 \

B1950 Equatorial

Galactic

Sky-Map

R [06:27:21 267

| Dec[+20:4226.55 |

Lon:|184:04:50.07 | Lat|08:56:11.01 \

rEpoch of Interest

UTC-based Time
Now utc:| 2013-01-27

Lock Local:| 2013-01-27

Dynamical Time

Equatarial

075540 UT
03:55:40

Update 0@7 Auto Leap-secs:|35.0

A ] [4]]

19:58
o751

JD: 2456319.830324  |LST: 10:40:36
HJID: | 2456319.835184 dT. 00:07:00

osUinternal [] BJD:| 2456319835948 dT: 00:08:06

Ecliptic

RA[05:31:25 369

| Dec[+20:33:38.64

|| Lon:[9E:51:5123 | Lat[06:24:35.44

Horizontal Direction - Hour Angle - Zenith Distance - Airmass
Alt[38:37:05.79 | Az[280.07:5537 | |pir] W |Ha 040911 |zD:[512254  Am: 15991
Phase - Altitude - Proximity
g Meon Mercury Venus Mars Jupiter Saturn Uranus -~ Neptune Pluto
'; 52.97 Down Down Down 5.62 14.62 Down Down Down
$ 3404 | 14208 | 16305 | 13124 3126 | 12371 | 0120 | 12481  160.82

Fig 3.1WASP12b Coordinates in DP Coordinate Converter

3.3. Aperture File

Createradec.txtaperture file and save in WASRD folcer as detailed i\ppendix C
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3.4. Reduce Science FITS Files

Image reductiorstepsin AlJare:

0] build master calibration files and
(i) run science image reduction process
1. Select the AlJ/ CCD Data Processor wiraladvconfigureor building master calibration fileas
fig 32
Bias / Dark / Flat: Build and Enable selected, med (median) combine
Dark: scale and deBias selected to enable exposure time scaling
Note: the Science Image Processing Enable checkboksslected

Dp

File Preferences View

Control Options Directory Filename/Pattern Totals
Science Image Processing
Filename Pattern Matching

[ Enable Sort Num C:\AstrolmageWASP-12b\Raw Science Files\ WASP-12b_* fits i 0

Filename Number Filtering

Enable Min: 03| Wax 1000000000 = WASP-12b_* fits 0
Bias Subtraction
Build O ave @ med C\Astrolmage\WASP-12b\Calibration Files\Bias\ o *iits ._g 1
Enable C:\astrolmage \WASP-12b\Master Calibration Files\ @ \m_bias fits ‘J 0
Dark Subtraction
Build O ave (@ med C:\4strolmage \WASP-12b\Calibration Files\Darks\ & *fits ._g 1
Enable scale deBias | C\Astrolmage\WASP-12b\Master Calibration Files\ ..} m_dark fits ‘J 0
Flat Division
Build O ave @ med C\Astrolmage\WASP-12b\Calibration Files\Flats o *iits .J 1
Enable [ Remove Gradient C:\strolmageWASP-12b\Master Calibration Filest ..} m_flat Rfits ‘J 0

Fig3.2: CCD Data Processor MasBalibration File Settings
DisableScience Image Processing

2. Toimport raw calibration files, click the folder icon araVigate to the respedte calibration file
directory, e.g.C\AstrolmageUVASP12b\ Calibration Filédiag, etc.
A simple file pattern*(fits) is sufficient if each directoigontains oty single file type.
Fig 32 showsl11 bias, dark and flat FITS files

3. To specify master calibration files, select the master calibraticectorye.qg.
C)Astrolmaged/NASPL2b\ Master Calibration Filés
InFig 32 the master calibration filenamgare m_bias.fits, m_dark.fits and m_fl&fits.
Totals = 0 indicates that no master calibration files have been saved yet.
Refer section 6.BlJUsers Guide for details of AlJ Data Reduction Algorithms

4. CIick[STAR]To initiate processing of calibration filea;Log windowpensdetailing offset and
scaling corrections.
Whenthe process is finished, totals Sridicatesthat the master calibration filehave been
saved.

5. DeselecBias, Dark and Fl&uildcheck boxesndselectthe Enablecheckboxn Science Image
Processing sectiorgpecifythe raw image file directory and matching pattergig 3.

Oct-2018 Version 2.06



DP CCD Data Processor - m] x
File Preferences View
Control Options Directory Filename/Pattern Totals
Science Image Pri
Filename Pattern Matching
Enable [ sort Num C\AstrolmageJWASP-12b\Raw Science Files\ ‘.-b WASP-12b_* fits 'f-] 230
Filename Number Filtering
[ Enable Min: 05| Max 1000000000 5 WASP-12b_* fits 230

Fig 33: Enable Science Image Processing

6. Enable Save Calibrated Images and select 32 bit option.
Enterda wS RdzOS Ry { O AFSHRO SottoefRmsds aréysuffix textboxes respectivelfFig

34.

NOTEOption to select Plate Sol{en-line Astrometrynet plate solverefer chapter 7 irAlJ
Users Guide). Not required for WASED files whichare already plate solved.

Image Correction

[] Remove Outliers Bright Dark

[] Enable Linearity Correction New pixel value =

0.0E0 3 |+ 1.0ED 7 | * (Pixval) + 0.0E0 7 | * (PixVal)*+ 0.0ED 5 | * (PixVal)®

2 7| Threshold 50 3

FITS Header Updat

Target Coordinate Source Observatory Location Source

General L] Plate Solve L 2 Coordinate Converter manual entry ~ Coordinate Converter manual entry ~
Save Calibrated Imag
Enable O16 @32 Sub-dir: Reduced_Science_Files Suffic _bdf Format Oezip
Bost Pr
O M-Ap [ save Image B |OmMacred |Causersiownen - 0
l-Plot Save Plot B || OMacre2 |C\UsersiOwner - o
Control Panel
Polling Interval -
@ = Processed: 0
ol = 2 START PAUSE RESET e s

Fig 34: Calibrated image options

7. Click|STAR]to commenceprocessingf science images. The AlJ Image Display interface opens
with the first science image then cycles through each im@ige Processed and Remaining
counts in theCCD DP dialagonitor progressanda Log windowdocuments thadmage reduction
procesgseveral minutes for WASR2b files)
8. When processing science images is finislomke AlJ andhove thereduced image files:
From: C\Astrolmaged/NVASPL2b\Raw Scienceslés Reduced_Science_Files

To: C)AstrolmagedNVASPL2b\Reduced_Science Files

3.5. Referencing Target File Path

As an alternative tepecifyindgull file paths,the Bias, Dark and Flat directories can be referenced to

the Science Image Directodgtailed in thetooltip in fig 3.5

Filename Pattern Matching
Enable [ sort Mum Ci\Astrolmage WASP-12b\Raw Science Filest 'Q WASP-12b_~ fits ',‘_y 230
Filename Number Filtering
[]Enable Min: 05| Max 1000000000 5 WASP-12b_*fits 230
Bias Subtraction
Build O ave (@ med .\Calibration FilesiBias @ |bias_*fits =] 1
Enable _Waster Calibration Files\ @ |m_bias fits =] 0
Dark Subtraction Enter the directory name for the master bias image
Build O ave @ med ‘\Calibration Files\Darks or browse to the directory using the button to the right. 11
Enter the full directory path or
Enable scale [ deBias  .\Master Calibration Files\ “leave blank to use the science image directory. 0
i -use \ to define a sub-directory relative to the science directary.
-use ..\ to define a parent directory relative to the science directory.
Build Crave @ med ACalibration Files\Flats\ o |Ma_mns ? 11

Fig 3.5 Referencing Calibration Directories

Oct-2018
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4. AlJPhotometry

4.1. Configure Measuremenfpertures

1. Open AlJ anddmthe AlJ Toolbar, import image sequenteolbar | File | Import | Image
Sequence. navigate tdhe Reduced_Science_Foldardaselect the first file\WASP
12b_00040_bdf.fits

2. The Sequence Options dialogens select Sort names numerically angelyirtual stacloptions
Clck[OK to open the first reduced science imagetlre AlJ Image Display Interfadeig 4.1
The yellowN-E pointergndicatethis is a platesolved image.

Referto chapter 5 irthe AlJUsers Guide foa detailed desription of availablefunctions

B8 Reduced Science Files (V) (13.9%) - ] X

File Preferences Scale View Annotate Measure Edit Process Color Analze WCS
1/230 (WASP-12b_00040_hdffits); 4096x4096 pixels; 32-hit; 14.4GB (WCS=RA-SIP,DEC-SIP,TAN,CD matrix)

ImageJ X: 4,586.9577| ImageJY: 3,475.8310 Value: 0.0000
RA:| 06:29:28.180 DEC:| +29:49:42.98 Peak: 0.0000
FITSX: 4,587.4577 FITSY: 620.6690 Int Cnts: -7.374966E-12

@t%% E’@©ﬁ'¢’: RN .)\rt 4

L79 73@@Quzmin 1,020.6540| black mean:1,217.2310 white: 2,003.5390 max:LQsﬁg_,gnglprl
e E s == ——— 080"

Fig 4.11mage Display Interfac®/ASP12b_00040_bdf.fits

3. Option:select View and the appropriatavert. option so that NE is orientated up and left as
Fig 4.1.

4. Initial setup of apertures sizes to measure Seeing Profile
Click change aperture settin(j@t to open theAperture Photometry Settings window.
Enter object / inner / outer radius = 20 / 24 / 30 amd [OK] to close th&vindow.
Although he exact values are not criticdhe objectaperturemust be large enougto fully
enclosethe image of a single star.

5. Qick toggle aperture displa@ as necessarip de-selectthe sky backgroundpertures so that
tKS a[ A @S t &shgiecickotieRdyhshdwa inFigd.2a

Oct-2018 Version 2.06



6. Alt-Left click on a bright neraturated star image the star highlighted in Fig 4.1 is a good
candidate. The Seeing Profile fbe selectedstar opens in a new window, Fig 4.2b

Image: WASP-12b_00040_hffits
FITS Center: (2400.58, 2086.21)
FWHM: 12.36 [pixels] - 4.75 [arcser 1

SOURCE BACKGROUND

Normalized Profile

_ﬁM Save Aperture
FHg 4.2a Object aperture (R = 20 pix) enclosing ¢ Fig 4.D: Seeing Profile window
non-saturatedstar image FWHM = 12.36 [pixel] 4.75 [arcsec]

SOURCE Radiugl#
BACKGROUND Radig0 | 45

7. Click [Save Aperture] in the Seeing Profile windowelect the suggested aperture sizé®en

click in the Image Display windote confirmas shown in Fig 4.3.
Optionally, edit Seeing Profile generated apertureiuadralues to preferred values relative to
FWHMF 12.5 pixel.

— p—

. .
B Aperture Photometry Settings

Radius of object aperure <«

W

Inner radius of background annulus <

OQuter radius of background annulus <

v

Fig 4.3 Final radius values

8. Click [OK] to close Aperture Photometry Settings windiiak clear apertures ¥ to clear any
aperture overlaysand click© to toggle display of sky apertures.

4.2. Visual Check of Image Quality

The image stack can be inspectither manuallystepping though the staclor by runningan
animation.

1. Use the scroll bar controls highlighted in Fig 4.4 to inspect individual images.

2. Click on " .. control left of the scroll bar to start / pause image animation.
Right click on this control to set animation speed atiteo options.

Oct-2018 Version 2.06



> < >
79736.4 -13751.2 52233.9 115219.8 1842043 256188.1 325172.7 394157.2 466141.0 5351256 604110.1 _688091.3

N
[79736.4609 [min 1,020.6540] black mean:1,217.2310 white:  2,003.5390 max| 688,091.3125

Fig 4.4: Image inspection controls

. . B .
3. Toremovean image from the stack, clic™ , left-most icon.

Note: this functiononly removes the image from current photometry analysis sequence, the FITS
file isnot deleted fromthe Reduced_Science_[Sildirectory.

4.3. Run AlJ Photometry

1. Inthe Image Display windowelectFile | Import apertures from RA / Ddst .., navigate to and

select radec.txt file to importhe aperture set dick zoom to fit .. L to re-centre the imageAs
shown in Fig %a, initial placemenwill probably be offsefrom star centroids

Fig 45a:imported apertures Fig 45b: Aperturescentredon star images after
[Place Apertures] in mukkperture window

Fig4.5: Apertures Before / Afteiokcking tostar entroid
Display of aperture sky background regi@snabled

2. Open the MultiAperture Measurements windom@@ in Image Displayylick [Place Apertures]
to centre the apertures on star centroids (FidpH); the Multi-Aperture Help dialogpens
3. Press <Enter> tdat AlJ ime resolved photometry processing
Several windowsopen, including
Plot of Measurementscan be configured to plaelative fluxand other parametersiuring
processing. Refegection 10.2.1.10 ithe AlJJsersGuidefor more details aboutMulti-plot.
Measurementsvindow: displays dable ofphotometry results.
NOTEAperturestrack frame-to-frame shifts irstar centroids including image rotation after a
meridian flip.
4. When processing is complete, selditasurements | File | Save Asnavigate to WASR2b
director and save adVleasurements.bd = NB LI | OAy 3 SEA&lGAYy3 FAf SO
5. Close AlJ

10
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5. Processing Results in VSS_Photometry

5.1. Setup VSS_Photometry Spreadsheet

1. Open VSS_ Photometry.XLSM and select the Buttons tab.

2. Click [Select Photometry Import Fil®jtton, navigate to and select measuremeitts in the
WASPL12b directory.
The software automatically detts the photometry file format and th&€ype fielddisplays
W AGN2LYI 3SWQO

3. Click [Select Export Directory] button, navigate to and select the VWI2BRirectory.

4. Ly .10 +x{{ NBLERZNI FTAtS ymMNKBoiBEE&E&®2ES SyiGaSNI 4.
Fig 5.1shows the Buttons sheet with W#R12b directory and file names, including AAVSO
report file.

Directory: | C:\AstrolmageJWASP-12b
Select Photometry
Import File )
File name: | measurements txt Type: Astrolmagel
Select Export Export directory: | C:\AstrolmageJWASP-12b
Directory
BAA WSS report file name: | BAAVSS WASP-12b.txt

AANVSO report file name: | AAVED WASP-12b txt

Directory: -
Select Equipment/Object Sattings Y- | C\Users\User\Documents‘\Astronomy'WS3\Photometry Spreadsheets

File or Old Version of Spreadsheet

File name: | 3c66A Template B2.03.xls Optional
Load Sawe
Import Photometry File Create BAA VVSS Report File Create AAVSO Report File Equipment/Object Equipment/Object
Settings Settings

Fig 5.1 Buttons sheet configured for WASRb

5. Select the Results sheelear previous entries and entezd-text data as shown in Fig 5.2
Star Designation and Reference Magnitude values taken faglec.txt see Appendix C.

Observation Summary |[>eecolumnsWandX | Reg - Required, Blue - Optional,

for filter explanation

Chart ARVSO WASP-12b | StarAperture [ A

. Annulus Observa
T v In:ir Radius Block
EPED:HD;EtW Time Start Exposure gﬁe?g;ﬂiﬁ Julian Dy
Timing Error 1.00 Automatically Check for

populated AAVSO only
Star Data & Summary Calculations  (Individual Variabfe Measureinents to Right} '
User Input /
Star AIP4WIN - Jinclude in Reference N
Type Designation Star Analysis™ Magnitude  Error
AAVSO Results  |WASP-12b Var
BAAVSS Results |WASP-12b Var
Comparison 000-BKG-164 | C1 ! Yes 9.453
Comparison 000-BKG-165 c2 Yes 9.747
Comparison 000-BKG-166 C3 Yes 10.568
Comparison 000-BKG-420 C4 Yes 10.954
Comparison 000-BKG-421 Ca Yes 11.697
Comparison 000-BKG-167 Cb Yes 12.285
Comparison 000-BKG-163 Cc7 Yes 12.782
Mammarienn
11
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Fig 5.2 Results sheet: Header and Comparison data

5.2. Import Results in VSS_Photometry

1. Slect theButtons sheetdick [Import Photometry File] buttoand close dialogs when data
import is finished.

2. Select Results sheet Fig 5.3
Note: The large CalQuoted Differences (red coloured cells) resulting from a mismatch between
V-band Reference magnitudes aWdASP12b imaged with red filter (see comments in section
1.2). Refer to Appendix F for an example of reference star photometry results

Star Data & Summary Calculations  (Individual Variaae Measure,lznents to Right) / |delete not space) | Do e

User Input | / / Results Data Checks |
Star AIPAWIN ‘Jlnclude in Reference {A\aerage Average  Std Dev  Average |Calc - Quoted
Type Designation Star Analysis *Magnitude  Error TMagnitude  Error  Magnitude  Weight | Difference |
AAVSD Results |WASP-12b Var 11.663  0.041 0.009
BAAVSS Results |WASP-12b Var 11.683  0.041 0.009
Comparison 000-BKG-164 C1 Yes 9.453 9556 0.041 0.002 5
Comparison 000-BKG-165 c2 Yes 9.747 9739 0.041 0.004
Comparison 000-BKG-166 C3 Yes 10.568 10464 0.041 0.003
Comparison 000-BKG-420 C4 Yes 10.984 10.791 0.041 0.003
Comparison 000-BKG-421 C5 Yes 11.697 11639 0.041 0.004
Comparison 000-BKG-167 C6 Yes 12.285 12.257  0.041 0.004
Comparison 000-BKG-168 c7 Yes 12.762 12,697  0.041 0.005

Fig 5.3 Results sheet for WASGRb photometry
V-band reference / Rilter exposures

3. Toremove acomparisonstarifo LIK2 G2 YSGNBE |yl ftéearazr OtA0] 2y
lylrfearaqQ O2fdzyry FyR aStSOG wb2Q FTNRY G(GKS RNZERL

4. ¢2 aStSOG I / KSO1l adGlI N F2N) adaevia i Qa8 wWI k6061 OB
In Fig 5.4, 00BKGA420 is deseleded from analysisnd 000-BKG421 selected as the AAVSO

check star.

Star Data & Summary Calculations  (Individual Variaae Measurqlfnems ta Right)

User Input /|
Star AIPAWIN ‘Jlnu:lude in Reference

Type Designation Star Analysis” Magnitude  Error
AAVS0 Results  |WASP-12b Var

BAAVSS Results |WASP-12b \ar

Comparison 000-BKG-164 C1 Yes 9.452
Comparison 000-BKG-165 c2 Yes 9.747
Comparison 000-BK.G-166 C3 Yes 10.568
Comparison 000-BK.G-420 C4 Mo 10.984
Comparison 000-BKG-421 Cs Check [+] 11.697
Comparison 000-BKG-167 CB Yes 12.285
Comparison 000-BK.G-168 Cc7 Yes 12.782

Fig 5.4: Results sheet Yes / No / Check selections

5.3. Export BAAVSSr AAVS(Report Files

To create a BAA VSS formatted report file, select the Buttons sheet and click [Create BRpO/ES
File] button to save e.g\WASP12b\BAAVSS WASRD.txt

To create an AAVSO formatted report file, select the Buttons sheet and click [Create AAVSO Report
File] button to save e.g\WASP12b\AAVSO WASE2b.txt
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6. Summary

Analysingime series phadmetry imagesn AstrolmageJ is relatively straightforwartletmore
complexsoftwarefeatures, including mulplot, de-trending data and multivariate transit fit
analysis, are not requirefbr creating VSS Report files.

In addition to variable star photometry, otheasesvhere BAA members might consider using
AstrolmageJ include:

T

For doservers who are new to stellar photometéstrolmageds free to dowrload with several
sets of example data on the AlJ home page aheosites

AAVSO recommendistroimagedor exoplanet photometry Chapter 7 ilA Practical Guide to
Exoplanet Observin@ennis Contijlescribesusing AlJ for this applicatiofhis chapter also
works with a WVASP12b data set and covers Mutjtiot functions in detail.

Asteroid light curve photometry: in théMulti-plot Mainwindow, select File | Create Minor
Planet Centre (MPC) formatto createMPCformatted data.

More experienced observemight consideAstrolmageds an alternative to AIPAWIN, for
example. Theuserforum is well supported by Karena Collatghe University of Louisville.
AstrolmageJ release notes are listeste.

Users familiar with othephotometry software should find the transitioto AlJfairly
straightforward.All users are encouraged to check out the AlJ websiterenad in the
Introduction sectiorfor afunctionslist, tutorials andink to the AlJ forum.

13
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Appendix A : Example File Directories

After downloading WASE2b raw image and calibration example files (over 4GB) set up directories
asFig A1.1.

Create and save a blank text fileasurements.txin the WASH.2b folder.
radec.txtis the WASR2b aperture file used in this guide, see Appendix C.

I [4 | = | C\Astrolmage\WASP-12b - m| by
Home Share View
™ _I m; Cut = x él %New item = \i—l E{Open - HaSelect all
LI—-| w.| Copy path « -TJ Easy access * LjEdit Select none
ck Copy Paste Move Copy Delete Rename Mew Properties
L] Paste shortcut to- to- - folder - £ History DDImrert selection
Clipboard Organise Mew Open Select
<« v » ThisPC » System (C:) » Astrolmagel > WASP-12b v @ Search WASP-12b 2
o System (C3) ~ MName Date modified Type Size
Astro Calibration Files 12/05/2018 11:26 File folder
Astralmagel Master Calibration Files File folder
WASP-12b Raw Science Files File folder
Calibration Files Reduced_Science_Files File folder
Bias Q{ measurements.bt TXT File 0KB
Darke [ radectt TXT File 1KB
Flats
Master Calibration Files
Raw Science Files
Reduced_Science_Files
v
Bitems  1item selected 0 bytes =
Fig A1.1: WASE2b directories used in text
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Appendix B: Configure Software

Set up observer location and eguient parameters in AlJ andSS_Photometry, arabnfigure
multi-aperture settings in AlJ.

NOTEBoxed sections detail important instructions for configuring AstrolmageJ software.

1. OpenVSS_Photometry and select ObsvEgmt sheet
2. To followthe tutorial using WASR2b example files, input University of Louisvill@i@bserver

how

o o

Oct-2018

& Equipment fieldshown in Fidl.1and save changes:

Observer & Equipment Details Red - Required, Blue - Optional

Observer Details

BAAVSS Observer Code
AAVSO Observer Code
Observer Name

uoL

University of Louisville, KY |

Location Details

Location Code No longer used |

Deg Min Sec Hem
Latitude 36 20 41N
Longitude 85 31 42 W
Height (m) 230|

Telescope Details

Telescope Short Description
Description

Aperture (mm)

Focal Length (mm)

Camera Details

Observation Method
Camera

Pixel Size (arcsec)
Gain (e-/ADU)

Dark Current (e-/pixel)
Readout Noise (e-/pixel)

RC 0.6m /8
RC Optical Systems UofL MORC24
610
4900
cC I
U16M
0.38 0.38
1.25
0.20
9

FigBl1.1: Details for WASR2b example files

Open AlJ and from the Toolbar click DP to ofserDP Coordinate Converter window.

In the DP CC window, click Preferences and selectlistem observatories list (...).
CloseAld therre-openAlJ andhe AlJ / DP CC window

Click on Observatory ID and seldtore Observatory, UofL, RC24, BrownsborpFigyB1.1a.
Informative only: Edit Time Zone / UTC offset for Eastern Standard Time.
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=% DP Coordinate Converter — O e
File Preferences Metwork Help

Current UTC-based Time
UTC:|2018-09-15 08:49:54 Local:|2018-09-15 10:49:54 JD:|2458376.867991 LST:|02:44:52

r SIMBAD Object ID (or §5 Object) — Fime Zone

[ Observatory ID

WASP-12b LUTC offset: -4{ = Moore Observatory, UofL RC24, Brownsboro, KY w
r Target Proper Motion (masiyr)—— r Geographic Location of Observatory
pmRA: |0 pmDec: |0 {Lon: -85:31:42 51 Lat|+38:20:41.25 Alt:(229

Fig B1.1a: Observatory ID and Time Zone
7. To set up a custom observatory, navigate to the AlJ home directory andbsgitvatories.txto
add a new entry formatted as specified in the file header. Close observatories.txt and save
changes. The new observayoshould now be available from the Observatory ID elopn.
8. Select the CCD Data Processor window. In the FITS Header Updates sectionpsehect
Target Coordinate Source: Coordinate Converter manual entry
Observatory Location Source:  Coordinate Corerter manual entry

T FITS Header Updates
Target Coordinate Source Observatory Location Source
General  []Plate Solve L 4 &‘ "‘7 Coordinate Converter manual eniry ~ || Coordinate Converter manual entry hd

- &ava Calibrated Imanes

FigBl.2: Target and Observatory data imported from DP CC settings
9. Click & to open the General FITS Header Settings paigil.3

= General FITS Header Settings - [m] X
FITS Header Input Settings
Target Mame Keyword: [DBJECT
Target RA Keyword: | RA [[] egrees
Target DEC Keyword: DEC
Observatory Name Keyword: | OBSERVAT
Observatory Latitude Keyword: | SITELAT [ negate
Observatory Longitude Keyword: | SITELONG negate
FITS Header Output Settings
Target J2000 RA Keyword: | RAOBJ2K enable
Target.J2000 DEC Keyword: DECOBJZK [] enable
Target RA Keyword: | OBJCTRA enable
Target DEC Keyword: OBJCTDEC [“] enable
Target Altitude Keyword: |ALT_OBJ [+] enable
Target Azimuth Keyword: | AZ_0BJ [] enable
Target Hour Angle Keyword: HA_OBJ [] enable
Target Zenith Distance Keyword:|ZD_0BJ enable
Target Airmass Keyword: AIRMASS [+] enable
JD (UTC) start-Obs Keyword: JD_S0BS [] enable
JD (UTC) mid-Obs Keyword: | JD_UTC enable
HJD (UTC) mid-Obs Keyword: HJD_UTC enable
BJD (TDB) mid-Obs Keyword:|BJD_TDB [+] enable
Observatory Latitude Keyword: SITELAT enable
Observatory Longitude Keyword: | SITELONG enable

FigBL1.3: Setup FITS Header Keywords

10. Enable all the FITS Header Outheywordsas shown. The importateywordsare Airmass and
JDbased times, the others are informative.
The FITS Header Input Settings section is not used; Target and Observatory details are imported
from the DP Coordinate Converter window

11. Close the FITS Headgettingsdialog.
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12. Click in the Control Panel row (bottom row) of the CCD DP winttoapen the first of
two rather busy dialog windows$-igBL1.4.

B Aperture Photometry Settings *
Radius of object aperture < >
Inner radius of background annulus < > |28
Outer radius of background annulus < > [42
[~ Use variable aperture (Multi-Aperture only)
FWHM factor (setto 0.00 for radial profile mode) < > [140

Radial profile mode normalized flux cutoff  |0.010 (0 = cuffoff = 1 ; default = 0.010)
¥ Centroid apertures I Use Howell centroid method [ Fit background to plane [ Remove stars from backgnd [ Mark removed pixels
I+ Use exact partial pixel accounting in source apertures (if deselected, only pixels having centers inside the aperture radius are counted)

I~ Promptto enter ref star absolute mag (required if target star absolute mag is desired)

|v Listthe following FITS keyword decimal values in measurements table:

Keywords (comma separated): |JD_SOBS.JD_UTC.HJD_UTC.BJD_TDE.AlRMASS.CCD—TEMPEXF’TlME.RAOBJQK.DECOBJQK

CCDgain |1.25 [e-/count]

CCD readout noise  |9.000000 [e-]
CCD dark current per sec  [0.010000 [e-Ipix/sec]

- FITS keywaord for dark current per exposure [a-/pix] ]

o}

[+ Saturation warning (‘Saturated in table) (red border in Ref Star Panel)..

for levels higherthan |55000

[v Linearity warning (yellow border in Ref Star Panel)..

... for levels higherthan |30000

OK | More Settings | Cancel

FigBl.4: Page 1 of 2 Aperture Photometry Settings

Image Exposure time keyword:

EitherEXPTIMBr EXPOSURAEe valid exposure time keywordefer section6.3.2.6.2 Exposure
Time Source the AstrolmageJ User Guide.

In Fig B1.AEXPTIME &hown aghe selected exposure time keyword.
If the camera software saves exposure time as EXPOSURBy#memite EXPTME with
EXPOSURE in th&eywords (comma separated? (G SEG Sy G NB o02E | &

Keywords (comma separated); |JD_SUBS.JD_UTC.HJD_UTC.EJD_TDE_.MRF.!ASS.CCD-TEla'IFI.EXF'OSURE.!,F.DE-JZK.DECOBJ?K

NOTEVSS_Photometry2.06 doesiot & dzLILTMVNEIr WY | S g2 NR 2 LJGA 2

13. Enter values for CCD gain, CCD readout noise and pixel dark cugrtgec) listed below

estimate valuegor the U16M camera used for WASRD test images.

14. CheclkFITXeywordsin measurements tablanclude:
JD_SOBSD_UTC,HJD_UTC,BJD_TDB,AIRMASENEEXPTIM& EXPOSURE),
RAOBJ2K,DECOBJ2K

15. Confirm check boxesre selected as indicated

Other settings:
Aperture radii sdings in the upper sectiortheseare set in main text.
Below that are a number of options with default selections.
Keywords to include in FITS header correspond to the General FITS Header settings dialog.

16. Click[More Setings] to open the secondindow. All except the last iterare selected (Clear

overlay before use).

17. Close the Aperture Photometry Settings dialog.
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B More Aperture Photometry Settings 'S

Select single aperture items to display in measurements table:

1) Iv Slice Mumber (slice) Iv Julian Date (J.D.-2400000) v World Coordinates (RA, DEC)

[+ FITS Coords (X(FITS), Y(FITS)) [+ 1J Coords (X(J), Y(lJ)) [¥ Aperture Radii [¥ Aperture variance (Variance)
Iv Source Counts (Source-Sky) Iv Source Peak (Peak)* ¥ Source Mean (Mean) Iv Sky Backaround (Sky/Pixel)
[+ Source FWHM (Width) [+ Moment Widths (X-Width, Y-Width) [¥ Crientation Angle (Angle} [¥ Roundness (Roundness)
Iv Source Error (Source Error)** Iv Source SNR (Source SNR)*™ ¥ N Source Pixels (N Src Pixels) ¥ N Sky Pixels (N Sky Pixels)

Select Multi-Aperture items to display in measurements table
[+ Relative Flux (rel flux) ¥ Rel. Flux Error(rel flux err)™ ¥ Rel. Flux SNRirel flux SNR)* I¥ Total Comp Star Cnts (tot C cnts)

(*to disable, Saturation and Linearity Warnings must be disabled in '‘Main Settings' panel)
(**requires gain, readout noise, and dark current info in ‘Main Settings' panel)

Multi-Aperture settings:
[+ Allow lefiright double click for fast zoom-in/out (adds slight delay to aperture placement)

Iv Always default Multi-Aperture first slice to slice 1

Maximum number of apertures perimage : |1000

Select aperture items to display (or clear) in image overlay:
Iv Object Aperture  |v Sky Annulus I Source Number |v Value(s)

¥ Clear overlay afteruse [~ Clear overlay before use

ﬂ Main Settings | Cancel
FigBl1.5:More Aperture Photometry Settings dialog

Note: Single and MuHlhperture selections (24)
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Appendix C: Target and Comparison Aperture File

Copy / Paste box text into a text editor and saveamec.txtin WASPL2b folder.

#WASPI12b, 06:30:32, +29:40:20, 0, 1, 99.999
#000BKG164, 06:30:47, +29:35:30, 1, 1, 9.453
#000BKG165, 06:31:09, +29:47:41, 1, 9.747
#000BKG166, 06:30:39, +29:37:40, 1, 1, 10.568
#000-BKK420, 06:30:16, +29:33:45, 1, 1, 10.984
#000BKK421, 06:29:51, +29:40:46, 1, 1, 11.697
#000BKG167, 06:30:31, +29:42:27, 1, 1, 12.285
#000BKG168, 06:31:08, +29:41:53, 1, 1, 12.782
#

#RA, Dec, Ref Star, Centroid, Magnitude
06:30:32, +29:40:20, 0, 1, 99.999

06:30:47, +29:35:30, 1, 1, 9.453

06:31:09, +29:47:47, 1, 1, 9.747

06:30:39, +29:37:40, 1, 1, 10.568

06:30:16, +29:33:45, 1, 1, 10.984

06:29:51, +29:40:46, 1, 1, 11.697

06:30:31, +2%2:27, 1, 1, 12.285

06:31:08, +29:41:53, 1, 1, 12.782

#
File format:
1%character: W1 Q T'p O02YYSyid tAyS A3IJy2NBR o0& !
RA, Dec: J2000 coordinates in HH:MM:SS andi@/mm:ss formats
Ref Star: 0 => frget, 1 =>Comparison
Centroid: 1 => centreaperture on star centroid

Magnitude: 99.999 => no magnitude (target star)
otherwise catalog magnitude (comparison star)
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Appendix D: Required FITS Header Terms

The AlJ results file Measurements.txt must contain the following fields. If any are ntissing
attemptsto import measuremets data will be aborted with appropriaterror message :

Field Notes
1 EXPTIMEEXPOSURE | Exposure time in second4]
2 | JD_SOBS Julian Date at start of exposure
3 |JD_UTC Julian Date at migxposure
4 Label FITSilename
5 N_Sky_Pixels_T1 No. pixels in T1 sky aperture (outer annulus)
6 N_Src_Pixels T1 No. Pixels in T1 source aperture (centre aperture)
7 Sky/Pixel_T1 Sky background flux / pixel
8 Sky_Rad(Max) Sky annulus outer radius (pixel)
9 Sky Rad(Min) Skyannulus inner radius (pixel)
10 | slice Image stack index
11 | Source_Radius Source aperture radius (pixel)
12 | Source_SNR_C2 Computed SNR for first comp star
13 | Source_ SNR_T1 Computed SNR for target star
14 | SourceSky C2 Skycorrected flux for I comp star
15 | SourceSky T1 Skycorrected target flux

[1] EXPTIME or EXPOSURE are valid FITS headéoifidktsolmageJ data processjng
VSS_Photometry v2.06 or later can impdata containingeither keyword.
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Appendix E: AstrolmageJ Windows Installation Packages

Link to Aldinstallation packages A T

KA &

locate the home page and download links):

tAyl

Tl At

a

> UK

(https://www.astro.louisville.edu/software/astroimagej/installation packages/

Sy

| NOTEBoxed sections detail important instructions for installing AstrolmageJ software.

Index of /software/astroimagej/installation_packages

Hame Last modified Size Description
5 Parent Directory -
S
Astrolmaged installation linux.html 2014-12-07 01:05 39K
Ly
Astrolmaged installation mac.html 2017-01-20 12:15 5.3K
Ly
Astrolmaged installation windows.html 2014-12-07 01:23 S4K
Aztrolmaged script.tar.gsz 2014-12-07 18:05 1.ZK
Astrolmaged user guide 2.0 parcial.pdf 2014-12-07 17:50 1.89M
ﬂ Astrolmaged w3.2.0 20160201 linux.tar.gz 2016-02-01 04:16 7T.THM
ﬂ Astrolmaged w3.2.0 20160201 mac.zip 2016-02-01 02:30 10M
ﬂ Astrolmaged v3.2.0 20160201 windows.zip 2016-02-01 03:52 7.9M
Astrolmaged v3.2.0 20170222 windows jawva? x32.zip 2017-02-22 05:41 S51M
Astrolmaged v3.2.0 20170222 windows Jjaval Xe4.zip 2017-02-22 05:39 S54M
E] Xresources 2014-12-07 17:49 412

Fig E1: AstrolmageJ Installation Packages

The highlighted linkwill download eithedwWindows 32 or 64 bit versionmdusa copy of the Java
runtime engine. e next figure shows a typical installation:

wnpuuang

« > v

~ [ Desktop
OneDrive
a
~ @ ThisPC
§ 3D Objects
[ Desktop
| Documents
‘ Downloads
J) Music
&= Pictures
IF" ifl (astro-pc)
B synNAS
m Videos
i System (C:)
Astro
> Astrolmagel

Intel

(LT P

18 itemns
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wiyainae

» ThisPC » System (C:) » Astrolmagel

e

Mame
jre
luts
macros
META-INF
plugins
release_notes_files
8| about.jpg
|| Astrolmagel.cfg
@ Astrolmagel.exe
& astronomy_icon.ico

|&| astronomy_icon.png

D{ file_extension_association_help.bd

(2] ijar
|| JavaScriptEvaluator.class
|2 LICENSE. bt

|| MacAdapter.class

|2 README-64bit.oet

B release_notes.html

wpEn

Date modified

Fig E2: AlJ Installation
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https://www.astro.louisville.edu/software/astroimagej/installation_packages/

Folder jre contains the ya runtime engine. File AstrolmageJ.cfg is a short text file which is created
when AlJ is run for the first time. A Windows Defender Firewall dialog may open, select [Allow
access], close and-@pen the AstrolmageJ toolbar.

Update AstrolmageJ tdb3.2.1 a later:

Installed version:
AstrolmageJ Toolbar => Help => About AstrolmageJ ... to open dialog with installed version

Update to the latest daily build:

AstrolmageJ Toolbar => Help => Update Astrolmage:dll.the Upgrade droglown UPto select
daily build option

4{\{‘
Upgrade To: | daily build -~

Close and r@pen AlJ, and confirm version upgrade.

Link to the WASR2b example files; Windows users can download the |&¥ge&SPL2b example
uncalibrated images.zifile (4.4GB)

https://www.astro.louisville.edu/software/astroimagej/examples/

Note: AlJ can run from a USB memory stick configured with the installation files and directories in
Fig E2
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