o parallel for
O0; 1 <« Depth; :

1X2;

Scientific Image Processing Syﬁ‘:’téi‘h

int #*# FPizel

Photometry tool ble) (i - Do

vo¥ o1y,
= (un=igned inf

= 0; 7 <« Widtl
(double) (71 -
= 1K *® 1X;
1% * 1x: * =3
rp * Scale;
rp *® 100.0 +
rp < O3 {
#*FPPi=zel) = 0;
= 1f (rp » (dr:
#*FPHPimel) = [(uns:
=

#*FP1izel )] = (uns:

Pavel Cagas http://www.tcmt.org/, , .



What is SIPS?

SIPS abbreviation means
Scientific Image Processing System

The software package evolved from a tool to control
cooled cameras and perform exposure series to advanced
package containing both observatory control tools and
image processing tools

SIPS is focused to astronomy research, not to aesthetical
Astro-photography processing

SIPS is a free software running on Windows OS



Basic concepts

Workspace

. Images in Tabs or
individual sub-
windows

. Image Sets in
sub-windows

« Jools

« Individual pop-up
windows
. Tool windows

always float over
main window

‘= SIPS
File Edit View Window Tools Help
aQf OS0R 3 ==

I t:\...\m31_sum;3.fits

7C7:\...\m871_sum_2.ﬁts

4

l 32 Size: 2206 x 1493 Span: 0.. 2178465

] E:\...\m91_sum_4.fit5

Stretch: 7181 .. 65407

P % A e o B B BTS
a BT F e HGEE
ICi\---"\m31_5um~5.fits x !7C7:\...\m81_sum_6.fits 4

-

Zoom: 1:2

™ SIPS

Eile Edit View Window Tools Help

] CAFITS\g2\2007\2007-04-11\m81_sum_6.fits

I ™ CAFITS\g2\2007\2007-04-11\m81_sum_5 fits
. -
| 1 'l

4
B 32 Size:2206x1493

Span: 0., 2178465

af O50% cEE - OROE 80w E e KOS TE Y
™ CAFITS\g2\2007\2007-04-11\m81_sum 4 fits —ax
—ax

— B

Stretch: 7181 ., 65407




SIPS tools

B ZLUSXGRETVER ( STTHEX»E0Q

Hardware control (imaging, guiding and context cameras,
telescope mount, focuser, observatory dome, GPS, ...

16/32-bit image display (histogram and stretch, color
pDalettes)

-ITS files handling (+header definitions, edit)

mage calibration and transformation (mirror, rotate, ...)

mage math operations and filters (median combine, ...)

mage blinking and stacking (monochrome and RGB)

Astrometry and Photometry



Image sets

Many operations may (sometimes must) be & msseun S[=]p:
. AN B3 & LI
performed on many images at once i\ G343 A 0001

A CzeV343 Aur 0031.fits
Cohs Ao Czel343 Aur_D032.fits

SIPS allows definition of images sets (listS)  grEwmerrmT

Ch Ao CzeV343 Aur_0034.fits

« Processing of multiple images does not
work directly with disk files o Vhon ot A 003t

Ch Ao CzeV343 Aur_0039.fits
A d van t a g es: C\.\AuCzeV243 Aur 0040 fits
CAL A Aun CzelV 343 Aur 0041 fits
CohuohAur CzeV343 Aur 0042 fits

° S]gn]flcantly h]gher Speed i\ MAUR CzeV343 Aur_DD43 fits

CohohAur Czel343 Aur_ 0044 fits

« Universality (location on disk or file name  wems 15 openea o
not important, images can be in memory
only without existing file).

Disadvantage:

« Demanding to computer memory



64-bit SIPS

SIPS is available in both 32 and 64 bit versions

32 bit version seamlessly runs on both 32 bit and 64 bit
Windows

64 bit version requires 64 bit Windows
« Also all drivers used (ASCOM, ...) have to be 64 bit
32 bit version is limited to:

« 3GB when working on 32 bit system
« 4GB when working on 64 bit system

64 bit version is virtually unlimited, available memory
depends on memory installed on the particular PC



32 vs. 64 bit processing speed comparison:
Finding stars on 3k x 3k images

« 64 bit version executes complex algorithms up to ~20%
faster than 32 bit version on the same PC

« But simple algorithms may be slightly slower

« E.g. 64 bit version running on 3,4 GHz 4C/4T Core i5 is
faster than 32 bit version running on 3,5 GHz 4C/8T Core i/

3.00
250

200

m Intel Core i5 3570K

Intel Core i5 35T0K (x64)
W Intel Core i7 4771
W Intel Core i7 4771 (x64)

Single Core Multi Core

2 450
E
[

1.00

0.50

0.00



64-bit SIPS overcomes 4 GB memory limit

I 16 Size: 4096 x 4096

Span: 0 .. 65335

Stretch: 2212 .. 3540

foom: 1:1
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. e R _ ' : ; B . e L y dr T | e
\ ‘e & k s LI}
I ' .
i ® - . . - : N & Task Manager
e i St e 1 | File Options View
- 'I‘.
ol oy . ‘e . Processes Performance  App history Startup Users Details  Services
“ .. - . ; . " e 4
" AR SR i el cPU
' T RGN RS 3 100% 3,64 Ghix Memory 16.0 GB DDR2
o t‘ . 4% : : ' . . Memory usage 15.9 GB
., @*. _ ey . Memory
Tl . SR . : 12.7/15.9 GB (80%)
R . 2 o i g
| Calculating Photometn, | ; )
. | 4 Disk 0 (C)
| Processing: [ A 0% 60 seconds 0
A |_mage[5-4] - Memaory composition
. - E
| Concel o V L Disk 1 (D: E)
: [ . 0%
ll!.. . e | : a
o ¥ e . L 5 : a B T
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*_3 & : . 0 R I
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SIPS tool implicit sets

Numerous tools contain own “implicit”
image set:

. Image Blink, Image Add, Photometry, ...
Images can be opened from files ...

... or included from images already
opened in windows or other sets

Regardless if the image is opened in
window or in one or more sets, every
image is present in memory only once

« Multiple occurrence of image within SIPS
only increases reference counter

vOT 4L

[ #48 FFD Image [0]

v 0D Image [1]
v 0 |E Image [2]
v 0 |E Image [3]
v 0 |EE Image [4]
v 0 |EE Image [5]
v 0 |EE Image [6]
v 0 |E Image (7]
v 0 |EE Image [8]
v 0 |EE Image [9]
v 0D Image [10]

Image [0]

Matched = 23369 (26%)

Cheoose from opened images

CahL Ao CzeV 343 Aur_0000.fits
ChL Ao CzeV343 Aur 0001 .fits
Cahn Ao CzeV 343 Aur_0002.fits
ChL Ao CzeV343 Aur 0003 .fits
CohAurt Czel343 Aur_ 0004 fits
ChL Aot Czel343 Aur 0005 fits
Cah Ao CzeV 343 Aur_0006.fits

ChL Ao CzeV343 Aur 0007 fits
ChuaaAur CzeV343 Aur 0008 fits
ChL Ao CzeV343 Aur 0009 fits

i

D = 2457241,38243
Loc.date = 2015-08-06 23:10:41.841
Stars = 87871

Aligned =

All Mone QK Cancel




Photometry tool

« Photometry tool uses all the functionality already present
in SIPS and provided by other tools:

FITS file manipulation (open, save, header editor, ...)
Image set manipulation
Image display (stretch, zoom, color palettes, ...)

Image math and transformation (median-combine,
rotation, mirroring, soft-binning, resampling, ...)

Raw image calibration (dark frame, flat field)



Photometry tool design goals

Photometry
" v OB Image[0] |~
VOB Image[1] —
. i | OIEE Image [2]
" V8D Image 2]
] . i |0 /fOT0) Image [4]  ~|
. i LI 1] 1l [[» |
* & Image [4]
D = 2457627.29588
' Loc.date = 2016-08-26 21:06
. ) W 2 Stars = 83564
¢ = || Mligned = 69331 (82%)
4] v | Matched = 24472 (20%)
CMP Al — (=~ = [=] _ _
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0.600 - 27 CzeV326  c0B9 11834 | 517-115465  19h 57m 02.87s +13° 17 56.0"
28 CzeV330  ¢110 11835 | 516-119516  10h 56m 15.81s +13°04' 18.2"
0.800 - 29 CzeV331 45 1836 517-114548  19h 55m 30.02s +13° 19" 48.7"
30 CzeV332 051 1837 | 518-116910  19h 53m 02.38s +13° 30' 38.9"
1.000 31 CzeV333 <051 1838 518-117859  19h 54m 43.46s +13° 31' 34.8"
e o 32 CzeV348  cDB9 1839 | 518-118514  19h 55m 55.08s +13° 32' 01.8"
1.200 —— . . . . 33 CzeV439 132 o 1840  519-114283  19h 52m 54.91s +13745' 37.9" B
24 CradfAAN ~51 i 1241 514_11410R 10k 53mn A7 Qe 17 41" 24 " i
57627.2500  57627.3000 576273500 57627.4000 57627.4500 57627.5000 JD L-Lr ] 4 - j ]
. 16 Size: 4096 x 4096 Span: 0 .. 65535 Stretch: 1242 .. 2579 Zoom: 2:1




Reliability and robustness

« As robust star search as possible, minimal number of
required parameters:

Star search parameters for Astrometry, Photometry and Image matching

Aperture: |15 i Std. dev. count: 3 —  MNumber of pixels: 3

] Use 2nd Aperture Aperture mean plus Murmber of required
multiply of standard neighboring pixels above

Aperture 2: deviation of aperture thresheld to treat pixel as

Aperture (in pixels), within defines threshold for star  belonging te star image.

which & centroid of star pixels,

image is searched. OK Cancel

It is not necessary to limit sharpness or roundness
(parameters introduced by DAOPHOT package), these
parameters work only “conditionally” in real world either
way

« No camera read noise or gain is needed to find stars



. It is not necessary to define FWHM or brightness

« Especially in wide fields the FWHM (brightness) range is
huge and it is not possible to define limitations to fit the
brightest as well as weakest stars in the field

« No reference frame:

« Any star on any frame can be found on all other frames

. “Search variable” function works on any image in the set



Interactivity and immediate availability of
all information

nstant display of real image with selected star for every
light curve point allows judging of outlier cause (hot-
pixel, passing satellite, radiation spike, ...).

Arbitrary (from 1/8 to 8x) and fast image zoom

Table (sheet) with all parameters of all detected stars
(position, coordinates, catalog data, fluxes in various
apertures, standard deviations ...).

Mutual connection of GUI elements:
« Selecting image in set shows it and updates star table
« Selecting star in table shows it on image

« Selecting a point in light curve show the image etc.



Example of radiation spike within aperture

Photometry

i - g - " - : r

SEEET EL KRR B E I S S e e -l

i Cﬂ wOTL
v ] izi [ Image [56] [S=
- V0 B0 Image(57] |
] i [+ |
| Image [56]
L] D = 245550138708
Loc.date = 2011-01-29 22:17
- Stars = 5331
L v | Aligned =484 (91%)

4 il | v | | Matched = 288 (54%)
DEENEERE Q % % ¢
mag  * VAR-CMP * AIR MASS Alpd  Yipd  ADU

29 |
0600 - R 30 107053 51227 119838
et 31 TI807 34662 119772
0.800 1 “ﬁm“' 132 62679 33176 111189
1000 = * o 33 52124 29191 107820
200 e " »" 34 54537 31486 107213
' ag g™ 35 80048 58216 106247
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4] » |
. 16 Size: 1092 x 736 Span: 1969 .. 63535 Streteh: 3127 .. 3959 Zoom: 3:1




Example of satellite passing through
aperture

Photometry O »

AR DT 6 BETS@as @F ovArR Ave  [~|OMP 0 Aute [+ OCHK 3:47px ~| @ [ G E Li| 20000 £ @
- e 0T U

VO D Image [72] | 4]
v 0BG Image [73]
v O EE Image [74]
v 0BG Image [75]
Vv O G Image [76] |
v 0BG Image [77]
[ W50 Image [73]
| W00 Image [79]
v B /E Image [30] Rd
1] i [[» |

Image [78]
D = 2457627.42290

Loc.date = 2016-08-27 00:08
Stars = 35600
Aligned = 69191 (80%)
ﬂ Matched = 24404 (28%)
[
-
[,

Chl Al AR T = ==
) ) (| [l (12 [l WOl S5 Q & ¢
mag Var Cmp0 A [px] Y [px]
* VAR-CMP 14 CzeV286 175 | «| 9804 393.03 43357 4|
Mean mag 2.516
2400 Minmag . 2328 |1 CzeV287 <081 ||| 9805 255375 70101 ||
Maxmag 2816 |16 CzeVZB8 110 9806 3877.07 57430
2600 A Diff mag 0483 317 CzeV289 D45 | 9807 220082 1568.52
Meandev 0015 [4a  ev200 051 9308 387524 4055.88
2800~ AIR MASS 19 CzeV291 45 9509 376718 331876
Minairmass 1233 120  [SEJREH 9810 231250 3891.01
+:000 ; ' ' ' ' Maxairmass 2381 15 'ce317  c026 BIEd 00470 182875 ||
57627.2500 576273000  57627.3500 576274000 576274500  57627.5000  JD = = ol =

. 16 Size: 4096 x 4096 Span: 0 .. 65535 Stretch: 637 .. 1935 Zoom: 4:1




Apertures

« Predefined set of 10 apertures i of .
adius of aperture 1: 2
. SIPS also calculates automatic :j::j o
aperture from the star image Radius of aperture & 4,684
profile and calculates flux (in Radius of aperurek | 5.828
. . . Radius of aperture & 7.088
add]t]on to predeflned Radius of aperture 7 8.493
apertureS). Radius of aperture & 10.012
. . Radius of aperture &: 11.657
o Automatic aperture is set for Radius of aperture 10: 13.426
all images in series Auto ap. threshold (RMS): 1
« The second greatest aperture racgmundineracius | 20
. . . Background cuter radius: 0
in series is chosen (one :
. . Eeep ocut frame border: 2
aperture extreme 1s lgnored) Star Mask refine steps: )
0K Cancel




Different apertures for
variable, comparison and check stars

 Ability to define independent apertures for variable,
comparison and check stars

« Especially in the case of wide fields, the optimal
comparison star (bright enough but not saturating) is
much greater than weak variable star

OVAR OCMP 0 | ©OCHK Auto - E
OVAR Auto - | QCMP 0 — Auto | ODCHK Auto - .EE.

« Possibility to define different apertures allow:

« Include only light from star and thus increase S/N

« Eliminate influence of nearby stars



0 Sct star with a close star using the same
aperture like comparison star

Photometry
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0 Sct star with a close star using different
apertures

Photometry

1 - — o — - — - I i "y I
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L& Finding brightness changes (variable stars)

. Any image from series can be chosen as reference

« Individual stars can be inspected depending on the
standard deviation

. Inspecting of stars based on the brightness is possible due
to presence of table of all stars

« Number of stars included into the chart can be limited

« Selection of another image in series closes the chart
automatically



Example of searching for new variables

Photometry
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Processing speed and parallel execution

« Processing speed is essential for wide fields with tens of
thousands of stars no to wait many hours (or through the

night)

o lestrun:

« Open 101 images 4k x 4k from disk and their calibration
(dark, flat)

« Find stars, align images and calculate photometry
« SIPS ~4x faster compared than Muniwin (16™M415 vs.
1h07M493),
« SIPS processed more stars (33000-45000 vs. 2500-5000)

« Execution time strongly depends on various parameters



SIPS utilizes all avilable CPU

L]

L 3

Photometn
C:E%ﬁ R:aw ® G

:—|I1._|I'|I'|'|EI'|t in progress

Processing image: Image [30]
Stars found: 93823
Created triangles: 620
Align accuracy: T7%
Image successfully aligned
' Processing image: Image [31]
Stars found: 92684
Created triangles: 620
| Align accuracy: 78%
| Image successfully aligned
! Processing image: Image [32]
Stars found: 91712
| Created triangles: 620
Align accuracy: 78%
Image successfully aligned
Processing image: lmage [33]

ﬂ- .| File Options
| ‘. Processes Performance  App history Startup  Users Details  Services

» -

|

Irage [32]

Cancel ol

— _—
L]
&

[ Ll

mag

16 Size: 4096 x 4096 Spam: 0.. 65535

() Fewer details

&= ()3F OVAR Auo [r|OCMP ﬂ:| Aute |~v|®

L] 'lli ..

WView

CPU
100% 3.68 GHz

Memory
7.3/15.8 GB (46%)

Disk 0 (C)
0%

Disk 1 (D: E)
0%

Ethernet
50 R: 0Kbps

CPU

%% Utilization over &0 seconds

Intel(R) Core(TM) i7-4771 CPU @ 3.50GHz

100%%

|1

I 'f\!

T

Utilization  Speed
100% 3.68 GHz
Processzes Threads Handles

69 1348 33632

Up time

3:10:04:04

@ Open Resocurce Monitor

Maximurn speed:
Sockets:
Cores:

Logical processors:

Virtualization:
L1 cache:
L2 cache:
L3 cache:

3.50 GHz
1

4

8
Enabled
256 KB
1.0 ME
8.0MB

200:44.8

¥

i

e fo»

L4]

0

Stretch: 2212 .. 3540

Zoom: 1:1




Photometry with astrometric reduction

« Astrometric reduction can be performed for every image
in the series

« EQ coordinates (a, 0) are determined for every star

. If a star is matched with catalog, catalog data are added to
the star description (id, coordinates, magnitude, color, ...)

« SIPS can save all data (every star on every image) for
later processing (upload to server etc.)

. Data contain:
« Star’s user-assigned id (if any) and calculated coordinates
. Catalog data (if matched with catalog star)

« Fluxes for all apertures (including auto) + background flux



File Edit View |nsert Format Teools Data Window Help
B 2= BRI VKR @UN by HE2EQ O i rFnd M ¢
: @d | Aial

B16 v] &% & = |

| A el C | D | G| H L

Softwarer x64) DEBUG

MName X Y ADL RA Dec Cataloghlame CatalogRA CatalogDec  Catalogiag Back BackDev Apiuto
31751 401.60 | 2913292 08h 27m 02 565 +23° 21" 49.5" 667-000651 08h 27m 02.49s +23° 21" 54 3" 9.1 1324 814 36.549  saturated
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62062 106.99 | 468787 08h 26m 18.805 +23° 11" 15.9" 566-000638 |08h 26m 18.825 +23° 11°16.7" 11.6 1309.376 31.312  saturated
14597 12777 | 466279/08h 27¥m 29.845 +23° 12 36.8" 567-000678 |08h 27m 29.90s +23° 12" 371" 11.5 1300389 31.773  |729756.293
191.78 15026 | 420774/ 08h 27¥m 22 855 +23" 13 19.7" 567-000666 |08h 27Vm 22 83s +23° 13 204" 11.7 1301.618 31.109  G45411.781
701.66 407.03 | 414850 08h 26m 04.86s +23° 21" 29.6" 567-000617 08h 26m 04.98s +23° 21" 296" 11.9 1296.635 31.879  |591476.346
518.84 22114 | 310502 08h 26m 18.39s +23° 15 12.0" 567-000624 08h 26m 18455 +23° 15" 13.4" 121 1306.770 32630 476095219
407.19 58512 | 250802 08h 26m 48.215 +23° 26' 59.8" 568-000635 |08h 26m 48.23s +23° 26 58.8" 12.3 1293.671 30,645 376994722
12.33 219.80 | 213707 08h 27m 49.38s +23° 15" 574" 567-000691 08h 27m 49.445 +23° 15" 57.7" 124 1291.211 28.766
822 05 98.47 203100 08h 25m 48.65s +23° 10° 41.5" 566-000609 08h 25m 48.66s +23° 10" 41.8" 125 1295510 30121
1032 48 54020 | 199621 08h 25m 14 .39s +23° 25" 37.0" 568-000552 |08h 25m 14 325 +23° 25 38.0" 126 1270.735 30,042
270.62 54997 | 192554 08h 27m 08.755 +23° 27 00.1" 568-000651 |08h 27m 08.73s +23° 26° 59.6" 126 1291.854 |31 483
773.70 216.65 | 182195 08h 25m 54 445 +23° 14" 45 5" 567-000608 08h 25m 54 575 +23° 14" 506" 12.6 1299261 32.923
97534 35763 | 175474 08h 25m 24 095 +23° 19" 24 2" 567-000583 |08h 25m 24 21s +23° 19 24 2" 126 1283.945 30411
71718 60.16 175457 08h 26m 04.60s |+23° 09 31.1" 566-000621 |08h 26m 04.60s +23° 09" 311" 12.7 1301.523 31.095
59.21 40.26 147822/08h 27m 41.845 +23° 09 41.8" 1298.065 32317
53538 319.44 | 126998 08h 26m 30.33s +23° 18" 42 1" 567-000632 |08h 26m 30.37s +23° 18 43.2" 13.0 1304.043 30450 .
1001.25 504.59 | 12427008h 25m 19.30s +23° 24' 26.1" 568-000555 |08h 25m 19.30s +23° 24" 26.1" 131 1283.037 34.062 | 178623.869
757.93 466.64 | 116227 08h 25m 56.06s +23° 23 28.2" 567-000609 08h 25m 56.17s +23° 23 28.2" 13.1 1290840 31.688 | 163008.043
607.03 64293 | 110428 08h 26m 17.67s +23° 29 45 2" 568-000609 |08h 26m 17.71s +23° 29 44 9" 133 1289.720 33156 | 148305.604

cmp 143.44 351.79 | 105256/08h 27m 28.97s +23° 20° 20.2" 567-000675 |08h 27Tm 28.88s +23° 200 20.5" 13.2 1297294 30,683 |160871.759
7.25 B37.61 95369 08h 27m 47 84s +23° 30° 21.8" 568-000686 08h 27m 48.09s +23° 30°23.9" 13.3 1267 344 307156  149013.734

CzeVW226 56731 358.46 89714 08h 26m 27 19s +23° 08 5B8.5" 666-000648 08h 26m 27 23s +23° 08 58.8" |13.1 1306.766 32.949 128310.437
49.41 B47 63 88239 08h 27m 41.44s +23° 30 39.3" 668-000681 08h 27m 41.65s +23° 30°40.9" 13.5 1267140 30,991 128830157

Sheeti m
Sheet1/1 STD |* Sum=0 Q-




Correction of telescope field deformation

« Field deformation correction is
essential for astrometric reduction
of images from wide-field (and
thus corrected) telescope setups

« Field deformation is not natural
only for corrected Newtonians,
but for all corrected reflectors
and refractors

. Example - wrongly retouched
portion of mosaic, showing mutual §
shift of stars on neighboring
images taken with FSQ106ed APO

refractor




Field deformation

» Field deformation correction is implemented by two 2D
3rd order polynomials, independent for x and y axes

. These polynomials are created by the Astrometry tool,
the Photometry tool only uses these them

. Deformation is calculated from difference among stars on
image and in catalog

« But pairing of image and catalog stars is not possible in the
case of large fields due to field deformation (Head 22)

« S0 Astrometry offers the possibility to manually match
image and catalog



Manual match of image and catalog

El um  Focal length: |1410 < mm Refresh Catalog
ZE lil um  Limit mag.: |20 :




Calculation and storing of polynomials

Astrometry

RE A ZISTEM 0 /)8 SEON eSS

CAFITS best\TY Trifits
* | Catalog A [px] Y [px] ADU R.A Dec. Mag. 5/N

1 * | 614-005660 93334 532,72 838792 02Zh02m 18.10s +32° 44' 304" 9.24| 9725777 il

2 * | 615-005795 133.49 TO0.00 1006737 0Zh Odm 34.29s  +32° 49" 41.3" 9.6 T954.861

3 * | 613-006082 131.41 147.4% 660353 | 02h dm 37.96s +32° 30' 37.7" .78 89531689

4 * | B14-005647 105147 36500 457422 02Zh 02m O7.21s +32° 38' 01.2" 10,17 | 10317.060

5 * | 613-006089 78.01 125.54 543066 | 02h 0dm 46.70s +32° 29' 52.4" 10,16 11182.924

B * | 613-005961 959.43 26839 348794 02h 02m 22,315 +327 34 42.2" 10.64 11871503

7 * | 814-005727 438.95 3194 201639 02h 03m 39.39s +32° 36" 32.2" 11.42 0 5145.053

8 * | 614-005718 560.01 4181 172168 | 02h 03m 27.69s  +32° 39" 57.3" 1110 7361.8680

9 *614-005744 365.23 617.57 169163 | 02h 03m 59.55s5 +32° 46' 50.0" 1148 7282924

10 * | 614-005736 426.58 469,28 191914 | 02h 03m 49,545 +32° 471" 42.8" 11,35 7305.664 j
1] 1 [ ]

Matched stars: 312 Image center RA: 02h 03m 30,025 Dec: +32° 38' 12.5" Residuals RA: 0.93" Dec: 0.85"

= ST
..







Correction is stored = ‘seisie ==

i n to F I TS h e a d ‘:=‘~~-JTES_N-:Filt-sr_:-:-:-:.,ﬂtE -

FIT5 Header Editor

CAFITS\test AMAVYT29_NoFilter_0000.fits

HISTORY Darl-Frame subtracted
HISTORY Flat-Field applied

SI_Y0

Opt]CS { ST AT

2. 048E+3
b.492148390965841E-6
211589301847 2611E-8
5.19393837070274E-18
0437996351925 22E-8
B.49468124838638E-¢6
2.182124706123611E-7

1.33928865
1.33928865

a
a

o o . SI ¥ X3 = 2 754282414221515E-2

C ff f @IS SI @ v: - -5 GI6E3071989918E-4

¢ Oe ]C]ents O CorreCtlon N =T ¥ °Y= 4 03043110462549E-4
. SI ¥ _X¥2= 2 764741711506624E-2
polynomials are stored SIEXr - 1 2sauneseetee )

- g SLIL o L aTanenaninstiEt
lntO FITS headel'S SI_ X ¥ - —1.30190653470548E—4

e S1 X C - 0E+0

M -1 v 3 - -9 77996494379045E-G

Matchi b d S i

° atc ]ng Can e repeate ST Y _XY2= 7. 4RB63IG057770793E-5
. - S s
anyt]me latel’ W]thOUt ST ¥ XY = 9.196619988697025E-4
SI_ ¥ X = —1.G9177977764467E-4

k l d f l SI_ ¥ ¥ = —6. 736G7988360328E-2

R S1 v = 0E+0

nowledge of actua Y civc -




Solved image in SIPS

File Edit View Window Tools Help

af BF0F O L EE - [@E T

D AVT29_MoFilter_0000.fits = |

LAJ
o]
&

CELUwHGREVOR | STTEB X G0 ¥

S
U 'I 1: ? :l @ { E b ¢l

Astrometr, O x

g — i - - -
C L WIEEEN NLEE N RO S]] =
DAFTS\BSON2016N09003 (V729 AqIhWT729_MoFilter_0000.fits

* Catalog X [px] Y [px] ADU R.A, Dec. Mag. 5N

2438 * 520-118100 72400 338331 57030 19h 57m 38.39s +13° 49" 26.1" 13.59
2433 * 514-113231 1927.23 168.54 57021 19h 55m 44.04s +12° 38' 28.5" 13.84 —
2440 % 514-113602 4025.09 101.24 57017 19h 52m 32.07s +12° 37 294" 13.25

244 * 5314-113898 3673.51 50411 57011 19%h 33m 4,605 +12° 46" 244" 13.79 .

2442 F 521-119173 101861 3936.47 56985 1%h 57m 12,065 +14° 02" 20.0" 13.98

2443 * 518119445 63618  2657.81 56963 1%h 37m 45.51s +13° 33' 394" 13.77
| 2444 * 519-116080 152540 3112.03 56936 1%h 36m 24425 +13° 44' 045" 13.83

2445 | * 518-117615 2000.15  2517.76 536846 1%h 34m 16.64s +13° 31" 11.0¢ 13.80

2446  * 516-117758 359785 M4n44 56873 1%h 33m 12125 +13°00' 37.1" 13.88
| 2447 * 514-115438 1683.39 204,09 56860 1%h 56m 06.3%s +12° 39'12.0" 13.61 III
2449 * 51%-117161 5575 3264.60 56845 19%h 38m 39.67s +13° 47 004" 13.68 j

1] i
V%
P

Matched stars: 24504 Image center RA: 19h 35m 35.16s Dec: +13° 20" 28.1" Residuals RA: 0.53" Dec: 0.53"
»]

ST S

l 16 Size: 4096 x 4096 Span: 970 .. 85535 Stretch: 1619 .. 2852 Zoom: &1




s Working with Field Description

* Field description purpose is to save all marked stars
(variables, comparison and check stars) into description
file and later just use this file to rapidly generate light
curves and reports of all stars of interest in the particular
field

* Individual stars are identified with their equatorial
coordinates, so the successful astrometric solution of all
images in the Photometry image set is necessary

« If the particular star is not included in the used catalog, it
can be still included into field description, it is only
identified by coordinates and not by catalog name



Example of field description pane opened

Photometry X
- - — s
*:mﬁa a:m B ﬁ-. @@ @F o oo aj-cm 5:50p J. J J H | 15000 | g
- g
@ ¥ = I..:' o B Il. * :i T :I- ‘.". ".- E :'l"I : l!-. - -;1 & f T *
o G S ; S oy e BB 37 el PR a "l:'.'- % :ﬂ (WS 0 image 0] | ~
b L o T pot . i R e Pea, L YO D Image[1] —
B Yy 1L A 4% 5 : % -, . - - ey o S g Lt Sata £ f—ﬂ'.’i BND) Image [2]
g .,-1|:l;j- ' " St . s Vi Pt ,;1" e i e 3 Lo - f—b ‘Eﬁ@ Image [3] ﬂ
- &~ . "o . D 1 e 3 . x L 1 - , % i E
; . A l""-'_r Uy T g o, Y00 -f_i . - -'.‘_ R Ly L Image [0]
e !ty o i e R I e B Gty e L M PR D = 245621031609
i N el e ol g g .. 5 TR R T 2y TS ~ g ., Loc.date = 2012-10-09 21:35:1¢
- ' ’ _"" n iy s et o) P O ] . smiTy Stars = 34072
..- " u o 3 b L] e --F. .r. 'l" L 1-- h' T e '|+ el ty 1 - ; L o ‘j AIIgHEd =
4] I | | | Matched = 13021 (38%)
TEEEE OB EE> 2 HBE | e QX2
Var Cmp0 Cmpl Cm MName X [px] Y
* VAR-CMP + AIR MASS
ma3 24 var39  cmpl0 «|| 3459 2997.33 |4
3 25 var3b crmpl 3460 _—
2400 A g Tt e :
<& ¢ sotst * * 26 CzeV277 Eagl:aly = 3461 2653.09
2500 - L e L 127 CzeV278  cmp5 3 3462 561.12
' L et 28 CzeV279  cmpl 3463 824,51
*
60D it Lo ﬂ"“" o*e 29 var]2 cmp3 3464 842.35
30 var27 crmpl 34B5 2458.89
2.700 T . 31 vard cmp3 3466 2607.78
56210.2000 56210.2500 562104000 IHh e CreWW280 rndl) j FART 2920.71 ﬂ
5] ] \
. 16 Size: 3072 x 3072 Span: 0 .. 85335 Stretch: 908 .. 2121 Zoom: 1:3




Description file is simple text file

[Description]
version = 1
catalog = UCAC4

[Stars]
cmp2

5.395547204E-1; 5.691312848E-1; 614-005727; 5.395552059E-1; 5.691316911E-1

cmp3 = 5.38700184E-1; 5.701288131E-1; 614-005718; 5.387024041E-1; 5.701280414E-1
vd = 5.410245319E-1; 5.721339355E-1; 614-005744; 5.410203177E-1; 5.721310928E-1
cmpl = 5.402964787E-1; 5.706426903E-1; 614-005736; 5.402940474E-1; 5.706397623E-1
v2 = 5.414696827E-1; 5.72068233E-1; 614-005749; 5.414679461E-1; 5.720669083E-1

vl = 5.414845401E-1; 5.718940758E-1; 614-005750; 5.41483305E-1; 5.718923996E-1

v3 = 5.412030003E-1; 5.721243677E-1; 614-005747; 5.41198191E-1; 5.721220898E-1
[Variables]

vli=cmp3; ; ; ; ; ;7 i

vz =cmpl; ; ; ; ;G0

v3=oacmp2; ; ; ;7 ;i i

vd =cmp3; ; ; ;G0



Summary: how to use Photometry tool

D5 -

N = == =
Higas o tax *

Include images into image set (load, add, ...)
Optional Find stars (could be repeated)

« Cancels Match, Astrometry and Photometry
Match images (Finds stars if not found)
Calculate Astrometry (Finds stars if not found)
Calculate Photometry

« Requires Match and/or Astrometry
Light curves, search variables, save report, ...

« Requires Match and Photometry
Save table of all stars into CSV

« Requires Astrometry and Photometry
Work with Field Description

« Requires Match, Astrometry and Photometry



What is on the development plan?

Automatic assignment of comparison star(s) according to
color (B-V), brightness etc.

Photometry of moving targets

“On-the-fly” processing of images just acquired from the
camera during observing session

Tools for reduced data processing
« Light curve from data from multiple nights
« Searching for long time span changes

« It is hard to estimate all possibilities ...



SIPS is a freeware, download links are available at:
http://www.tcmt.org/software.html
or go directly to:

http://www.gxccd.com/cat?id=146&lang=409

Contact to the author:

pc@tcmt.org

Thank you for your attention

Questions?



