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FITS chopmar

Flexible Image Transport System
aubkasi cucmema nepeda4qu ulobpaxxeHuu

dopmar paiinos, NCMONb3YEMbIN B HAyKe O/14

1) XxpaHeHusd
2) nepenauu
3) aHansa

1) nsobpaxeHunn (1D, 2D, 3D)

2) HabopoB aaHHbIX (ND)

3) Tabnumy, (TEKCTOBbLIX N BUHAPHDIX)
4) meTaflaHHbIX (onucaHune)

Paclunpsiemblii bopMaT — eCcTb BO3MOXHOCTb MO0rHaTh Noj /tobble AaHHbIE

https://fits.gsfc.nasa.gov/
https://fits.gsfc.nasa.gov/fits_standard.html


https://fits.gsfc.nasa.gov/

FITS chopmar

1) Untaemsbii dpopmar, Kak MalumHamMmm, Tak 1 YesI0BEKOM
2) CaMoloKyMeHTUPOBaHHbIN dhopmar
3) Paclumpsaemsbin oopmaTt — eCTb BO3MOXHOCTb NOA0rHaThb nog toobsie

faHHble

https://fits.gsfc.nasa.gov/
https://fits.gsfc.nasa.gov/fits_standard.html


https://fits.gsfc.nasa.gov/
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Keywordl = valuel // comment
Keyword2 = value?2
Keyword3 = ,text value3“

KeywordN = valueN
END

80




SIMPLE — T NJ1 F (cooTBeTCTBME CTAHOAPTY)

BITPIX =-64,-32,8,16,32 / DATA PRECISION

8 Character or unsigned binary integer
16  16-bit twos-complement binary integer
32  32-bit twos-complement binary integer

-32 IEEE single precision floating point
-64 IEEE double precision floating point

NAXIS = 2 | NUMBER OF IMAGE DIMENSIONS
NAXIS1 = 4065 / NUMBER OF COLUMNS
NAXISZ = 3521 / NUMBER OF ROWS

Nbits = [BITPIX| x (NAXIS1 x NAXIS2 x - - - x NAXISm) =
= 32 x (4065 x 3521) = 458011680 bits = 57251460 bytes =
= 54.6 MB




BO3MOXHO NPUCYTCTBUE PacLLUMPEHHOro NpeacTBaBNEeHNS
NaHHbIX




XTENSION = TABLE | BINTABLE

NAXIS 2 [ Table Is a matrix
NAXIS1 61160 / Table width in bytes
NAXIS2 = 77 | Number of echelle orders
TFIELDS = 10 // KonnyecTtBO KOJIOHOK

TFORM1 ="911E

TTYPE1 ='FLUX

TUNIT1 ="[1]

TFORM2 ='1911D

TTYPE2 = "WAVELENGTH'

TUNIT2 ="[A]

TFORM3 ="911E

TTYPE3 ='FLUX ERROR'

TUNIT3 ="1]

TFORM4 ="'911E

TTYPE4 ='TH AR _COMPARISON:'

TUNIT4 ="1]

TFORM5 ="911E

TTYPES ='FLATFIELD'

TUNITS ="[1]




CtaHaapTHbIX HA6op KntouyeBbix cnoB FITS

(blank)
AUTHOR
BITPIX
BLANK
BLOCKED
BSCALE
BUNIT
BZERO
CDELTnN
COMMENT

CROTAN
CRPIXn
CRVALN
CTYPEN
DATAMAX
DATAMIN
DATE
DATE-0BS
END
EPOCH

EQUINOX
EXTEND
EXTLEVEL
EXTNAME
EXTVER
GCOUNT
GROUPS
HISTORY
INSTRUME
NAXIS

NAXISnh
OBJECT
OBSERVER
ORIGIN
PCOUNT
PSCALN
PTYPEnN
PZERON
REFERENC
SIMPLE

TBCOLN TUNITN
TDIMNn TZERON
TDISPn XTENSION
TELESCOP

TFIELDS

TFORMN

THEAP

TNULLN

TSCALN

TTYPEN



Cucrtembl KoopauHart B FITS
World coordinate system

A N3C DATA value = f (DATA(X,Y))

Physical coordinate = f(x,y)
, A

Pixel coordinate

http://adsabs.harvard.edu/abs/2002A&A...395.1061G
Greisen, E. W.; Calabretta, M. R. «Representations of world coordinates in FITS»

http://adsabs.harvard.edu/abs/2006A&A...446..747G
Greisen, E. W.; Calabretta, M. R.; Valdes, F. G.; Allen, S. L. «Representations of spectral
coordinates in FITS»


http://adsabs.harvard.edu/abs/2002A&A...395.1061G
http://adsabs.harvard.edu/abs/2006A&A...446..747G

Local pixel coordinate

4 [M3C | [M3C

f [M3C | [M3C

Global pixel coordinate X



Cucrtembl KoopauHart B FITS
World coordinate system

x=1 x=2 x=3 x=4 x=5 x=6 BITPIX=-32
y=1 y=1 y=1 y=1 y=1 y=1 Float point data

pixl pix2 pix3 pix4 pix5 pix6 32 bits = 4 bytes

DATA floW = & *&kk dekdk dokkk dedkded dekkk deddede dekekek

v Ny N e\ ) N )\
datal data?2 data3 datad datab5 datab6

Phys1 = CRVAL1+CDELT1(X-CRPIX1)

[Mpu ToXXaecTBeHHOCTU cuctem koopgmHat CRVAL1=1 CDELT1=1 CRPIX1=1
B cnekTpockonuu ana onncaHusa CrnekTpoB C MNOCTOAHHbLIM LLarom, Hanpumep:
CRVAL1=4500

CDELT1=0.1
CRPIX1=1



Tunbl KoopagnHaTt

CTYPEnN

Code Name Symbol  Associate  Default

variable  units
FREQ Frequency % 1 Hz
ENER Energy E v J
WAVN  Wavenumber K y m™
VRAD Radio velocity % m s~
WAVE  Vacuum wavelength A A m
VOPT Optical velocity Z A m s’
ZOPT Redshift Z A —
AWAV  Air wavelength Ay A, m
VELO Apparent radial velocity v v m s~
BETA Beta factor (v/c) J5 v -




WAVE-LOG

Tunbl NpeoopasoBaHNN KoopaAnHaT
CTYPEn

Regularly
Code sampled in Expressed as
F2W Frequency Wavelength
F2V Frequency Apparent radial velocity
F2A Frequency Air wavelength
W2F Wavelength Frequency
W2V Wavelength Apparent radial velocity
W2A Wavelength Air wavelength
V2F Apparent radial velocity  Frequency
V2w Apparent radial velocity = Wavelength
V2A Apparent radial velocity  Air wavelength
A2F Air wavelength Frequency
A2W Air wavelength Wavelength
A2V Air wavelength Apparent radial velocity
LOG logarithm Any 4-letter coordinate type
GRI detector Any from Table 1
GRA detector Any from Table 1
TAB not regular Any 4-letter coordinate type




[laHHble N NX KOHBepTaLus B peasibHble
3HauYeHus

[1ns n306paXKeHnn:

physical value = BZERO + BSCALE x array value

ana tabnuu;

physical value = TZERON + TSCALnN x field value



SIMPLE = T / Standard FITS file

BITPIX = 16 / No. of bits per pixel
NAXIS = 3 / No. of axes in matrix
NAXIS1 = 4632 / No. of pixels in X
NAXIS2 = 2068 / No. of pixelsin'Y
NAXIS3 = 1 / No. of images
CRVAL1 = 0/ Offset in X
CRVAL2 = 0/ OffsetinY

ORIGIN ='CCDServerv2.1' [ACQUSITION SYSTEM
DATE-OBS='2012-11-04T20:46:32' /| Date and time of TM_START

TELESCOP="'BTA ' / 6m Russian telescope
INSTRUME="'NES ' / Nasmyth echelle spectrometer
OBSERVER=" '/ OBSERVERS

OBJECT ='ThAr ' /| NAME OF IMAGE

BSCALE = 1.00 / REAL = TAPE*BSCALE + BZERO
BZERO = 32768.0/

DATAMAX = 64183.0 / MAX PIXEL VALUE
DATAMIN = 857.0 / MIN PIXEL VALUE

FILE ='Bn20121104 008.fts'/ original name of input file
IMAGETYP='eta' / object, flat, dark, bias
OBSERVAT="'SAO RAS"' / Observatory

START ='00:46:32.95' / measurement start time (local) (hh:mm:ss.ss)
EXPTIME = 300.0 / actual integration time (sec)



CAMTEMP = -130.845 / camera temperature (C)
DETECTOR="E2V CCD42-90 blue' / detector

RATE = 100.0 / readout rate (KPix/sec)
GAIN = 1.9 / gain, electrons per adu
NODE ='B' / output node (A, B, AB)
BINNING ="'1x1" / binning

PXSIZE ='13.5x 13.5 [ pixel size (mkm x mkm)

UT ='20:46:32.95' / universal time (hh:mm:ss.ss)
ST =" '/ sidereal time (hh:mm:ss.ss)

RA = 0.0 / Right ascention J2000.

DEC = 0.0 / Declination J2000.

EPOCH = 2000.0 / Epoch of RA and DEC

Z = / zenith distance

A = / azimuth

PARANGLE= / parallactic angle

ROTANGLE= / field rotation angle



SEEING =15 / seeing

FILTER =" "/ filter

FOCUS = / focus of telescope (mm)
IMSCALE =" '/ image scale ("/Pix x "/Pix)
DOMETEMP= / dome temperature (C)
WIND = [ wind (m/s)

CLOUDS = / clouds (%)

PRESSURE= |/ pressure

DATE ='2012-11-04"'

TM_START='74792 ' / UT start time 20.7758194444
TM_END ='75092 / UT end time 20.8591527778
RDNOISE = 3.7 | Read noise in electrons
HISTORY

COMMENT

HISTORY Fixed from DINA Il format by fixfiles.py
END



A fv

Mew Hile...

Open File...
SkyView...
Catalogs...
VizieR...

Connect to Hera...

0 | fv: Summary of ADP.2014-11-1

Display Device

Hide All Windows
File Summary
Header

Table

Image Tahle
Vector Table

Preference

Clipboard

Help
Quit

File Edit Tools Help

Index Extension Type Dimension Views

_l o Primary Image 0 Header

1 SPECTRUM Binary 3 cols X1 rows Header Histl Pot | A | Splect

O fve..014-11-16T19:00:34.3
File Edit Tools Help
search for: ﬂ Find |Case sensitive? HMo | ‘
SIMPLE = T / file does conform to FITS standard jz
EITPIX = 8 / number of bits per data pixel =
NAXIS = 0 ¢/ momber of data axes
EXTEND = T / FITS dataset may contain extensions
COMMENT FITS (Flexihle Im=ge Transport System) format is defined in 'Astronomy
COMMENT  =nd Astrophysics', wolume 376, page 359; bibcode: Z2001A&A. .. 376..3559H
DATE = '2014-11-16T04:56:53. 205" £ UT date when this file was written o
INSTREUME= 'HARPS : £ Instrument used. i
EA = £4. TB1E6E £ 04:19:07.6 Ra (J2000) pointing (deg)
DOEC = 17. 52108 A 17:31:15.9 DEC (J2000) pointing (deg)
EQUINOE = 2000, £ Standard FEE (years)
RADECSYS= 'FES : # Goordinate reference frame
EXPTIME = 1200. 0017 £ Total integration time
MID-0BS = SE9TT. 19225987 / MID start (2014-11-16T04:36:51.261)
DATE-0BS= '2014-11-16T04:36:51. 261" £ Date of ohserwvation
UTE = 16606, 000 £ 04:36:46. 000 UTC at start (sec)
L5T = 12872 603 A 03:34:32. 603 LST at start (sec) ,
BPI-COI = 'PASQUINT' & BPI-COI name.
ORIGIN = 'ES0 : /4 European Southern Ohservatory
TELESCOP= 'ES0-3.6 ' £ ES0 Telescope Name
M EPOCH = F /T if resulting from multiple epochs
SINGLEXF= T /T if resulting from single exposure
PRODLVL = 2 / Product lewel: l-raw Z-science grade S-advanced
DISPELEM= 'HARPS Echelle' / Dispersive element name "
-] |~ /
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Mew File...
Open File...
SkyView...
Catalogs...
VizieR...

Connect to Hera...

Display Device

Hide Al Windowrs
File Summary
Header

Tahle

Image Table
Vector Table

Preference

Cliphoard

Help

[ | fw: Summary of ADP.2014-11-1!

File Edit Tools Help
Index Extension Type Dimension View
|0 HoHame Image ] Header | | |
o1 SPECTRUM Binary 3 cols X 1 rows Header | Hist | Plot | All | Select |

0| Pow 2.0

[ | Select Plot Column

File Edit Colors Tools Zoom Replot Help

RowNumhber _: Click on a column name then select the
ElementHumber corresponding plot axis or error bar
WAVE Axis Column name or expression to plot
FLUX
e X |WA‘.'E
¥ |FLux

A Error

Y Error

Rows: |

_| Add my curve to current graph

| Pt |

Clear | Close | Help |

ADP.2014-11-...LUX_1-1)_1

Graph coordinates:
(%,%})

Image pixel:
(%,%})

Fizel value:

x()

E

ADF.Z2014-11-16T19:00:34. 330, £ite (FLUX _1-1]

FLUX I{ac%u]l | I I
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N3 yero coctoAT hansibl HAONIOAEHNN?

dannbl npeaBapuTesibHOU 00PabOTKMN
« BIAS (masterbias) — nopsaka 10 alsioB HY/NEBOW 3KCMO3ULUK
(S/N>S/N

00ObEKT )

dansibl C KAUJIMOPOBOUYHbLIMUN CMEKTPaMMU
« Flat field (masterflat) — «nnockoe none» (S/N>S/N

HeogHopoAHOCTL YyBcTBUTENBHOCTU CCD

06beKT )

dannbl CoO U300paKEHUAMU N3YyUHAEMbIX OO BHEKTOB
* Obj — oauH N1 HECKONBLKO (PansioB ¢ aKcno3unumen He 6onee nosayyvaca



N3 yero coctoAAT paiisibl cneKTpasibHbIX

Ha6nwaeHnn?
dannbl npeaBapuTesibHOU 00PabOTKMN
« BIAS (masterbias) — nopsaka 10 alsioB HY/NEBOW 3KCMO3ULUK
(ES/PJ:>ES/Pdo6beKT )

dansibl C KAUJIMOPOBOUYHbLIMUN CMEKTPaMMU
« Flat field (masterflat) — «nnockoe none» (S/N>S/N

HeogHopoAHOCTL YyBcTBUTENBHOCTU CCD
 Arc (masterarc) - cnektp namnbl (ThAr,FeAr) aona kannbpoBKu Mo
AnnHaM BOJTH

06beKT )

dannbl ¢ A4ONOJ/IHUTE/IbHBbIMU KAJTMOPOBOYHbLIMU CMIEKTPaMu

« Std (Standard star)— cnekTp KaJiIMGpPOBOYHON 3Be3Abl C XOPOLIO
N3BECTHbIM pacrnpeaesnieHMeM aHeprum

* Div (divider) — cnekTp 3Be3dbl C ObICTPbIM BpalleHnemMm Ana ydyeta
TeNYPUYECKNX NTNHNN

daitnbl cCo cnekTpamu nlyvyaemMmbiX OO bHEKTOB
* Obj — oauH N1 HECKONBLKO (PansioB ¢ aKcno3unumen He 6onee nosayyvaca



UYtOo Mbl BUAUM B Kagpe?

Signal = BIAS + masterflat + SKY + scattered_light + OBJECT

Noise = BIAS_noise + dark_noise+RON(read of noise)+stat_noise(Signal)

3ajavya.
noctars OBJECT u3 Signal

B OHOM NuKcene

S Flux x t :
- \/ gain
N /Fluz x t+ Fluzyg X t + Fluzgery X t + RON J

B rpynne nukcesein

% \/ZF ZFbg X gain




MHCTpPpYMEeHT

Midas — Munich Image Data Analys System

Pa3pabortuuk: ESO

Jlnuenana: GNU General Public License (GPL)
WWW: http://www.eso.org/sci/software/esomidas/
ETP: ftp://ftp.eso.org/pub/midaspub

OnepalmoHHada cuctema: Unix-nogobHble (Linux, FreeBSD, ...)

AHanoru: IRAF, MaximDL ($)



NMpeaBapuTenibHass 06paboTKa

Cioga BXOOAWUT BeCb KOMMJIEKC MepBOHAYa IbHbIX
nenctemin Hag kagpamu CCD, Heobxoanmbin nepen,
N6bIMU  UccnegoBaHNAMM (NpsMble U306paXkeHns
NN CNEeKTPbI):

* yyeT BIAS n TeMHOBOrO ToKa (B c/yyae
HeobxoaMMOoCTH)

* QYMCTKAa OT C/Iel0B KOCMUYECKUX Nyyen

* YyeT HepaBHOMepHOW vyBcTBUTENbHOCTN CCD (Flat
Field)

* UI3MEHeHNe opmneHTauun Kagpa (BpaLleHue,
OoTpaXkeHue, caABUr)



Mo 1 kagpy 402,4+1,7 ADU

Mo 10 kagpam (master bias)
402,5%0,7 ADU

BIAS

408 H| T T T T T a

g (T

400 -

Y VR B —1 1
395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410




Kocmunueckue nyum
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Cnoco6bl yyerTa:

1) MepgunaHHasa unbTpaums HECKObKKX
Kagpos

2) AHanIM3 nukcenein n NoCTpoeHne Macku
KOCMUYECKNX NyYei;
Hanpuwvep, 1>l +4c



'nockoe none
FF(x,y)

Mnockoe none: F'F(z,y) HopmupoBaHHoe: F'F,orm =

< FF(z,y) >

MonyyeHHoe nso6paxenne: [ (x,y)

I(z,y)
FFnorm

YueT Mn/10CKOro nons: I (z,9) =
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