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M. FITS

* FITS ( Flexible Image Transport System ) s&—F1) 72 N H TR0 EdRE A, HAa R skt

GIRIEE e a <
« BHARNEE (19704E4%) . FITSHIR TR EEE R KX G (NRAO) )R S 2f 5 Erich,
Greisenf[IMark Calabretta T-19794FE T & o Ui, KNS A P B —FhEE AR TR

DBCRIPR RS . FITSELA A RS L ASCA R, A ST T R
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Table 1: Significant milestones in the development of FITS.

Date  Milestone

1979  Initial FITS Agreement and first interchange of files

1981 Published original (single HDU) definition (Wells et al. 1981)

1981 Published random-groups definition (Greisen & Harten 1981)

1982  Formally endorsed by the IAU (IAU 1983)

1988  Defined rules for multiple extensions (Grosbgl et al. 1988)

1988 IAU FITS Working Group (IAUFWG) established

1988  Extended to include ASCII-table extensions (Harten et al. 1988)

1988 Formal IAU approval of ASCII tables (IAU 1988)

1990 Extended to include IEEE floating-point data (Wells & Grosbgl 1990)
1994  Extended to multiple IMAGE-array extensions (Ponz et al. 1994)

1995 Extended to binary-table extensions (Cotton et al. 1995)

1997  Adopted four-digit-year date format (Bunclark & Rots 1997)

2002  Adopted proposals for world-coordinate systems (Greisen & Calabretta 2002)
2002  Adopted proposals for celestial coordinates (Calabretta & Greisen 2002)
2004  Adopted MIME types for FITS data files (Allen & Wells 2005)

2005 Extended to support variable-length arrays in binary tables

2005 Adopted proposals for spectral-coordinate systems (Greisen et al. 2006)
2005 Extended to include 64-bit integer data type

2006 Adopted WCS HEALPix projection (Calabretta & Roukema 2007)
2006  Established FITS convention registry

2014  Adopted proposals for time coordinates (Rots et al. 2015)

2016  Adopted proposals for compressed data

2016  Adopted various registered conventions

2018 General language editing




Table 2: Version history of the Standard.

Version Date Status

NOST 100-0.1 1990 December  First Draft Standard —
NOST 100-0.2 1991 June Second Revised Draft Standard .
NOST 100-0.3 1991 December  Third Revised Draft Standard

NOST 100-1.0 1993 June NOST Standard

NOST 100-1.1 1995 September NOST Standard

NOST 100-2.0 1999 March NOST Standard

TAUFWG 2.1 2005 April TAUFWG Standard

TAUFWG 2.1b 2005 December TAUFWG Standard

TAUFWG 3.0 2008 July TAUFWG Standard

TAUFWG 4.0 2016 July IAUFWG Standard (approved)

IAUFWG 4.0 2018 August IAUFWG Standard (language-edited)
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e http://cdsarc.u—strasbg.fr/ftp/pub/1au/1au—spec.pdf

Acronym » Sequence » (Specifier)

NGC.205 Designation Position
PKS.1817-43 AcronymaSequence(Specifier) RA(J2000.0) Dec(J2000.0)
C0AJ0326.0+3041.0 hms o
H20.G123.4+57.6 (VLSR=185) RX,J1426.8+6950 1426493  +69 5021
3CA196 PSR AJ1302-6350 13024772 -635008.5
PN.G001.2-00.3 1749 36.9 —28 03 59
TYCA1234-545-1 03 32 53.6417 +15 32 59.314
AC211A(=1EA2127+119; MA15) 21 30 15.54 +11 43 39.0
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https://vizier.cds.unistra.fr/vizier/doc/catstd.pdf

1 The Question of Standards 3
LY Inbrodietion = «ooe oo e soess o e Soesoiein o Eoe MOSUE &R o ROELD SR 8w 3
19 TITR e wwe s 5% ves 0 5 SRl o5 05 SO0 B8 O veE 0 B aas 3
Table 2.1: Directory Tree of Catalogues at CDS = srrssrsserssrms e e 3
I/number Astrometric Cataloguges | Soooooorrorrorrnnnnn ey 1
I11/number Photometric Catalogues (except Radio) | s %
I11/niumber Spectroscopic Catalogues | e e 8 —
IV /number Cross-Identifications . —
V /number Combined Data 3
VI/number Miscellaneous Catalogues oot &
V]Ifnumber Non-stellar Gb_]l‘_’ﬁt‘.t-ﬁ .......................... 6
VIIIfnumbcr Radio Ca,talugues .......................... 8
IX/number High Energy Catalognes L 8
J/abbr/ Volume/ first_page Publications ordered by Journals, with abbr: | ... 9
A+A = A&LA
A+AS = A&A Suppl 1
AlJ = Astron. J. e 10
J‘ip-] e ﬂstmphys. 1 T T A 14
ApIS =-dabrorlpe FoSuppl 000 | smimess s s wess mw s aven mw s svene 14
MNRAS = Mon. Not. B. Astron. Soe. | ccicn smweven on vs sam o ia sas 15
PASP = Publ. Astron. Soc. Pacific | 15
AZh = Astron. Zhurnal (Russia) 1 15
PAZh = Pis'ma Astron. Zhurnal (Russia) | 19
other = Form J/other/abbr/ Volume.first. page | 20
= for other journals, abbr being written as the bibcode* | 51

“http://cdsweb.u-strasbg fr /simbad /refcode html 2L
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What is the Virtual Observatory?

The VO is a paradigm for Supporting interdisciplinary and
collaborative research in astronomy and exploiting the full

power of growing and emerging data sets

The latest stage of good data practices in astronomy

FITS provided a first standardization, the Virtual Observatary is

the natural progression towards interoperability of data, services
and tools

The VO is a framework
» For data centers to provide co-operating data services,

* For software providers to offer a variety of compatible analysis
and visualization tools and user interfaces

The VO is an Evolving Ecosystem

= |VOA defines VO "ecosystem"” and interoperability
standards
VO registries, Archive interfaces and VO-enabled
software offer Entry Points to VO resources,
Visualization, Analysis

* Astronomy projects and data services build VO

services and VO applications
= Projects are welcome and encouraged to participate in

the standards process
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* http://www.ascl.net/

ASC L net Making codes discoverable since 1999 8 .
L ] .y
Astrophysics Source Code Library

Home About Resources Browse Submissions News Forum Dashboard

Welcome to the ASCL

The Astrophysics Source Code Library (ASCL) is a free online registry for source codes of interest to astronomers and astrophysicists, including solar
system astronomers, and lists codes that have been used in research that has appeared in, or been submitted to, peer-reviewed publications. The ASCL
isindexed by the SAO/NASA Astrophysics Data System (ADS) and Web of Science and is citable by using the unique ascl ID assigned to each code. The
asclID can be used to link to the code entry by prefacing the number with ascl.net (i.e., ascl.net/1201.001).

Most Recently Added Codes
2023 Jun 10

[ascl:2306.024] COpops: Compute CO sizes and fluxes
Zagaria, Francesco; Facchini, Stefano; Miotello, Anna; Manara, Carlo F.; Toci, Claudia; Clarke, Cathie ).

COpops computes semi-analytically the CO flux of a disc (given initial conditions and age) under the assumption of LTE and optically thick emission. It
then runs disc population synthesis using observationally-informed initial conditions. CO fluxes is one of the most easily accessible observables for
studying disc evolution; COpops is a faster alternative to running computationally-expensive thermochemical models for hundreds of discs and is
accurate, recovering agreement within a factor of three.

[ascl:2306.023] RELAGN: AGN SEDs with full GR ray tracing

Hagen, Scott; Done, Chris

Corona). The code is available in two languages, Python and Fortran. The Fortran version is written to be used with the spectral fitting software XSPEC
(ascl:9910.005), and is the preferred version for analyzing X-ray spectral data. The Python version provides more flexibility for modeling. Whereas the
Fortran version produces only a spectrum, the Python implementation can extract the physical properties of the system (such as the physical mass
accretion rate, disc size, and efficiency parameters) since these are all stored as attributes within the model. Both versions require aworking installation

ﬁ of HEASOFT (ascl:1408.004).

T RELAGN creates spectral models for the calculation of AGN SEDs, ranging from the Optical/UV (outer accretion disc) to the Hard X-ray (Innermost X-ray
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20114F: AstropyIl HJEZ), BN K FEFIME—"F—[Python T HEE
« 20134 KA I Astropysh— e AR (v0.2) .
« 20154 kA0 I AstropyEEERRATT 2 (v1.0) , SIN T HTRFARIGE
« 20184 Astropy KA J v3.0AS, A G RE A AL BRATER A 1Y HE A .
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S AstroPy 4§ 53

-« BERRE: AstropyR—MNIFIRIIE, 5] T XREBERRFENERFZIRHTIRE . SEETR. EHME
RN, #EX A RFERISS ISR A B & RANZE S

« Gi—4%&: Aswopyleflt | —ER—HIEOMBURSH, HATAERMIOEE, @%ﬁ%$h\%¢ﬁﬁ—%#‘
LA . X BEAEASC 25 R DA B FRAR DA E R T SR AL I S A

o« AAPRAIRAIES : Astropy 03 T B KHIALPREHAI R AR F 88, BXFHLHHE %£%§%(mﬁﬁ£%ﬂ
ﬁﬁ%ﬁ),#ﬁﬁT%ﬁ@ﬁ\%ﬁﬁ%ﬂ%ﬁﬁﬁ%mﬁo

- PpEREAL: AsropyRG RIGHUMIIREN R, SV EIE A ERYERAIRA, A R MR
WE. BXIFEMRSONERE RN, FRE T X B RBE T EM RIS .

o XA ZHF: Astropyi?%ﬁﬂﬂ@%}‘(ﬁ}ﬁj{ﬁ%ﬁ, YAFITS ( Flexible Image Transport System ) , VOTable
( Virtual Observatory Table ) , ASCIIZRAETE, Bieft I EEEME NXE X HEARMIREFI TR, #RFEKED
T HACFR A AT B o

« AL TR AstropySERk T 2 AL TR, WiiMatplotibAIBokehTE, LAET FFAmE EEEAE S
XETAXFFEMRERAY, ERmal. duil, FREEF.

 HECERAUCH: Asopyfith— MBI, JHRHSTIICRNAE, AR HEGH
1&5#5']%%\ B RIGitHub B R B AR B RELe




Data structures and transformations

= Constants (astropy.constants)
A » Units and Quantities (astropy.units)

» M-Dimensicnal Datasets (astropy.nddata)

» Data Tables (astropy.table)

= Time and Dates (astropy. time)

» Time Series (astropy.timeseries)

» Astronomical Coordinate Systems (astropy.coordinates)
» World Coordinate System (astropy.wcs)

* Models and Fitting (astropy .modeling)

» Uncertainties and Distributions (astropy.uncertainty)

Files, 1/0, and Communication b))

= Unified File Read/Write Interface j

= FITS File Handling (astropy.io.fits)

« ASCIl Tables (astropy.io.ascii)

« VOTable XML Handling (astropy.io.votable)

» Miscellaneous: HDF5, YAML, ASDF, Parquet, pickle (astropy.io.misc)
* SAMP (Simple Application Messaging Protocol) (astropy . samp)

Computations and utilities 1

» Cosmological Calculations (astropy.cosmology)
» Convolution and Filtering {(astropy. convolution)
= |[ERS data access (astropy.utils.iers)

» Data Visualization (astropy.visualization)

» Astrostatistics Tools (astropy.stats)

Nuts and bolts

» Configuration System (astropy.config)

» |/O Reqistry (astropy.io.registry)

» Logging system

= Python warnings system

» Astropy Core Package Utilities (astropy.utils)

- = Astropy Glossary
. « Optional Packages' Glossary
[op—




Coordinated Packages

The following {3 en al authoritative registry,

https://www.astropy.org/affiliated/ registry.json

asdf-astropy Website Repository PyPI
ASDF format support for astropy.

Maintainer(s): William Jamieson, Brett Graham, Nadia Dencheva, and Perry Greenfield

Functionality 'General package | Astropy integration |Good Tests Good | Development Good
Python 3 [Yes

astropy core package Website Repaository PyPI
A common core package for Astronomy in Python. -,
|
Maintainer(s): Astropy Coordination Committee I'; s

Functionality | General package | Astropy integration |Good Tests Good | Development Good '\J
Python 3 Yes _—

astropy-healpix Website Repository PyPI
A BSD-licensed HEALPix implementation for Astropy

Maintainer(s): Thomas Robitaille and Leo Singer

Functionality |General package | Astropy integration |Good Tests Good | Development Heawvy development
Python 3 [Yes

astroguery Website Repository PyPI
Tools for querying online astronomical data sources.

Maintainer{s): Adam Ginsburg and Brigitta Siptcz

Functionality |General package | Astropy integration |Good Tests PFartial | Development Good
Python 3 [Yes

ccdproc Website Repository PyPI
Package to do basic CCD data reduction.

Maintainer(s): Matt Craig

Functionality 'General package | Astropy integration |[Good Tests Good | Development Good
Python 3 'Yes

photutils Website Repository PyPI

Photometry and related image-processing tools.

- Maintai ::L Bradi d Brigitta Sip&
_ﬂ aintainer(s): Larry Bradley and Brigitta Sipicz
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