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Abst ract

Thi s docunent describes the registration of the Miltipurpose Internet
Mai | Extensions (M ME) sub-types to be used by the international
astronom cal community for the interchange of Flexible |Inage
Transport System (FITS) files. The encoding is defined by the
published FITS standard docunents. The FITS format has been in use
since 1979, and alnost all data from astrononi cal observations are

i nterchanged by using FITS.
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1. Introduction

The FITS file format [FITS] was designed in order to facilitate the
i nterchange of astronomical inmage data between observatories. FITS
provi des a nmeans of transporting arrays and tabl es of data and
keywor d/ val ue pairs of netadata. FITS is defined by standards
docunents that are approved by the International Astrononical Union
(AU, http://ww.iau.org/) and published in refereed journals.

Before the inception of HTTP, astrononmers used the Internet to
exchange FITS files. Miltiple unofficial nedia types for FITS files
[ASU cane into use shortly after the inception of the WW and have
remained in use. Currently (2005) the international astronom ca
community is pursuing many cooperative efforts (e.g., [IVQY], [N,
[AstroGrid], [AVO) to produce web services that provide astrononica
data. The exchange of FITS files is a fundanental el enment of the
prototypes for these web services [SIAP]. The astronom cal conmunity
has to agree to use one set of nedia types for FITS files in order to
pronote interoperability of its various services.

Inits sinplest form FITS is used as a neans of transporting
astronom cal inmage data in a raster formalong with coordi nate

i nformati on and ot her standard and locally defined netadata. In such
applications FITS is much like the well-known TIFF format [TIFF] with
the addition of the GeoTlIFF tags [ GeoTlIFF]. However, FITS is capable
of describing a much broader range of data than 2-dinensiona

rasters. A consensus has developed in the FITS community that two
medi a types are needed: one for inmmges and one for all other cases.

2. Conventions Used in this Docunent
The keywords "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC-2119 [ Require].

3. Overview

Thi s docunent describes the registration of the MM nedia sub-types
"application/fits" and "inmage/fits".
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In 1988 the International Astronom cal Union formed the FITS Wrking
Goup (IAUFWG) to oversee matters pertaining to the evolution of the
FITS data format. The | AUFWG has approved the subm ssion of this
docunent and the registration of these two M ME types.

4. FITS Definition

FITS is defined by a docurment approved by the Internationa
Astronomi cal Union (1AU) and published in the journal Astronony &
Astrophysi cs [ NOST]. Conventions for additional keywords used in
FITS files are proposed by interested parties and negoti ated and
reviewed by ad hoc cormittees of the FITS community. |If such usage
of additional keywords is approved by national committees and the

| AUFWG t hen t hey becone new reserved keywords in the FITS standard
and are published in an ongoing series of papers (e.g., [WCS1
WCS2] ) .

Copi es of the standard docunents can be found at the foll owi ng sites:
http://fits. gsfc.nnasa. gov/

http://archive.stsci.edu/fits/

http://ww. cv. nrao. edu/fits/

http:// heasarc. gsfc. nasa. gov/ docs/ heasarc/fits. htm

Al though a brief structure and feature description is provided in
this section as background infornation, the reader is directed to the
FI TS standards docunents to obtain conplete feature and technica
details.

4. 1. FITS Structure

A FITS file consists of a sequence of one or nore header and data
units (HDUs) optionally followed by special records. The structure
of a FITS file is based on blocks with a |l ength of 2880 8-bit bytes
(23040 bits). This size was chosen because it is evenly divisible by
the byte and word |l engths of all known conputer systems. All FITS
files have lengths that are integral nmultiples of this block size.

Each FITS header consists of a sequence of one or nore 2880-byte

bl ocks that hold 36 80-character records (36*80=2880). The records
consi st of ASCI| keyword/value pairs plus optional comrents. The
character set is the 7-bit printing ASCII codes, including the ASCII
space. |In particular, the control codes CR, LF, FF, TAB and NUL are
not used in FITS headers. The keywords are up to 8 characters in

I ength. Sonme keywords are mandatory, and their neaning is rigidly
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prescribed. Anmong these are keywords that describe the structure and
size of the subsequent data array. The standard reserves other
keywords for the purpose of conveying specifically defined itens of
met adata. Keywords that are neither nmandatory nor reserved may be
inserted with semantics that are defined by |ocal conventions. (Sone
| ocal conventions have | ater been adopted into standardized
practice.) The end of the header is signified by a block containing
the keyword "END'. A sinple exanple of a FITS header for a digita

i mge, using only keywords that were specified in the initial FITS
Agreenent of March 1979 [FITS], is as follows:

1 2 3 4 5 6
1234567890123456789012345678901234567890123456789012345678901234567.

SIMPLE = T/ file does conformto FITS standard
BITPI X = 16 / 16-bit twos-conpl enent pixel val ues
NAXIS = 2 | 2-dinensional inmage

NAXI S1 = 512 / first axis length

NAXI S2 = 512 / second axis length

COMMENT - - o m o m oo m o e f o e e e oo

COMMVENT FITS (Fl exi ble I mage Transport System) format is defined
COWENT  in 'Astronony and Astrophysics’, volume 376, page 359;
COMMENT  bi bcode: 2001A&A. .. 376..359H

(0101717 =\ | I i T
ORIG@ N = "'Lick Cbhservatory "

DATE = ' 2003-11-22T05:23:45" / when this file was witten
END

(These 13 records are foll owed by 23 80-character records of ASCII
spaces, to pad the header block to the 2880-byte FITS bl ock size.)

The first keyword/value pair, SIMPLE=T, is the signature of FITS; all
FITS files begin with these characters. BITPIX is the second keyword
of all FITS files; legal values for it are 8, 16, 32, -32 and -64.
NAXIS is the third keyword of all FITS files; legal values for it are
0to 999. NAXIS=0 is legal, and inplies that there is no i mage data
matri x associated with the header (and the NAXISi keywords nust not
be present); this value is common for files that will be given the
medi a type "application/fits" as discussed in section 5.1 of this
docunment. NAXIS=2 is the value npst often used for files that wll
be given the nmedia type "image/fits", as discussed in section 5.2 of
this document (NAXIS=3 FITS inages are also common). The COMVENT
records will be ignored by FITS readi ng software, but are used here
to specify the precise journal citation for the FITS standard, an
itemof information that is inmportant for archiving on tinescal es of
decades. The ORIG@ N keyword is comopnly used in FITS files to encode
the nane of the institution where the file was produced. The DATE
keyword is used to convey the tinmestanp for the file (whereas the
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keyword DATE-OBS is used to convey observation start times). FITS
headers commnly contain a vast variety of additional keywords used
to encode netadata. In particular, a digital inage header will often
i nclude keywords to specify the precise celestial coordinates of the
pi xel s of the 2-D matrix, with conventions that becane part of the
FITS standard in 2002 (see [WCS2]). Finally, the above exanple
denonstrates how, in addition to the COMENT records, 60% of the
bytes in keyword=val ue records in FITS headers are reserved for
commrents. Al though the sinple header exanple above is contained in
only one FITS bl ock, multi-block FITS headers are commonly

i nt er changed.

Fol |l owi ng each header is a data unit that consists of a sequence of
zero or nore 2880-byte blocks. In accordance with the description in
the keywords of their header, these bl ocks contain an N-di nensiona
data array, optionally followed by other small groups of array data.
In nost cases, the data array represents either an N-di nensi ona

array of image pixel values or a 2-dinensional array of tabul ar data.

Following the HDUs a FITS file may contain zero or nore 2880-byte
bl ocks of special records. The standard does not specify anything
about their content. (This convention for special records is not
known to have been used for any purpose other than prototyping new
el ements of the standard, such as random groups and Bl NTABLE.)

The initial HOUin a FITS file is known as the primry HDU (PHDU);
any subsequent HDU is known as an extension HDU (XHDU). The keyword
content of the PHDU is distinct (a PHDU requires a slight alteration
before it can become an XHDU, and nost types of XHDU cannot becone a
PHDU). A PHDU may have a data array consisting of zero elenents, and
this will often be the case for FITS files intended to conmuni cate
tables and nultiple images. An XHDU nay be one of several standard
types, or it may be another conform ng type. Standard types of XHDU
i nclude "I MAGE" (containing an N-dinensional data array simlar in
nost respects to the PHDU), "TABLE" (containing a 2-di nensional table
of ASCI| character data), and "BINTABLE"' (containing a 2-dinmensiona
tabl e of binary data whose el ements may thensel ves be multi -

di mensi onal arrays).

4.2. History of FITS Features

In 1981 the original definition of FITS described a single HDU
containing one multi-dinmensional image array [FITS], as illustrated
by the sanpl e header shown in section 4.1. Subsequent agreements
have used the original framework of HDUs and keyword/val ue pairs to
extend FITS while preserving the validity of all existing files.

FI TS now has standard neans of describing nmultiple arrays of inage
data and/or nultiple tables of nuneric and character information.

Allen & Wlls I nf or mat i onal [ Page 5]



RFC 4047

M ME Sub-type Registrations for FITS Apri

Brief highlights of the history of FITS

1979:

1980:

1981:

1981:

1982:

1988:

1988:

1988:

1990:

1994:

1995:

1997:

2001:

2002:

Initial FITS Agreenent and first interchange of files
Random gr oups convention devel oped

Publ i shed original (single HDU) definition [FITS]
Publ i shed random groups definition [ GROUPS]
Formal |y endorsed by the | AU

Defined rules for nultiple HDUs [ XTENSI ON

FITS Wrking G oup established by | AU [ AUFVWG
Extended to include ASCI| tables [ TABLE]

Extended to include | EEE fl oating-point data
Extended to multiple inmage arrays [l MAGE]

Ext ended to binary tables [ Bl NTABLE]

Adopted a Y2K-conpliant date fornat

Reiterated existing standard i n one paper [NOST]

2005

Approved conventions for world coordi nates [ WS1, WCS2]

4.3. Stability of the FITS Definition

After the adoption of FITS by the AU in 1982,

some in the emerging

community of FITS users realized that there would be tension between
the need for archival stability and the need for evolution. 1In order
to satisfy both of these requirenents they set up a controlled

parliamentary process
Agreement [ XTENSI O],

of FI

TS,

At the tine of the Generalized Extensions
the met a-agreenent that controls the evolution
the FITS conmunity adopted the guiding principle "Once FITS,

al ways FITS". Under this rule, no change may be made to FITS that

inval i dates existing files.
after action by the AU FITS Wrking Goup (FW5.

after approval by regional working groups that coordinate FITS
activity in various parts of the world.

FI TS has been adopted as the archival format for inage data and
interferonetric data obtained by nmany ground-based observatories and
Il data from many spacecraft. Many astrophysical archives store

for a

Allen & Wlls

Changes to the FITS standard occur only
The FWG acts only
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their data in FITS format, and nost astronom cal catal og data has
been transcribed into FITS files. The many terabytes of data in
these archives contribute to the stability of the FITS standard.

4.4. Portability of FITS files

Eric Geisen, one of the authors of the original docunment [FITS],
relates that in 1979

[t]he first FITS files were witten by a PL/I programon an |BM
360 under OS/ MFT (32-bit, twos-conpl erent nunbers and 8-bit EBCDIC
characters) and were read by a Fortran program executing on a CDC
6400 under SCOPE (60-bit, ones-conpl ement nunbers and 6-bit

"Di spl ay Code" characters). [Renmark]

Subsequent evol ution of conputing hardware and FI TS over 25 years has
not degraded this ability to transfer the data content.

The structure of FITS files is extrenmely general, and this
necessarily conplements the nature of astronomical data. FITS is
used to store observations of the entire el ectromagneti c spectrum
fromradio to gamm rays, from ground-based observatories and from
spacecraft. FITS is also used to comrmuni cate physical properties
other than radiation intensity; these nmay be inferred from
observations or calcul ated by theoretical nodels. The pedigree of
data in a FITS file typically varies anong disciplines; FITS my be
used to store raw and uncal i brated data, conpletely reduced and
calibrated data, or both. Nevertheless, the FITS standard provides
that the syntactic content of the data and netadata are unanbi guously
avai l abl e to posterity.

observatori es have devel oped nunerous | ocal conventions for the
storage and transfer of data peculiar to their instrunentation and
purview. Application software for handling FITS files fromdifferent
regi ons of the el ectromagnetic spectrum has been | argely disjoint.
For a FITS file that consists of multiple HDUs there are no wi dely
est abl i shed conventions governing the neaning of, interrelations
bet ween, and suggested use of the data sets. Recognition of any

| ocal conventions used for FITS data has often been based on
heuristics of the additional (non-standard) keyword/val ue pairs.
Ful Iy understanding the semantic content of a FITS file usually
requi res an external data dictionary.

4.5. Application Programming Interfaces to FITS
Al t hough the definition of FITS is expressed in terns of the bit

content of the files, there are widely supported application
programm ng interfaces (APIs) which sinplify the task of nani pul ating
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FITS files. |Interfaces exist for nmany | anguages and operating
systens. A partial list of APlIs foll ows:

CFI TSI O http://heasarc. gsfc. nasa. gov/fitsiol/

fitsTcl http://heasarc. gsfc. nasa. gov/ftool s/fv/fitsTcl hone. htm
WCSLI B http://ww. at nf. csiro. au/ peopl e/ ntal abr e/ WCS/

PyFI TS http://ww. stsci.edu/ resources/soft ware_hardware/ pyfits
WCSTool s http://tdc-ww. harvard. edu/ sof t war e/ west ool s/

FUNTOOLS http: // hea- ww. harvard. edu/ RD/ f unt ool s/

| DLASTRO http://idlastro. gsfc.nasa. gov/

fitsy http://cfa-ww. harvard. edu/ ~j ohn/fitsy/

| UEDAC http://archive.stsci.edu/iuel/iuedacfits. htm

Mat hematica http://docunents.wol fram com v5/Built-inFunctions/
G aphi csAndSound/ | npor t AndExport/
Addi tional I nformation/ I nport. htm

MVat Lab htt p: // ww. mat hwor ks. com access/ hel pdesk/ hel p/ t echdoc/
ref/fitsread. sht M ?2cmdname=fitsread

Current lists of nore APIs can be found at
http://fits.gsfc.nasa.gov/fits _libraries.htm

Li st of applications that use FITS are found in the | ANA
regi strations of the nedia types.

4.6. FITS File Confornmance Testing

FITS files can be tested for confornance to the Definition of FITS
rul es [ NOST, WCS1, WCS2] with an application named "fitsverify",
which is avail able at

http://heasarc. gsfc. nasa. gov/ docs/ sof tware/ftool s/fitsverify/

in the formof executable binary files for Solaris, Linux, and

W ndows platforns, as well as in source code. Although "fitsverify"
has not been endorsed by the | AUFWG users should be aware that the
desi gner of the programwas the Secretary of the Technical Panel that
produced the published FITS standard [ NOST].

4.7. Archives That Distribute FITS Files

As noted in section 4.3 of this RFC, nmassive (nmulti-terabyte) data
archives that contain and/or distribute FITS files contribute to the
stability of the FITS standard. There are nunerous publicly
avai l abl e archives of FITS files derived fromboth space and ground-
based observations that span the entire range of the el ectromagnetic
spectrum fromradi o to ganma-ray wavel engths. The following are
exanpl es of such archives, in no particul ar order
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Tel escope(s) URLs for archive access
KPNO, CTI O, . . http://archi ve. noao. edu/ nsa/
VLT, HST, . . http://archive. eso. org/
Subaru http://snoka. nao. ac. j p/
SDSS http://ww. sdss. org/ dr 3/
CFHT http://cadcww. dao. nrc. ca/ cfht/cfht. htm
VLA, VLBA, GBT http://e2e. aoc. nrao. edu/ archi ve/ archi ve_descri be. ht m
HST, MAST http://archive. stsci.edu/
HEASARC http://heasarc. gsfc. nasa. gov/ w3br owse/
Chandr a http://cxc. harvard. edu/ cda/
LaPal ma http://archive. ast. cam ac. uk/i ngarch/
Bl MA htt p: // bi maar ch. ncsa. ui uc. edu/
Keck- DEI MOS http://archi ve. deep. ucol i ck. org/
Conpt onGRO http://cossc. gsfc. nasa. gov/ archi ve/i ndex. ht m
Spi t zer, .. http://ww. i pac. cal t ech. edu/
AAT http://ww. aao. gov. au/ ar chi ve/
HI PASS http://ww. atnf.csiro.au/research/ mul ti beant
mul ti beam ht n
JCMT http://salish.dao.nrc.ca:8080/jcnt/intro. htm
COBE, WAP http://1 anbda. gsf c. nasa. gov/
EVN http://ww. jive.nl/archivel/scripts/listarch. php
Geni ni http://gemni.ast.cam ac. uk/ sci ops/ dat a/ dat al ndex. ht n
XMVt Newt on http://xmm vi |l spa. esa. es/ ext ernal / xnrm dat a_acc/ xsa/

FITS standard requires the use of the
Nevert hel ess, the principal intent

for a great many FITS files is to convey a single data array in the

PHDU, and such arrays are very often 2-di nensi ona

i mges. Severa

comon i mage vi ewi ng applications al ready display single-HDU FITS

files,

and the prototypes for virtua

observatory projects specify

that data provided by web services be conveyed by the data array in

t he PHDU.
type,

We note that the nmedia type "image/gif"
that are three dinensional
di mensi ons and one tenporal

spati al

These uses justify the registration of a second nedia
nanely "imge/fits"
standard described by the origina

for files which use the subset of the
FITS standard paper [FITS].

[MME2] admits raster images
because animated A F i mages contain two
di nension. W note that the

medi a types "image/vnd. dwg" and "image/vnd. dxf" adnmit data that

i ncl ude three-dinensiona
created by using constructive solid geonetry.
precedents for the "image" nedia type,

vectors and curves as well as objects
Fol | owi ng t hese
we specify that "image/fits"

MAY be used to describe FITS PHDUs that have other than two

di mensions. W expect that nost files described as "image/fits" wll
have two-di mensi onal (NAXI S=2) PHDUs.
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5.1. Registration of application/fits

To: ietf-types@ana.org
Subj ect: Registration of Standard M ME Media type application/fits

M ME nedia type nane: application
M ME subtype nane: fits

Requi red paraneters: none

Opti onal paraneters: none
Encodi ng consi derations: binary

FITS files can be quite large. Wen transferred via HTTP it may be
efficient for the transaction to nake use of content-coding or
transfer-codi ng val ues such as "gzip", "conpress", or "deflate".

Security considerations:

FITS provides a neans of transporting arrays and tables of data and
keyword/val ue pairs of netadata. The standard FITS keywords are
either mandatory or reserved. Mandatory keywords provide information
necessary for correct interpretation of the data; reserved keywords
merely provide standard bits of metadata. As such, the current
standard FI TS keywords do not pose security risks.

A FITS file author may insert additional keywords with semantics that
are not described by the standard. Parties exchanging FITS files may
enpl oy locally defined conventions that use various keywords and
their values to induce actions on the part of the recipient. There
are existing |local conventions where such keywords are used to
request the reading of other files and/or URIs. There are other

| ocal conventions where such keywords are used to nodify the state of
a tel escope and/or instrunment. The security inplications of |oca
conventions such as these SHOULD be anal yzed by the parties enpl oying
t hem

Interoperability considerations:
FITS files have been successfully transported between wildly
different conputers since 1979. The difficulty nost likely to be

encountered by a FITS application is inability to acquire the
comput ational resources required by a very large FITS file.
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Publ i shed specification:

The specification for this content type is published as a series of
papers in refereed astronom cal journals:

Hani sch, R, et al., "Definition of the Flexible Image Transport
System (FITS)", Astronony & Astrophysics, 376, p. 359, 2001.

Geisen, EE. and M Cal abretta, "Representations of world coordinates
in FITS', Astronony & Astrophysics, 395, p. 1061, 2002.

Cal abretta, M and E. Geisen, "Representations of celestial
coordinates in FITS", Astronony & Astrophysics, 395, p. 1077, 2002.

Copi es of these specifications can also be found via:
http://fits.gsfc.nasa. gov/
http://archive.stsci.edu/fits/

http://ww. cv. nrao. edu/fits/

http:// heasarc. gsfc. nasa. gov/ docs/ heasarc/fits. htm

Applications that use this nedia type:

There are many astronom cal inmage view ng and data reduction
applications including, but not limted to, the following list:

| RAF http://iraf.noao. edu/

Al PS http://ww. aoc. nrao. edu/ ai ps/

Al PS++ http://ai ps2. nrao. edu/

M DAS http://ww. eso. or g/ proj ect s/ esoni das/
ds9 http://hea-ww. harvard. edu/ RD ds9/

fv http:// heasarc. gsfc. nasa. gov/ftool s/fv/

Al adi n http://al adi n. u-strasbg. fr/

Starlink http://star-ww.rl.ac. uk/

Mriad http://bi ma. astro. und. edu/ m ri ad/

STSDAS  http://ww. stsci.edu/resources/software_hardwar e/ st sdas

PROS http:// hea-ww. harvar d. edu/ PROS/ pr os. ht mi

Cl AO http://cxc. harvard. edu/ ci ao/

XANADU  http://heasarc. gsfc. nasa. gov/ docs/ xanadu/ xanadu. ht m
HESSI http:// hesperi a. gsfc. nasa. gov/ ssw hessi / doc/

FI TSvi ew http://ww. nrao. edu/ software/fitsview
XMM SAS http://xnmmvil spa. esa. es/ external / xmm sw _cal / sas_frane. shtm

At the present time many of these applications are not designed to

support use as viewers of "application/fits" files in association
with web browsers.
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Addi tional information:

A FITS file described with the nmedia type "application/fits" SHOULD
conformto the published standards for FITS files as determ ned by
convention and agreenment within the international FITS community. No
other constraints are placed on the content of a file described as
"application/fits".

A FITS file described with the nmedia type "application/fits" may have
an arbitrary nunber of conform ng extension header and data units
(XHDUs) that followits nmandatory prinmary header and data unit

(PHDU). The XHDUs rmay be one of the standard types ("I MAGE",

"TABLE", and "BINTABLE") or any other type that satisfies the
"Requirements for Conform ng Extensions" (section 4.4.1 of [NOST]).
The PHDU or any "I MAGE" XHDU may contain zero to 999 dinmensions with
zero or nore pixels along each di nension

The PHDU nay use the random groups convention, in which the dinension
of the first axis is zero and the keywords GROUPS, PCOUNT and GCOUNT
appear in the header. NAXI S1=0 and GROUPS=T is the signature of
random groups; see section 7 of the Definition of FITS paper [NOST].

Recomendati ons for application witers:

An application intended to handle "application/fits" SHOULD be abl e
to provide a user with a manifest of all of the HDUs that are present
inthe file and with all of the keyword/value pairs fromeach of the
HDUs.

An application intended to handl e "application/fits" SHOULD be
prepared to encounter XHDUs that contain either ASCI| or binary
tables, and to provide a user with access to their el ements.

An application which can nodify FITS files or retrieve FITS files
froman external service SHOULD be capable of witing such files to a
| ocal storage nedi um

Conplete interpretation of the nmeaning and intended use of the data
in each of the HDUs typically requires the use of heuristics that
attenpt to ascertain which |ocal conventions were used by the author
of the FITS file.

As exanples, files with nedia type "application/fits" might contain
any of the follow ng contents:

- An enpty PHDU (containing zero data elenments) followed by a table
HDU that contains a catal og of celestial objects.
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- An enpty PHDU foll owed by a table HDU that encodes a series of
ti me-tagged photon events from an exposure using an X-ray detector.

- An enpty PHDU foll owed by a series of | MAGE HDUs contai ni ng data
froman exposure taken by a nosaic of CCD detectors.

- An enpty PHDU foll owed by a series of table HDUs that contain a
snapshot of the state of a relational database.

- A PHDU containing a single inage along with keyword/val ue pairs of
met adat a.

- A PHDU wi th NAXI S1=0 and GROUPS=T foll owed by random groups data
records of complex fringe visibilities

Magi ¢ nunber(s): "SIMPLE = ™

Jeff Uphoff of the National Radio Astrononmy Cbservatory (NRAO has
contributed database entries for the magi c nunber file which is used
by the Unix "file" command. Magic nunber files with these entries
are distributed with a variety of Unix-like operating systens. In
addition to recognizing a FITS file using the string given above, the
Uphoff entries also recognize the data type of the pixels in the
PHDU.

File extension(s): fits
This file extension SHOULD NOT be interpreted as a prescription.

The FITS standard originated in the era when files were stored and
exchanged via nmagnetic tape; it does not prescribe any nomencl ature
for files on disk. Various sites within the FITS community have

| ong-established practices where files are presuned to be FITS by
context. File extensions used at such sites comonly indicate
content of the file instead of the data format.

In the absence of other information it is reasonably safe to presune
that a file name ending in ".fits" is intended to be a FITS file.
Nevert hel ess, there are other comonly used extensions; e.g., ".fit",
".fts", and many others not suitable for listing in a nedia type

regi stration.

I nt ended usage: Conmmon

Persons to contact for further information:

"Steve Allen" <sl a@col i ck. org>
"Don Wells" <dwel | s@r ao. edu>
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Aut hor/ Change control |l er
"Steve Allen" <sla@icolick.org>
The 1 AU FI' TS Working Group nay aut horize changes to this docunent.
5.2. Registration of inmage/fits

To: ietf-types@ana.org
Subj ect: Registration of Standard M ME Medi a type image/fits

M ME nedia type nane: inage

M ME subtype nane: fits

Requi red paraneters: none

Opti onal paraneters: none
Encodi ng consi derations: binary

FITS files can be quite large. Wen transferred via HTTP it may be
efficient for the transaction to nake use of content-coding or
transfer-codi ng val ues such as "gzip", "conpress", or "deflate".

Security considerations:

FITS provides a nmeans of transporting arrays and tables of data and
keyword/val ue pairs of netadata. The standard FITS keywords are
either mandatory or reserved. Mandatory keywords provide information
necessary for correct interpretation of the data; reserved keywords
merely provide standard bits of metadata. As such, the current
standard FI TS keywords do not pose security risks.

A FITS file author may insert additional keywords with semantics that
are not described by the standard. Parties exchanging FITS files nmay
enpl oy locally defined conventions that use various keywords and
their values to induce actions on the part of the recipient. There
are existing |local conventions where such keywords are used to
request the reading of other files and/or URIs. There are other

| ocal conventions where such keywords are used to nodify the state of
a tel escope and/or instrunment. The security inplications of |oca
conventions such as these SHOULD be anal yzed by the parties enpl oying
t hem
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Interoperability considerations:

FITS files have been successfully transported between wildly
different conputers since 1979. The difficulty nost likely to be
encountered by a FITS application is inability to acquire the
conmput ational resources required by a very large FITS file.

Publ i shed specification:

The specification for this content type is published as a series of
papers in refereed astronom cal journals:

Hani sch, R, et al., "Definition of the Flexible Image Transport
System (FITS)", Astronony & Astrophysics, 376, p. 359, 2001

Geisen, E and M Calabretta, "Representations of world
coordinates in FITS", Astronony & Astrophysics, 395, p. 1061, 2002

Cal abretta, M and E. Geisen, "Representations of celestia
coordinates in FITS", Astronony & Astrophysics, 395, p. 1077, 2002

Copi es of these specifications can also be found via:
http://fits.gsfc.nasa. gov/
http://archive.stsci.edu/fits/
http://ww. cv. nrao. edu/fits/
http://heasarc. gsfc. nasa. gov/ docs/ heasarc/fits. htm
Applications that use this nedia type:

There are many astronom cal image view ng and data reduction
applications including, but not limted to, the following list:

| RAF http://iraf. noao. edu/

Al PS http://ww. aoc. nrao. edu/ ai ps/

Al PS++ http://aips2.nrao. edu/

M DAS http://ww. eso. or g/ proj ect s/ esoni das/
ds9 http://hea-ww. harvard. edu/ RD/ ds9/

fv http:// heasarc. gsfc. nasa. gov/ftool s/ fv/

Al adi n http://al adi n. u-strasbg. fr/

Starlink http://star-ww.rl.ac. uk/

Mriad http://bima. astro. und. edu/ niri ad/

STSDAS  http://ww. stsci.edu/ resources/soft ware_har dwar e/ st sdas
PROS http:// hea-ww. har var d. edu/ PROS/ pr os. ht n

Cl AO http://cxc. harvard. edu/ ci ao/

XANADU  http://heasarc. gsfc. nasa. gov/ docs/ xanadu/ xanadu. ht n
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HESSI http://hesperi a. gsfc. nasa. gov/ ssw hessi/ doc/
FI TSvi ew http://ww. nrao. edu/ software/fitsview
XMM SAS http://xmmvil spa. esa. es/ external / xmm sw _cal / sas_frane. shtmn

Non- astronom cal FITS inmage display applications include:

net pbm http:// net pbm sour cef orge. net/
gi mp http://ww. gi np. org/

| DL http://ww.rsinc. cont

| mageMagi ck http://ww. i magemagi ck. com

Mat hemat i ca http://ww. wol fram cont

Mat Lab http://ww. mat hwor ks. coni

XV http://ww. trilon.conl xv/xv. htm

There are also two FITS plug-ins for Adobe Phot oshop
(http://ww. adobe. conl product s/ phot oshop/), avail able at
http://astroshed. conf fitsplug/fitsplug. htmand
http://ww. spacet el escope. org/ projects/fits _|iberator/

At the present time many of the applications |isted above are not
designed to support use as viewers of "image/fits" files in
association with web browsers.

Addi tional information:

A FITS file described with the nmedia type "imge/fits" SHOULD have a
PHDU wi t h positive integer values for the NAXIS and NAXI Sn keywords,
and hence SHOULD contain at |east one pixel. Files with 4 or nore
non- degener at e axes (NAXI Sn>1) SHOULD be described as
"application/fits", not as "image/fits". (In rare cases it may be
appropriate to describe a NULL i mage -- a datal ess container for FITS
keywords, with NAXI S=0 or NAXI Sn=0 -- or an image with 4+ non-
degenerate axes as "image/fits" but this usage is discouraged because
such files may confuse sinple inmage viewer applications.)

FITS files declared as "imge/fits" MAY al so have one or nore
conform ng XHDUs foll owi ng their PHDUs. These extension HDUs MAY
contain standard, non-linear, world coordinate system (WCS)
information in the formof tables or imges. The extension HDUs MAY
al so contain other, non-standard nmetadata pertaining to the inage in
the PHDU in the forns of keywords and tabl es.

A FITS file described with the nedia type "imge/fits" SHOULD be
principally intended to comruni cate the single data array in the
PHDU. This nmeans that "image/fits" SHOULD NOT be applied to FITS
files containing MEF (multi-exposure-frame) nosaic i mages. Al so,
random groups files MJUST be described as "application/fits" and not
as "image/fits".
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A FITS file described with the nmedia type "image/fits" is also valid
as a file of media type "application/fits". The choice of
classification depends on the context and intended usage.

Recomendati ons for application witers:

An application that is intended to handle "inmage/fits" SHOULD be able
to provide a user with a manifest of all of the HDUs that are present
inthe file and with all of the keyword/value pairs fromeach of the
HDUs. An application witer MAY choose to ignore HDUs beyond the
PHDU, but even in this case the application SHOULD be able to present
the user with the keyword/value pairs fromthe PHDU

Note that an application intended to render "image/fits" for view ng
by a user has significantly nore responsibility than an application
intended to handle, e.g., "inage/tiff" or "image/gif". FITS data
arrays contain elenents which typically represent the values of a
physical quantity at sone coordinate | ocation. Consequently they
need not contain any pixel rendering information in the form of
transfer functions, and there is no mechani smfor col or |ook-up
tables. An application SHOULD provide this functionality, either
statically using a nore or |ess sophisticated algorithm or
interactively allowi ng a user various degrees of choice.

Furthernmore, the elenments in a FITS data array nay be integers or

fl oati ng-poi nt numbers. The dynam c range of the data array val ues
may exceed that of the display nediumand the eye, and their
distribution may be highly nonuniform Logarithm c, square-root, and
quadratic transfer functions along with histogram equalization
techni ques have proved hel pful for rendering FITS data arrays. Sone
el ements of the array may have val ues which indicate that their data
are undefined or invalid; these should be rendered distinctly. Via
WCS Paper | [WCS1] the standard permts "CTYPEnnn = ' COVPLEX " to
assert that a data array contains conplex nunbers (future revisions
m ght adnmit other elenments such as quaternions or general tensors).

Three-di nensi onal data arrays (NAXI S=3 with NAXI S1, NAXI S2 and NAXI S3
> 1) are of special interest. Applications intended to handle
"image/fits" MAY default to displaying the first 2D plane of such an
i mge cube, or they MAY default to presenting such an inmage in a
fashion akin to that used for an animated G F, or they MAY present
the data cube as a nosaic of "thunbnail" inages. Even in the absence
of WCS indication of a tenporal axis the tinme-lapse novie-| ooping

di splay technique can be effective, and application witers SHOULD
consider offering it for all three-dinensional arrays.

An "image/fits" PHDU with NAXI S=1 is describing a one-di nensi ona
entity such as a spectrumor a time series. Applications intended to
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handl e "image/fits" MAY default to displaying such an i mage as a
graphi cal plot rather than as a two-di mensional picture with a single
r Ow.

An application that cannot handle an inmage with di nensionality other
than 2 SHOULD gracefully indicate its linmtations to its users when
it encounters NAXI S=1 or NAXI S=3 cases, while still providing access
to the keyword/val ue pairs.

FITS files with degenerate axes (i.e., one or nore NAXI Sn=1) MAY be
described as "image/fits", but the first axes SHOULD be non-
degenerate (i.e., the degenerate axes SHOULD be the highest

di mensions). An algorithm designed to render only two-dinmensiona

i mges will be capabl e of displaying such an NAXI S=3 or NAXI S=4 FI TS
array that has one or two of the axes consisting of a single pixel,
and an application witer SHOULD consider coding this capability into
the application. Witers of new applications which generate FITS
files intended to be described as "inmage/fits" SHOULD consi der using
t he WCSAXES keyword [WCS1] to declare the dinmensionality of such
degenerate axes, so that NAXI S can be used to convey the nunber of
non- degener at e axes.

Magi ¢ nunber(s): "SIMPLE = ™

Jeff Uphoff of the National Radio Astronony Cbservatory (NRAO) has
contributed database entries for the magi c nunber file which is used
by the Unix "file" command. Magic nunber files with these entries
are distributed with a variety of Unix-like operating systens. In
addition to recognizing a FITS file using the string given above, the
Uphoff entries also recognize the data type of the pixels in the
PHDU.

File extension(s): fits
This file extension SHOULD NOT be interpreted as a prescription

The FITS standard originated in the era when files were stored and
exchanged via nmagnetic tape; it does not prescribe any nomencl ature
for files on disk. Various sites within the FITS community have

| ong-establ i shed practices where files are presuned to be FITS by
context. File extensions used at such sites comonly indicate
content of the file instead of the data format.

In the absence of other information it is reasonably safe to presume
that a file name ending in ".fits" is intended to be a FITS file.
Nevert hel ess, there are other commonly used extensions; e.g., ".fit",
".fts", and many others not suitable for listing in a nedia type

regi stration.
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I nt ended usage: Conmmon
Persons to contact for further information:

"Steve Allen" <sl a@col i ck. org>
"Don Wells" <dwel | s@r ao. edu>

Aut hor/ Change controller:
"Steve Allen" <sl a@col i ck. org>
The 1 AU FI TS Worki ng Group nay aut horize changes to this docunent.
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