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I ntroduction

The Flexible Image Transport System (FITS) evol ved out of the recognition that
a standard format was needed for transferring astronom cal data from one
installation to another. The original form or Basic FITS, was designed for the
transfer of images and consisted of a binary array, usually nultidimensional
preceded by an ASCI| text header with information describing the structure and
contents of the array. The FITS concept was | ater expanded to accommbpdate nore
conpl ex data structures. For exanple, a new structure for inmage transfer called
random groups was defined in which the data consists of a series of arrays,
with each array acconpanied by a set of associated paraneters. These structures
were formally endorsed by the International Astronomical Union (1AU) in
1982[1]. Provisions for data structures other than sinple arrays or groups were
| ater nmade. These structures appear in extensions, consisting of an ASCl

header followed by the data structure it describes. One particul ar extension
structure, ASCI| Tables, was formally approved by the AU in 1988. At the sane
time, a set of rules governing all extensions was endorsed, to ensure that FITS
readers encountering an unfaniliar extension would be able to identify it,
interpret it, and pass on to the next.

FITS was originally designed and defined for 9-track hal f-inch nmagnetic
tape. However, as inprovenents in technol ogy have brought forward other data
storage and data distribution nedia, it has generally been agreed that the FITS
structure is to be understood as a |logical structure, and not defined in terms
of the physical characteristics of any particular data storage nmedi um or nedi a.
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Secti on 1

Overvi ew

1.1 Pur pose

This standard formally defines the FITS format for data structuring and
exchange. It is intended as a formal codification of the FITS structure that
has been endorsed by the AU for transfer of astronom cal data, as described in
four published papers [2,3,4,5] and in a formal agreenment [6] endorsed by the

| AU FI TS Worki ng Group under Conmi ssion 5. Mnor anbiguities and

i nconsistencies in FITS as described in the original papers are elininated.

1.2 Scope

This standard specifies the structure and content of FITS data sets. It
specifies the content and organi zation of the header and data for all standard
FITS formats: Basic FITS, the ASCII tables extension, and the random groups
structure. It also specifies mnimmstructural requirenents for new extensions
and general principles governing the creation of new extensions. For headers,

it specifies the proper syntax for card i nages and defines required and
reserved keywords. For data, it specifies character and val ue representations.
It defines the general rules to which new extensions are required to conform

1.3 Applicability

Al'l spacecraft projects and astrophysics data archives under the managenent of
the Astrophysics Division of the National Aeronautics and Space Adm nistration
are required to make processed data available to users in the format defined by
this standard, unl ess the Astrophysics Division specifically determnm nes

otherw se. The | AU has recomended that all astronomi cal conputer facilities
support FITS for the interchange of binary data. This standard nay al so be
used
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2 SECTION 1. OVERVI EW

used to define the format for data transport in other disciplines, as may be
determ ned by the appropriate authorities.

1.4 Organi zation and Recommendations

Fol l owi ng the definitions in Section 3, this docunent describes the overal
organi zation of a FITS data set and the rules for creating new FITS extensions
in Section 4. Subsequent sections describe the contents of FITS files. Section
5 descri bes headers, including the required keywords and the conditions under
whi ch each is required; also, reserved keywords are specified. Section 6

descri bes how data are represented, and Section 7 describes data structures.
Each section contains information relevant to all FITS formats. Throughout the
docunent, deprecation of structures or syntax is noted where relevant. Data
sets containing such constructs are valid FITS, but these constructs shoul d not
be used in new data sets; the old data sets using themremain standard because
of the principle that no FITS structure, once valid, shall ever becone invalid.

Al though it is part of the FITS standard, the random groups structure has
not been widely used. New formats under devel opment will replace it, and use of
it is discouraged. Consequently, it is described in Appendix A rather than in
the mai n body of the standard. One new fornat, 3D binary tables, is described
for informational purposes in Appendix B, which is not part of the formal
st andar d.

Wiile FITS is designed as a logical format, the astrononical conmmunity has
devel oped recomendations for its expression on various physical nedia. The
accepted recommendati ons are provided in Appendix C as a guide to FITS
practices, but they are not part of this standard. Appendix D gives a tabul ar
summary of the FITS keywords.

NASA Sci ence Data Systens Standards O fice
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Secti on 3

Definitions,

~ (tilda)

Array

Array val ue

Acronyns, and Synbol s

Used to designate an ASCI| bl ank.

A sequence of data values, of zero or nore dinensions.

An el enent of an array.

ASCl | Abbrevi ati on of Anerican National Standard Code for Infornation
I nt er change

Basic FITS The FITS structure consisting of the prinary header and prinmary
data containing a single array.

Bi t A single binary digit.

Byt e A string of eight bits treated as a single entity.

Card i mage A sequence of 80 bytes with val ues between hexadeci mal 20 and 7E
inclusive, treated as a logical record.

Conf or mi ng ext ensi on An ext ensi on whose keywords and structure adhere to the
requirenents for conform ng extensions defined in this standard.

Deprecate To express earnest disapproval of (permtted but discouraged).

FI TS El enent One of the conponents of a FITS data set: the primary HDU, an
extension, or the special records collectively.

Entry A single value in a table

Ext ensi on A FITS HDU following the primary HDU in a FITS file.

NSDSSO FI TS St andard



6 SECTI ON_3. ___DEFI NI TI ONS, _ACRONYMS, _AND_SYMBOLS

Field A set of zero or nore table entries collectively described by a
single fornat.

File A sequence of one or nore records term nated by an end-of-file
i ndi cat or.

FITS Abbrevi ation of Flexible Image Transport System

FITS file Afile with a structure that natches the specifications in this
docunent .

FITS | ogical record A record of 23040 bits, corresponding to 2880 8-bit

bytes within a FITS file.

Fl oati ng poi nt A nunber stored internally as a nmanti ssa and exponent,
whose ASCI| representation contains an explicit decinal point
and nmay include a power-of-ten exponent.

G oup For mat One of two possible data organization formats for the prinmary
HDU.

Header A series of card imges organized within one or nore FITS
Logi cal Records which describes structures and/ or data which
followit in the FITS file.

Header and Data Unit (HDU) A data structure consisting of a Header and the
Data structure the Header describes. Note that an HDU may
consist entirely of a header with no data records.

| AU Abbrevi ati on of International Astronom cal Union.

| EEE Abbrevi ation of Institute of Electrical and El ectronic
Engi neers.

| EEE NaN Abbrevi ati on of | EEE Not - a- Nunber val ue.

NASA Sci ence Data Systens Standards O fice



| EEE speci al val ues (-0, +/- infinity).

Keywor d The first eight bytes of a header card i nage.

Mandat ory keyword A keyword which nust be used in all FITS data sets or a
keyword required in conjunction with particular FITS structures.

Mat ri x A data array of two or nore dinensions.
NSDSSO Abbrevi ati on of NASA Sci ence Data Systens Standards O fice.
Physi cal val ue The value in physical units represented by a nenber of an

array and possibly derived fromthe array value using a linear
transformation.

Pi cture el enent A single location within an i nage array.

Pi xel Abbrevi ation of "picture elenent".

Primary array The data array contained in the Prinmary HDU.

Pri mary header The first header in a FITS file, containing information on
the overall structure of the file as well as on the primary
array.

Random G oup A primary HDU data structure, which consists of a sequence

of individual values followed by a data array.

Random G oup paraneters The sequence of individual values that precede
the data array in a Random G oup.

Record A sequence of bits treated as a single logical entity.

NSDSSO FI TS St andard



8 SECTI ON_3. ___DEFI NI TI ONS, _ACRONYMS, _AND_SYMBOLS

Ref erence pi xel The pi xel along a given coordinate axis at which a val ue
and increment are defined.

Reserved keyword An optional keyword that may be used only in the nmanner
defined in this standard.

Speci al Records A series of 23040-bit (2880 8-bit byte) records, at the end
of the FITS file, whose internal structure does not otherw se
conformto that for the primary HDU or to that specified for a
conform ng extension in this standard.

St andard Ext ensi on A conform ng extension whose header and data content
are specified explicitly in this standard.

Valid val ue A menber of a data array or table corresponding to an actua
physi cal quantity.
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Secti on 4

Dat a Set Organi zati on

4.1 Overall Structure

A FITS file shall be conmposed of the following FITS elenents, in the order
listed:

o Primary HDU

0 Extensions (optional)

0 Special records (optional)

Each FITS el enent shall consist of an integral nunber of FITS | ogical
records. The primary HDU shall start with the first record of the FITS file.
The first record of each subsequent FITS el ement shall be the record
i Mmediately following the |ast record of the preceding FITS el enent. The size
of a FITS logical record shall be 23040 bits, corresponding to 2880 8-bit
byt es.

4.2 FITS Elenent Structure

The prinmary HDU and every extension shall consist of an integral nunber of
header records consisting of ASCII text, which may be followed by an integra
number of data records. The first record of data shall be the record

i Mmediately following the | ast record of the header

4.3 Primary Header and Data

The first conponent of a FITS data set shall be the prinary header. The primry
header may, but need not be, followed by primary data. The presence or absence
of primary data shall be indicated by the value of the NAXIS keyword in the
primary header (Section 5.2.1.1).

NSDSSO FI TS St andard



10 SECTI ON_4. ___DATA_SET_ORGANI ZATI ON

4.3.1 Primary Header

The header of a prinmary HDU shall consist of a series of card inages in ASCl
code. Al header records shall consist of 36 card i nages. Card i nages w t hout
information shall be filled with ASCI| bl anks (hexadeci mal 20).

4,.3.2 Primary Data

The prinmary data, if present, may be either in Basic FITS array format or
random groups format. In Basic FITS format, the primary data shall consist of a
single data array of 1-999 dinensions. |If the data array does not fill the
final record, the renmining storage |locations shall be filled with zero val ues
with the sane data representation as the values in the array. Random groups
format, which this docunment deprecates, is described in Appendi x A

4.4 Ext ensi ons

Al'l extensions, whether or not described in this standard, shall fulfill the
followi ng requirenments to be in conformance with this FITS standard

4.4.1 Requirenments for Confornming Extensions

4.4.1.1 Identity

Each extension shall have a unique name, specified in the header according to
the syntax codified in Section 5.2.1.2. To preclude conflict, extension nanmes
nmust be registered with the NSDSSO or | AU Conmi ssion 5 who will coordi nate nane
al | ocati ons.

4.4.1.2 Si ze Specification

The total nunber of bits in the data of each extension shall be specified in
the header for that extension, in the manner prescribed in Section 5.2.1.2.

NASA Sci ence Data Systens Standards O fice



4.5. __ SPECI AL_RECORDS 11

4.4.1.3 Conpatibility with Existing FITS Structures

No extension shall be constructed that invalidates existing FITS data sets.

4.4.2 St andard Extensions

A standard extension shall be a confornm ng extension whose structure and
content are conpletely specified in this standard. Only one FITS format shal
be approved for each type of data organi zati on. Each standard extension shal
have a uni que nane.

4.4.3 Order of Extensions

St andard extensions and ot her conform ng extensions nmay appear in any order in
a FITS data set.

4.5 Speci al Records

The first 8 bytes of special records nust not contain the string "XTENSI ON' or
the string "SIMPLE ". The records nust have the standard FI TS 23040-bit record
| ength. The contents of special records are not otherw se specified by this

st andar d.

NSDSSO FI TS St andard
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Secti on 5

Header s
5.1 Card | nages
51.1 Synt ax

Header card inmges shall consist of a keyword, an optional value, and an
optional coment. If a value is present, colum 9 shall contain the synbol "="
columm 10 shall be bl ank, and colums 11-80 shall be as specified in the

remai nder of Section 5.2. If no value is present, colum 9 nay contain any

ASCI | text except the synbol "=", and columms 10-80 may contain any ASCI| text.
51.2 Conponent s
5.1.2.1 Keyword (bytes 1-8)

The keyword shall be a left justified, 8-character, blank filled, ASCI| string
with no enbedded bl anks. Al digits (hexadecimal 30 to 39, "0123456789") and
upper case Latin al phabetic characters (hexadeci mal 41 to 5A, "ABCDEFG H JKLMN
OPQRST UWKYZ") are permtted; no | ower case characters shall be used. The
underscore (hexadecimal 60, " ") and hyphen (hexadecimal 2D, "-") are al so
permtted. No other characters are permtted. If the keyword itself requires

| ess than eight characters it nust be filled with ASCI| bl anks (hexadeci nal
20). The value and comments field on a card image may be restricted for
particul ar keywords.

5.1.2.2 Val ue I ndicator (bytes 9-10)

This field shall contain an ASCII "= " for keywords with an associ ated val ue
field. If there is no associated value field, byte 9 may not contain "="
(hexadeci mal 3D); otherwise, this field may contain any ASCI| character text.

NSDSSO FI TS St andard



14 SECTI ON_5. ___ HEADERS

5.1.2.3 Val ue/ Comment

This field, when used, shall contain the value, if any, of the keyword foll owed
by optional coments. Separation of the value and comrents by a sl ash

(hexadeci mal 2F, "/"), and a space between the value and the slash are strongly
recommended. The val ue shall be the ASCI| representation of a string or
constant, structured as specified in Section 5.3. The conment nmmy contain any
printable 7-bit ASCI| characters (hexadecinmal 20 through 7E).

5.2 Keywor ds

5.2.1 Mandat ory Keywor ds

Mandat ory keywords are required as described in the remainder of this
subsection. They nay be used only as described in this standard.

5.2.1.1 Pri nci pal

Princi pal Mandatory keywords other than SIMPLE are required in all FITS
headers. The SI MPLE keyword is required in all primry headers and nay not
appear el sewhere. The card i mages of any prinmary header nust contain the
keywords shown in Table 5.1 in the order given.

S| MPLE
Bl TPI X
NAXI S
NAXISn, n =1, . . ., NAXIS

A WN P

(ot her keywords)

| ast END
Table 5.1: Principal nmandatory keywords.

S| MPLE Keyword The value field shall contain a logical constant with the
value T if the file conforns to this standard. This keyword i s nandatory for
the prinmary header and nmust not appear as the first keyword in a conforning
ext ensi on header.
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5.2. ___ KEYWORDS 15

Bl TPl X Keyword The value field shall contain an integer. The absol ute val ue
is used in conmputing the sizes of data structures. It shall specify the nunber
of bits that represent a data value (see Table 5.2).

__Val ue Dat a_Repr esent ed

8 Character or unsigned binary integer
16 16-bit twos conpl enent binary integer
32 32-bit twos conpl enent binary integer

-32 | EEE single precision floating point
-64 | EEE doubl e precision floating point

Table 5.2: Interpretation of BITPIX val ue.

NAXI S Keywor d The value field shall contain an integer no greater than
999, representing the nunber of axes in an ordinary data array. A value of zero
signifies that no data foll ow the header.

NAXI Sn Keywor ds The value field shall contain an integer, representing the
nunber of positions along axis n of an ordinary data array. If NAXIS is equa
to 0, there should not be any NAXI Sn keywords.

END Keyword Thi s keyword has no associ ated val ue. Colums 9-80 shall be
bl ank.
5.2.1.2 Conf or mi ng Ext ensi ons

The use of FITS extensions requires the use of a single additional keyword in
the prinmary header.

EXTEND Keyword If the FITS data set contains extensions, a card inmage with
the keyword EXTEND and the value field containing the |Iogical value T nust
appear in the primary header inmmedi ately after the | ast NAXI Sn card i mage, or

if NAXI S=0, the NAXIS card inage. The presence of this keyword with the value T
in the prinmary header does not require that extensions be present.

The card i nages of any extensi on header nust use the keywords defined in
Table 5.3 in the order specified. This organization is required for any
conform ng extension, whether or not further specified in this standard.

The total nunber of bits in the extension data array exclusive of the fil
described in Section 4.3.2 nust be given by the foll owi ng expression

NSDSSO FI TS St andard



16 SECTI ON_5. ___ HEADERS

XTENSI ON

Bl TPI X

NAXI S

NAXISnh, n =1, . . ., NAXIS

A WN P

(ot her keywords, including . . .)
PCOUNT
GCOUNT

| ast END
Table 5.3: Mandatory keywords in conform ng extensions.

NBI TS = | BITPI X] x GCOUNT X
(PCOUNT + NAXIS1 x NAXIS2 x ... x NAXISm;

where NBITS is the nunber of bits excluding fill, mis the value of NAXIS, and
Bl TPl X, GCOUNT, PCOUNT, and the NAXI Sn represent the val ues associated with
t hose keywords.

XTENSI ON Keyword The value field shall contain a character string giving the
nane of the extension type. This keyword is mandatory for an extension header
and nust not appear in the primary header. For an extension that is not a
standard extension, the type nane nmust not be the same as that of a standard
extension. NSDSSO, in collaboration with | AU Comm ssion 5, may specify
addi ti onal nanes that nust be used only to identify specific types of

ext ensi ons.

PCOUNT Keyword The value field shall contain an integer that shall be used
in any way appropriate to define the data structure, consistent with the
equation for NBITS. Usage is anal ogous to that of the PCOUNT keyword for the
Random Groups structure (Section A 1.1), which represents the nunber of
paraneters in a paraneter-array group

GCOUNT  Keywor d The value field shall contain an integer that shall be used
in any way appropriate to define the data structure, consistent with the
equation for NBITS. Usage is anal ogous to that of the GCOUNT keyword for the
Random Groups structure (Section A 1.1), which represents the nunber of
paraneter-array groups.

END Keyword This keyword has no associ ated value. Columms 9-80 shall be
bl ank.
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5.2.1.3 ASCI | Tabl es Extension Keywords

The card images in the header of an ASCI| Tabl es Extension nmust use the
keywords defined in Table 5.4 in the order specified.

XTENSI ON
Bl TPI X
NAXI S
NAXI S1
NAXI S2
PCOUNT
GCOUNT
TFI ELDS

O~NO UL WNBE

(ot her keywords, which nust include . . .)
TBCOLn, n=1,2,. . .,k where k is the value of TFI ELDS
TFORWVh, n=1,2,. . .,k where k is the value of TFI ELDS

| ast END
Table 5.4: Mandatory keywords in ASCI| tabl es extensions.

XTENSI ON Keyword The value field shall contain the character string
" TABLE~~~'".

Bl TPl X Keyword The value field shall contain the integer 8, denoting that
the array contains 8-bit printable ASCI|I characters with the eighth bit, the
parity bit, set to zero (i.e. hexadeci mal codes 20 through 7E)

NAXI S Keywor d The value field shall contain the integer 2, denoting that
the included data array is two-dinensional: rows and col ums.

NAXI S1 Keyword The value field shall contain an integer, representing the
width of the table in characters

NAXI S2  Keyword The value field shall contain an integer of value 1 or
greater, representing the nunber of rows in the table.
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PCOUNT Keyword The value field shall contain the integer 0; no data val ues
precede the table.

GCOUNT Keyword The value field shall contain the integer 1; the data
records contain a single table.

TFI ELDS Keywor d The value field shall contain an integer representing the
nunber of fields in each row The nmaxi mum perm ssible value is 999.

TBCOLn Keywor ds The value field shall contain an integer specifying the
colum in which field n starts.

TFORWn  Keywor ds The value field shall contain a character string describing
the FORTRAN-77 [7] format in which field n is coded. The formats in Table 5.5
may be used for encodi ng.

_Field Val ue Dat a_Type
Aw Char act er
I w I nt eger
Fw. d Rea
Ew. d Single precision real, exponential notation
Dw. d Doubl e precision real, exponential notation

Table 5.5: Valid TFORVvh format val ues in TABLE extensi ons.

Repetition of a format fromone field to the next nust be indicated by
usi ng separate pairs of TBCOLn and TFORWnh keywords for each field; format
repetition may not be indicated by prefixing the format by a nunber.

END Keyword This keyword has no associ ated value. Columms 9-80 shall be
bl ank.
5.2.2 O her Reserved Keywords

These keywords are optional but may be used only as defined in this standard.
These keywords apply to any FITS structure except where specifically further
restricted.
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5.2.2.1 Keywor ds Describing the H story or Physical Construction of the HDU

DATE Keyword The value field shall contain a character string giving the

date on which the HDU was created, in the form DDy M YY, where DD shall be the

day of the nonth, MMthe nonth nunber, with January given by 01 and Decenber by
12, and YY the last two digits of the year. For all data sets created after the
adoption of this standard, the date shall be that specified by local civil tine
at the location where the data set was created. Copying of a FITS file does not
requi re changing any of the keyword values in the file' s HDUs.

ORIG@ N Keyword The value field shall contain a character string identifying
the organi zation creating the data set.

BLOCKED Keywor d This keyword may be used only in the prinary header. It nust
appear imediately after the EXTEND card image, or if this card imge is not
present, after the last NAXISn card inmage or the NAXIS card i mage with val ue
zero. Its presence with the required |ogical value of T advises that the

physi cal block size of the FITS data set on which it appears may be an integra
multiple of the logical record | ength. Physical block size and | ogical record

I ength may be equal even if this keyword is present or unequal if it is absent.
It is reserved primarily to prevent its use with other neanings. The issuance
of this standard deprecates the BLOCKED keyword.

5.2.2.2 Keywor ds Descri bi ng Cbservati ons

DATE- OBS Keywor d The value field shall contain a character string giving the
day on which the observations represented by the array were nmade, in Universa
Tinme in the formform DD MM YY, where DD shall be the day of the nmonth, MMthe
mont h nunber, with January given by 01 and Decenber by 12, and YY the last two
digits of the year.

TELESCOP Keyword The value field shall contain a character string identifying
the tel escope used to acquire the data contained in the array.

I NSTRUME Keyword The value field shall contain a character string identifying
the instrunment used to acquire the data contained in the array.

OBSERVER Keyword The value field shall contain a character string identifying
the individual who acquired the data associated with the header. This keyword
is appropriate when the data describe the results of observations.
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OBJECT Keywor d The value field shall contain a character string giving the
nane of the object observed.

EQUI NOX Keyword The value field shall contain a character string giving the
equi nox for the celestial coordinate systemin which positions given in either
the header or data are expressed.

EPOCH Keyword The value field shall contain a character string giving the
equi nox for the celestial coordinate systemin which positions given in either
the header or data are expressed. This docunment deprecates the use of the EPOCH
keyword and thus it shall not be used in data sets created after the adoption
of this standard; rather, the EQU NOX keyword shall be used.

5.2.2.3 Bi bl i ogr aphi ¢ Keywor ds

AUTHOR Keyword The value field shall contain a character string identifying
the individual who conpiled the information in the data associated with the
header. This keyword is appropriate when the data originate in a published
paper or are a conpilation of results from nmany sources.

REFERENC Keywor d The value field shall contain a character string citing a
reference where the data associated with the header are published.

5.2.2.4 Conment ary Keywor ds

COWMENT  Keywor d Thi s keyword shall have no associ ated val ue; colums 9-80
may contain any ASCI| text, except that columm 9 nay not contain "=". Any
nunber of COMMENT records nmamy appear in a header

H STORY Keywor d Thi s keyword shall have no associ ated val ue; colums 9-80
may contain any ASCI| text, except that columm 9 nay not contain "=". The text
should contain a history of steps and procedures associated with the processing
of the associated data. Any nunber of H STORY records may appear in a header

Keyword Field is Blank Colums 1-8 are bl ank. Colums 9-80 may contain any
ASCI | text except that columm 9 nay not contain "=", as for a keyword with no
associ ated val ue. Any nunber of blank records nmay appear in a header
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5.2.2.5 Array Keywords

These keywords are used to describe the contents of a sinple array, either
alone, or in a series of random groups. They are optional, but if they appear
in the header describing an array, they nmust be used as defined in this section
of this standard. They shall not be used in headers describing other structures
unl ess the neaning is the sane as that for a primary array.

BSCALE Keyword This keyword shall be used, along with the BZERO keyword,
when the array pixel values are not the true physical values, to transformthe
primary array values to the true physical values they represent, using the

| inear transfornmation equation defined below The value field shall contain a
floating point nunber representing the coefficient of the linear termin the
scaling equation, the ratio of physical value to array value at zero offset.

BZERO Keyword Thi s keyword shall be used, along with the BSCALE keyword,
when the array pixel values are not the true physical values, to transformthe
primary array values to the true values. The value field shall contain a
floating point nunber representing the physical value corresponding to an array
val ue of zero. The transformati on equation is as foll ows:

physi cal value = BZERO + BSCALE x array val ue

BUNI T Keyword The value field shall contain a character string, describing
the ultimte physical units in which the quantities of the array are expressed.

BLANK Keyword This keyword shall be used only in headers with positive
values of BITPIX (i.e. in arrays with integer data). Colums 1-8 contain the
string, "BLANK~~~" (blanks in colums 6-8). The value field shall contain an

i nteger that specifies the representation of array nenbers whose data val ues
are undefi ned.

CTYPEn Keywor ds The value field shall contain a character string, giving the
physi cal coordi nate represented by axis n.

CRPI Xn Keywor ds The value field shall contain a floating point nunber,
identifying the location of a reference point along axis n, in units of the
axi s index. The reference point need not coincide with the center of a pixe
(i.e. need not be an integer), nor lie within the actual data array.

CRVALNn Keywor ds The value field shall contain a floating point nunber,
giving the value of the coordinate specified by the CTYPEn keyword at the
ref erence pixel CRPI Xn.
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CDELTn Keywor ds The value field shall contain a floating point nunber,
giving the partial derivative of the coordi nate specified by the CTYPEn
keywords with respect to the pixel index, evaluated at the reference pixel
CRPI Xn, in units of the coordinate specified by the CTYPEn keyword.

CROTAn  Keywor ds This keyword is used to indicate a rotation froma standard
coordi nate system described by the CTYPEn to a different coordinate systemin
which the values in the array are actually expressed. Rules for such rotations
are not further specified in this standard; the rotation should be explained in
commrents. The value field shall contain a floating point nunber, giving the
rotation angle in degrees between axis n and the direction inplied by the
coordi nate system defined by CTYPEn.

DATAMAX Keywor d The value field shall always contain a floating point
nunber, regardl ess of the value of BITPI X. This nunber shall give the nmaxi mum
valid physical value represented in the array.

DATAM N Keywor d The value field shall always contain a floating point
nunber, regardl ess of the value of BITPI X. This nunber shall give the m ni mum
valid physical value represented in the array.

5.2.2.6 Ext ensi on Keywor ds

These keywords are used to describe an extension

EXTNAME Keywor d The value field shall contain a character string, to be used
to distinguish anong different extensions with the sane value of XTENSION in a
FITS data set.

EXTVER Keyword The value field shall contain an integer, to be used to

di stinguish anong different extensions in a FITS data set with the sane val ues
for XTENSI ON and EXTNAME. The val ues need not start with 1 for the first
extension with a particular value of EXTNAME and need not be in sequence for
subsequent values. |If the EXTVER keyword is absent, the data set should be
treated as if the value were 1.

EXTLEVEL Keywor d The value field shall contain an integer, specifying the

I evel in a hierarchy of extension |evels of the extension header containing it.
The val ue shall be 1 for the highest level; levels with a higher value of this
keyword shall be subordinate to levels with a | ower value. If the EXTLEVEL
keyword i s absent, the data set should be treated as if the value were 1.
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5.2.2.7 ASCI | Tabl es Keywords

In addition to the mandatory keywords defined in section 5.2.1, these keywords
may be used to describe the structure of an ASCI|I Tables data array. They are
optional, but if they appear within an ASCI| tabl es extension header, they nust
be used as defined in this section of this standard.

TSCALn Keywor ds Thi s keyword shall be used, along with the TZEROn keyword,
when the quantity in field n does not represent a true physical quantity. The
value field shall contain a floating point nunber representing the coefficient
of the linear termin the linear transformati on equati on bel ow, which nust be
used to conpute the true physical value of the field. The default value for
this keyword is 1.0. This keyword nmay not be used for A-format fields.

TZEROn Keywor ds Thi s keyword shall be used, along with the TSCALn keyword,
when the quantity in field n does not represent a true physical quantity. The
value field shall contain a floating point nunber representing the zero point
for the true physical value of field n. The default value for this keyword is
0.0. This keyword may not be used for A-format fields.

The transformati on equation used to conpute a true physical value fromthe
quantity in field nis

physi cal value = TZEROn + TSCALn x field val ue
TNULLn Keywor ds The value field shall contain the character string that
represents an undefined value for field n. The character value should be in the
format given by the TFORWVh keyword for field n
TTYPEn Keywords The value field shall contain a character string, giving the
nane of field n. It is recormended that only upper case letters, digits and
under score (hexadeci mal code 5F) be used in the nane. The use of identica
names for different fields should be avoi ded.
TUNI Tn  Keywor ds The value field shall contain a character string describing
the ultimte physical units in which the quantity in field n is expressed.

5.2.3 Addi tional Keywords

5.2.3.1 Requi renents

New keywords nay be devised in addition to those described in this standard, so
Il ong as they are consistent with the generalized rules for keywords and do not
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conflict with mandatory or reserved keywords.

5.2.3.2 Restrictions

No keyword in the primary header shall specify the presence of a specific
extension in a FITS file; only the EXTEND keyword described in Section 5.2.1.2
shal |l be used to indicate the possible presence of extensions. No keyword in
either the primary or extension header shall explicitly specify the physica

bl ock size, other than the BLOCKED keyword of Section 5.2.2.1

5.3 Val ue/ Comment

The structure of the value field shall be determ ned by the type of the
vari abl e.

5.3.1 Character String

If the value is a character string, colum 11 shall contain a single quote
(hexadeci mal code 27, "'"); the string shall follow, starting in colum 12,
followed by a closing single quote (al so hexadeci mal code 27) that shoul d not
occur before columm 20 and nust occur in or before colum 80. Proper
interpretation of the data set should not require decoding any nore than the
first eight characters of a character string. The Character string can only be
conposed of the printable ASCI| characters (hexadeci mal codes 20 through 7E)

5.3.2 Logical Variable

If the value is a logical constant it shall appear as a T or F in colum 30.

5.3.3 I nt eger

If the value is an integer, the ASCI| representation shall appear right
justified in colums 11-30. For a conplex integer, the imginary part shall be
right justified in colums 31-50.

5.3. 4 Real Floating Point Nunber

If the value is a real floating point nunber, the ASCI| representation shal
appear in colums 11-30. Letters in the exponential formshall be upper case.
The val ue shall be right justified, and the deci mal point nust appear. Note:
The full precision of 64-bit values can not be expressed as a single val ue
following the rules of this standard.
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5.3.5 Conplex Floating Point Nunber

5.3.5.1 Real Part

If the value is a conplex floating point nunber, the ASCII representation of
the real part shall appear in the same manner as a real floating point nunber
(see above).

5.3.5.2 | magi nary Part

The ASCI| representation of the imaginary part of a conplex floating point
nunber shall appear in colums 31 - 50. Letters in the exponential form shal
be upper case. The value shall be right justified, and the decinmal point nust
appear. Note: The full precision of 64-bit values can not be expressed as a
single value following the rules of this standard.
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Secti on 6

Dat a Represent ati on

Pri mary and extension data shall appear in one of the formats described in this
section.

6.1 Char acters

Each character shall be represented by one byte. A character shall be witten
in 7-bit ASCII [8], right justified in the byte. The high-order parity bit
shal |l be zero

6.2 I nt egers

6.2.1 Ei ght - bi t

Ei ght-bit integers shall be unsigned binary integers, stored in one byte.

6.2.2 Si xteen-bit

Si xteen-bit integers shall be twos-conpl enent signed binary integers, contained
in tw bytes. The sign bit shall be the leftnost bit of the |leftnbst byte.

Signi ficance shall decrease fromleft to right; the | east significant bit shal
be the rightnost bit of the rightnost byte.

6.2.3 Thirty-two-bit

Thirty-two bit integers shall be twos-conpl enent signed binary integers,
contained in four bytes. The sign bit shall be the leftnost bit of the |eftnopst
byte. Significance shall decrease fromleft to right; the least significant bit
shall be the rightnost bit of the rightnost byte.
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6.3 | EEE- 754 Floating Point

Transm ssion of 32- and 64-bit floating point data within the FITS format wl|l
use the ANSI/ I EEE-754 standard [9]. BITPIX = -32 and BITPI X = -64 signify 32-
and 64-bit |EEE floating point nunbers; the absolute value of BITPIX is used

for conputing the sizes of data structures. The full |EEE set of nunber forms
is allowed for FITS interchange, including all special values (e.g., the
"Not - a- Nunber" cases). The order of the bytes will be sign and exponent first,

followed by the mantissa bytes in order of decreasing significance. The BLANK
keyword shoul d not be used when BITPI X = -32 or -64.

6.3.1 Thirty-two-bit Floating Point

6.3.1.1 Interpretation

Lowest nunbered (leftnost) bits are nost significant. The | EEE NaN
(Not - a- Nunber) val ues shall be used to represent undefined values. Al |EEE
speci al val ues are recogni zed.
sign (exponent - 127)
value = (-1) X 2 X mantissa
6.3.1.2 Structure

Table 6.1 describes the bit structure of 32-bit floating point val ues.

Bit Positions Cont ent
__(left_to_right)

1 sign
2 -9 exponent
10 - 32 manti ssa

Table 6.1: Content of 32-bit floating point bit positions.
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6.3.2 Sixty-four-bit Floating Point

6.3.2.1 Interpretation

Lowest nunbered (leftnost) bits are nost significant. The | EEE NaN
(Not - a- Nunber) val ues shall be used to represent undefined values. Al |EEE
speci al val ues are recogni zed.
sign (exponent - 1023)
value = (-1) X 2 X mantissa
6.3.2.2 Structure

Tabl e 6.2 describes the bit structure of 64-bit floating point val ues.

Bit Positions Cont ent
__(left_to_right)

1 sign
2 - 12 exponent
13 - 64 manti ssa

Table 6.2: Content of 64-bit floating point bit positions.
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Secti on 7

Dat a Records

7.1 Primary Array

The data val ues shall be stored as a byte stream w th no enbedded fill or

bl ank space. The first value shall be stored in the first position of the first
array record. The first value of each subsequent row of the array shall be
stored in the position imediately followi ng the |ast value of the previous
row, i.e., the data values are stored as a byte stream wi th no enbedded fill
or blank space. A primary array, when present, shall consist of an array of 1
to 999 di mensions. Arrays of nore than one di nension shall be stored in a
sequence such that the index along axis 1 varies nost rapidly, that along axis
2 next nost rapidly, and those al ong subsequent axes progressively |ess
rapidly, with that along axis n varying least rapidly; i. e., the elenents of
an array A(x1 ; x2; . . .; xm) shall be in the order shown in Figure 7.1
where mis the value of NAXIS. The renainder of the |last data record, follow ng
the last elenent of the array shall be filled as prescribed in Section 4.3.2.

7.2 ASCI| Tables Extension

Data shall appear as an ASCI| Tables extension if the prinmary header of the
FITS file has the keyword EXTEND set to T and the first keyword of that
ext ensi on header has XTENSI ON=~' TABLE~~~'

7.2.1 St or age

The data shall be stored as a two-di nensional character array. The row | ength
and t he nunber of rows shall be specified by keywords in the associ ated header
records. The nunber of characters in a row and the nunber of rows in the table
shal |l determne the size of the character array. Every row in the array shal
have the sane nunmber of characters. The first character of the first row shal
be at the start of the record imrediately follow ng the | ast header record.
The first character of subsequent rows shall follow inmediately the character
at the end of the previous row, independent of the record structure. The
positions in the last data record after the | ast character of the |last row of
the data array shall be filled with ASCI| bl anks.
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AL, 1, . . ., 1),
A2, 1, . . ., 1),
ANAXI ST, 1, . . .. 1),
AL, 2, . . ., 1),
A2, 2, . . ., 1),
ANAXI S, 2, . . .. 1),
A(1, NAXIS2, . . .. NAXISm),
A(NAXI S1, NAXI S2, . . ., NAXISm)

Figure 7.1: Arrays of nore than one dinmension shall be stored in a sequence
such that the index along axis 1 varies nost rapidly and those al ong subsequent
axes progressively less rapidly. Except for the location of the first el enment,
array structure is independent of record structure.
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7.2.2 Fi el ds

Each row in the array shall consist of a sequence of fields, with one entry in
each field. For every field, the format of the stored information, |ocation in
the row of the beginning of the field and (optionally) the field name, shall be
specified in keywords of the associ ated header records. A separate format
keyword nust be provided for each field. The location and format of fields
shall be the same for every row

7.2.3 Entries

Al'l data in an ASCI| tables extension record shall be 7-bit printable ASCI
characters with the eighth (parity) bit set to zero (hexadeci nal codes 20
through 7E). The only possible formats shall be FORTRAN I, A F, E or D |If
val ues of -0 and +0 nust be distinguished, then the sign character should be
stored in a separate field in character format. TNULL keywords nmay be used to
specify a character string that represents an undefined value in each field.
The characters representing an undefined value may differ fromfield to field
but must be the sane within a field.
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Secti on 8

Restrictions on Changes

Any structure that is a valid FITS structure shall remain a valid FITS
structure at all future tines. Use of certain valid FITS structures may be
deprecated by this or future FITS standard docunents.

NSDSSO FI TS St andard



36

SECTI ON_8. ___RESTRI CTI ONS_ON_CHANGES

NASA Sci ence Data Systens Standards O fice



37

Appendi X A

Random Groups Structure

(This Appendix is a part of the NSDSSO FI TS St andard)

Although it is part of the FITS standard, the random groups structure for
the prinmary data has been used al nbost exclusively for applications in radio
interferonetry; outside this field, few FITS readers can read data in random
groups format. The evolving binary tables format will eventually be able to
acconmodat e the structure described by random groups. Wile existing FITS data
sets use the format, and it is therefore included in this standard, its use for
future applications is deprecated by this docunent.

A1l Keywor ds

Al1l Mandat ory Keywor ds

If the primary data are in Random Groups fornat, the card i nages of the prinary
header nust use the followi ng keywords in the order given here.

1. SIMPLE
2. BITPIX
3. NAXIS

3. +n(n=l, . . ., value of NAXIS ). NAXI Sn

(ot her keywords, including)
GROUPS
PCOUNT

GCOUNT

| ast END
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Alll1l S| MPLE Keywor d

The card image containing this keyword is structured in the same way as for a
sinmple array (Section 5.2.1).

Al12 Bl TPI X Keyword

The card image containing this keyword is structured in the same way as for a
sinmple array (Section 5.2.1).

A1.1.3 NAXI S Keyword

The value field shall contain an integer ranging from1 to 999, representing
one nore than the nunber of axes in each data array.

Al 1l 4 NAXI S1 Keyword

The value field shall contain the integer 0, as a signature of random groups
format.

A1.15 NAXI Sn Keywords (n=2, . . ., value of NAXIS)

The value field shall contain an integer, representing the nunber of positions
along axis n-1 of each ordinary data array.

Al.1.6 GROUPS Keywor d

The value field shall contain the |ogical constant T. The value T associ ated
with this keyword inplies that the primary array is in random groups fornat.

Al 17 PCOUNT Keyword

The value field shall contain an integer equal to the nunber of paraneters
precedi ng each group
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Al1.1.8 GCOUNT Keywor d

The value field shall contain an integer equal to the nunber of random groups
in the data array.

Al1.1.09 END Keyword

The card image containing this keyword is structured in the same way as for a
sinmple array (Section 5.2.1).

A1l.2 Reserved Keywords

Al21 PTYPEn Keywor ds

The value field shall contain a character string, describing the physica
quantity or coordinate represented by the value for paraneter n, as derived
fromthe quantity stored in the FITS data set and the PSCALn and PZEROn
keywords. If the PTYPEn keywords for nore than one value of n have the sane
associ ated value, then the data value for the physical quantity or coordinate
so defined is to be obtained by adding the derived data val ues of the
correspondi ng paraneters.

Al.22 PSCALn Keywor ds

This keyword shall be used, along with the PZEROn keyword, when the data set
paraneter values are not the true physical values, to transformthe data set
paraneter values to the true physical values they represent, using the linear
transformati on equation below with the PZEROn keyword. The value field shal
contain a floating point nunber representing the coefficient of the linear term
in the scaling equation, the scaling factor between true values and data set
paraneter values at zero offset.

A 1.2.3 PZEROn Keywords

This keyword shall be used, along with the PSCALn keyword, when the data set
param eter values are not the true physical values, to transformdata set
paraneter values to the true values. The value field shall contain a floating
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poi nt nunber, representing the true value corresponding to a data set paraneter
val ue of zero. The transformati on equation is as foll ows:

physi cal value = PZEROn + PSCALn x data set val ue

A 2 Data Storage

Val ues shall be stored as a series of groups. The nunber of groups shall be
specified by the GCOUNT keyword in the associ ated header record. Each group
shal | consist of the nunber of paraneters specified by the PCOUNT keyword
followed by an array. The first paranmeter of the first group shall appear in
the first location of the first data record. The first el enent of each array
shall inmrediately follow the | ast paraneter associated with that group. The
first paraneter of any subsequent group shall immediately follow the | ast
menber of the array of the previous group. The arrays shall be organi zed
internally in the sane way as an ordinary primary array.

A3 Data Representation

Perm ssi ble data representations are the sanme as those for an ordinary primary
array. Paraneters and nenbers of associated data arrays shall have the sane
representation. Should nore precision be required for an associ ated paraneter
than for a nenber of a data array, the paraneter shall be divided into two
addends, represented by the sane value for the PTYPEn keyword. The val ue shal
be the sum of the physical values, which nay have been obtained fromthe array
val ues using the PSCALn and PZEROn keywor ds.
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A Binary Tabl e Ext ensi on

(This Appendix is not part of the NSDSSO FITS Standard but is included for
i nformati onal purposes only.)

The new "3D'[1] binary tables format is under consideration by the
regional and international FITS committees. Its present formis expected to be
a subset of the eventual structure that is adopted; some structures and
capabilities remain to be added. It is in use at a nunber of installations, has
been i npl enent ed under Al PS and exchanged between AIPS and M DAS, but nuch of
the existing FITS-readi ng software yet cannot decode the format. Because it is
becom ng widely used, and because it illustrates an application of the rules
for conform ng extensions, it is described in this Appendi x.

B.1 Identification

The interimidentification of a binary table is indicated if the prinary header
of the FITS file has the keyword EXTEND set to T and the first keyword of the
associ at ed extensi on header has XTENSI ON= ' ASDTABLE'

B. 2 Header

The header of a binary table extension shall conformto the requirenents for
FI TS headers specified in Section 5.

B.2.1 Required Keywords

The card images in the header of a binary table extension use the foll ow ng
keywords in the order given in Table B.1.

[1] The term "3D' derives fromthe capacity to store vectors as fields in
binary tables. Thus, the table effectively has depth.
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XTENSI ON
Bl TPI X
NAXI S
NAXI S1
NAXI S2
PCOUNT
GCOUNT
TFI ELDS

O~NO UL WNBE

(ot her keywords, which nust include)
TFORVh, n =1, 2, . . ., TFIELDS

| ast END

Table B.1: Required keywords in the interimbinary table extension

B.2.1.1 XTENSI ON Keywor d

The value field shall contain the character string ' ASDTABLE' .

B.2.1.2 Bl TPI X Keyword

The value field shall contain the integer 8, indicating that row size is given
in 8-bit bytes.

B.2.1.3 NAXI S Keyword

The value field shall contain the integer 2, indicating two axes, rows and

col ums.

B.2.1.4 NAXI S1 Keyword

The value field shall contain an integer, representing the width of the table
in 8-bit bytes.

B.2.1.5 NAXI S2 Keyword

The value field shall contain an integer of value 1 or greater, representing
the nunmber of rows in the table.
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B.2.1.6 PCOUNT Keyword

The value field shall contain the integer 0; no data val ues precede the table.

B.2.1.7 GCOUNT Keywor d

The value field shall contain the integer 1; the data records contain a single
tabl e.

B.2.1.8 TFI ELDS Keyword

The value field contains an integer representing the nunber of fields in each
r ow.

B.2.1.9 TFORWh Keywor ds

The value field contains a character string describing the data type of field

n. The followi ng values are permtted, each representing the data type
i ndi cat ed:

_Value field Dat a_Type
rL Logi cal
r X Bit array
rA ASClI | characters
ri 16-bit integer
rd 32-bit integer
rE 32-bit floating point
rbD 64-bit floating point

Table B.2: Valid TFORWVn format values in the interimbinary tabl e extension

The | ower case r preceding the upper case type indicator is the repeat
count, describing how nany tinmes the data type appears within field n. A
repeat count of zero indicates that the entry defined in the header is omtted
in the table.

B.2.1.10 END Keyword

This keyword has no associ ated value. Columms 9-80 shall be bl ank
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B.2.2 Reserved Keywords

These keywords are optional but are used in A 3-D Tabl es extensions only in the
manner defined in this docunent.

B.2.2.1 TTYPEn Keywor d

The value field contains a character string representing the | abel or heading
for field n.

B.2.2.2 TUNI Tn Keywor ds

The value field contains a character string representing the physical units of
the quantities contained in field n.

B.2.2.3 TNULL Keyword.

The value field contains an integer representing the value used in integer
fields to represent an undefined value. The | EEE NaN ( Not-a-Nunber) is used
for the same purpose in floating point fields.

B.3 St or age

Data are stored as a two di mensional array. The nunber of bytes in a row and
the nunber of rows are specified by the NAXIS1 and NAXI S2 keywords in the
associ ated extension header. Every row in the array nmust have the sane nunber
of bytes. The nunber of bytes in a row and the nunber of rows in the table
determnes the size of the array. The first byte of the first rowis at the
start of the record immediately followi ng the | ast header record. The first
byte of every subsequent row i mmediately follows the last byte of the row
preceding it.

B. 4 For mat

Each row in a binary table extension array consists of a sequence of fields,
each of which consists of zero or nore entries. The location, |ength and format
of each field are the sane for every row. The field sequence is specified by
the TFORMh keywords of the associated header. Al entries in a field nust be of
the sane data type. For each field, the nunber of entries, data type, and
(optionally) the field nane, are specified in keywrds of the associ ated header
records. A separate format keyword nust be provided for each field.
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B.5 Data Types

Each field in the table contains a binary representation of information in one
of the seven follow ng forns:

B.5.1 Logi cal

A logical value consists of an 8-hit ASCII T for true or F for fal se

B.5.2 Bit Arrays

A bit array consists of an integral nunber of bytes with trailing bits zero. A
bit array shall start in the nost significant bit of the first byte; bits wll
follow in order of decreasing significance

B.5.3 ASCI| Characters

Each character shall be represented by one byte. A character shall be witten
in 7-bit ASCII [8], right justified in the byte. The high-order parity bit
shal |l be zero

B.5.4 Ei ght-bit Integers

Ei ght-bit integers shall be unsigned binary integers, stored in one byte.

B.5.5 Si xteen-bit Integers

Si xteen-bit integers shall be twos-conpl enent signed binary integers, contained
in tw bytes. The sign bit shall be the leftnost bit of the |leftnbst byte.

Signi ficance shall decrease fromleft to right; the | east significant bit shal
be the rightnost bit of the rightnost byte. The TNULL keyword is used if needed
to specify the synbol corresponding to an undefined val ue.

B.5.6 Thirty-two-bit Integers

Thirty-two bit integers shall be twos-conpl enent signed binary integers,
contained in four bytes. The sign bit shall be the leftnost bit of the |eftnopst
byte. Significance shall decrease fromleft to right; the least significant bit
shall be the rightnost bit of the rightnost byte. The TNULL keyword is used if
needed to specify the synbol corresponding to an undefined val ue.
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B.5.7 Thirty-two-bit Floating Point
B.5.7.1 Interpretation

Lowest nunbered (leftnost) b

(Not - a- Nunber) val ues shal
speci al val ues are recognize
sign
value = (-1) X
B.5.7.2 Structure

Tabl e 6.1 describes the bit

B.5.8 Si xty-four-bit

B.5.8.1 Interpretation

its are nost significant. The | EEE NaN
be used to represent undefined values. Al |EEE
d.

(exponent - 127)
2 X mantissa

structure of 32-bit floating point val ues.

Fl oating Point

Lowest nunbered (leftnost) bits are nost significant. The | EEE NaN

(Not - a- Nunber) val ues shal

be used to represent undefined values. Al |EEE

speci al val ues are recogni zed.

sign
value = (-1) X

B.5.8.2 Structure

Tabl e 6.2 describes the bit

(exponent - 1023)
2 X mantissa

structure of 64-bit floating point val ues.
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| mpl enent ati on on Physi cal Medi a

(This Appendix is not part of the NSDSSO FITS Standard, but is included as a
gui de to recommended practices)

C1 Bl ock Size

The bl ock size (physical record length) for transport of data should, where
possi bl e, equal the logical record length or an integer blocking factor tinmes
this record Il ength. Standard val ues of the blocking factor may be specified for
each nedium if not otherw se specified, the expected value is unity.

Cl1 Magnetic Tape

For nine-track magnetic tapes conformng to the ANSI X3.40-1983 specifications
[10], there should be fromone to 10 |ogical records per physical block. The
BLOCKED keyword (section 5.2.2.1) nay be used to warn that there nay be nore
than one | ogical record per physical block. The | ast physical block of a FITS
file should be truncated to the m ni mum nunber of FITS | ogical records required
to hold the remaining data, in accordance with ANSI X3.27-1978 specifications
[11]. Wth the issuance of this standard the BLOCKED keyword is deprecated by

t hi s docunent.

C1l2 O her Media

For nedi a where the physical block size cannot be equal to or an integra
multiple of the FITS | ogical record | ength of 23040-bits (2880 8-bit bytes),
records should be witten over nultiple blocks. Conventions regarding the
rel ati on between physical block size and |ogical record length of FITS data
sets have not been otherw se established for other nedia.

NSDSSO FI TS St andard



48 APPENDI X_C. | MPLEMENTATI ON_ON_PHYSI CAL_MEDI A

C2 Physical Properties of Media

The arrangenent of digital bits and other physical properties of any medi um
shoul d be in conformance with the ANSI standard for that nmediumas specified in
the rel evant docunent.

C3 Label i ng

C31 Tape

Tapes may be either ANSI standard | abel ed or unl abel ed. Unl abel ed tapes are
preferred.

C 3.2 O her Media

Conventions regarding labels for FITS data sets have not been established for
ot her nedi a.

C 4 FITS File Boundaries

C4.1 Magnetic Tape

Individual FITS files are term nated by a tape-nmark

C. 4.2 O her Media

For nedi a where the physical record size cannot be equal to or an integra
multiple of the standard FITS |ogical record length, a record of fewer than
23040 bits (2880 8-bit bytes) imrediately following the end of the primary
header, data, or an extension should be treated as an end-of-file. Qherw se,

i ndividual FITS data sets should be term nated by a delimter appropriate to
the medi um anal ogous to the tape end-of-file mark. If nore than one FITS data
set appears on a physical structure, the appropriate end-of-file indicator
shoul d i medi ately precede the start of the primary headers of all data sets
after the first. FITS data sets should start at the start of a file.

C.5 Mul tiple Physical Volunes

Storage of a single FITS file on nore than one tape or on multiple units of any
other nediumis not support ed.
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Sunmar y of Keywor ds

(This Appendix is not part of the NSDSSO FITS Standard, but is included for
conveni ent reference).

Pri nci pal Conf or mi ng ASCI | Tabl e Random Gr oups Bi nary Tabl e
___HOU Extension__ Extension Extension_ Extension_
S| MPLE XTENSI ON XTENSI ON [ 1] S| MPLE XTENSI ON [ 2]
Bl TPI X Bl TPI X BITPIX = 8 Bl TPI X BITPIX = 8
NAXI S NAXI S NAXIS = 2 NAXI S NAXIS = 2
NAXI Sn NAXI Sn NAXI S1 NAXIS1T = O NAXI S1
EXTEND PCOUNT NAXI S2 NAXI Sn NAXI S2
END GCOUNT PCOUNT = 0 GROUPS PCOUNT = 0
END GCOUNT = 1 PCOUNT GCOUNT = 1
TFI ELDS GCOUNT TFI ELDS
TBCOLN END TFORMh
TFORMh END
END
[1] XTENSION= 'TABLE ' for the ASCI|I Tabl e extension

[2] XTENSI ON= ' ASDTABLE' for the interimbinary table extension

Table D.1: Mandatory FITS keywords for the structures described in this
docunent .
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Princi pal HDU Conf or m ng ASCI | Tabl e Random Groups Binary Table
_Gener al Array Extension_ Extension_ Extension__ Extension__
DATE BSCALE EXTNAMVE TSCALN PTYPEn TTYPEN
ORIG N BZERO EXTVER TZERONn PSCALnN TUNI Tn
BLOCKED BUNI T EXTLEVEL TNULLN PZERON TNULL
AUTHOR BLANK TTYPEN
REFERENC  CTYPEn TUNI Tn

COWENT  CRPI Xn

H STORY  CROTAn
CRVALN

DATE-OBS  CDELTn

TELESCOP  DATAMAX

I NSTRUVE ~ DATAM N

OBSERVER

OBJECT

EQUI NOX

EPOCH

Table D.2: Reserved FITS keywords for the structures described in this
docunent. Note that the EPOCH and BLOCKED keywords are deprecated by this
docunent .

__Production__ Bibliographic__ Commentary _ Cbservation_ Array
DATE AUTHOR COMVENT DATE- OBS BSCALE
ORIG N REFERENC H STORY TELESCOP BZERO
BLOCKED | NSTRUVE BUNI T

OBSERVER BLANK

OBJECT CTYPENn

EQUI NOX CRPI Xn

EPOCH CROTAN
CRVALN
CDELTn
DATAMAX
DATAM N__

Tabl e D.3: General Reserved FITS keywords described in this docunent. Note that
the EPOCH and BLOCKED keywords are deprecated by this docunent.
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NSDSSO Publ i cati ons

Docunent Title Dat e St at us

NSDSSO 100-0. 1 FITS Standard Decenber, 1990 Draft Standard

Tabl e E. 1: NSDSSO Publ i cations
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