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4. Headers record this indicates that the keyword has a value field asso-

i . . i ciated with it, unless it is one of the commentary keywords
The first two sections of this chapter define the structurecand  .fined in Sect. 4.4.2 (i.e. HISTORY, COMMENT, or completely
tent of header keyword records. This is followed in Sectw#tB i keyword ﬁahé) which by definition have no value
recommendations on how physical units should be expresseg. '

The final section defines the mandatory and reserved keywords

for primary arrays and conforming extensions. 4.1.2.3. Value/comment (bytes 11 through 80)

41 K d d In keyword records that contain the value indicator in bydes
L. Reyword recoras and 10, the remaining bytes 11 through 80 of the rectrall

4.1.1. Syntax contain the value, if any, of the keyword, followed bptional

) comments. In keyword records without a value indicatoreb@
Each 80-character header keyword recsirdll consist of a key- through 80shouldbe interpreted as commentary text, however,
word name, a value indicator (only required if a value is prgs  this does not preclude conventions that interpret the cormte
anoptionalvalue, and amptionalcomment. Keywordsayap-  these bytes in other ways.

pear in any order except where specifically stated otherinise - The value field, when presergthall contain the ASCII text
this standard. It isecommendethat the order of the keywordsepresentation of a literal string constant, a logical amis or
in FITS files be preserved during data processing operatiosumerical constant, in the format specified in Sect. 4.2 Th
because the designers of theT'S file may have used conven-ya|ye fieldmaybe a null field; i.e., itmay consist entirely of
tions that attach particular significance to the order oteter spaces, in which case the value associated with the keyword i
keyworc_ig, (e.g.,_by grouping sequencesCOf'IME_NT keywords  ndefined.
at specific locations in the header, or appendii§TORY key- The mandatorfITSkeywords defined in this standamlist
words in chronological order of the data processing Steps}- ot appear more than once within a header. All other keywords
ing CONTINUE keywords to generate long string keyword valuégat have a valushould noppear more than once. If a keyword

A formal syntax, giving a complete definition of the syntaXjoes appear multiple times withfiéirent values, then the value
of FITSkeyword records, is given in Appendix A. Itis intendeds indeterminate.
as an aid in interpreting the text defining the standard. If a comment follows the value field, inustbe preceded

In earlier versions of this standard a FITS keyword, assumgd 5 sjash (/’, decimal 47 or hexadecimal 2E)A space be-
as an item whose value is to be looked up by name (and Pfeen the value and the slash is strongigommendedThe
sumably assigned to a variable) by a FITS reading prograsl, Waymmentmay contain any of the restricted set of ASCII text
associated one to one to a single header keyword record. Wit racters, decimal 32 through 126 (hexadecimal 20 through
the introduction of continued string keywords (see 4.9,5ch  7gy The ASCII control characters with decimal values lessit
FITS keywords may span more than one header keyword recos§including the null, tab, carriage return, and line fekdrac-
and the valueshall be created by concatenation as explained frs), and the delete character (decimal 127 or hexade@mal
4.2.1.2. must notappear anywhere within a keyword record.

4.1.2. Components 4.2. Value
4.1.2.1. Keyword name (bytes 1 through 8) The structure of the value field depends on the data type of the
value. The value field represents a single value and not ag arr
'of valuest The value fieldnustbe in one of two formats: fixed
free. The fixed-format is required for values of mandatory
ywords and isecommendetbr values of all other keywords.

The keyword nameshall be a left justified, 8-character
space-filled, ASCII string with no embedded spaces. Alltdigi
0 through 9 (decimal ASCII codes 48 to 57, or hexadecimal %
to 39) and upper case Latin alphabetic charactarsthrough

‘Z’ (decimal 65 to 90 or hexadecimal 41 to 5A) are permitted,;
lower case characteshall notbe used. The underscoré_{, 4.2.1. Character string

decimal 95 or hexadecimal 5F) and hyphénr’(, decimal 45 , ,

or hexadecimal 2D) are also permitted. No other charactérg-1-1 Single record string keywords
are permitted. For indexed keyword names that have a single

positive integer index counter appended to the root name, a character string valughallbe composed only of the set of
the countershall not have leading zeroes (@MAXIS1, not regtricted ASCII text characters, decimal 32 through 126«h
NAXTS001). Note that keyword names that begin with (Ohgecimal 20 through 7E) enclosed by single quote characters
consist solely of) any combination of hyphens, underscames («+» gecimal 39, hexadecimal 27). A single quote is represente

digits are legal. within a string as two successive single quotes, e.g., O’'HAR
'0' "HARA'. Leading spaces are significant; trailing spaces are
4.1.2.2. Value indicator (bytes 9 and 10) not. This standard imposes no requirements on the case sensi

tivity of character string values unless explicitly statedthe

If the two ASCIl characters'=.' (decimal 61 followed definition of specific keywords.

by decimal 32) are present in bytes 9 and 10 of the keyword !f the value is a fixed-format character string, the starting
single quote charactenustbe in byte 11 of the keyword record

1 This requirement diers from the wording in the origin&TSpa- and the closing single quotaustoccur in or before byte 80.
pers. See Appendix H. Earlier versions of this standard alemuiredthat fixed-format




9

characters stringmustbe padded with space characters to at in bytes 9 and 10 of the keyword record. The substring may
least a length of eight characters so that the closing que ¢ be located anywhere in bytes 11 through 80 of the keyword
acter does not occur before byte 20. This minimum character record and may be preceded by non-significant space char-
string length is no longer required, except for the valuehef t  acters starting in byte 11. A comment string may follow the
XTENSION keyword (e.g.,' IMAGE....' and 'TABLE_._.'; see substring; if present, the comment string must be separated
Sect. 7) whichmustbe padded to a length of eight characters for from the substring by a forward slash charactg).(Also, it
backward compatibility with previous usage. is strongly recommendetat the slash character be preceded
Free-format character strings follow the same rules asfixed by a space character.
format character strings except that the starting singletequ , i )
charactemayoccur after byte 11. Any bytes preceding the start- The following keyvyord records illustrate a string valuettha
ing quote character and after byterbQstcontain the space char-1S continued over multiple keyword records. (Note: the teraf

acter. the substrings have been reduced to fit within the page I3yout
A Nolze thatéhgre is a subtle distinction between the foll@/vlerATHER —“pa¥tly cloudy during the evening f£&'
three keywords: CONTINUE 'ollowed by cloudy skies overnight.&'
KEYWORD1= '' / null string keyword CONTINUE ' Low 21C. Winds NNE at 5 to 10 mph.'
KEYWORD2= ' ! / empty string keyword

If needed, additional space for the keyword comment field
can be generated by continuing the string value with one semo
null strings, as illustrated schematically below:

The value oREYWORD1 is a null, or zero length string whereas e ) . ,
the value of th&EYWORD2 is an empty string (nominally a singleSTRKEY = "This keyword value is continued &
space character because the first space in the string ificignj CONIINUE ' over multiple keyword records.&
but trailing spaces are not). The value@¥WORD3 is undefined CONTINUE ‘&' / The comment field for this
and has an indeterminate data type as well, except in caggewffONTINUE &/ keyword is also continued

the data type of the specified keyword is explicitly definethin ~ “ONTINUE / over multiple records.
standard.

The maximum length of a string valueat can be repre- . - S :
sented on a single keyword recoisi 68 characters, with the by following an inverse procedure of checking if the striradue

. . . nds with the ‘&’ character and is immediately followed by a
gpggtli:]/glar}g c(laonsgr:agljl qnuooltgnc?ﬂﬁ:ﬁfséntfg;egslislig‘]ﬂf:ro’ Eg'nformingCONTINUE keyword record. If both conditions are

P y-ng ' 9 true, then concatenate the substring fromQETINUE record
character-valued keywords.

onto the previous substring after first deleting the trgili&’
character. Repeat these steps until all subseqQ@lTIINUE
records have been processed.

4.2.1.2 Continued string keywords Note that if a string value ends with the ‘&’ character, but
is not immediately followed by &ONTINUE keyword that con-
?rms to all the previously described requirements, theri&h

KEYWORD3= / undefined keyword

FITSreading software can reconstruct the long string value

Earlier versions of this Standard only defined single reco
string keywords as described in the previous section. T
Standard now incorporates a convention (originally dgvetb

for use inFITSfiles from high energy astrophysics missions) foL, error with respect to what the author of the file meant) khou

continuing arbitrarily long string values over multiplens®cu- ¢ jnterpreted as containing commentary text in bytes 9 — 80
tive keyword records using the following procedure: (similar to aCOMMENT keyword).

aracter should be interpreted as the literal last cherratthe
fting. Also, any ‘orphanedCONTINUE keyword records (for-
mally not invalidating the FITS file, although likely repesging

1. Divide the long string value into a sequence of smaller sub
strings, each of which is no longer than 67 characters # 2 | ggical
length. (Note that if the string contains any literal single
quote characters, then these must be represented as alpie value is a fixed-format logical constantshall appear as
of single quote characters in tHéTS keyword value, and an uppercasg or F in byte 30. A logical value is represented in
these 2 characters must both be contained within a sindfiee-format by a single character consisting of an uppercas
substring). F as the first non-space character in bytes 11 through 80.
2. Append an ampersand character (‘&’) to the end of each sub-
string, except for the last substring. This character seage
a flag toFITSreading software that this string valoeybe
continued on the following keyword in the header. If the value is a fixed-format integer, the ASCII represdntat
3. Enclose each substring with single quote characters: Nahall be right-justified in bytes 11 through 30. An integer con-
significant space characters may occur between the amysists of a 4+’ (decimal 43 or hexadecimal 2B) o' (decimal 45

4.2.3. Integer number

sand character and the closing quote character. or hexadecimal 2D) sign, followed by one or more contiguous
4. Write the first substring as the value of the specified keSCIl digits (decimal 48 to 57 or hexadecimal 30 to 39), with
word. no embedded spaces. The leadingsign is optional Leading

5. Write each subsequent substring, in order, to a seriesyof kzeros are permitted, but are not significant. The integeessm-
words that all have the reserved kyeword na®O8TINUE tationshall always be interpreted as a signed, decimal number.
(see 4.4.2) in bytes 1 through 8 and have space characfEnss standard does not limit the range of an integer keyword
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4.4.2.4. Commentary keywords

These keywords provide commentary information about the
contents or history of thEITSfile andmayoccur any number of
times in a header. These keywosrtgllhave no associated value
even if the value indicator charactérs.' appear in bytes 9 and
10 (hence it isrecommendedhat these keywords not contain
the value indicator). Bytes 9 through &taycontain any of the
restricted set of ASCII text characters, decimal 32 throLg6
(hexadecimal 20 through 7E).

In earlier versions of this standard continued string keyiso
(see 4.2.1.2) could be handled as commentary keywords if the
relevant convention was not supported. NGONTINUE key-
wordsshallbe honoured as specified in Section 4.2.1.2.

COMMENT keyword. This keywordmay be used to supply any
comments regarding tHe T Sfile.

HISTORY keyword. This keywordshouldbe used to describe
the history of steps and procedures associated with theegsec
ing of the associated data.

Keyword field is blank. This keywordmaybe used to supply
any comments regarding thdTSfile. It is frequently used for
aesthetic purposes to provide a break between groups tédela
keywords in the header.
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