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IntroductionThe Flexible Image Transport System (FITS ) evolved out of the recognition that astandard format was needed for transferring astronomical data from one installation toanother. The original form, or Basic FITS [1], was designed for the transfer of imagesand consisted of a binary array, usually multidimensional, preceded by an ASCII textheader with information describing the organization and contents of the array. The FITSconcept was later expanded to accommodate more complex data formats. A new formatfor image transfer, random groups, was de�ned [2] in which the data would consist of aseries of arrays, with each array accompanied by a set of associated parameters. Theseformats were formally endorsed [3] by the International Astronomical Union (IAU) in1982. Provisions for data structures other than simple arrays or groups were made later.These structures appear in extensions, each consisting of an ASCII header followedby the data whose organization it describes. A set of general rules governing suchextensions [4] and a particular extension, ASCII table [5], were endorsed by the IAUGeneral Assembly [6] in 1988. At the same General Assembly, an IAU FITS WorkingGroup (IAUFWG) was formed [7] under IAU Commission 5 (Astronomical Data) withthe mandate to maintain the existing FITS standards and to review, approve, andmaintain future extensions to FITS, recommended practices for FITS, implementations,and the thesaurus of approved FITS keywords. In 1989, the IAUFWG approved aformal agreement [8] for the representation of oating point numbers. In 1994, theIAUFWG endorsed two additional extensions, the image extension [9] and the binarytable extension [10]. FITS was originally designed and de�ned for 9-track half-inchmagnetic tape. However, as improvements in technology have brought forward otherdata storage and data distribution media, it has generally been agreed that the FITSformat is to be understood as a logical format and not de�ned in terms of the physicalcharacteristics of any particular data storage medium. In 1994, the IAUFWG adopteda set of rules [11] governing the relation between the FITS logical record size andthe physical block size for sequential media and bitstream devices. The IAUFWG alsoapproved in 1997 an agreement [12] de�ning a new format for encoding the date and timein the DATE, DATE-OBS, and other related DATExxxx keywords to correct the ambiguityin the original DATE keyword format beginning in the year 2000. NOST FITS De�nition
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1
Section 1Overview1.1 PurposeThis standard formally de�nes the FITS format for data structuring and exchange thatis to be used where applicable as de�ned in Section 1.3. It is intended as a formalcodi�cation of the FITS format that has been endorsed by the IAU for transfer ofastronomical data, fully consistent with all actions and endorsements of the IAU andthe IAU FITS Working Group (IAUFWG). Minor ambiguities and inconsistencies inFITS as described in the original papers are eliminated. The eventual goal is to submitthis document to the IAUFWG for endorsement as a universal standard for FITS.1.2 ScopeThis standard speci�es the organization and content of FITS data sets, including theheader and data, for all standard FITS formats: Basic FITS, the random groups struc-ture, the ASCII table extension, the image extension, and the binary table extension. Italso speci�es minimum structural requirements for new extensions and general princi-ples governing the creation of new extensions. It speci�es the relation between physicalblock sizes and logical records for FITS �les on bitstream devices and sequential media.For headers, it speci�es the proper syntax for card images and de�nes required andreserved keywords. For data, it speci�es character and value representations and theordering of contents within the byte stream. It de�nes the general rules to which newextensions are required to conform.1.3 ApplicabilityThis standard describes an extensible data interchange format particularly well suitedfor transport and archiving of arrays and tables of astronomical data. The IAU hasNOST FITS De�nition



2 SECTION 1. OVERVIEWrecommended that all astronomical computer facilities support FITS for the interchangeof binary data. It has been NASA policy for its astrophysics projects to make their dataavailable in FITS format. This standard may also be used to de�ne the format for datatransport in other disciplines, as may be determined by the appropriate authorities.1.4 Organization and RecommendationsSection 3 is a glossary of de�nitions, acronyms, and symbols. In Section 4, this docu-ment describes the overall organization of a FITS �le, the contents of the �rst (primary)header and data, the rules for creating new FITS extensions, and the relation betweenphysical block sizes and logical records for FITS �les on bitstream devices and sequentialmedia. The next two sections provide additional details on the header and data, witha particular focus on the primary header. Section 5 provides details about header cardimage syntax and speci�es those keywords required and reserved in a primary header.Section 6 describes how di�erent data types are represented in FITS. The followingsections describe the headers and data of two standard FITS structures, the now dep-recated random groups records (Section 7) and the current standard extensions: ASCIItable, image, and binary table (Section 8). Throughout the document, deprecation ofstructures or syntax is noted where relevant. Files containing deprecated features arevalid FITS, but these features should not be used in new �les; the old �les using themremain standard because of the principle that no change in FITS shall cause a validFITS �le to become invalid.The Appendixes contain material that is not part of the standard. The �rst, Ap-pendix A, provides a formal expression of the keyword/value syntax for header cardimages described in section 5.2. Appendix B provides examples of widely acceptedFITS conventions that are not part of the formal FITS standard. It describes threeconventions in use with the binary table extension | one for handling multidimensionalarrays, one for including variable length arrays, and one for arrays of substrings. Ap-pendix C describes aspects of the implementation of FITS on physical media not coveredby the blocking agreement. Appendix D is the appendix to the agreement endorsed bythe IAUFWG for a new format for keywords expressing dates. The new format uses afour-digit value for the year, and thus eliminates any ambiguity in dates from the year2000 and after. This appendix is not part of the formal agreement. It contains a detaileddiscussion of time systems. It has been slightly reformatted for stylistic compatibilitywith the remainder of this document. Appendix E lists the di�erences between thisstandard and the speci�cations of prior publications; it also identi�es those ambiguitiesin the documents endorsed by the IAU on which this standard provides speci�c rules.The next four appendixes provide reference information: a tabular summary of theFITS keywords (Appendix F), a list of the ASCII character set and a subset designatedASCII text (Appendix G), a description of the IEEE oating point format (AppendixNASA/Science O�ce of Standards and Technology



1.4. ORGANIZATION AND RECOMMENDATIONS 3H), and a list of the extension type names that have been reserved as of the date thisdocument was issued (Appendix I). Appendix J is a list of NOST documents, includingearlier versions of this standard.
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7
Section 3De�nitions, Acronyms, andSymbols Used to designate an ASCII blank.ANSI Abbreviation of American National Standards Institute.Array A sequence of data values, of zero or more dimensions.Array value The value of an element of an array in a FITS �le, without the applicationof the associated linear transformation to derive the physical value.ASCII Abbreviation of American National Standard Code for Information Interchange.ASCII blank Hexadecimal 20.ASCII character Any member of the 7-bit ASCII character set.ASCII NULL Hexadecimal 00.ASCII text ASCII characters hexadecimal 20{7E.Basic FITS The FITS structure consisting of the primary header followed by a singleprimary data array.Bit A single binary digit.Byte A string of eight bits treated as a single entity.Card image A sequence of 80 bytes containing ASCII text, treated as a logical record.Conforming extension An extension whose keywords and organization adhere to therequirements for conforming extensions de�ned in Section 4.4.1 of this standard.NOST FITS De�nition



8 SECTION 3. DEFINITIONS, ACRONYMS, AND SYMBOLSDAT Digital Audio Tape.Deprecate To express earnest disapproval of. This term is used to refer to obsoletestructures that ought not to be used but remain valid.Entry A single value in a table.Extension A FITS HDU appearing after the primary HDU in a FITS �le.Extension name The identi�er used to distinguish a particular extension HDU fromothers of the same type, appearing as the value of the EXTNAME keyword.Extension type An extension format.Field A set of zero or more table entries collectively described by a single format.File A sequence of one or more records terminated by an end-of-�le indicator appro-priate to the medium.FITS Abbreviation of Flexible Image Transport System.FITS �le A �le with a format that conforms to the speci�cations in this document.FITS logical record A record of 23040 bits corresponding to 2880 8-bit bytes withina FITS �le.FITS structure One of the components of a FITS �le: the primary HDU, the randomgroups records, an extension, or, collectively, the special records following the lastextension.Floating point A number that is not required to have an integer value.Fraction The �eld of the mantissa (or signi�cand) of a oating point number that liesto the right of its implied binary point.Group parameter value The value of one of the parameters preceding a group inthe random groups structure, without the application of the associated lineartransformation.GSFC Abbreviation of Goddard Space Flight Center.Header A series of card images organized within one or more FITS logical recordsthat describes structures and/or data which follow it in the FITS �le.Header and Data Unit (HDU) A data structure consisting of a header and the datathe header describes. Note that an HDU may consist entirely of a header with nodata records.NASA/Science O�ce of Standards and Technology



9Heap A supplemental data area following the table in a binary table extension.IAU Abbreviation of International Astronomical Union.IAUFWG Abbreviation of International Astronomical Union FITS Working Group.IUE Abbreviation of International Ultraviolet Explorer.IEEE Abbreviation of Institute of Electrical and Electronic Engineers.IEEE NaN Abbreviation of IEEE Not-a-Number value.IEEE special values (�0, �1, NaN, denormalized).Indexed keyword A keyword that is of the form of a �xed root with an appendedpositive integer count.Keyword The �rst eight bytes of a header card image.Mandatory keyword A keyword that must be used in all FITS �les or a keywordrequired in conjunction with particular FITS structures.Mantissa Also known as signi�cand. The component of an IEEE oating point numberconsisting of an explicit or implicit leading bit to the left of its implied binary pointand a fraction �eld to the right.Matrix A data array of two or more dimensions.NOST Abbreviation of NASA/Science O�ce of Standards and Technology.Physical value The value in physical units represented by a member of an array andpossibly derived from the array value using the associated, but optional, lineartransformation.Picture element A single location within an image array.Pixel Abbreviation of \picture element".Primary data array The data array contained in the primary HDU.Primary HDU The �rst HDU in a FITS �le.Primary header The �rst header in a FITS �le, containing information on the overallcontents of the �le as well as on the primary data array.Record A sequence of bits treated as a single logical entity. NOST FITS De�nition



10 SECTION 3. DEFINITIONS, ACRONYMS, AND SYMBOLSReference point The point along a given coordinate axis, given in units of pixel num-ber, at which a value and increment are de�ned.Repeat count The number of values represented in a binary table �eld.Reserved keyword An optional keyword that may be used only in the manner de�nedin this standard.Special records A series of 23040-bit (2880 8-bit byte) records, following the primaryHDU, whose internal structure does not otherwise conform to that for the primaryHDU or to that speci�ed for a conforming extension in this standard.Standard extension A conforming extension whose header and data content are spec-i�ed explicitly in this standard.Type name The value of the XTENSION keyword, used to identify the type of theextension in the data following.Valid value A member of a data array or table corresponding to an actual physicalquantity.
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Section 4FITS File Organization4.1 OverallA FITS �le shall be composed of the following FITS structures, in the order listed:� Primary HDU� Random Groups structure (optional; allowed only if there is no primary dataarray)� Conforming Extensions (optional)� Other special records (optional)Each FITS structure shall consist of an integral number of FITS logical records.The primary HDU shall start with the �rst record of the FITS �le. The �rst recordof each subsequent FITS structure shall be the record immediately following the lastrecord of the preceding FITS structure. The size of a FITS logical record shall be 23040bits, corresponding to 2880 8-bit bytes.4.2 Individual FITS StructuresThe primary HDU and every extension HDU shall consist of an integral number ofheader records consisting of ASCII text, which may be followed by an integral numberof data records. The �rst record of data shall be the record immediately following thelast record of the header.4.3 Primary Header and Data ArrayThe �rst component of a FITS �le shall be the primary header. The primary headermay, but need not be, followed by a primary data array. The presence or absence of aNOST FITS De�nition



12 SECTION 4. FITS FILE ORGANIZATIONprimary data array shall be indicated by the values of the NAXIS or NAXISn keywordsin the primary header (Section 5.4.1.1).4.3.1 Primary HeaderThe header of a primary HDU shall consist of a series of card images in ASCII text. Allheader records shall consist of 36 card images. Card images without information shallbe �lled with ASCII blanks (hexadecimal 20).4.3.2 Primary Data ArrayIn FITS format, the primary data array shall consist of a single data array of 0{999 di-mensions. The data values shall be a byte stream with no embedded �ll or blank space.The �rst value shall be in the �rst position of the �rst primary data array record. The�rst value of each subsequent row of the array shall be in the position immediatelyfollowing the last value of the previous row. Arrays of more than one dimension shallconsist of a sequence such that the index along axis 1 varies most rapidly, that alongaxis 2 next most rapidly, and those along subsequent axes progressively less rapidly,with that along axis m, where m is the value of NAXIS, varying least rapidly; i.e., theelements of an array A(x1; x2; : : : ; xm) shall be in the order shown in Figure 4.1. Theindex count along each axis shall begin with 1 and increment by 1 up to the value ofthe NAXISn keyword (Section 5.4.1.1). If the data array does not �ll the �nal record,the remainder of the record shall be �lled with zero values with the same data repre-sentation as the values in the array. For IEEE oating point data, values of +0. shallbe used to �ll the remainder of the record.4.4 Extensions4.4.1 Requirements for Conforming ExtensionsAll extensions, whether or not further described in this standard, shall ful�ll the follow-ing requirements to be in conformance with this FITS standard.4.4.1.1 IdentityEach extension type shall have a unique type name, speci�ed in the header according tothe syntax codi�ed in Section 5.4.1.2. To preclude conict, extension type names mustbe registered with the IAUFWG. The FITS Support O�ce shall maintain and providea list of the registered extensions.NASA/Science O�ce of Standards and Technology



4.4. EXTENSIONS 13A(1, 1, . . . , 1),A(2, 1, . . . , 1),...,A(NAXIS1, 1, . . . , 1),A(1, 2, . . . , 1),A(2, 2, . . . , 1),...,A(NAXIS1, 2, . . . , 1),...,A(1, NAXIS2, . . . , NAXISm),...,A(NAXIS1, NAXIS2, . . . , NAXISm)Figure 4.1: Arrays of more than one dimension shall consist of a sequence such that theindex along axis 1 varies most rapidly and those along subsequent axes progressivelyless rapidly. Except for the location of the �rst element, array structure is independentof record structure.4.4.1.2 Size Speci�cationThe total number of bits in the data of each extension shall be speci�ed in the headerfor that extension, in the manner prescribed in Section 5.4.1.2.4.4.1.3 Compatibility with Existing FITS FilesNo extension shall be constructed that invalidates existing FITS �les.4.4.2 Standard ExtensionsA standard extension shall be a conforming extension whose organization and contentare completely speci�ed in this standard. Only one FITS format shall be approved foreach type of data organization. Each standard extension shall have a unique type name.4.4.3 Order of ExtensionsAn extension may follow the primary HDU (or random groups records if present) oranother conforming extension. Standard extensions and other conforming extensionsmay appear in any order in a FITS �le. NOST FITS De�nition



14 SECTION 4. FITS FILE ORGANIZATION4.5 Special RecordsThe �rst 8 bytes of special records must not contain the string \XTENSION". It is rec-ommended that they not contain the string \SIMPLE  ". The records must have thestandard FITS 23040-bit record length. The contents of special records are not other-wise speci�ed by this standard.4.6 Physical Blocking4.6.1 Bitstream DevicesFor bitstream devices, including but not restricted to logical �le systems, FITS �lesshall be written with �xed blocks of a physical block size equal to the 23040-bit FITSlogical record size.4.6.2 Sequential Media4.6.2.1 Fixed BlockFor �xed block length sequential media, including but not restricted to optical disks(accessed as a sequential set of records), QIC format 1/4-inch cartridge tapes, and localarea networks, FITS �les shall be written as a bitstream, using the �xed block size ofthe medium. If the end of the last logical record does not coincide with the end of aphysical �xed block, all bits in the remainder of the physical block containing the lastlogical record shall be set to zero. After an end-of-�le mark has been detected in thecourse of reading a FITS �le, subsequent incomplete FITS logical records should bedisregarded.4.6.2.2 Variable BlockFor variable block length sequential media, including but not restricted to 1/2-inch 9-track tapes, DAT 4 mm cartridge tapes, and 8 mm cartridge tapes, FITS �les may bewritten with an integer blocking factor equal to 1 { 10 logical records per physical block.
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Section 5Headers5.1 Card Images5.1.1 SyntaxHeader card images shall consist of a keyword, an optional value, and an optionalcomment. Except where speci�cally stated otherwise in this standard, keywords mayappear in any order.A formal syntax, giving a complete de�nition of the syntax of FITS card images,is given in Appendix A. It is intended as an aid in interpreting the text de�ning thestandard.5.1.2 Components5.1.2.1 Keyword (bytes 1 { 8)The keyword shall be a left justi�ed, 8-character, blank-�lled, ASCII string with noembedded blanks. All digits (hexadecimal 30 to 39,\0123456789") and upper case Latinalphabetic characters (hexadecimal 41 to 5A, \ABCDEFG HIJKLMN OPQRST UVWXYZ") arepermitted; no lower case characters shall be used. The underscore (hexadecimal 5F,\ ") and hyphen (hexadecimal 2D, \-") are also permitted. No other characters arepermitted. For indexed keywords with a single index the counter shall not have leadingzeroes.5.1.2.2 Value Indicator (bytes 9 { 10)If this �eld contains an ASCII \= ", it indicates the presence of a value �eld associatedwith the keyword, unless it is a commentary keyword as de�ned in Section 5.4.2.4. (Sucha commentary keyword may contain any ASCII text in columns 9 { 80). If the presenceof a value �eld is indicated, that value �eld may be a null �eld; i. e., it may consistNOST FITS De�nition



16 SECTION 5. HEADERSentirely of spaces. If the value �eld is null, the value associated with the keyword isunde�ned.5.1.2.3 Value/Comment (bytes 11 { 80)This �eld, when used, shall contain the value, if any, of the keyword, followed by optionalcomments. If a comment is present, it must be preceded by a slash (hexadecimal 2F,\/"). A space between the value and the slash is strongly recommended. The valueshall be the ASCII text representation of a string or constant, in the format speci�edin Section 5.2. The comment may contain any ASCII text.5.2 ValueThe structure of the value �eld shall be determined by the type of the variable. The value�eld represents a single value and not an array of values. The value �eld must be in one oftwo formats: �xed or free. The �xed format is required for values of mandatory keywordsand recommended for values of all others. This standard imposes no requirements oncase sensitivity of character strings other than those explicitly speci�ed.5.2.1 Character StringIf the value is a �xed format character string, column 11 shall contain a single quote(hexadecimal code 27, \'"); the string shall follow, starting in column 12, followed by aclosing single quote (also hexadecimal code 27) that must occur in or before column 80.The character string shall be composed only of ASCII text. A single quote is representedwithin a string as two successive single quotes, e.g., O'HARA = 'O''HARA'. Leadingblanks are signi�cant; trailing blanks are not.Free format character strings follow the same rules as �xed format character stringsexcept that the starting and closing single quote characters may occur in any columnfrom 11 to 80, inclusive. Any columns preceding the starting quote character and aftercolumn 10 must contain the space character.5.2.2 Logical VariableIf the value is a �xed format logical constant, it shall appear as a T or F in column 30.A logical value is represented in free format by a single character consisting of T orF. This character must be the �rst non-blank character in columns 11 { 80. The onlycharacters that may follow this single character are spaces, or a slash followed by anoptional comment (see Section 5.1.2.3).NASA/Science O�ce of Standards and Technology



5.2. VALUE 175.2.3 IntegerIf the value is a �xed format integer, the ASCII representation shall be right justi�edin columns 11 { 30. An integer consists of a leading `+' or `�' sign, followed by oneor more ASCII digits (hexadecimal 30 to 39), with no embedded spaces. Leading zerosare permitted, but are not signi�cant. Such a representation is always interpreted as asigned, decimal number.A free format integer value follows the same rules as �xed format integers exceptthat it may occupy any columns 11 { 80.5.2.4 Real Floating Point NumberIf the value is a �xed format real oating point number, the ASCII representation shallappear, right justi�ed, in columns 11 { 30.A oating point number is represented by a decimal number followed by an optionalexponent, with no embedded spaces. A decimal number consists of an optional sign,followed by a sequence of digits containing a decimal point (`.'), representing an integerpart and a fraction part of the oating point number. At least one of the integer partor fraction part must be present. If the fraction part is present, the decimal point mustalso be present. If only the integer part is present, the decimal point may be omitted.The exponent, if present, consists of an exponent letter followed by an integer. Lettersin the exponential form (`E' or `D') shall be upper case. Note: The full precision of64-bit values cannot be expressed as a single value using the �xed format.A free format oating point value follows the same rules as �xed format oatingpoint values except that it may occupy any columns 11 { 80.5.2.5 Complex Integer NumberThere is no �xed format for complex integer numbers.If the value is a complex integer number, the value must be represented as a realpart and an imaginary part, separated by a comma and enclosed in parentheses. Spacesmay preceed and follow the real and imaginary parts. The real and imaginary partsare represented as integers (Section 5.2.3). Such a representation is regarded as a singlevalue for the complex integer number. This representation may be located anywhere incolumns 11 { 80.5.2.6 Complex Floating Point NumberThere is no �xed format for complex oating point numbers.If the value is a complex oating point number, the value must be represented asa real part and an imaginary part, separated by a comma and enclosed in parentheses.Spaces may preceed and follow the real and imaginary parts. The real and imaginaryNOST FITS De�nition



18 SECTION 5. HEADERSparts are represented as oating point values (Section 5.2.4). Such a representation isregarded as a single value for the complex oating point number. This representationmay be located anywhere in columns 11 { 80.5.3 UnitsThe units of all FITS header keyword values, with the exception of measurements ofangles, should conform with the recommendations in the IAU Style Manual [7]. Forangular measurements, degrees are the recommended units (with the value ofBUNIT   = 'deg'), and degrees are the required units for celestial coordinate systems.5.4 Keywords5.4.1 Mandatory KeywordsMandatory keywords are required as described in the remainder of this subsection. Theymay be used only as described in this standard.5.4.1.1 PrincipalThe SIMPLE keyword is required to be the �rst keyword in the primary header of allFITS �les. Principal mandatory keywords other than SIMPLE are required in all FITSheaders. The card images of any primary header must contain the keywords shown inTable 5.1 in the order given. No other keywords may intervene between the SIMPLEkeyword and the last NAXISn keyword.1 SIMPLE2 BITPIX3 NAXIS4 NAXISn, n = 1, . . . , NAXIS...(other keywords)...last ENDTable 5.1: Mandatory keywords for primary header.The total number of bits in the primary data array, exclusive of �ll that is neededafter the data to complete the last record (Section 4.1), must be given by the followingNASA/Science O�ce of Standards and Technology



5.4. KEYWORDS 19expression: NBITS = jBITPIXj � (NAXIS1� NAXIS2� � � � � NAXISm);where NBITS is non-negative and the number of bits excluding �ll, m is the value of NAXIS,and BITPIX and the NAXISn represent the values associated with those keywords.SIMPLE Keyword The value �eld shall contain a logical constant with the value T ifthe �le conforms to this standard. This keyword is mandatory for the primary headerand is not permitted in extension headers. A value of F signi�es that the �le does notconform to this standard in some signi�cant way.BITPIX Keyword The value �eld shall contain an integer. The absolute value isused in computing the sizes of data structures. It shall specify the number of bits thatrepresent a data value. The only valid values of BITPIX are given in Table 5.2.Value Data Represented8 Character or unsigned binary integer16 16-bit twos-complement binary integer32 32-bit twos-complement binary integer-32 IEEE single precision oating point-64 IEEE double precision oating pointTable 5.2: Interpretation of valid BITPIX value.NAXIS Keyword The value �eld shall contain a non-negative integer no greater than999, representing the number of axes in an ordinary data array. A value of zero signi�esthat no data follow the header in the HDU.NAXISn Keywords The value �eld of this indexed keyword shall contain a non-negative integer, representing the number of elements along axis n of an ordinary dataarray. The NAXISn must be present for all values n = 1,...,NAXIS, and for no othervalues of n. A value of zero for any of the NAXISn signi�es that no data follow the headerin the HDU. If NAXIS is equal to 0, there should not be any NAXISn keywords.END Keyword This keyword has no associated value. Columns 9{80 shall be �lledwith ASCII blanks. NOST FITS De�nition



20 SECTION 5. HEADERS5.4.1.2 Conforming ExtensionsThe use of extensions necessitates a single additional keyword in the primary header ofthe FITS �le.EXTEND Keyword If the FITS �le may contain extensions, a card image with thekeyword EXTEND and the value �eld containing the logical value T must appear in theprimary header immediately after the last NAXISn card image, or, if NAXIS=0, the NAXIScard image. The presence of this keyword with the value T in the primary header doesnot require that extensions be present.The XTENSION keyword is required to be the �rst keyword of all conforming exten-sions. The card images of any extension header must use the keywords de�ned in Table5.3 in the order speci�ed. No other keywords may intervene between the XTENSIONkeyword and the last NAXISn keyword. This organization is required for any conformingextension, whether or not further speci�ed in this standard.1 XTENSION2 BITPIX3 NAXIS4 NAXISn, n = 1, . . . , NAXIS...(other keywords, including . . . )PCOUNTGCOUNT...last ENDTable 5.3: Mandatory keywords in conforming extensions.The total number of bits in the extension data array exclusive of �ll that is neededafter the data to complete the last record (Section 4.1) such as that for the primarydata array (Section 4.3.2) must be given by the following expression:NBITS = jBITPIXj � GCOUNT�(PCOUNT+ NAXIS1� NAXIS2� � � � � NAXISm); (5.1)where NBITS is non-negative and the number of bits excluding �ll, m is the value ofNAXIS, and BITPIX, GCOUNT, PCOUNT, and the NAXISn represent the values associatedwith those keywords.NASA/Science O�ce of Standards and Technology



5.4. KEYWORDS 21XTENSION Keyword The value �eld shall contain a character string giving the nameof the extension type. This keyword is mandatory for an extension header and mustnot appear in the primary header. For an extension that is not a standard extension,the type name must not be the same as that of a standard extension.The IAUFWG may specify additional type names that must be used only to identifyspeci�c types of extensions; the full list shall be available from the FITS Support O�ce.PCOUNT Keyword The value �eld shall contain an integer that shall be used in anyway appropriate to de�ne the data structure, consistent with equation 5.1.GCOUNT Keyword The value �eld shall contain an integer that shall be used in anyway appropriate to de�ne the data structure, consistent with equation 5.1.5.4.2 Other Reserved KeywordsThese keywords are optional but may be used only as de�ned in this standard. Theyapply to any FITS structure with the meanings and restrictions de�ned below. AnyFITS structure may further restrict the use of these keywords.5.4.2.1 Keywords Describing the History or Physical Construction of theHDUDATE Keyword Starting January 1, 2000, the following format shall be used. FITSwriters should commence writing the value of the DATE keyword in this format startingJanuary 1, 1999 and before January 1, 2000. The value �eld shall contain a characterstring giving the date on which the HDU was created, in the form YYYY-MM-DD, or thedate and time when the HDU was created, in the form YYYY-MM-DDThh:mm:ss[.sss. . . ],where YYYY shall be the four-digit calendar year number, MM the two-digit month numberwith January given by 01 and December by 12, and DD the two-digit day of the month.When both date and time are given, the literal T shall separate the date and time,hh shall be the two-digit hour in the day, mm the two-digit number of minutes afterthe hour, and ss[.sss. . . ] the number of seconds (two digits followed by an optionalfraction) after the minute. No �elds may be defaulted and no leading zeroes omitted.The decimal part of the seconds �eld is optional and may be arbitrarily long, so long asit is consistent with the rules for value formats of section 5.2.The value of the DATE keyword shall always be expressed in UTC when in thisformat, for all data sets created on earth.The following format may appear on �les written before January 1, 2000. The value�eld contains a character string giving the date on which the HDU was created, in theform DD/MM/YY, where DD is the day of the month, MM the month number with Januarygiven by 01 and December by 12, and YY the last two digits of the year, the �rst twoNOST FITS De�nition



22 SECTION 5. HEADERSdigits being understood to be 19. Speci�cation of the date using Universal Time isrecommended but not assumed.Copying of a FITS �le does not require changing any of the keyword values in the�le's HDUs.ORIGIN Keyword The value �eld shall contain a character string identifying the or-ganization creating the FITS �le.BLOCKED Keyword This keyword may be used only in the primary header. It shallappear within the �rst 36 card images of the FITS �le. (Note: This keyword thuscannot appear if NAXIS is greater than 31, or if NAXIS is greater than 30 and the EXTENDkeyword is present.) Its presence with the required logical value of T advises that thephysical block size of the FITS �le on which it appears may be an integral multiple ofthe logical record length, and not necessarily equal to it. Physical block size and logicalrecord length 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 meanings. Since the issuance ofversion 1 of this standard, the BLOCKED keyword has been deprecated.5.4.2.2 Keywords Describing ObservationsDATE-OBS Keyword The format of the value �eld for DATE-OBS keywords shall followthe prescriptions for the DATE keyword.When the format with a four-digit year is used, the default interpretations for timeshall be UTC for dates since 1972 and UT before. Other date and time scales arepermissible. The value of the DATE-OBS keyword shall be expressed in the principaltime system or time scale of the HDU to which it belongs; if there is any chance ofambiguity, the choice shall be clari�ed in comments. The value of DATE-OBS shall beassumed to refer to the start of an observation, unless another interpretation is clearlyexplained in the comment �eld. Explicit speci�cation of the time scale is recommended.By default, times for TAI and times that run simultaneously with TAI, e.,g., UTC andTT, will be assumed to be as measured at the detector (or, in practical cases, at theobservatory). For coordinate times such as TCG, TCB, and TDB which are tied toan unambiguous coordinate system, the default shall be time as if the observation hadtaken place at the origin of the coordinate time system. Conventions may be developedthat use other time systems. Appendix D of this document contains the appendix tothe agreement on a four digit year, which discusses time systems in some detail.When the value of DATE-OBS is expressed in the two-digit year form, allowed for �leswritten before January 1, 2000 with a year in the range 1900-1999, there is no defaultassumption as to whether it refers to the start, middle or end of an observation.NASA/Science O�ce of Standards and Technology



5.4. KEYWORDS 23DATExxxx Keywords The value �elds for all keywords beginning with the string DATEwhose value contains date, and optionally time, information shall follow the prescriptionsfor the DATE-OBS keyword.TELESCOP Keyword The value �eld shall contain a character string identifying thetelescope used to acquire the data associated with the header.INSTRUME Keyword The value �eld shall contain a character string identifying theinstrument used to acquire the data associated with the header.OBSERVER Keyword The value �eld shall contain a character string identifying whoacquired the data associated with the header.OBJECT Keyword The value �eld shall contain a character string giving the name ofthe object observed.EQUINOX Keyword The value �eld shall contain a oating point number giving theequinox in years for the celestial coordinate system in which positions given in eitherthe header or data are expressed.EPOCH Keyword The value �eld shall contain a oating point number giving theequinox in years for the celestial coordinate system in which positions given in eitherthe header or data are expressed. Starting with Version 1, this standard has deprecatedthe use of the EPOCH keyword and thus it shall not be used in FITS �les created afterthe adoption of this standard; rather, the EQUINOX keyword shall be used.5.4.2.3 Bibliographic KeywordsAUTHOR Keyword The value �eld shall contain a character string identifying whocompiled the information in the data associated with the header. This keyword isappropriate when the data originate in a published paper or are compiled from manysources.REFERENC Keyword The value �eld shall contain a character string citing a referencewhere the data associated with the header are published.5.4.2.4 Commentary KeywordsCOMMENT Keyword This keyword shall have no associated value; columns 9{80 maycontain any ASCII text. Any number of COMMENT card images may appear in a header.NOST FITS De�nition



24 SECTION 5. HEADERSHISTORY Keyword This keyword shall have no associated value; columns 9{80 maycontain any ASCII text. The text should contain a history of steps and proceduresassociated with the processing of the associated data. Any number of HISTORY cardimages may appear in a header.Keyword Field is Blank Columns 1{8 contain ASCII blanks. Columns 9{80 maycontain any ASCII text. Any number of card images with blank keyword �elds mayappear in a header.5.4.2.5 Array KeywordsThese keywords are used to describe the contents of an array, either alone or in a seriesof random groups (section 7). They are optional, but if they appear in the headerdescribing an array or groups, they must be used as de�ned in this section of thisstandard. They shall not be used in headers describing other structures unless themeaning is the same as that for a primary or groups array.BSCALE Keyword This keyword shall be used, along with the BZERO keyword, whenthe array pixel values are not the true physical values, to transform the primary dataarray values to the true physical values they represent, using equation 5.2. The value�eld shall contain a oating point number representing the coe�cient of the linear termin the scaling equation, the ratio of physical value to array value at zero o�set. Thedefault value for this keyword is 1.0.BZERO Keyword This keyword shall be used, along with the BSCALE keyword, whenthe array pixel values are not the true physical values, to transform the primary dataarray values to the true values. The value �eld shall contain a oating point numberrepresenting the physical value corresponding to an array value of zero. The defaultvalue for this keyword is 0.0.The transformation equation is as follows:physical value = BZERO+ BSCALE� array value (5.2)BUNIT Keyword The value �eld shall contain a character string, describing the phys-ical units in which the quantities in the array, after application of BSCALE and BZERO,are expressed. These units must follow the prescriptions of section 5.3.BLANK Keyword This keyword shall be used only in headers with positive values ofBITPIX (i.e., in arrays with integer data). Columns 1{8 contain the string, \BLANK   "(ASCII blanks in columns 6{8). The value �eld shall contain an integer that speci�esthe representation of array values whose physical values are unde�ned.NASA/Science O�ce of Standards and Technology



5.4. KEYWORDS 25CTYPEn Keywords The value �eld shall contain a character string, giving the nameof the coordinate represented by axis n.CRPIXn Keywords The value �eld shall contain a oating point number, identifyingthe location of a reference point along axis n, in units of the axis index. This value isbased upon a counter that runs from 1 to NAXISn with an increment of 1 per pixel. Thereference point value need not be that for the center of a pixel nor lie within the actualdata array. Use comments to indicate the location of the index point relative to thepixel.CRVALn Keywords The value �eld shall contain a oating point number, giving thevalue of the coordinate speci�ed by the CTYPEn keyword at the reference point CRPIXn.Units must follow the prescriptions of section 5.3.CDELTn Keywords The value �eld shall contain a oating point number giving thepartial derivative of the coordinate speci�ed by the CTYPEn keywords with respect to thepixel index, evaluated at the reference point CRPIXn, in units of the coordinate speci�edby the CTYPEn keyword. These units must follow the prescriptions of section 5.3.CROTAn Keywords This keyword is used to indicate a rotation from a standard co-ordinate system described by the CTYPEn to a di�erent coordinate system in which thevalues in the array are actually expressed. Rules for such rotations are not further spec-i�ed in this standard; the rotation should be explained in comments. The value �eldshall contain a oating point number giving the rotation angle in degrees between axisn and the direction implied by the coordinate system de�ned by CTYPEn.DATAMAX Keyword The value �eld shall always contain a oating point number, re-gardless of the value of BITPIX. This number shall give the maximum valid physicalvalue represented in the array, exclusive of any special values.DATAMIN Keyword The value �eld shall always contain a oating point number, re-gardless of the value of BITPIX. This number shall give the minimum valid physicalvalue represented in the array, exclusive of any special values.5.4.2.6 Extension KeywordsThese keywords are used to describe an extension.EXTNAME Keyword The value �eld shall contain a character string, to be used todistinguish among di�erent extensions of the same type, i.e., with the same value ofXTENSION, in a FITS �le. NOST FITS De�nition



26 SECTION 5. HEADERSEXTVER Keyword The value �eld shall contain an integer, to be used to distinguishamong di�erent extensions in a FITS �le with the same type and name, i.e., the samevalues for XTENSION and EXTNAME. The values need not start with 1 for the �rst extensionwith a particular value of EXTNAME and need not be in sequence for subsequent values.If the EXTVER keyword is absent, the �le should be treated as if the value were 1.EXTLEVEL Keyword The value �eld shall contain an integer, specifying the level in ahierarchy of extension levels of the extension header containing it. The value shall be 1for the highest level; levels with a higher value of this keyword shall be subordinate tolevels with a lower value. If the EXTLEVEL keyword is absent, the �le should be treatedas if the value were 1.5.4.3 Additional Keywords5.4.3.1 RequirementsNew keywords may be devised in addition to those described in this standard, so longas they are consistent with the generalized rules for keywords and do not conict withmandatory or reserved keywords.5.4.3.2 RestrictionsNo keyword in the primary header shall specify the presence of a speci�c extension in aFITS �le; only the EXTEND keyword described in Section 5.4.1.2 shall be used to indicatethe possible presence of extensions. No keyword in either the primary or extensionheader shall explicitly refer to the physical block size, other than the deprecated BLOCKEDkeyword of Section 5.4.2.1.
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Section 6Data RepresentationPrimary and extension data shall be represented in one of the formats described in thissection. FITS data shall be interpreted to be a byte stream. Bytes are in order ofdecreasing signi�cance. The byte that includes the sign bit shall be �rst, and the bytethat has the ones bit shall be last.6.1 CharactersEach character shall be represented by one byte. A character shall be represented by its7-bit ASCII [14] code in the low order seven bits in the byte. The high-order bit shallbe zero.6.2 Integers6.2.1 Eight-bitEight-bit integers shall be unsigned binary integers, contained in one byte.6.2.2 Sixteen-bitSixteen-bit integers shall be twos-complement signed binary integers, contained in twobytes.6.2.3 Thirty-two-bitThirty-two-bit integers shall be twos-complement signed binary integers, contained infour bytes. NOST FITS De�nition



28 SECTION 6. DATA REPRESENTATION6.3 IEEE-754 Floating PointTransmission of 32- and 64-bit oating point data within the FITS format shall use theANSI/IEEE-754 standard [15]. BITPIX = -32 and BITPIX = -64 signify 32- and 64-bit IEEE oating point numbers, respectively; the absolute value of BITPIX is used forcomputing the sizes of data structures. The full IEEE set of number forms is allowed forFITS interchange, including all special values (e.g., the \Not-a-Number" cases). Theorder of the bytes will be sign and exponent �rst, followed by the bytes of the fractionin order of decreasing signi�cance.The BLANK keyword should not be used when BITPIX = -32 or -64; rather, theIEEE NaN should be used to represent an unde�ned value. Use of the BSCALE andBZERO keywords is not recommended.Appendix H has additional details on the IEEE format.
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Section 7Random Groups StructureAlthough it is standard FITS, the random groups structure has been used almost ex-clusively for applications in radio interferometry; outside this �eld, few FITS readerscan read data in random groups format. The binary table extension (Section 8.3) canaccommodate the structure described by random groups. While existing FITS �les usethe format, and it is therefore included in this standard, its use for future applicationshas been deprecated since the issue of Version 1 of this standard.7.1 Keywords7.1.1 Mandatory KeywordsThe SIMPLE keyword is required to be the �rst keyword in the primary header of allFITS �les, including those with random groups records. If the random groups formatrecords follow the primary header, the card images of the primary header must use thekeywords de�ned in Table 7.1 in the order speci�ed. No other keywords may intervenebetween the SIMPLE keyword and the last NAXISn keyword.The total number of bits in the random groups records exclusive of the �ll describedin Section 7.2 must be given by the following expression:NBITS = jBITPIXj � GCOUNT�(PCOUNT+ NAXIS2� NAXIS3� � � � � NAXISm); (7.1)where NBITS is non-negative and the number of bits excluding �ll, m is the value ofNAXIS, and BITPIX, GCOUNT, PCOUNT, and the NAXISn represent the values associatedwith those keywords. NOST FITS De�nition



30 SECTION 7. RANDOM GROUPS STRUCTURE1 SIMPLE2 BITPIX3 NAXIS4 NAXIS15 NAXISn, n=2, . . . , value of NAXIS...(other keywords, which must include . . . )GROUPSPCOUNTGCOUNT...last ENDTable 7.1: Mandatory keywords in primary header preceding random groups.7.1.1.1 SIMPLE KeywordThe card image containing this keyword is structured in the same way as if a primarydata array were present (Section 5.4.1).7.1.1.2 BITPIX KeywordThe card image containing this keyword is structured as prescribed in Section 5.4.1.7.1.1.3 NAXIS KeywordThe value �eld shall contain an integer ranging from 1 to 999, representing one morethan the number of axes in each data array.7.1.1.4 NAXIS1 KeywordThe value �eld shall contain the integer 0, a signature of random groups format indi-cating that there is no primary data array.7.1.1.5 NAXISn Keywords (n=2, . . . , value of NAXIS)The value �eld shall contain an integer, representing the number of positions along axisn-1 of the data array in each group.NASA/Science O�ce of Standards and Technology



7.1. KEYWORDS 317.1.1.6 GROUPS KeywordThe value �eld shall contain the logical constant T. The value T associated with thiskeyword implies that random groups records are present.7.1.1.7 PCOUNT KeywordThe value �eld shall contain an integer equal to the number of parameters precedingeach array in a group.7.1.1.8 GCOUNT KeywordThe value �eld shall contain an integer equal to the number of random groups present.7.1.1.9 END KeywordThe card image containing this keyword is structured as described in Section 5.4.1.7.1.2 Reserved Keywords7.1.2.1 PTYPEn KeywordsThe value �eld shall contain a character string giving the name of parameter n. If thePTYPEn keywords for more than one value of n have the same associated name in the value�eld, then the data value for the parameter of that name is to be obtained by adding thederived data values of the corresponding parameters. This rule provides a mechanismby which a random parameter may have more precision than the accompanying dataarray members; for example, by summing two 16-bit values with the �rst scaled relativeto the other such that the sum forms a number of up to 32-bit precision.7.1.2.2 PSCALn KeywordsThis keyword shall be used, along with the PZEROn keyword, when the nth FITS groupparameter value is not the true physical value, to transform the group parameter valueto the true physical values it represents, using equation 7.2. The value �eld shall containa oating point number representing the coe�cient of the linear term in equation 7.2,the scaling factor between true values and group parameter values at zero o�set. Thedefault value for this keyword is 1.0.7.1.2.3 PZEROn KeywordsThis keyword shall be used, along with the PSCALn keyword, when the nth FITS groupparameter value is not the true physical value, to transform the group parameter valueto the physical value. The value �eld shall contain a oating point number, representingNOST FITS De�nition



32 SECTION 7. RANDOM GROUPS STRUCTUREthe true value corresponding to a group parameter value of zero. The default value forthis keyword is 0.0. The transformation equation is as follows:physical value = PZEROn+ PSCALn� group parameter value (7.2)7.2 Data SequenceRandom groups data shall consist of a set of groups. The number of groups shall bespeci�ed by the GCOUNT keyword in the associated header record. Each group shallconsist of the number of parameters speci�ed by the PCOUNT keyword followed by anarray with the number of members GMEM given by the following expression:GMEM = (NAXIS2� NAXIS3� � � � � NAXISm); (7.3)where GMEM is the number of members in the data array in a group, m is the value ofNAXIS, and the NAXISn represent the values associated with those keywords.The �rst parameter of the �rst group shall appear in the �rst location of the �rstdata record. The �rst element of each array shall immediately follow the last parameterassociated with that group. The �rst parameter of any subsequent group shall imme-diately follow the last member of the array of the previous group. The arrays shall beorganized internally in the same way as an ordinary primary data array. If the groupsdata do not �ll the �nal record, the remainder of the record shall be �lled with zero val-ues in the same way as a primary data array (Section 4.3.2). If random groups recordsare present, there shall be no primary data array.7.3 Data RepresentationPermissible data representations are those listed in Section 6. Parameters and membersof associated data arrays shall have the same representation. Should more precision berequired for an associated parameter than for a member of a data array, the parametershall be divided into two or more addends, represented by the same value for the PTYPEnkeyword. The value shall be the sum of the physical values, which may have beenobtained from the group parameter values using the PSCALn and PZEROn keywords.
NASA/Science O�ce of Standards and Technology
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Section 8Standard Extensions8.1 The ASCII Table ExtensionData shall appear as an ASCII table extension if the primary header of the FITS �lehas the keyword EXTEND set to T and the �rst keyword of that extension header hasXTENSION= 'TABLE '.8.1.1 Mandatory KeywordsThe header of an ASCII table extension must use the keywords de�ned in Table 8.1.The �rst keyword must be XTENSION; the seven keywords following XTENSION (BITPIX. . . TFIELDS) must be in the order speci�ed with no intervening keywords.XTENSION Keyword The value �eld shall contain the character string value textTABLE.BITPIX Keyword The value �eld shall contain the integer 8, denoting that the arraycontains ASCII characters.NAXISKeyword The value �eld shall contain the integer 2, denoting that the includeddata array is two-dimensional: rows and columns.NAXIS1 Keyword The value �eld shall contain a non-negative integer, giving thenumber of ASCII characters in each row of the table.NAXIS2 Keyword The value �eld shall contain a non-negative integer, giving thenumber of rows in the table. NOST FITS De�nition



34 SECTION 8. STANDARD EXTENSIONS1 XTENSION2 BITPIX3 NAXIS4 NAXIS15 NAXIS26 PCOUNT7 GCOUNT8 TFIELDS...(other keywords, which must include . . . )TBCOLn, n=1, 2, . . . , k where k is the value of TFIELDSTFORMn, n=1, 2, . . . , k where k is the value of TFIELDS...last ENDTable 8.1: Mandatory keywords in ASCII table extensions.PCOUNT Keyword The value �eld shall contain the integer 0.GCOUNT Keyword The value �eld shall contain the integer 1; the data records containa single table.TFIELDS Keyword The value �eld shall contain a non-negative integer representingthe number of �elds in each row. The maximum permissible value is 999.TBCOLn Keywords The value �eld of this indexed keyword shall contain an integerspecifying the column in which �eld n starts. The �rst column of a row is numbered 1.TFORMn Keywords The value �eld of this indexed keyword shall contain a characterstring describing the format in which �eld n is encoded. Only the formats in Table8.2, interpreted as FORTRAN-77 [13] input formats and discussed in more detail insection 8.1.5, are permitted for encoding. Format codes must be speci�ed in upper case.Other format editing codes common to FORTRAN-77 such as repetition, positionalediting, scaling, and �eld termination are not permitted. All values in numeric �eldshave a number base of ten (i.e., they are decimal); binary, octal, hexadecimal, and otherrepresentations are not permitted.NASA/Science O�ce of Standards and Technology



8.1. THE ASCII TABLE EXTENSION 35Field Value Data TypeAw CharacterIw Decimal integerFw.d Single precision realEw.d Single precision real, exponential notationDw.d Double precision real, exponential notationTable 8.2: Valid TFORMn format values in TABLE extensions.END Keyword This keyword has no associated value. Columns 9{80 shall containASCII blanks.8.1.2 Other Reserved KeywordsIn addition to the mandatory keywords de�ned in Section 8.1.1, the following keywordsmay be used to describe the structure of an ASCII table data array. They are optional,but if they appear within an ASCII table extension header, they must be used as de�nedin this section of this standard.TSCALn Keywords This indexed keyword shall be used, along with the TZEROn key-word, when the quantity in �eld n does not represent a true physical quantity. Thevalue �eld shall contain a oating point number representing the coe�cient of the linearterm in equation 8.1, which must be used to compute the true physical value of the �eld.The default value for this keyword is 1.0. This keyword may not be used for A-format�elds.TZEROn Keywords This indexed keyword shall be used, along with the TSCALn key-word, when the quantity in �eld n does not represent a true physical quantity. Thevalue �eld shall contain a oating point number representing the zero point for the truephysical value of �eld n. The default value for this keyword is 0.0. This keyword maynot be used for A-format �elds.The transformation equation used to compute a true physical value from the quantityin �eld n is physical value = TZEROn+ TSCALn� �eld value: (8.1)TNULLnKeywords The value �eld for this indexed keyword shall contain the characterstring that represents an unde�ned value for �eld n. The string is implicitly blank �lledto the width of the �eld. NOST FITS De�nition



36 SECTION 8. STANDARD EXTENSIONSTTYPEn Keywords The value �eld for this indexed keyword shall contain a characterstring, giving the name of �eld n. It is recommended that only letters, digits, and un-derscore (hexadecimal code 5F, \ ") be used in the name. However, string comparisonswith the values of TTYPEn keywords should not be case sensitive. The use of identicalnames for di�erent �elds should be avoided.TUNITn Keywords The value �eld shall contain a character string describing thephysical units in which the quantity in �eld n, after any application of TSCALn andTZEROn, is expressed. Units must follow the prescriptions in Section 5.3.8.1.3 Data SequenceThe table is constructed from a two-dimensional array of ASCII characters. The rowlength and the number of rows shall be those speci�ed, respectively, by the NAXIS1 andNAXIS2 keywords of the associated header records. The number of characters in a rowand the number of rows in the table shall determine the size of the character array.Every row in the array shall have the same number of characters. The �rst characterof the �rst row shall be at the start of the record immediately following the last headerrecord. The �rst character of subsequent rows shall follow immediately the character atthe end of the previous row, independent of the record structure. The positions in thelast data record after the last character of the last row of the data array shall be �lledwith ASCII blanks.8.1.4 FieldsEach row in the array shall consist of a sequence of �elds, with one entry in each �eld.For every �eld, the FORTRAN-77 format of the information contained, location in therow of the beginning of the �eld and (optionally) the �eld name, shall be speci�ed inkeywords of the associated header records. A separate format keyword must be providedfor each �eld. The location and format of �elds shall be the same for every row. Fieldsmay overlap. There may be characters in a table row that are not included in any �eld.8.1.5 EntriesAll data in an ASCII table extension �eld shall be ASCII text in a format that conformsto the rules for �xed �eld input in ANSI FORTRAN-77 [13] format, as described below,including implicit decimal points. The only possible formats shall be those speci�ed inTable 8.2. If values of -0 and +0 must be distinguished, then the sign character shouldappear in a separate �eld in character format. TNULLn keywords may be used to specifya character string that represents an unde�ned value in each �eld. The charactersrepresenting an unde�ned value may di�er from �eld to �eld but must be the sameNASA/Science O�ce of Standards and Technology



8.1. THE ASCII TABLE EXTENSION 37within a �eld. Writers of ASCII tables should select a format appropriate to the form,range of values, and accuracy of the data in the table.The value of a character-formatted (Aw) �eld is a character string of width w con-taining the characters in columns TBCOLn through TBCOLn+w � 1. It may be stored,left justi�ed, in a character-valued variable of width � w without loss of information.The value of an integer-formatted (Iw) �eld is an integer number determined byremoving all blanks from columns TBCOLn through TBCOLn+w� 1 and interpreting theremaining, right-justi�ed characters as a signed decimal integer. A blank �eld has value0. All characters other than blanks, the decimal integers (\0" through \9") and a singleleading sign character (\+" and \-") are forbidden.The value of a real-formatted �eld (Fw.d , Ew.d , Dw.d) is a real number determinedfrom the w characters from columns TBCOLn through TBCOLn+w � 1. The value isformed by1. discarding all blank characters and right-justifying the non-blank characters,2. interpreting the �rst non-blank characters as a numeric string consisting of a singleoptional sign (\+" or \-") followed by one or more decimal digits (\0" through\9") optionally containing a single decimal point (\."). The numeric string isterminated by the end of the right-justi�ed �eld or by the occurrence of anycharacter other than a decimal point (\.") and the decimal integers (\0" through\9"). If the string contains no explicit decimal point, then the implicit decimalpoint is taken as immediately preceding the rightmost d digits of the string, withleading zeros assumed if necessary.3. if the numeric string is terminated by a(a) \+" or \-", interpreting the following string as an exponent in the form of asigned decimal integer, or(b) \E", or \D", interpreting the following string as an exponent of the form E orD followed by an optionally signed decimal integer constant.4. The exponent string, if present, is terminated by the end of the right-justi�edstring.5. Characters other than those speci�ed above are forbidden.The numeric value of the table �eld is then the value of the numeric string multipliedby ten (10) to the power of the exponent string i. e.,value = numeric string (10exponent string)). The default exponent is zero and a blank-�eld has value zero. There is no di�erence between the F, D, and E formats; the contentof the string determines its interpretation. Numbers requiring more precision and/orrange than the local computer can support may be represented. It is good form toNOST FITS De�nition



38 SECTION 8. STANDARD EXTENSIONSspecify a D format in TFORMn for a column of an ASCII table when that column willcontain numbers that cannot be accurately represented in 32-bit IEEE binary format(see Appendix H).Note that the above de�nitions allow for embedded blanks anywhere in integer-formatted and real-formatted �elds and implicit decimal points in real-formatted �elds.FITS reading tasks will have to honor these exibilities. However, since these exibilitiesare likely to cause confusion and possible misinterpretation, it is recommended thatFITS writing tasks write tables with explicit decimal points and no embedded or trailingblanks whenever possible.8.2 Image ExtensionData shall appear as an image extension if the primary header of the FITS �le has thekeyword EXTEND set to T and the �rst keyword of that extension header hasXTENSION= 'IMAGE '.8.2.1 Mandatory KeywordsThe XTENSION keyword is required to be the �rst keyword of all image extensions.The card images in the header of an image extension must use the keywords de�ned inTable 8.3 in the order speci�ed. No other keywords may intervene between the XTENSIONand GCOUNT keywords. 1 XTENSION2 BITPIX3 NAXIS4 NAXISn, n = 1, . . . , NAXIS5 PCOUNT6 GCOUNT...(other keywords . . . )...last ENDTable 8.3: Mandatory keywords in image extensions.XTENSION Keyword The value �eld shall contain the character string value text IM-AGE.NASA/Science O�ce of Standards and Technology



8.3. BINARY TABLE EXTENSION 39BITPIX Keyword The value �eld shall contain an integer. The absolute value isused in computing the sizes of data structures. It shall specify the number of bits thatrepresent a data value. The only valid values of BITPIX are given in Table 5.2.NAXIS Keyword The value �eld shall contain a non-negative integer no greater than999, representing the number of axes in the associated data array. A value of zerosigni�es that no data follow the header in the image extension.NAXISn Keywords The value �eld of this indexed keyword shall contain a non-negative integer, representing the number of elements along axis n of an ordinary dataarray. The NAXISn must be present for all values n = 1, ..., NAXIS, and for no othervalues of n. A value of zero for any of the NAXISn signi�es that no data follow theheader in the image extension. If NAXIS is equal to 0, there should not be any NAXISnkeywords.PCOUNT Keyword The value �eld shall contain the integer 0.GCOUNT Keyword The value �eld shall contain the integer 1; each image extensioncontains a single array.END Keyword This keyword has no associated value. Columns 9{80 shall be �lledwith ASCII blanks.8.2.2 UnitsThe units of all header keyword values in an image extension shall follow the prescrip-tions in section 5.3.8.2.3 Data SequenceThe data format shall be identical to that of a primary data array as described in section4.3.2.8.3 Binary Table ExtensionData shall appear as a binary table extension if the primary header of the FITS �lehas the keyword EXTEND set to T and the �rst keyword of that extension header hasXTENSION= 'BINTABLE'. NOST FITS De�nition



40 SECTION 8. STANDARD EXTENSIONS8.3.1 Mandatory KeywordsThe XTENSION keyword is the �rst keyword of all binary table extensions. The sevenkeywords following (BITPIX . . . TFIELDS) must be in the order speci�ed in Table 8.4,with no intervening keywords.1 XTENSION2 BITPIX3 NAXIS4 NAXIS15 NAXIS26 PCOUNT7 GCOUNT8 TFIELDS...(other keywords, which must include . . . )TFORMn, n=1, 2, . . . , k where k is the value of TFIELDS...last ENDTable 8.4: Mandatory keywords in binary table extensions.XTENSION Keyword The value �eld shall contain the character string 'BINTABLE'.BITPIX Keyword The value �eld shall contain the integer 8, denoting that the arrayis an array of 8-bit bytes.NAXISKeyword The value �eld shall contain the integer 2, denoting that the includeddata array is two-dimensional: rows and columns.NAXIS1 Keyword The value �eld shall contain a non-negative integer, giving thenumber of 8-bit bytes in each row of the table.NAXIS2 Keyword The value �eld shall contain a non-negative integer, giving thenumber of rows in the table.PCOUNT Keyword The value �eld shall contain the number of bytes that follow thetable in the associated extension data.NASA/Science O�ce of Standards and Technology



8.3. BINARY TABLE EXTENSION 41GCOUNT Keyword The value �eld shall contain the integer 1; the data records containa single table.TFIELDS Keyword The value �eld shall contain a non-negative integer representingthe number of �elds in each row. The maximum permissible value is 999.TFORMn Keywords The value �eld of this indexed keyword shall contain a characterstring of the form rTa. The repeat count r is the ASCII representation of a non-negativeinteger specifying the number of elements in �eld n. The default value of r is 1; therepeat count need not be present if it has the default value. A zero element count,indicating an empty �eld, is permitted. The data type T speci�es the data type of thecontents of �eld n. Only the data types in Table 8.5 are permitted. The format codesmust be speci�ed in upper case. For �elds of type P, the only permitted repeat countsare 0 and 1. The additional characters a are optional and are not further de�ned in thisstandard. Table 8.5 lists the number of bytes each data type occupies in a table row.The �rst �eld of a row is numbered 1. The total number of bytes nrow in a table row,derived from the following equation,nrow = TFIELDSXi=1 ribi (8.2)where ri is the repeat count for �eld i, bi is the number of bytes for the data type in�eld i, and TFIELDS is the value of that keyword, must equal the value of NAXIS1.END Keyword This keyword has no associated value. Columns 9{80 shall containASCII blanks.8.3.2 Other Reserved KeywordsIn addition to the mandatory keywords de�ned in section 8.3.1, these keywords may beused to describe the structure of a binary table data array. They are optional, but ifthey appear within a binary table extension header, they must be used as de�ned inthis section of this standard.TTYPEn Keywords The value �eld for this indexed keyword shall contain a characterstring, giving the name of �eld n. It is recommended that only letters, digits, andunderscore (hexadecimal code 5F, \ ") be used in the name. String comparisons withthe values of TTYPEn keywords should not be case sensitive. The use of identical namesfor di�erent �elds should be avoided. NOST FITS De�nition



42 SECTION 8. STANDARD EXTENSIONSTFORMn value Description 8-bit BytesL Logical 1X Bit *B Unsigned byte 1I 16-bit integer 2J 32-bit integer 4A Character 1E Single precision oating point 4D Double precision oating point 8C Single precision complex 8M Double precision complex 16P Array Descriptor 8� number of 8-bit bytes needed to contain all bitsTable 8.5: Valid TFORMn data types in BINTABLE extensions.TUNITn Keywords The value �eld shall contain a character string describing thephysical units in which the quantity in �eld n, after any application of TSCALn andTZEROn, is expressed. Units must follow the prescriptions in Section 5.3.TNULLn Keywords The value �eld for this indexed keyword shall contain the integerthat represents an unde�ned value for �eld n of data type B, I, or J. The keyword maynot be used if �eld n is of any other data type.TSCALn Keywords This indexed keyword shall be used, along with the TZEROn key-word, when the quantity in �eld n does not represent a true physical quantity. It maynot be used if the format of �eld n is A, L, or X. The interpretation for �elds of type P isnot de�ned. A proposed interpretation is described in Appendix B.1. For �elds with allother data types, the value �eld shall contain a oating point number representing thecoe�cient of the linear term in equation 8.1, which is used to compute the true physicalvalue of the �eld, or, in the case of the complex data types C and M, of the real partof the �eld, with the imaginary part of the scaling factor set to zero. The default valuefor this keyword is 1.0.TZEROn Keywords This indexed keyword shall be used, along with the TSCALn key-word, when the quantity in �eld n does not represent a true physical quantity. It maynot be used if the format of �eld n is A, L, or X. The interpretation for �elds of type Pis not de�ned. A proposed interpretation is described in Appendix B.1. For �elds withNASA/Science O�ce of Standards and Technology



8.3. BINARY TABLE EXTENSION 43all other data types, the value �eld shall contain a oating point number representingthe true physical value corresponding to a value of zero in �eld n of the FITS �le, or,in the case of the complex data types C and M, in the real part of the �eld, with theimaginary part set to zero. The default value for this keyword is 0.0. Equation 8.1 isused to compute a true physical value from the quantity in �eld n.TDISPn Keywords The value �eld of this indexed keyword shall contain a characterstring describing the format recommended for the display of the contents of �eld n. Ifthe table value has been scaled, the physical value, derived using equation 8.1, shallbe displayed. All elements in a �eld shall be displayed with a single, repeated format.For purposes of display, each byte of bit (type X) and byte (type B) arrays is treated aan unsigned integer. Arrays of type A may be terminated with a zero byte. Only theformat codes in Table 8.6, discussed in section 8.3.4, are permitted for encoding. Theformat codes must be speci�ed in upper case. If the Bw.m, Ow.m, and Zw.m formatsare not readily available to the reader, the Iw.m display format may be used instead,and if the ENw.d and ESw.d formats are not available, Ew.d may be used. The meaningof this keyword is not de�ned for �elds of type P in this standard but may be de�nedin conventions using such �elds.Field Value Data TypeAw CharacterLw LogicalIw IntegerBw.m Binary, integers onlyOw.m Octal, integers onlyZw.m Hexadecimal, integers onlyFw.d Single precision realEw.dEe Single precision real, exponential notationENw.d Engineering; E format with exponent multiple of 3ESw.d Scienti�c; same as EN but nonzero leading digit if not zeroGw.dEe General; appears as F if signi�cance not lost, else E.Dw.dEe Double precision real, exponential notationTable 8.6: Valid TDISPn format values in BINTABLE extensions. w is width in charactersof displayed values, m is minimum number of digits displayed, d is number of digits toright of decimal; e is number of digits in exponent. NOST FITS De�nition



44 SECTION 8. STANDARD EXTENSIONSTHEAP Keyword The value �eld of this keyword shall contain an integer providingthe separation, in bytes, between the start of the main data table and the start of asupplemental data area called the heap. The default value shall be the product of thevalues of NAXIS1 and NAXIS2. This keyword shall not be used if the value of PCOUNT iszero. A proposed application of this keyword is presented in Appendix B.1.TDIMn Keywords The value �eld of this indexed keyword shall contain a characterstring describing how to interpret the contents of �eld n as a multidimensional array,providing the number of dimensions and the length along each axis. The form of thevalue is not further speci�ed by this standard. A proposed convention is described inAppendix B.2.8.3.3 Data SequenceThe data in a binary table extension shall consist of a Main Data Table which may, butneed not, be followed by additional bytes. The positions in the last data record afterthe last additional byte, or, if there are no additional bytes, the last character of thelast row of the data array, shall be �lled by setting all bits to zero.8.3.3.1 Main Data TableThe table is constructed from a two-dimensional byte array. The number of bytes in arow shall be speci�ed by the value of the NAXIS1 keyword and the number of rows shallbe speci�ed by the NAXIS2 keyword of the associated header records. Within a row,�elds shall be stored in order of increasing column number, as determined from the nof the TFORMn keywords. The number of bytes in a row and the number of rows in thetable shall determine the size of the byte array. Every row in the array shall have thesame number of bytes. The �rst row shall begin at the start of the record immediatelyfollowing the last header record. Subsequent rows shall begin immediately following theend of the previous row, with no intervening bytes, independent of the record structure.Words need not be aligned along word boundaries.Each row in the array shall consist of a sequence of �elds. The number of elementsin each �eld and their data type shall be speci�ed in keywords of the associated headerrecords. A separate format keyword must be provided for each �eld. The location andformat of �elds shall be the same for every row. Fields may be empty, if the repeatcount speci�ed in the value of the TFORMn keyword of the header is 0. The followingdata types, and no others, are permitted.Logical If the value of the TFORMn keyword speci�es data type L, the contents of �eldn shall consist of ASCII \T" indicating true or ASCII \F", indicating false. A zero byteindicates an invalid value.NASA/Science O�ce of Standards and Technology



8.3. BINARY TABLE EXTENSION 45Bit Array If the value of the TFORMn keyword speci�es data type X, the contents of�eld n shall consist of a sequence of bits starting with the most signi�cant bit; the bitsfollowing shall be in order of decreasing signi�cance, ending with the least signi�cantbit. A bit array shall be composed of an integral number of bytes, with those bitsfollowing the end of the data set to zero. No null value is de�ned for bit arrays.Character If the value of the TFORMn keyword speci�es data type A, �eld n shallcontain a character string of zero or more members, composed of ASCII text. Thischaracter string may be terminated before the length speci�ed by the repeat count byan ASCII NULL (hexadecimal code 00). Characters after the �rst ASCII NULL arenot de�ned. A string with the number of characters speci�ed by the repeat count is notNULL terminated. Null strings are de�ned by the presence of an ASCII NULL as the�rst character.Unsigned 8-Bit Integer If the value of the TFORMn keyword speci�es data type B,the data in �eld n shall consist of unsigned 8-bit integers, with the most signi�cant bit�rst, and subsequent bits in order of decreasing signi�cance. Null values are given bythe value of the associated TNULLn keyword.16-Bit Integer If the value of the TFORMn keyword speci�es data type I, the data in�eld n shall consist of twos-complement signed 16-bit integers, contained in two bytes.The most signi�cant byte shall be �rst. Within each byte the most signi�cant bit shallbe �rst, and subsequent bits shall be in order of decreasing signi�cance. Null values aregiven by the value of the associated TNULLn keyword.32-Bit Integer If the value of the TFORMn keyword speci�es data type J, the datain �eld n shall consist of twos-complement signed 32-bit integers, contained in fourbytes. The most signi�cant byte shall be �rst, and subsequent bytes shall be in orderof decreasing signi�cance. Within each byte, the most signi�cant bit shall be �rst, andsubsequent bits shall be in order of decreasing signi�cance. Null values are given by thevalue of the associated TNULLn keyword.Single Precision Floating Point If the value of the TFORMn keyword speci�es datatype E, the data in �eld n shall consist of ANSI/IEEE-754 [15] 32-bit oating pointnumbers, as described in Appendix H. All IEEE special values are recognized. TheIEEE NaN is used to represent invalid values.Double Precision Floating Point If the value of the TFORMn keyword speci�esdata type D, the data in �eld n shall consist of ANSI/IEEE-754 [15] 64-bit doubleNOST FITS De�nition



46 SECTION 8. STANDARD EXTENSIONSprecision oating point numbers, as described in Appendix H. All IEEE special valuesare recognized. The IEEE NaN is used to represent invalid values.Single Precision Complex If the value of the TFORMn keyword speci�es data type C,the data in �eld n shall consist of a sequence of pairs of 32-bit single precision oatingpoint numbers. The �rst member of each pair shall represent the real part of a complexnumber, and the second member shall represent the imaginary part of that complexnumber. If either member contains a NaN, the entire complex value is invalid.Double Precision Complex If the value of the TFORMn keyword speci�es data typeM, the data in �eld n shall consist of a sequence of pairs of 64-bit double precision oatingpoint numbers. The �rst member of each pair shall represent the real part of a complexnumber, and the second member of the pair shall represent the imaginary part of thatcomplex number. If either member contains a NaN, the entire complex value is invalid.Array Descriptor If the value of the TFORMn keyword speci�es data type P, the datain �eld n shall consist of not more than one pair of 32-bit integers. The meaning ofthese integers is not de�ned by this standard. The proposed application of this datatype is described in Appendix B.1.8.3.3.2 Bytes Following Main TableThe main data table shall be followed by zero or more bytes, as speci�ed by the value ofthe PCOUNT keyword. The meaning of these bytes is not further de�ned by this standard.One proposed application is described in Appendix B.1.8.3.4 Data DisplayCharacter data are encoded under format code Aw . If the character datum has lengthless than or equal to w, it is represented on output right-justi�ed in a string of wcharacters. If the character datum has length greater than w, the �rst w characters ofthe datum are represented on output in a string of w characters. Character data arenot surrounded by single or double quotation marks unless those marks are themselvespart of the data value.Logical data are encoded under format code Lw . Logical data are represented onoutput with the character \T" for true or \F" for false right justi�ed in a blank-�lledstring of w characters. A null value may be represented by a completely blank string ofw characters.Integer data are encoded under format codes Iw.m, Bw.m, Ow.m, and Zw.m. Thedefault value of m is one and the \.m" is optional. The �rst letter of the code speci�esthe number base for the encoding with I for decimal (10), B for binary (2), O for octalNASA/Science O�ce of Standards and Technology



8.3. BINARY TABLE EXTENSION 47(8), and Z for hexadecimal (16). Hexadecimal format uses the upper-case letters Athrough F to represent decimal values 10 through 15. The output �eld consists of wcharacters containing zero or more leading blanks followed by a minus if the internaldatum is negative followed by the magnitude of the internal datum in the form of anunsigned integer constant in the speci�ed number base with only as many leading zerosas are needed to have at least m numeric digits. Note that m � w is allowed if all valuesare positive, but m < w is required if any values are negative. If the number of digitsrequired to represent the integer datum exceeds w, then the output �eld consists of astring of w asterisk (*) characters.Real data are encoded under format codes Fw.d , Ew.dEe, Dw.dEe, ENw.d , and ESw.d .In all cases, the output is a string of w characters including the decimal point, any signcharacters, and any exponent including the exponent's indicators, signs, and values. Ifthe number of digits required to represent the real datum exceeds w, then the output�eld consists of a string of w asterisk (*) characters. In all cases, d speci�es the numberof digits to appear to the right of the decimal point. The F format code output �eldconsists of w � d � 1 characters containing zero or more leading blanks followed by aminus if the internal datum is negative followed by the absolute magnitude of the internaldatum in the form of an unsigned integer constant. These characters are followed by adecimal point (\.") and d characters giving the fractional part of the internal datum,rounded by the normal rules of arithmetic to d fractional digits. For the E and D formatcodes, an exponent is taken such that the fraction 0:1 � jdatumj=10exponent < 1:0. Thefraction (with appropriate sign) is output with an F format of width w�e�2 characterswith d characters after the decimal followed by an E or D followed by the exponent asa signed e+ 1 character integer with leading zeros as needed. The default value of e is2 when the Ee portion of the format code is omitted. If the exponent value will not �tin e+ 1 characters but will �t in e+ 2 then the E (or D) is omitted and the wider �eldused. If the exponent value will not �t (with a sign character) in e+2 characters, thenthe entire w-character output �eld is �lled with asterisks (*). The ES format code isprocessed in the same manner as the E format code except that the exponent is takenso that 1:0 � fraction < 10. The EN format code is processed in the same manner asthe E format code except that the exponent is taken to be an integer multiple of 3 andso that 1:0 � fraction < 1000:0 All real format codes have number base 10. There isno di�erence between E and D format codes on input other than an implication with thelatter of greater precision in the internal datum.The Gw.dEe format code may be used with data of any type. For data of typeinteger, logical, or character, it is equivalent to Iw , Lw , or Aw , respectively. For dataof type real, it is equivalent to an F format (with di�erent numbers of characters afterthe decimal) when that format will accurately represent the value and is equivalent toan E format when the number (in absolute value) is either very small or very large.Speci�cally, for real values outside the range 0:1 � 0:5�10�d�1 � value < 10d � 0:5, itis equivalent to Ew.dEe. For real values within the above range, it is equivalent to Fw0:d0NOST FITS De�nition



48 SECTION 8. STANDARD EXTENSIONSfollowed by 2+e blanks, where w0 = w�e�2 and d0 = d�k for k = 0; 1; : : : ; d if the realdatum value lies in the range 10k�1 �1 � 0:5�10�d� � value � 10k �1 � 0:5�10�d�.
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Section 9Restrictions on ChangesAny structure that is a valid FITS structure shall remain a valid FITS structure at allfuture times. Use of certain valid FITS structures may be deprecated by this or futureFITS standard documents.
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Appendix AFormal Syntax of Card Images(This Appendix is not part of the NOST FITS standard but is included for convenientreference.)The following notation is used in de�ning the formal syntax.:= means \is de�ned to be"X j Y means one of X or Y (no ordering relation is implied)[X] means that X is optionalX... means X is repeated 1 or more times`B' means the ASCII character B`A'{`Z' means one of the ASCII characters A through Z\0xnn means the ASCII character associated with the hexadecimal code nnf...g expresses a constraint or a comment (it immediately follows the syntax rule)The following statements de�ne the formal syntax used in FITS free format cardimages.FITS card image :=FITS commentary card image j FITS value card imageFITS commentary card image :=COMMENT keyword [ascii text char...] jHISTORY keyword [ascii text char...] jBLANKFIELD keyword [ascii text char...] jkeyword �eld anychar but equal [ascii text char...]fConstraint: The total number of characters in a FITS commentary card image mustbe exactly equal to 80.g NOST FITS De�nition



52 APPENDIX A. FORMAL SYNTAX OF CARD IMAGESFITS value card image :=keyword �eld value indicator [space...] [value] [space...] [comment]fConstraint: The total number of characters in a FITS value card image must be ex-actly equal to 80.gfComment: If the value �eld is not present, the value of the FITS keyword is not de-�ned.gkeyword �eld :=[keyword char...] [space...]fConstraint: The total number of characters in the keyword �eld must be exactly equalto 8.gkeyword char :=`A'{`Z' j `0'{`9' j ` ' j `-'COMMENT keyword :=`C' `O' `M' `M' `E' `N' `T' spaceHISTORY keyword :=`H' `I' `S' `T' `O' `R' `Y' spaceBLANKFIELD keyword :=space space space space space space space spacevalue indicator :=`=' spacespace :=` 'comment :=`/' [ascii text char...]ascii text char :=space{`~'anychar but equal :=space{`<' j `>'{`~'
NASA/Science O�ce of Standards and Technology



53value :=character string value j logical value j integer value j oating value jcomplex integer value j complex oating valuecharacter string value :=begin quote [string text char...] end quotefConstraint: The begin quote and end quote are not part of the character string valuebut only serve as delimiters. Leading spaces are signi�cant; trailing spaces are not.gbegin quote :=quoteend quote :=quotefConstraint: The ending quote must not be immediately followed by a second quote.gquote :=\0x27string text char :=ascii text charfConstraint: A string text char is identical to an ascii text char except for the quotechar; a quote char is represented by two successive quote chars.glogical value :=`T' j `F'integer value :=[sign] digit [digit...]fComment: Such an integer value is interpreted as a signed decimal number. It maycontain leading zeros.gsign :=`-' j `+'digit :=`0'{`9'oating value :=decimal number [exponent]decimal number := NOST FITS De�nition



54 APPENDIX A. FORMAL SYNTAX OF CARD IMAGES[sign] [integer part] [`.' fraction part]fConstraint: At least one of the integer part and fraction part must be present.ginteger part :=digit j [digit...]fraction part :=digit j [digit...]exponent :=exponent letter [sign] digit [digit...]exponent letter :=`E' j `D'complex integer value :=`(' [space...] real integer part [space...] `,' [space...]imaginary integer part [space...] `)'real integer part :=integer valueimaginary integer part :=integer valuecomplex oating value :=`(' [space...] real oating part [space...] `,' [space...]imaginary oating part [space...] `)'real oating part :=oating valueimaginary oating part :=oating value
NASA/Science O�ce of Standards and Technology
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Appendix BProposed Binary TableConventions(This Appendix is not part of the NOST FITS Standard but is included for informa-tional purposes only.)In the paper describing the binary table extension, type name 'BINTABLE' [10], theauthors present three conventions: one for variable length arrays, one for multidimen-sional arrays and one for substring arrays. These conventions, discussed in appendixesto the proposal, are not part of the formal BINTABLE rules adopted by the IAUFWGbut are expected to enjoy wide acceptance. The draft text for those appendixes, avail-able on-line in the directory http://www.cv.nrao.edu/fits/documents/standards/,is reproduced here nearly verbatim; the only changes are those required for stylisticconsistency with the rest of this document.B.1 \Variable Length Array" FacilityOne of the most attractive features of binary tables is that any �eld of the table can bean array. In the standard case this is a �xed size array, i.e., a �xed amount of storageis allocated in each record for the array data|whether it is used or not. This is �ne solong as the arrays are small or a �xed amount of array data will be stored in each record,but if the stored array length varies for di�erent records, it is necessary to impose a�xed upper limit on the size of the array that can be stored. If this upper limit is madetoo large excessive wasted space can result and the binary table mechanism becomesseriously ine�cient. If the limit is set too low then it may become impossible to storecertain types of data in the table.The \variable length array" construct presented here was devised to deal with thisproblem. Variable length arrays are implemented in such a way that, even if a tablecontains such arrays, a simple reader program which does not understand variable lengthNOST FITS De�nition



56 APPENDIX B. PROPOSED BINARY TABLE CONVENTIONSarrays will still be able to read the main table (in other words a table containing variablelength arrays conforms to the basic binary table standard). The implementation chosenis such that the records in the main table remain �xed in size even if the table containsa variable length array �eld, allowing e�cient random access to the main table.Variable length arrays are logically equivalent to regular static arrays, the onlydi�erences being 1) the length of the stored array can di�er for di�erent records, and 2)the array data is not stored directly in the table records. Since a �eld of any datatype canbe a static array, a �eld of any datatype can also be a variable length array (excludingtype P, the variable length array descriptor itself, which is not a datatype so much asa storage class speci�er). Conventions such as TDIMn (see Appendix B.2) apply equallyto both variable length and static arrays.A variable length array is declared in the table header with a special �eld datatypespeci�er of the form rPt(maxelem)where the \P" indicates the amount of space occupied by the array descriptor in thedata record (64 bits), the element count \r" should be 0, 1, or absent, t is a characterdenoting the datatype of the array data (L, X, B, I, J, etc., but not P), and maxelem isa quantity guaranteed to be equal to or greater than the maximum number of elementsof type t actually stored in a table record. There is no built-in upper limit on the sizeof a stored array; maxelem merely reects the size of the largest array actually storedin the table, and is provided to avoid the need to preview the table when, for example,reading a table containing variable length elements into a database that supports only�xed size arrays. There may be additional characters in the TFORMn keyword followingthe \maxelem".For example, TFORM8 = 'PB(1800)' / Variable byte arrayindicates that �eld 8 of the table is a variable length array of type byte, with a maximumstored array length not to exceed 1800 array elements (bytes in this case).The data for the variable length arrays in a table is not stored in the actual datarecords; it is stored in a special data area, the heap, following the last �xed size datarecord. What is stored in the data record is an array descriptor. This consists of two32-bit integer values: the number of elements (array length) of the stored array, followedby the zero-indexed byte o�set of the �rst element of the array, measured from the startof the heap area. Storage for the array is contiguous. The array descriptor for �eld Nas it would appear embedded in a data record is illustrated symbolically below:: : : [�eld N�1] [(nelem,o�set)] [�eld N+1] : : :If the stored array length is zero there is no array data, and the o�set value isunde�ned (it should be set to zero). The storage referenced by an array descriptor mustlie entirely within the heap area; negative o�sets are not permitted.NASA/Science O�ce of Standards and Technology



B.1. \VARIABLE LENGTH ARRAY" FACILITY 57A binary table containing variable length arrays consists of three principal segments,as follows: [table header][record storage area][heap area]The table header consists of one or more 2880-byte FITS logical records with the lastrecord indicated by the keyword END somewhere in the record. The record storage areabegins with the next 2880-byte logical record following the last header record and isNAXIS1 � NAXIS2 bytes in length. The zero indexed byte o�set of the heap measuredfrom the start of the record storage area is given by the THEAP keyword in the header.If this keyword is missing the heap is assumed to begin with the byte immediatelyfollowing the last data record, otherwise there may be a gap between the last storedrecord and the start of the heap. If there is no gap the value of the heap o�set isNAXIS1� NAXIS2. The total length in bytes of the heap area following the last storedrecord (gap plus heap) is given by the PCOUNT keyword in the table header.For example, suppose we have a table containing 5 rows each 168 byte records, witha heap area 2880 bytes long, beginning at an o�set of 2880, thereby aligning the recordstorage and heap areas on FITS record boundaries (this alignment is not necessarilyrecommended but is useful for our example). The data portion of the table consists of2 2880-byte FITS records, 840 bytes of which are used by the 5 table records, hencePCOUNT is 2� 2880 � 840, or 4920 bytes; this is expressed in the table header as:NAXIS1 = 168 / Width of table row in bytesNAXIS2 = 5 / Number of rows in tablePCOUNT = 4920 / Random parameter count...THEAP = 2880 / Byte offset of heap areaThe values of TSCALn and TZEROn for variable length array column entries are to beapplied to the values in the data array in the heap area, not the values of the arraydescriptor. These keywords can be used to scale data values in either static or variablelength arrays.While the above description is su�cient to de�ne the required features of the variablelength array implementation, some hints regarding usage of the variable length arrayfacility may also be useful.Programs which read binary tables should take care to not assume more about thephysical layout of the table than is required by the speci�cation. For example, there areno requirements on the alignment of data within the heap. If e�cient runtime accessis a concern one may want to design the table so that data arrays are aligned to thesize of an array element. In another case one might want to minimize storage and forgoany e�orts at alignment (by careful design it is often possible to achieve both goals).Variable array data may be stored in the heap in any order, i.e., the data for recordN+1 is not necessarily stored at a larger o�set than that for record N. There may beNOST FITS De�nition



58 APPENDIX B. PROPOSED BINARY TABLE CONVENTIONSgaps in the heap where no data is stored. Pointer aliasing is permitted, i.e., the arraydescriptors for two or more arrays may point to the same storage location (this couldbe used to save storage if two or more arrays are identical).Byte arrays are a special case because they can be used to store a \typeless" datasequence. Since FITS is a machine-independent storage format, some form of machine-speci�c data conversion (byte swapping, oating point format conversion) is impliedwhen accessing stored data with types such as integer and oating, but byte arrays arecopied to and from external storage without any form of conversion.An important feature of variable length arrays is that it is possible that the storedarray length may be zero. This makes it possible to have a column of the table forwhich, typically, no data is present in each stored record. When data is present thestored array can be as large as necessary. This can be useful when storing complexobjects as records in a table.Accessing a binary table stored on a random access storage medium is straightfor-ward. Since the data records in the main table are �xed in size they may be randomlyaccessed given the record number, by computing the o�set. Once the record has beenread in, any variable length array data may be directly accessed using the element countand o�set given by the array descriptor stored in the data record.Reading a binary table stored on a sequential access storage medium requires thata table of array descriptors be built up as the main table records are read in. Once allthe table records have been read, the array descriptors are sorted by the o�set of thearray data in the heap. As the heap data is read, arrays are extracted sequentially fromthe heap and stored in the a�ected records using the back pointers to the record and�eld from the table of array descriptors. Since array aliasing is permitted, it may benecessary to store a given array in more than one �eld or record.Variable length arrays are more complicated than regular static arrays and implyan extra data access per array to fetch all the data for a record. For this reason, it isrecommended that regular static arrays be used instead of variable length arrays unlesse�ciency or other considerations require the use of a variable array.This facility is still undergoing trials and is not part of the basic binary table de�-nition.B.2 \Multidimensional Array" ConventionIt is anticipated that binary tables will need to contain data structures more complexthat those describable by the basic notation. Examples of these are multidimensionalarrays and nonrectangular data structures. Suitable conventions may be de�ned to passthese structures using some combination of keyword/value pairs and table entries topass the parameters of these structures.NASA/Science O�ce of Standards and Technology



B.3. \SUBSTRING ARRAY" CONVENTION 59One case, multidimensional arrays, is so common that it is prudent to describe asimple convention. The \Multidimensional array" convention consists of the following:any column with a dimensionality of 2 or larger will have an associated character key-word TDIMn ='(l,m,n...)' where l, m, n,. . . are the dimensions of the array. Thedata is ordered such that the array index of the �rst dimension given (l) is the mostrapidly varying and that of the last dimension given is the least rapidly varying. Thesize implied by the TDIMn keyword will equal the element count speci�ed in the TFORMnkeyword. The adherence to this convention will be indicated by the presence of a TDIMnkeyword in the form described above.A character string is represented in a binary table by a one-dimensional characterarray, as described under \Character" in the list of datatypes in section 8.3.3.1 (\MainData Table "). For example, a Fortran 77 CHARACTER*20 variable could be representedin a binary table as a character array declared as TFORMn ='20A '. Arrays of characterstrings, i.e., multidimensional character arrays, may be represented using the TDIMnnotation. For example, if TFORMn ='60A ' and TDIMn ='(5,4,3)', then the entryconsists of a 4�3 array of strings of 5 characters each. (Variable length character stringsare allowed by the convention described in Appendix B.3. One dimensional arrays ofstrings should use the convention in Appendix B.3 rather than the \MultidimensionalArray" convention.)This convention is optional and will not preclude other conventions. This conventionis not part of the binary table de�nition.B.3 \Substring Array" ConventionThis appendix describes a layered convention for specifying that a character array �eld(TFORMn ='rA ') consists of an array of either �xed-length or variable-length substringswithin the �eld. This convention utilizes the option described in the basic binary tablede�nition to have additional characters following the datatype code character in theTFORMn value �eld. The full form for the value of TFORMn within this convention is'rA:SSTRw=nnn'wherer is an integer giving the total length including any delimiters (in characters)of the �eld,A signi�es that this is a character array �eld,: indicates that a convention indicator follows,SSTR indicates the use of the \Substring Array" convention,w is an integer � r giving the (maximum) number of characters in an indi-vidual substring (not including the delimiter), and NOST FITS De�nition



60 APPENDIX B. PROPOSED BINARY TABLE CONVENTIONS=nnn if present, indicates that the substrings have variable-length and aredelimited by an ASCII text character with decimal value nnn in therange 032 to 126 decimal, inclusive. This character is referred to as thedelimiter character. The delimiter character for the last substring willbe an ASCII NUL.To illustrate this usage:'40A:SSTR8' signi�es that the �eld is 40 characters wide and consists of anarray of 5 8-character �xed-length substrings.'100A:SSTR8/032' signi�es that the �eld is 100 characters wide and con-sists of an array of variable-length substrings where each substring hasa maximum length of 8 characters and, except for the last substring, isterminated by an ASCII SPACE (decimal 32) character.Note that simple FITS readers that do not understand this substring conventioncan ignore the TFORM characters following the rA and can interpret the �eld simply as asingle long string as described in the basic binary table de�nition.The following rules complete the full de�nition of this convention:1. In the case of �xed-length substrings, if r is not an integer multiple of w then theremaining odd characters are unde�ned and should be ignored. For example ifTFORMn ='14A:SSTR3', then the �eld contains 4 3-character substrings followedby 2 unde�ned characters.2. Fixed-length substrings must always be padded with blanks if they do not other-wise �ll the �xed-length sub�eld. The ASCII NUL character must not be used toterminate a �xed-length substring �eld.3. The character following the delimiter character in variable-length substrings is the�rst character of the following substring.4. The method of signifying an unde�ned or null substring within a �xed-lengthsubstring array is not explicitly de�ned by this convention (note that there is noambiguity if the variable-length format is used). In most cases it is recommendedthat a completely blank substring or other adopted convention (e.g. 'INDEF') beused for this purpose although general readers are not expected to recognize theseas unde�ned strings. In cases where it is necessary to make a distinction betweena blank, or other, substring and an unde�ned substring use of variable-lengthsubstrings is recommended.5. Unde�ned or null variable-length substrings are designated by a zero-length sub-string, i.e., by a delimiter character (or an ASCII NUL if it is the last substring inthe table �eld) in the �rst position of the substring. An ASCII NUL in the �rstNASA/Science O�ce of Standards and Technology



B.3. \SUBSTRING ARRAY" CONVENTION 61character of the table �eld indicates that the �eld contains no de�ned variable-length substrings.6. The \Multidimensional Array"convention described in Appendix B.2 of this pa-per provides a syntax using the TDIMn keyword for describing multidimensionalarrays of any datatype which can also be used to represent arrays of �xed-lengthsubstrings. For a one dimensional array of substrings (a two dimensional arrayof characters) the \Substring Array" convention is preferred over the \Multidi-mensional Array" convention. Multidimensional arrays of (�xed length) stringsrequire the use of the \Multidimensional Array" convention.7. This substring convention may be used in conjunction with the \Variable LengthArray" facility described in Appendix B.1 of this paper. In this case, the twopossible full forms for the value of the TFORM keyword areTFORMn ='rPA(maxelem):SSTRw=nnn0and TFORMn ='rPA(maxelem):SSTRw'for the variable and �xed cases, respectively.This convention is optional and will not preclude other conventions. This conventionis not part of the binary table de�nition.
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62 APPENDIX B. PROPOSED BINARY TABLE CONVENTIONS
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63
Appendix CImplementation on PhysicalMedia(This Appendix is not part of the NOST FITS Standard, but is included as a guide torecommended practices.)C.1 Physical Properties of MediaThe arrangement of digital bits and other physical properties of any medium shouldbe in conformance with the relevant national and/or international standard for thatmedium.C.2 LabelingC.2.1 TapeTapes may be either ANSI standard labeled or unlabeled. Unlabeled tapes are preferred.C.2.2 Other MediaConventions regarding labels for physical media containing FITS �les have not beenestablished for other media.C.3 FITS File BoundariesC.3.1 Magnetic Reel TapeIndividual FITS �les are terminated by a tape-mark. NOST FITS De�nition



64 APPENDIX C. IMPLEMENTATION ON PHYSICAL MEDIAC.3.2 Other MediaFor �xed block length sequential media where the physical block size cannot be equalto or an integral multiple of the standard FITS logical record length, a logical record offewer than 23040 bits (2880 8-bit bytes) immediately following the end of the primaryheader, data, or an extension should be treated as an end-of-�le. Otherwise, individualFITS �les should be terminated by a delimiter appropriate to the medium, analogousto the tape end-of-�le mark. If more than one FITS �le appears on a physical structure,the appropriate end-of-�le indicator should immediately precede the start of the primaryheaders of all �les after the �rst.C.4 Multiple Physical VolumesStorage of a single FITS �le on more than one unlabeled tape or on multiple units ofany other medium is not universally supported in FITS. One possible way to handlemultivolume unlabeled tape was suggested in [1]. A convention for logically groupingon-line FITS HDUs that may physically be located in di�erent sites has been proposedin [16].
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65
Appendix DSuggested Time ScaleSpeci�cation[Not part of formal DATExxxx agreement]1. Use of the keyword TIMESYS is suggested as an implementation of the time scalespeci�cation. It sets the principal time system for time-related keywords and datain the HDU (i.e., it does not preclude the addition of keywords or data columnsthat provide information for transformations to other time scales, such as siderealtimes or barycenter corrections). Each HDU shall contain not more than oneTIMESYS keyword. Initially, o�cially allowed values are:UTC Coordinated Universal Time; de�ned since 1972.UT Universal Time, equal to Greenwich Mean Time (GMT) since 1925; the UTCequivalent before 1972; see: Explanatory Supplement, p. 76.TAI International Atomic Time; \UTC without the leap seconds"; 31 s ahead ofUTC on 1997-07-01.AT International Atomic Time; deprecated synonym of TAI.ET Ephemeris Time, the predecessor of TT; valid until 1984.TT Terrestrial Time, the IAU standard time scale since 1984; continuous withET and synchronous with (but 32.184 s ahead of) TAI.TDT Terrestrial Dynamical Time; =TT.TDB Barycentric Dynamical Time.TCG Geocentric Coordinate Time; runs ahead of TT since 1977-01-01 at a rateof approximately 22 ms/year.TCB Barycentric Coordinate Time; runs ahead of TDB since 1977-01-01 at arate of approximately 0.5 s/year. NOST FITS De�nition



66 APPENDIX D. SUGGESTED TIME SCALE SPECIFICATIONFor reference, see: Explanatory Supplement to the Astronomical Almanac, P. K.Seidelmann, ed., University Science Books, 1992, ISBN 0-935702-68-7.http://tycho.usno.navy.mil/systime.htmlUse of GPS time (19 s behind TAI) is deprecated.2. By default, times will be deemed to be as measured at the detector (or in practicalcases, at the observatory) for times that run synchronously with TAI (i.e., TAI,UTC, and TT). In the case of coordinate times (such as TCG and TCB) and TDBwhich are tied to an unambiguous coordinate origin, the default meaning of timevalues will be: time as if the observation had taken place at the origin of the coor-dinate time system. These defaults follow common practice; a future conventionon time scale issues in FITS �les may allow other combinations but shall preservethis default behavior. The rationale is that raw observational data are most likelyto be tagged by a clock that is synchronized with TAI, while a transformation tocoordinate times or TDB is usually accompanied by a spatial transformation, aswell. This implies that path length di�erences have been corrected for. Note thatthe di�erence TDB-UTC, in that case, is approximately sinusoidal, with periodone year and amplitude up to 500 s, depending on source position. Also, notethat when the location is not unambiguous (such as in the case of an interferom-eter) precise speci�cation of the location is strongly encouraged in, for instance,geocentric Cartesian coordinates.3. Note that \TT" is the IAU preferred standard. It may be considered equivalentto \TDT" and \ET", though \ET" should not be used for data taken after 1984.For reference, see: Explanatory Supplement, pp. 40-48.4. If the TIMESYS keyword is absent or has an unrecognized value, the value UTC willbe assumed for dates since 1972, and UT for pre-1972 data.5. Examples. The three legal representations of the date of October 14, 1996, mightbe written as:DATE-OBS= '14/10/96' / Original format, means 1996 Oct 14.TIMESYS = 'UTC ' / Explicit time scale specification: UTC.DATE-OBS= '1996-10-14' / Date of start of observation in UTC.DATE-OBS= '1996-10-14' / Date of start of observation, also in UTC.TIMESYS = 'TT ' / Explicit time scale specification: TT.DATE-OBS= '1996-10-14T10:14:36.123' / Date and time of start of obs. in TT.NASA/Science O�ce of Standards and Technology



676. The convention suggested in this Appendix is part of the mission-speci�c FITSconventions adopted for, and used in, the RXTE archive, building on existingHigh Energy Astrophysics FITS conventions. See:http://legacy.gsfc.nasa.gov/docs/xte/abc/time tutorial.htmlhttp://heasarc.gsfc.nasa.gov/docs/xte/abc/time.htmlThe VLBA project has adopted a convention where the keyword TIMSYS, ratherthan TIMESYS, is used, currently allowing the values UTC and IAT. See p.9 andp.16 of:http://www.cv.nrao.edu/fits/documents/drafts/vlba format.ps
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Appendix EDi�erences from IAU-endorsedPublications(This Appendix is not part of the NOST FITS Standard but is included for informa-tional purposes only.)Note: In this discussion, the term the FITS papers refers to [1], [2], [4], [5], [9],and [10] collectively, the term Floating Point Agreement (FPA) refers to [8], the termBlocking Agreement refers to [11]; and the term DATExxxx Agreement refers to therede�nition of the value format for date keywords approved by the IAUFWG in 1997.1. Section 3 | De�nitions, Acronyms, and SymbolsArray value | This precise de�nition is not used in the original FITS papers.ASCII text | This permissible subset of the ASCII character set, used in manycontexts, is not precisely de�ned in the FITS papers.Basic FITS | This de�nition includes the possibility of oating point data ar-rays, while the terminology in the FITS papers refers to FITS as describedin [1], where only integer arrays were possible.Conforming Extension | This terminology is not used in the FITS papers.Deprecate | The concept of deprecation does not appear in the FITS papers.FITS structure | This terminology is not used in the FITS papers in theprecise way that it is in this standard.Fraction | This terminology and the distinction between fraction and mantissado not appear in the Floating Point Agreement.Header and Data Unit | This terminology is not used in the FITS papers.Indexed keyword | This terminology is not used in the original FITS papers.Physical value |This precise de�nition is not used in the original FITS papers.NOST FITS De�nition



70 APPENDIX E. DIFFERENCES FROM IAU-ENDORSEDPUBLICATIONSReference point | This term replaces the reference pixel of the FITS papers.The new terminology is consistent with the fact that the array need notrepresent a digital image and that the reference point (or pixel) need not liewithin the array.Repeat count |This terminology is not used in the FITS papers.Reserved keyword | The FITS papers describe optional keywords but do notsay explicitly that they are reserved.Standard Extension | This precise de�nition is new. The term standard ex-tension is used in some contexts in the FITS papers to refer to what thisstandard de�nes as a standard extension and in others to refer to what thisstandard de�nes as conforming extension.2. Section 4.3.2 Primary Data ArrayFill format | This speci�cation is new. The FITS papers and the FPA do notprecisely specify the format of data �ll for the primary data array.3. Section 4.4.1.1 Identity (of conforming extensions)The FITS papers specify that creators of new extension types should check withthe FITS standards committee. This standard identi�es the committee speci�-cally, introduces the role of the FITS Support O�ce as its agent, and mandatesregistration.4. Section 4.6 Physical BlockingThis material is based entirely on the Blocking Agreement. Material in the earlyFITS papers [1,4] specifying the expression of FITS on speci�c physical media isnot part of this standard.5. Section 4.6.1 Bitstream DevicesThe Blocking Agreement speci�es that this rule applies to FITS �les written tological �le systems. This standard applies the rule to all bitstream devices, notonly logical �le systems.6. Section 4.6.2.1 Fixed BlockThe Blocking Agreement speci�es that this rule applies to FITS �les writtento optical disks, (accessed as a sequential set of records), QIC format 1/4-inchcartridge tapes and Local Area networks. This standard extends the rule to other�xed block length sequential media.7. Section 4.6.2.2 Variable BlockThe Blocking Agreement speci�es that this rule applies to FITS �les written to1.2-inch 9 track tapes, DDS/DAT 4mm cartridge tapes and 8mm cartridge tape(Exabyte). This standard extends the rule to all variable block length sequentialmedia and eliminates references to speci�c products.NASA/Science O�ce of Standards and Technology



718. Section 5.1.2.1 Keyword (as header component)The speci�cation of permissible keyword characters is new. The FITS papers donot precisely de�ne the permissible characters for keywords.9. Section 5.1.2.2 Value Indicator (bytes 9 { 10)The FITS papers do not speci�cally address the permissibility of null values. Thisstandard states explicitly that they are permitted.10. Section 5.1.2.3 Value/Comment (bytes 11 { 80)In the FITS papers, the slash between the value and comment is optional. Thisstandard requires the slash, consistent with the prescription of FORTRAN-77list-directed input.11. Section 5.2 Value, including its subsectionsThe FITS papers specify that the value �eld is to be written following the rulesof ANSI FORTRAN-77 list-directed input, with some restrictions. This standardexplicitly describes the format of the value �eld. The FITS papers permit thevalue �eld to contain an array of values. This standard speci�es that there shallbe only one value in the value �eld. The FITS papers require the �xed format forthe most essential parameters. This standard identi�es those parameters with thevalues of the mandatory keywords.12. Section 5.2.1 Character StringThe requirement in the FITS papers that the closing quote in a character stringvalue may not occur before column 20 has been eliminated.The standard explicitly describes how single quotes are to be coded into keywordvalues, a rule only implied by the FORTRAN-77 list-directed read requirementsof the FITS papers.13. Section 5.2.3 IntegerThe standard explicitly notes that the �xed format for complex integers does notconform to the rules for ANSI FORTRAN list-directed read.14. Section 5.2.4 Real Floating Point NumberThe standard explicitly notes that the full precision of 64-bit values cannot beexpressed as a single value using the �xed format.15. Section 5.2.5 Complex Integer NumberThe standard does not support the �xed format for complex integers de�ned in theFITS papers but is consistent with FORTRAN-77 list-directed read as requiredin the FITS papers for free format. Because the �xed format of the FITS papersdid not conform to the rules for FORTRAN-77 list-directed I/O, consistency withboth was impossible. There are no known FITS �les that use the �xed format forcomplex integers that was de�ned in the FITS papers. NOST FITS De�nition



72 APPENDIX E. DIFFERENCES FROM IAU-ENDORSEDPUBLICATIONS16. Section 5.2.6 Complex Floating Point NumberThe standard does not support the �xed format for complex oating point numbersde�ned in the FITS papers but is consistent with FORTRAN-77 list-directed readas required in the FITS papers for free format. Because the �xed format of theFITS papers did not conform to the rules for FORTRAN-77 list-directed I/O,consistency with both was impossible. There are no known FITS �les that usethe �xed format for complex oating point numbers that was de�ned in the FITSpapers.17. Section 5.3 UnitsThe FITS papers recommend the use of SI units and identify certain other unitsstandard in astronomy. This standard codi�es the recommendation and makes itmore speci�c by referring to the IAU Style Manual [7], while explicitly recommend-ing degrees for angular measure and requiring degrees for celestial coordinates.18. Section 5.4.1.1 Principal (mandatory keywords)(a) SIMPLE keyword | The explicit prohibition against the appearance of theSIMPLE keyword in extensions does not appear in the FITS papers.(b) NAXIS keyword | The requirement that the NAXIS keyword may not benegative is not explicitly speci�ed in the FITS papers.(c) NAXISn keyword | The requirement that the NAXISn keyword may not benegative is not explicitly speci�ed in the FITS papers.19. Section 5.4.1.2 Conforming Extensions(a) NBITS | The requirement that NBITS may not be negative is not explicitlyspeci�ed in the FITS papers.(b) XTENSION keyword | That this keyword may not appear in the primaryheader is only implied by the FITS papers; the prohibition is explicit inthis standard. The FITS papers name a FITS standards committee as thekeeper of the list of accepted extension type names. This standard speci�callyidenti�es the committee and introduces the role of the FITS Support O�ceas its agent.20. Section 5.4.2 Other Reserved KeywordsThat the optional keywords de�ned in the FITS papers are to be reserved for boththe primary HDUs and all extensions with the meanings and usage de�ned in thosepapers, as in the standard, is not explicitly stated in all of them, although somekeywords are explicitly reserved in the papers describing the image and binarytable extensions.NASA/Science O�ce of Standards and Technology



7321. Section 5.4.2.1 Keywords Describing the History or Physical Construction of theHDU(a) DATE Keyword | The notation for four-digit year number is YYYY ratherthan the CCYY of the DATExxxx Agreement. The recommendation for use ofUniversal Time in the superseded format with a two-digit year is not in theFITS papers.(b) BLOCKED keyword | The FITS papers require the BLOCKED keyword to ap-pear in the �rst record of the primary header even though it cannot whenthe value of NAXIS exceeds the values described in the text. They do notaddress this contradiction. This standard deprecates the BLOCKED keyword.22. Section 5.4.2.2 Keywords Describing Observations(a) DATE-OBS Keyword | The recommendation for use of Universal Time in thesuperseded format with a two-digit year is not in the FITS papers.(b) EQUINOX and EPOCH keywords | This standard replaces the EPOCH keywordwith the more appropriately named EQUINOX keyword and deprecates theEPOCH name.23. Section 5.4.2.4 Commentary keywordsKeyword �eld is blank | Reference [1] contains the text \BLANK" to representa blank keyword �eld. The standard clari�es the intention.24. Section 5.4.2.5 Array keywords(a) BUNIT Keyword | The FITS papers recommend the use of SI units, degreesas the appropriate unit for angles, and identify other units standard in as-tronomy. This standard specically applies applies the recommendations ofsection 5.3 to the BUNIT keyword.(b) CTYPEn, CRVALn, CDELTn, and CROTAn Keywords | This standard extendsthe recommendations on units to coordinate axes, explictly requiring decimaldegrees for coordinates.(c) CRPIXn Keywords | This standard explicitly notes the ambiguity in thelocation of the index number relative to an image pixel.(d) CDELTn Keywords | The de�nition in the standard di�ers from that in theFITS papers in that it provides for the case where the spacing between indexpoints varies over the grid. For the case of constant spacing, it is identical tothe speci�cation in the FITS papers. NOST FITS De�nition



74 APPENDIX E. DIFFERENCES FROM IAU-ENDORSEDPUBLICATIONS(e) DATAMAX and DATAMIN Keywords | The standard clari�es that the valuerefers to the physical value represented by the array, after any scaling, notthe array value before scaling. The standard also notes that special values arenot to be considered when determining the values of DATAMAX and DATAMIN,an issue not speci�cally addressed by the FITS papers or the FPA.25. Section 7 Random Groups StructureThe standard deprecates the Random Groups structure.26. Section 7.1.2 Reserved Keywords (random groups)That the optional keywords de�ned in the FITS papers are to be reserved with themeanings and usage de�ned in those papers, as in the standard, is not explicitlystated in them.27. Section 7.1.2.2 PSCALn Keywords | The default value is explicitly speci�ed in thestandard, whereas in the FITS papers it is assumed by analogy with the BSCALEkeyword.28. Section 7.1.2.3 PZEROn Keywords | The default value is explicitly speci�ed in thestandard, whereas in the FITS papers it is assumed by analogy with the BZEROkeyword.29. Section 8.1 ASCII Table ExtensionThe name ASCII table is given to the \tables" extension discussed in the FITSpapers to distinguish it from the binary table extension.The closing quote in the value of the XTENSION card image is not required by thisstandard to be in column 20, while it is so required in the FITS papers.30. Section 8.1.1 Mandatory Keywords (ASCII table)(a) NAXIS1 keyword | The requirement that the NAXIS1 keyword may not benegative in an ASCII table header is not explicitly speci�ed in the FITSpapers.(b) NAXIS2 keyword | The requirement that the NAXIS2 keyword may not benegative in an ASCII table header is not explicitly speci�ed in the FITSpapers.(c) TFIELDS keyword | The requirement that the TFIELDS keyword may not benegative is not explicitly speci�ed in the FITS papers.(d) TFORMn keyword | The requirement that format codes must be speci�ed inupper case is implied but not explicitly speci�ed in the FITS papers.NASA/Science O�ce of Standards and Technology



7531. Section 8.1.2 Other Reserved Keywords (ASCII table)That the optional keywords de�ned in the FITS papers are to be reserved with themeanings and usage de�ned in those papers, as in the standard, is not explicitlystated in them.(a) TUNITn Keywords | The FITS papers do not explicitly recommend the useof any particular units for this keyword, although the reference to the BUNITkeyword may be considered an implicit extension of the recommendation forthat keyword. This standard makes the recommendation more speci�c forthe TUNITn keyword by requiring conformance to the prescriptions in section5.3.(b) TSCALnKeywords | The prohibition against use in A-format �elds is strongerthan the statement in the FITS papers that the keyword \is not relevant".(c) TZEROnKeywords | The prohibition against use in A-format �elds is strongerthan the statement in the FITS papers that the keyword \is not relevant".32. Section 8.2 Image ExtensionThe closing quote in the value of the XTENSION card image is not required by thisstandard to be in column 20, while it is so required in the FITS papers.33. Section 8.3.2 Other Reserved Keywords (Binary Table)The EXTNAME, EXTVER, EXTLEVEL, AUTHOR, and REFERENC keywords explicitly re-served for binary tables in the de�ning paper are reserved in the standard underthe general prescription of section 5.4.2.(a) TUNITn Keywords | The FITS papers do not explicitly recommend the useof any particular units for this keyword. This standard makes the recom-mendation more speci�c for the TUNITn keyword by requiring conformanceto the prescriptions of section 5.3.(b) TDISPn Keywords | The version of the BINTABLE paper upon which theFITS committees voted stated incorrectly that the values used to display bitand byte arrays should be considered signed. This standard follows the textin the published BINTABLE paper, which speci�es that these values should beunsigned. The BINTABLE paper does not specify how a TDISPn value for a �eldof type P is interpreted; this standard explicitly mandates no interpretationbut allows conventions to provide interpretations. The requirement thatformat codes must be speci�ed in upper case is implied but not explicitlyspeci�ed in the BINTABLE paper.(c) THEAP Keywords | The FITS papers state only that the keyword is reservedfor use in the convention described in in Appendix B.1. This standard makesNOST FITS De�nition



76 APPENDIX E. DIFFERENCES FROM IAU-ENDORSEDPUBLICATIONSthe more speci�c statement that this keyword is used to provide the separa-tion, in bytes, between the start of the main data table and the start of asupplemental data area called the heap and identi�es the default value.(d) TDIMn Keywords | The FITS papers state only that the keyword is reservedfor use in the convention described in Appendix B.2. This standard makes themore speci�c statement that the contents of the value �eld contain a characterstring describing how to interpret the contents of a �eld as a multidimensionalarray.34. Section 8.3.4 Data DisplayThe BINTABLE paper suggests that the format for display suggested by the TDISPnshould be understood as a Fortran-90 format or, where Fortran-90 is unavailable,a FORTRAN-77 format. This standard explicitly describes the formats. Thestatement in the standard on di�erences between D and E format codes being onlyin their implications is not in the BIMTABLE paper.35. Section 9 Restrictions on ChangesThe FITS papers do not provide for the concept of deprecation.36. Appendix C Implementation on Physical MediaMaterial in the FITS papers specifying the expression of FITS on speci�c physicalmedia is not part of this standard; what is provided in the appendix is purely asa guide to recommended practices.37. Appendix F Summary of KeywordsThe closing quote in the value of XTENSION keywords is not necessarily in thecolumn 20 location speci�ed by the FITS papers.38. Appendix I Reserved Extension Type NamesThe closing quote in the value of XTENSION keywords is not necessarily in thecolumn 20 location speci�ed by the FITS papers.
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Appendix FSummary of Keywords(This Appendix is not part of the NOST FITS Standard, but is included for convenientreference).Principal Conforming ASCII Table Image Binary Table Random GroupsHDU Extension Extension Extension Extension RecordsSIMPLE XTENSION XTENSION1 XTENSION2 XTENSION3 SIMPLEBITPIX BITPIX BITPIX = 8 BITPIX BITPIX = 8 BITPIXNAXIS NAXIS NAXIS = 2 NAXIS NAXIS = 2 NAXISNAXISn4 NAXISn4 NAXIS1 NAXISn4 NAXIS1 NAXIS1 = 0EXTEND5 PCOUNT NAXIS2 PCOUNT NAXIS2 NAXISn4END GCOUNT PCOUNT = 0 GCOUNT=1 PCOUNT GROUPS = TEND GCOUNT = 1 END GCOUNT = 1 PCOUNTTFIELDS TFIELDS GCOUNTTBCOLn6 TFORMn6 ENDTFORMn6 ENDEND1 XTENSION= 'TABLE ' for the ASCII table extension.2 XTENSION= 'IMAGE ' for the image extension.3 XTENSION= 'BINTABLE' for the binary table extension.4 Runs from 1 through the value of NAXIS.5 Required only if extensions are present.6 Runs from 1 through the value of TFIELDS.Table F.1: Mandatory FITS keywords for the structures described in this document.
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78 APPENDIX F. SUMMARY OF KEYWORDS
All Array1 Conforming ASCII Table Binary Table Random GroupsHDUs HDUs Extension Extension Extension RecordsDATE BSCALE EXTNAME TSCALn TSCALn PTYPEnORIGIN BZERO EXTVER TZEROn TZEROn PSCALnBLOCKED2 BUNIT EXTLEVEL TNULLn TNULLn PZEROnAUTHOR BLANK TTYPEn TTYPEnREFERENC CTYPEn TUNITn TUNITnCOMMENT CRPIXn TDISPnHISTORY CROTAn TDIMn        CRVALn THEAPDATE-OBS CDELTnTELESCOP DATAMAXINSTRUME DATAMINOBSERVEROBJECTEQUINOXEPOCH21 Primary HDU, image extension, user-de�ned HDUs with same array structure.2 Deprecated.Table F.2: Reserved FITS keywords for the structures described in this document.

Production Bibliographic Commentary ObservationDATE AUTHOR COMMENT DATE-OBSORIGIN REFERENC HISTORY TELESCOPBLOCKED1         INSTRUMEOBSERVEROBJECTEQUINOXEPOCH11 Deprecated.Table F.3: General reserved FITS keywords described in this document.NASA/Science O�ce of Standards and Technology
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Appendix GASCII Text(This appendix is not part of the NOST FITS standard; the material in it is based onthe ANSI standard for ASCII [14] and is included here for informational purposes.)In the following table, the �rst column is the decimal and the second column thehexadecimal value for the character in the third column. The characters hexadecimal 20to 7E (decimal 32 to 126) constitute the subset referred to in this document as ASCIItext.
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80 APPENDIX G. ASCII TEXT
ASCII Control ASCII Textdec hex char dec hex char dec hex char dec hex char0 00 NUL 32 20 SP 64 40 @ 96 60 `1 01 SOH 33 21 ! 65 41 A 97 61 a2 02 STX 34 22 " 66 42 B 98 62 b3 03 ETX 35 23 # 67 43 C 99 63 c4 04 EOT 36 24 $ 68 44 D 100 64 d5 05 ENQ 37 25 % 69 45 E 101 65 e6 06 ACK 38 26 & 70 46 F 102 66 f7 07 BEL 39 27 ' 71 47 G 103 67 g8 08 BS 40 28 ( 72 48 H 104 68 h9 09 HT 41 29 ) 73 49 I 105 69 i10 0A LF 42 2A * 74 4A J 106 6A j11 0B VT 43 2B + 75 4B K 107 6B k12 0C FF 44 2C , 76 4C L 108 6C l13 0D CR 45 2D - 77 4D M 109 6D m14 0E SO 46 2E . 78 4E N 110 6E n15 0F SI 47 2F / 79 4F O 111 6F o16 10 DLE 48 30 0 80 50 P 112 70 p17 11 DC1 49 31 1 81 51 Q 113 71 q18 12 DC2 50 32 2 82 52 R 114 72 r19 13 DC3 51 33 3 83 53 S 115 73 s20 14 DC4 52 34 4 84 54 T 116 74 t21 15 NAK 53 35 5 85 55 U 117 75 u22 16 SYN 54 36 6 86 56 V 118 76 v23 17 ETB 55 37 7 87 57 W 119 77 w24 18 CAN 56 38 8 88 58 X 120 78 x25 19 EM 57 39 9 89 59 Y 121 79 y26 1A SUB 58 3A : 90 5A Z 122 7A z27 1B ESC 59 3B ; 91 5B [ 123 7B {28 1C FS 60 3C < 92 5C \ 124 7C |29 1D GS 61 3D = 93 5D ] 125 7D }30 1E RS 62 3E > 94 5E ^ 126 7E ~31 1F US 63 3F ? 95 5F _ 127 7F DEL11 Not ASCII Text Table G.1: ASCII character setNASA/Science O�ce of Standards and Technology
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Appendix HIEEE Floating Point Formats(The material in this Appendix is not part of this standard; it is adapted from theIEEE-754 oating point standard [15] and provided for informational purposes. It isnot intended to be a comprehensive description of the IEEE formats; readers shouldrefer to the IEEE standard.)FITS recognizes all IEEE basic formats, including the special values.H.1 Basic FormatsNumbers in the single and double formats are composed of the following three �elds:1. 1-bit sign s2. Biased exponent e = E + bias3. Fraction f = �b1b2 � � � bp�1The range of the unbiased exponent E shall include every integer between two valuesEmin and Emax, inclusive, and also two other reserved values Emin � 1 to encode �0and denormalized numbers, and Emax+1 to encode �1 and NaNs. The foregoingparameters are given in Table H.1. Each nonzero numerical value has just one encoding.The �elds are interpreted as follows:H.1.1 SingleA 32-bit single format number X is divided as shown in Fig. H.1. The value v of X isinferred from its constituent �elds thus1. If e = 255 and f 6= 0, then v is NaN regardless of s2. If e = 255 and f = 0, then v = (�1)s1 NOST FITS De�nition



82 APPENDIX H. IEEE FLOATING POINT FORMATS
FormatParameter Single DoubleSingle Extended Double Extendedp 24 � 32 53 � 64Emax +127 � +1023 +1023 � +16383Emin �126 � �1022 �1022 � �16382Exponent bias +127 unspeci�ed +1023 unspeci�edExponent width in bits 8 � 11 11 � 15Format width in bits 32 � 43 64 � 79Table H.1: Summary of Format Parameters3. If 0 < e < 255, then v = (�1)s2e�127(1 � f)4. If e = 0 and f 6= 0, then v = (�1)s2e�126(0 � f) (denormalized numbers)5. If e = 0 and f = 0, then v = (�1)s0 (zero)

msb lsb msb lsb

2381

s te

. . . . widths

. . . . orderFigure H.1: Single Format. msb means most signi�cant bit, lsb means least signi�cantbitH.1.2 DoubleA 64-bit double format number X is divided as shown in Fig. H.2. The value v of X isinferred from its constituent �elds thus1. If e = 2047 and f 6= 0, then v is NaN regardless of s2. If e = 2047 and f = 0, then v = (�1)s13. If 0 < e < 2047, then v = (�1)s2e�1023(1 � f)4. If e = 0 and f 6= 0, then v = (�1)s2e�1022(0 � f) (denormalized numbers)NASA/Science O�ce of Standards and Technology



H.2. BYTE PATTERNS 835. If e = 0 and f = 0, then v = (�1)s0 (zero)
msb

1

s

msblsb lsb

e t

11 52 . . . . widths

. . . . orderFigure H.2: Double Format. msb means most signi�cant bit, lsb means least signi�cantbitH.2 Byte PatternsTable H.2 shows the types of IEEE oating point value, whether regular or special,corresponding to all double and single precision hexadecimal byte patterns.
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84 APPENDIX H. IEEE FLOATING POINT FORMATS
IEEE value Double Precision Single Precision+0 0000000000000000 00000000denormalized 0000000000000001 00000001to to000FFFFFFFFFFFFF 007FFFFFpositive underow 0010000000000000 00800000positive numbers 0010000000000001 00800001to to7FEFFFFFFFFFFFFE 7F7FFFFEpositive overow 7FEFFFFFFFFFFFFF 7F7FFFFF+1 7FF0000000000000 7F800000NaN1 7FF0000000000001 7F800001to to7FFFFFFFFFFFFFFF 7FFFFFFF�0 8000000000000000 80000000negative 8000000000000001 80000001denormalized to to800FFFFFFFFFFFFF 807FFFFFnegative underow 8010000000000000 80800000negative numbers 8010000000000001 80800001to toFFEFFFFFFFFFFFFE FF7FFFFEnegative overow FFEFFFFFFFFFFFFF FF7FFFFF�1 FFF0000000000000 FF800000NaN1 FFF0000000000001 FF800001to toFFFFFFFFFFFFFFFF FFFFFFFF1 Certain values may be designated as quiet NaN (no diagnostic when used) or signaling(produces diagnostic when used) by particular implementations.Table H.2: IEEE Floating Point Formats
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Appendix IReserved Extension Type Names(This Appendix is not part of the NOST FITS Standard, but is included for informa-tional purposes. It describes the extension type names registered as of the date thisstandard was issued.) A current list is available from the FITS Support O�ce athttp://fits.gsfc.nasa.gov/xtension.htmlor ftp://nssdc.gsfc.nasa.gov/pub/fits/xtension.lis
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86 APPENDIX I. RESERVED EXTENSION TYPE NAMES
Type Name Status Reference Sponsor Comments'A3DTABLE' L [17] NRAO Prototype binary table design usedin AIPS; subset of BINTABLE.'BINTABLE' S [10] IAU Binary table extension.Available at FITS Archives in �les/documents/standards/bintable.aa*of 1995-Feb-06. Note: only maindocument, excluding appendixes.'COMPRESS' R none GSFC Suggested extension name byA/WWW A. Warnock. Preliminary proposalin FITS archives in the�les compress.*.'DUMP ' R none none Suggested extension name forbinary dumps.No full proposal submitted.'FILEMARK' R none NRAO Suggested for equivalentof tape mark on other media.No full proposal submitted.'IMAGE ' S [9] IAU Image extension.'IUEIMAGE' L [18] IUE Local extension originallyde�ned for archivingspecial IUE data products,Identical to IMAGE.'TABLE ' S [5] IAU ASCII table extension.'VGROUP ' R none GSFC Suggested extension name forHDF Vgroups (D. Jennings)No formal proposal; not used incurrent HDF-FITSconversion proposalsTable I.1: Reserved Extension Type NamesNASA/Science O�ce of Standards and Technology
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Code Signi�canceD Draft extension proposal for discussion by regional FITS committees.L Local FITS extension.P Proposed FITS extension approved by regional FITS committeesbut not by IAU FITS Working Group.R Reserved type name for which a full draft proposal hasnot been submitted.S Standard extension approved by IAU FITS Working Group andendorsed by the IAU. Table I.2: Status Codes

Acronym MeaningNRAO National Radio Astronomy ObservatoryAIPS Astronomical Image Processing SystemA/WWW A/WWW EnterprisesHDF Hierarchical Data FormatTable I.3: Acronyms in List of Registered Extensions
NOST FITS De�nition
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Appendix JNOST Publications

Document Title Date StatusNOST 100-0.1 FITS Standard December, 1990 Draft StandardNOST 100-0.2 FITS Implementation Standard June, 1991 Revised Draft StandardNOST 100-0.3 FITS Implementation Standard December, 1991 Revised Draft StandardNOST 100-1.0 FITS De�nition Standard March, 1993 Proposed StandardNOST 100-1.0 FITS De�nition Standard June, 1993 NOST StandardNOST 100-1.1 FITS De�nition Standard June, 1995 Proposed StandardNOST 100-1.1 FITS De�nition Standard September, 1995 NOST StandardNOST 100-1.2 FITS De�nition Standard April, 1998 Draft StandardTable J.1: NOST Publications
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