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Abstract. Well-defined data and metadata specifications are funda-
mental for the operation of large observing facilities. We have collected
the complete body of FITS keywords, as used in Chandra data products,
into a dictionary database that provides easy access to their use and
meaning. We present an account of the functionality of the dictionary, as
well as a description of the database design and details of the tools which
display the dictionary.

1. Introduction

Well-defined data and metadata specifications are fundamental for the operation
of large observing facilities. For the Chandra Data Archive almost all data
products are in FITS format, following a stringent set of conventions concerning
the data formats and header construction. The header keywords form the core
of the metadata for our archive, therefore a proper understanding of the rules
and conventions that govern their meaning and usage is essential to a correct
interpretation of the data.

We have collected the complete body of FITS keywords, as used in Chandra
data products, into a dictionary database that provides easy access to their use
and meaning. As such, it provides metadata on the metadata. This is of obvious
interest to our users, but also, and particularly, for facilitating multi-mission data
analysis. In addition, such dictionaries are invaluable as an aide to projects and
missions that are in the process of defining their metadata conventions. Finally,
the Virtual Observatory also has a clear need for electronic access to metadata
definitions.

2. The Dictionary

The Chandra X-ray Center (CXC) FITS dictionary was designed to provide gen-
eral definitions of the approximately 300 keywords. In addition, the dictionary
also provides more detailed definitions of keywords as they are used in the more
than 250 distinct types of FITS files produced in the processing of Chandra data.
All definitions include a detailed definition, a descriptive string describing the
keyword, and a datatype. To complete the definition, the format, units, max-
imum and minimum values, allowed values, default values, and notes on usage
of a keyword are included where appropriate.
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‘This search returns definitions that apply to all CXC data files. To find default values or allowed ranges of
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[EITS Dictionary | Search for Keyword | Browse Datahase | Generate FITS Header ]
The following entry(jes) were found:
HDUCLAS1
General Definition: This keyword sives the highest level Hletype
Datatype: string
Format: Nf&
Minimun value: N/&
Meszimun value: N/A
Allowed value: N/A
Comment: Highest level fletype
Filles which contain the keyword
= acisO-sr; acisO-srpsum; acisO—esr—CC; acisO—exr—TE; acisO-pbk~CC; acis0-pbk-TE; acisO-win-CC;
acisO-win-TE
» ephin0—ephhk; ephin0—epheio; ephin0—ephpha; ephind—ephtir; ephinO—ephhist; ephinl —ephrates
= hre0~evt0; hrc0-hrehk; hreD-hress; hrcO-hrehk_tw; hrcd.5—evtd_S; hreD.5—hress0_S; hrcd. 5~obigt_hre;

hrel~dtf; hrel—fov; hrel~gti; hrel-msk; hrel-mtl; hrel—evtl; hreI-badpix; hrel-aspoffs; hrel-dtfstats;
hrel ~alignmoffs; hreL 5—tgsrc; hrel S—tgevtl; hre2—src; hre2hiresimg; hrc2-loresimg
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This page allows you to browse the datahase by specific filetype. Choose one filetype from the headings
helow and then browse among the keywords for that filetype. To search for a generic keyword, use the
*Search for Keyword’ option below

[ FITS Dictionary | Search for i | Generate FITS Header ]
Instrument acis level 0 img) TE TE image file g

acis level 0 img) CC CC image file
acis level 0 phk TE TE parameter block file

[ACIS] [HRC] [Aspect] [Engineering] [Other]

acis level 0 pbk CC CC parameter block file J
acis level 0 srpsum produet summary file

acis level 0 srr science report file

acis level 0 win TE 2-dimensional window
Dlock file

GRADEMAnR Keywords
General Specifications acis level 0 pbk TE
General Definition: This keyword denotes hex bit pattern of
accepted grade flags. FEP_MODE |=
FSW_VERS
Datatype: string. GCOUNT
[GRADEMAn ]
Units: /& HDUCLASI
Allowed Values: N/& HDUCLASS
HDUCLASH
Format: N/A HDUDOC
J icati HDUNAME
Filetype Specifications HDUSPEC

Rangeofn:1-§
Defeult Value: IV/A

Submit Query|

Short Description: Hes bit pattem of accepted grade flags
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Figure 1.  Snapshots of the search and browse screens.

In order to accommodate the various needs of users, the CXC FITS web
interface gives users three forms of access to the dictionary.

Search by keyword: This page returns general definitions that apply to all
CXC data files. Wildcards can be used in the search. If an exact match
cannot be made, close matches will be returned. A list of filetypes using
the keyword is also returned. See Figure 1 for a snapshot.

Browse the database: This page allows the user to browse the database by spe-
cific filetype. The keyword definition that is returned will be specific to its
use in that filetype. For keywords that contain an index (eg., HDUCLASH),
each value for the filetype is returned. For keywords that come in groups
(eg., TTYPEn, TFORMn, TUNITn, etc.), a link is provided to a table
giving the full group definition for the filetype. See Figure 1 for a snap-
shot.

Generate schematic FITS headers: This page generates a schematic FITS
header for a selected filetype. The schematic includes the keywords, default
values, FITS comments, datatypes, and formats for each HDU contained
in the header. See Figure 2 for a snapshot.

3. The Database

The CXC follows a stringent set of conventions regarding header construction.
A filetype is composed of one or more Header-Data Units (HDU). Each HDU’s
header contains a set of components. These components consist of fixed sets of
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Generate Schematic FITS Header

This page allows you to generate a generie FITS header for a specific filetype.

[ FITS Dictionary | Browse Database | Search for Keyword ]
Instrument acis level 0 bias) TE TE bias map file =

[ACIS] [HRC] [Aspect] [Engineering] [Other]

acis level 0 bias) CC CC bias map file
acis level 0 et TE faint TE faint event data file

acis level 0 eyt TE faint bias TE
faint-with-bias event data file

acis level 0 evt) TE graded TE graded event data
file

acis level 0 evt) TE very faint TE very faint
event data file

acis level 0 evtd CC 1x3 faint CC (1x3) faint
event data file

acis level 0 evt) CC 3x3 faint CC (3x3) faint
event data file

acis level 0 evt) CC 1x3 graded CC (1x3) graded
event data file

acis level 0 evt) CC 3x3 graded CC (3x3) graded
event data file

acis level 0 exr TE TE exposure records file
acis level 0 exr CC CC exposure records file
acis level 0 histogr histogram file

acis level 0 img) TE TE image file

acis level 0 img) CC CC image file

acis level 0 phk TE TE parameter block file

acis level 0 pbk TE m
‘primary aux null header

keyword =  default value comment datatype  format
SIMPLE =T does file conform to the Standard logical
BITPIX -8 bits per data pixel integer
NAXIS = number of data axes integer
EXTEND =T FITS dataset may include extensions logical
ORIGIN = ASC place where the file was created string.
CREATOR = Neame of programytool that created the file. string
CHECKSUM = ASCII encoded HDU checksum string.
DATASUM = Data unit checksum written in ASCIT string.
DATE - Date and time of file creation (UTC) sting  yyyy—mm-dd
DATE-OBS = TT, with clock correction i clockapp string  yyyy—mm-dd
DATE-END = TT, with clock correction if clockapp sting  yyyy—mm-dd
TIMESYS = TT Time system. string
CLOCKAPP =T Clock correction applied logical
TIMEZERC = 0. Time zero point real
TIMEUNIT =s Time unit string.

I DRE! = 50814 Modified Julian Day reference time. real
TSTART = Datafile start time real
TSTOP = Datafile stop time. real
MISSION = AXAF Overall project string
TELESCOP = CHANDRA name of telescope string.
INSTRUME = ACIS name of instrument string.
END = none none.

extn principal table

keyword =  default value comment datatype  format
XTENSION = BINTABLE ‘marks beginning of new HDU string.
BITPIX -8 bits per data pixel integer
NAXIS =2 number of data axes integer
NAXIS1 = number of elements on axis n integer
NAXIS2 = number of elements on axis n integer
PCOUNT = parameter count integer
GCOUNT =1 group count integer
TFIELDS =13 number of columns in the table integer
EXTNAME = PBK name of extension
ORIGIN = ASC place where the file was created
CREATOR = Name of programytool that created the file.
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Figure 2.

Snapshots of the generate header screen and a sample header.

FITS Dictionary Database

header file 4 kwd_define
hdr_type —file_id kwd_id
fits_type detector keyword
; asc_type subdetector definition
] hdr_id proc_level | r-— - - - _ _ _|ref_id
— | ref_id filetype
subtype
hdr_component cont.ents kwd_descrip
_ 4 _1refid ewd id
hdr_id | wd_i
component : ZSVWOVU
i atatype
comp_id ! keyword_main units
comp_order 1 N
ref_id | —n file_id i min_val
['usage_note_id X comp_id [max_val |
\ keyword allowed_val
l units format
kwd_groups 1 default_val comment
kwd_id n ! range usage_note_id
group_id _\—._ kwd_id — 1 frefid
present 1 kwd_order
! comment
: — — ref_id
1 | reference 1 usage_note_id usage_note
___________ ref_id | 1 ;
| Jusage_note_id|- - oot -
ref
note
1] ref_id

Figure 3.

Diagram of the relationship (one-to-one or one-to-many)

between the columns used to join tables in the database. The dotted
lines are links between the usage note table and the rest of the database.
The dashed lines are links between the reference table and the rest of

the database.
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keywords. In addition, each filetype may contain additional keywords. There are
also ordering requirements for header components and keywords. As a result,
the dictionary database became quite involved. The database layout is loosely
based on the keyword database design used by the Space Telescope Science
Institute. See Figure 3 for a diagram of the database structure. The tables
fall into three categories: those which define the keywords to varying degrees of
specificity; those which provide locations of keywords within headers; and those
which provide references for the information within the database.

4. Conclusion

The database and dictionary interface are mostly mission-independent, possibly
requiring minor revisions to one table in the database and several queries in the
CGI script to reflect a mission’s categorization of its FITS files. As such, we
offer our package to any project that has a need for this facility.
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Links

— http://cxc.harvard.edu/contrib/arots /fits /ascfits.ps

— http://cxc.harvard.edu/contrib/arots /fits /content.txt

— http://heasarc.gsfc.nasa.gov/docs/heasarc/fits_overview.html
— http://archive.stsci.edu/fits /users_guide/

— http://www.dpt.stsci.edu/keyword /keyword_design.html



