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1 Introdu
tion

This do
ument des
ribes the CIAO DM (`Data Model') FITS kernel design. It gives the

mapping between the FITS kernel and the Abstra
t Design.

The DM FITS kernel in its present design relies on W. Pen
e's CFITSIO pa
kage for a

ess

to the FITS �les.

2 Datasets

A DM Dataset maps to a single FITS disk �le. A

ess to a virtual �le may be optimized

by opening the FITS �le with a CFITSIO �lter to perform simple pre-�ltering, redu
ing the

number of rows that must be queried with the DM layer �ltering.

We used to test for the �rst few bytes of the �le being 'SIMPLE', required for a FITS �le. To

support CFITSIO's ability to read gzipped FITS �les and networked FITS �les, we instead

now use the full �ts open �le routine. Unfortunately this means that anything CFITSIO

thinks it 
an read, it will re
ognize as a FITS �le - that isn't always what we want, be
ause

for instan
e we don't ne
essarily like its interpretation of an IRAF .imh �le, and we at least

want to know that's what we have. One strategy would be to try the SIMPLE test �rst,

then try other kernels, then fall ba
k on �ts open �le last.

3 Blo
ks

Ea
h DM blo
k 
orresponds to a FITS HDU. Primary and IMAGE HDUs are 
onsidered to

be Image blo
ks. BINTABLE and TABLE HDUs are 
onsidered to be Table blo
ks; on writ-

ing, BINTABLE is the default but TABLE HDUs 
an be 
reated if the hint TABLE=ASCII

is sele
ted. Random Groups HDUs are not supported.

Certain FITS HDUs are re
ognized as spe
ial. In parti
ular, HDUs 
ontaining Good Time

Intervals are 
onsidered to be part of the data subspa
e of the main (`most interesting') blo
k.

In an initial implementation, this rule was applied stri
tly and GTI HDUs were not visible

as separate DM blo
ks. However, the demands of ba
k 
ompatibility and interoperability

for
ed us to step ba
k from this position. Now, GTI HDUs are separate DM blo
ks in their

own right, so that -for instan
e - you 
an write header keys to them; but they are also part

of the data subspa
e of other blo
ks. This means that they may be 
reated or altered while

perfoming operations on another blo
k; 
aveat emptor.
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At dataset open, all FITS headers are read and parsed for stru
tural data.

3.1 Blo
k names

The DM �rst looks for the keyword HDUNAME. If found, its value is the blo
k name;

otherwise it looks for EXTNAME and EXTVER and 
on
atenates them to make the blo
k

name.

4 Table 
olumns

In a FITS table, the TTYPE/TUNIT/TFORM keywords give the name, unit and data type

of ea
h s
alar 
olumn 
omponent.

4.1 Ve
tor 
olumns

The DM-spe
i�
 FITS keywords MTYPEn/MFORMn are used to de�ne expli
it groupings

of 
olumns and 
oordinate names.

In addition, the presen
e of a ve
tor 
oordinate system for
es its parent to be a ve
tor 
olumn

- see below.

4.2 Coordinates on 
olumns

Coordinates on 
olumns are de�ned using the standard WCS keywords TCTYPn, et
.

The TCTYPn keyword has a 
ompli
ated syntax. If the 5th byte is the 
hara
ter '-', then it

spe
i�es both a name and a proje
tion type. For instan
e, the value 'RA---TAN' spe
i�es the

name RA and the proje
tion type TAN. Otherwise, the TCTYPn just spe
i�es the name,

and the proje
tion is assumed to be LINEAR.

Coordinate names and 
omponent names are de�ned using the DM-spe
i�
 keyword TC-

NAMn; if this is not present, the name part of TCTYPn is used.

MTYPE/MFORM pairs 
an be used to de�ne ve
tor 
oordinate systems. The spe
ial 
ases

RA,DEC and xLON,xLAT are re
ognized as pairs even in the absen
e of MTYPE/MFORM,

and for
e the impli
it 
reation of a ve
tor 
olumn.
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4.3 FITS internal s
aling

The TSCAL/TZERO s
aling me
hanism allows FITS �les to apply a linear s
aling to the

internal table data; this 
orresponds to the idea of logi
al and physi
al 
oordinates. When

this s
aling is present, we 
onsider the raw values to be the logi
al 
olumn des
riptor and

the s
aled values to be the physi
al 
oordinate system on this des
riptor.

In the 
urrent implementation, the 
olumn des
riptors are always the physi
al 
olumn de-

s
riptor ex
ept if the s
ale=no dire
tive is used; the uns
aled values are not seen and the


olumn type is for
ed to be 
oating point. In the new design, both des
riptors will be im-

plemented in a way dire
tly analogous to the logi
al 
oordinates in images, and the #1, #2

notation will be used to a

ess the logi
al (uns
aled) values.

5 Images

The standard FITS BITPIX, NAXISn, et
. keywords are used to de�ne the image data type

and size.

5.1 Image 
oordinates

Standard WCS keywords are used. Multiple 
oordinate systems are supported. Physi
al


oordinate transformations are stored using the 'P' subs
ript: CTYPE1P, et
. The primary

world 
oordinate transforms are stored with no subs
ript: CTYPE1, et
.

The DM transforms are:

� Physi
al (LP) transform: logi
al to physi
al

� World (PW) transform: physi
al to world

However, the FITS transforms are

� Physi
al (LP) transform: logi
al to physi
al

� World (LW) transform: logi
al to world

The DM library handles 
onversion between the external FITS representation of the LP, LW

transforms and the internal PW representation.
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6 Data Subspa
e

The Data Subspa
e uses GTI extensions for �lters on variables 
alled TIME, and DM-spe
i�


keywords for other variables.

7 Header Des
riptors

In general, FITS header keys map to DM header keys. However, FITS keywords whi
h are


onsidered `stru
tural' do not have 
orresponding DM keys. The DM also writes stru
tural

FITS keys of its own. These are des
ribed elsewhere but are summarized in this se
tion.

Key data types are assumed to be double or long rather than 
oat or short, unless a DFORM

keyword expli
itly for
es the type.

7.1 Long keyword name 
onvention

The DM supports long keyword names using a 
onvention in whi
h DTYPEn/DVALn pairs

are written to the �le:

DTYPE12= 'Gaussian.Coeffi
ient'

DVAL12 = 4.32

de�nes a single DM keyword with name Gaussian.CoeÆ
ient and value 4.32; the value n=12

pairs the two keywords together but has no other signi�
an
e.

7.2 Unit 
onvention

The joint CFITSIO/DM units 
onvention is applied, in whi
h a FITS 
omment �eld begin-

ning with square parentheses is re
ognized as a unit:

FLUX = 1.3E-14 / [erg/
m**2/s℄ Flux of sour
e
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7.3 Spe
ial header keys

The CHECKSUM and DATASUM keywords are automati
ally updated whenever a blo
k is


losed, if and only if they are already present. Therefore, you may write these keywords as

standard DM string-valued keys with a blank initial value, and they will be written to the

output �le with the 
orre
t value at blo
k 
lose.
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