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( ﬂ ” Abstract

Gara is ESA's ambltrous space astrometry mission with a foreseen launch date in early 2012. Its main OQSCUVE is to perform a stellar census of the 1000 Million brightest objects in our galaxy
(completeness to V=20 mag) from which an astrometric catalog of micro-arcsec level accuracy will be constructed A key element in this endeavor is the Astrometric Global Iterative

Solution (AGIS) ---.the mathematical and numerical framework for combining the. ~70 available observatrons per star obtained during Gaia's 5yr lifetime into a single global astrometric solution.
The fundamental working principles of AGIS was shown (04.1) at last year's ADASS XVIIl. This time we present a new generic astrometric calibration scheme recently implemented in AGIS.

For the development of the data processing software, the traditional astrometn@callbratlan scheme is-a 'heavy task as each new change in the model produces changes in the code, a

need for new simulation data, new validations tests, ete*The new scheme allows the calibration of the ﬁstmmetnc instrument to be specified in a more generic and flexible manner. The entire
model is defined with an extérnal configuration file that can be modified at any time with no or only minimal impacts on the‘software. The implementation results in acceptable run time overheads
compared to the direct approach with a flxed hard-coded callbratron model. Thls new approach can be a sfartlng /pornt to convert other flxed and hard coded scheme into this more analytical
breakdown solution. 5 - - " . & «

. The problem L e S . . The generic solution
Only the effects sufficiently understood and known today to be of relevance for the
astrometric core solution have been studied in some details. The analytrcal forms have,,been
suggested and implemented in AGIS: . ¢
» Geometric calibration of the focal plane Y 5
» A preliminary crude flux-dependent calibration as a zeroth order approxrmat!on

to radiation-induced CTI effects .
* A preliminary crude spectrum-dependent callbratlon asa zeroth order approx|mat|on &
to chromatic shifts »

Radiation effect model may change even after launch and durmg operatlcm phase for =
|nslance
e " From the data processing software development perspectrve this is partrcularly
unsatisfactory as the new change in the model |mp||§_s adapting the code a need for new
simulation data, new unit and validations tests, e'tc : - #®
- - :

T . . o Sghi R Lb’,
Calibration Model Algebraic Details:
The core astrometric solution as implemented by’AGIS optimizes all unknevl/n relevant
quantities source, satellite attitude, and global parameters (s, a, g) such that the field angle (n,0)
residuals are minimized in a least- square sense. o : e

_ to compute froﬁr_{‘t all
\ effect for this observation. Exa

observation time for the current set of (s, a, g). The astrometric calibration en
through the observed field angles which are modeled as:

Here n/C are the nominal AL/AC position of CCD n are the nominal AL/AC position of CCD n

“ with which observation | was made. The astrometric calibration parameters An (AL large-scale),
dn (AL small-scale) and AZ (AC large-scale) are corrections to the nominal values with each
parameter value representing one distinct calibration effect. The symbols x and y stand jor a

combination of mdrces that depend on observation index /. = -
Past dataset | processmg tests shown correlation problems calculat!ng the geometric. - B~ -
calibration parameters in the absence of any. non-geometric calibration effects (flux- or spectrum - * roLal>: Rool CiggP” v alldation
dependent effects). Outlined because of the size of the normal matrix, a rigorous direct. PP DataSpace: axis spogugggn
- p g b « <Axis>: continuous / discrete space axis with min, max and
determination of the calibration parameters using least-squares and normal equations may be - delfaValues
revisited: Normal equations can be set-up and solved separately for each CCD/gate combination =, “'<Discretization>: define the disCrefization regarding the

scaleifactorbetween the base axis. Nonguniformed
discretization not censidered fyet).
<FuhesCollection>group of fufictionsifids) used to define
calibration effects
« <ALEffectCollection>: Aligalibration effects
- sACEffectCallBetion>: AC calibratiorif@ffects
» - <Effect>: define the effect based oii"afunctionid" and'a
constraint class instantiated on runtime.
The effect dependencies (‘dep”) on the space®axis are
with a list off in'a given order suchaS it
= follows'the axis definition'=the order is the same as the list of;
" [SAXis>: “0" means the axis disefetization id=0, “*” means that the
d b " effect depends on thisaxis, “-” means no dependency,
<Discretization id=(2) unlform*"tme“'waleﬂ"ﬁ_ 2 o ; "
</Axis> . .

- Datacube |mplementat|on

which reduces the total matrix size by a large factor and is ideal for distributed processing.

<?xml version=" encoding="1S0O-8859-1"7>
<AstroCal xmin: "http://www.w3.0rg/2001/XMLSchema-instance”
xsi:noNamespaceSchemalLocatiol strocal.xsd">

The figure represents structure “of . the rrprmal
matrix for an assumed realistic set of calibration
effects and parameters discretizations per CCD

<Discretization T s o : . . n
<Discretization = ; ?y« ¥ .
A .

</5at:§;ace> . - 'Eh lis t of parameters Kk, 0 <k< L that the calrbrat|on funct|ons may depend on can be

<FuncsCoIIecnon>
0) regarded as form|ng a general data space of dlmenS|onaI|ty L. Each parameter represents

ace with ) followmg assumptions:
Xes 5 &screte and finite in both dlrectrons Example CCD number

y real-valued parameters a meaningful«discretization is assumed to exist,
§ppnd|ng calibration effect to first discretization (covering 5 year of
is time-independent and thls dlmen5|on of the parameter data

ively be collapsed.

ging the cal!b%ratlon model ie. changlng eX|st|ng calibration -
ew effects with xrmui*n e@se requires just editing the .

af AL and AQ are repre%gnted ina one—drmensronal vector. A class
tweena d ta.cube (oné°3 per calrbratron effect) an@ the calibration unit

-

tll@*.iava XML API (JAXB) standard in JOK 1.6 to
&fel ﬁ”efmmon xml file based on a schema (XSD

For more information on Gaia, visit http://www.rssd.esa.int/Gaia At i



