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Main features

The GAVO matcher is a multi-archive, multi-server, multi-catalogue statistical “fuzzy” spatial matcher that

· works on the client side,

· consists of four modules: 

· a query module for querying remote catalogues,

· a statistical matcher for astrometric matching,

· an SED-assembler for pseudo-SED assembly, and

· a GUI-manager for conveniently running the SM3-matcher and viewing the input and output files (including starting VOPlot),

· reads a “private catalogue”, i.e. input list of sky-positions (potentially with individual astrometric uncertainties), along with some match-query control files in XML-format,

· queries remote match-list services operating on individual catalogues comprised in different archives (currently SDSS and VizieR),

· concurrently accesses multiple archive servers (“mirrors”),

· is able to use a subset from about a dozen predefined catalogues for which meta-data has been collected;. Each catalogue is searched with a catalogue-specific search radius in order to strive for completeness, while limiting the combinatorial explosion,

· uses an outer join for deterministically combining (the counterparts from) the primary match-lists returned from the catalogue match-queries,

· uses a reduced chi-square metric (based on the astrometric values and associated uncertainties) for discriminating against unreasonable match combinations,

· extracts a pseudo-SED for each reasonable match combination, and

· outputs various result files, currently in CSV and VOTable formats.

Status

· Parallelization considerably drives down the wall-clock time from starting a matching process until the final match results are written to disk. A match query with 10 input positions and a dozen catalogues takes a few seconds in total, with about the same time needed for querying as for the fuzzy match at the very end.

· The matcher is already being used in two science projects, which provide useful feedback to the implementers.

Preliminary conclusions …

… for the standardization process

· We need metadata about catalogues in machine-readable/queryable form.

· For each catalogue we need to metadata about the fields (i.e. catalogue columns), e.g. which ones contain astrometric quantities, which ines associated uncertainties, which ones contain photometric measurements, and which ones associated uncertainties.

· We need standards for how to specify astrometric uncertainties, particular when they related to RA and Dec.

· For each catalogue we need a default value for astrometric uncertainties, in case no individual such uncertainty is provided (as in case of SDSS, or DENIS).

· Even in case where individual uncertainties are available, we need a worst-case astrometric uncertainty per catalogue that enters into the computation of the search radius for that catalogue.

· We need to be able to accommodate multiple private catalogues that are treated on the same footing as the public catalogues.

· We need a way for the user to inspect and influence the matching process; e.g. do it with or without proper motion correction. 

· How will a user be able to specify the details of the matching process?

· Can ADQL be augmented to allow this, or will the user be able to specify a configuration before issuing an ADQL query?

· We need metadata about the measurements, e.g. epoch, how many images were combined, what is the time span for the combined images, etc.

… for implementers of archive services and matching engines

· It would be more efficient, if the match-list services at the archive sites would be able to use (suitable multiples of) individual astrometric uncertainties as search radii. This will particularly help to reduce the number of false alarms, if the list of input positions is very heterogeneous with a large range of astrometric uncertainties. 

· For high-precision matching with high discriminatory power against false alarms, we need, for each catalogue, a characterization of the worst-case systematic astrometric offsets (with respect to some standard system) across the sky.

· We need to deal with the unreliability of servers, e.g. with their temporary unavailability, and, what is harder, with their changing performance. (One possibility is to send a limited subset of input positions, measure the wall-clock time needed for the response, and predict the estimated time of arrival for the result of the full query.)

· We need visualization tools that allow a visual assessment of the performance of the statistical matching process.

· We need to complement a matcher like this with image cut-out services that conveniently allow the user to view the underlying image data (if they exist).

· We need a detailed paper reliably stating the various methods/formulae for statistical astrometric matching, and discussing the open problems.

Open issues

· Should the IAVO develop a standard for a remote match-list service working on a single catalogue? Or is this already comprised in and part of the SkyNode standard?

· How to deal with the combinatorial explosion when the search radius is large due to intrinsic uncertainties in the input list?

· How to handle non-isotropic intrinsic astrometric uncertainties?

· How to specify and use systematic offsets between different coordinate systems used for the various catalogues?

· Whether and how to do proper motion correction and uncertainty budget calculations for galactic objects?

· Whether to do a parallax-correction and an associated uncertainty budget calculations?

· How to convert the pseudo-SEDs to real SEDs?
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